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V TABLE 11.1.1-4

PARAMETERS WHICH INFLUENCE TRITIUM PRODUCTION DETERMINATION

Effective Core Volume, cm 2. 31 (+7 ) (*) |
3

Average Thermal Fission Rate, f/Mw-sec 3.10(+16)

Lithium concentration, ppm
|

For Average Calculation 1.1 - |

For Maximum Calculation 2.3

Lithium-6 Abundance, % 0.1

l

Boron Concentration, ppm 799 | j

Core Power, Mwt

For Average Calculation (100% Power) 3914

For Maximum Calculatien (100% Power) 3992

Fuel Release, %

For Average Calculation 1

For Maximum Calculation 2

!

NOTE: (a) Number in parentheses denotes power of ten.

|0
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TABLE 19.11.4.4-5E

SYSTEM 80+ EOUIPMENT SURVIVABILITY REOUIREMENTS
,

FOR

SOUIPMENT/ LOCATED OUTSIDE OF CONTAINMENT REQUIRED FOR SAFE-SHUTDOWN OR CONTAINMENT INTEGRITY '

t

Required For Bounding Severe Accident
Equipment / System Safe-Shutdown Containment Procurement / Placement Comments

Accident Considerations
Environment .i

Safety Injection / Pre-VB: None. System required for i

P=75 psia (1) "in vessel" recovery ,

T<330*F scenario only. j

Emergency / Not Applicable None. System required for
Feedwater System "in vessel" recovery (

scenario only- ,

. Containment / Pre-VB: None. Containment spray-is a
Spray System P=140 psia (2) closed system'and can ;

: T=350*F deliver against any.
"in containment"
pressure provided suc-,

tion temperature is
,

| below 400*F.

-Shutdown Cooling / Pre-VB: None.- SCS pumps are
| Syste;a P=140 psia identical to CS. pumps.

T=350*F
,

| (1)' Refers to pump suction conditions.
(2)

! Refers.to pump suction / header discharge conditions.
!
j /- denotes!yes' |

! !

i
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17.0 OUALITY ASSURANCE PROGRAM

,

17.1 OUALITY ASSURANCE DURING THE DESIGN PHASE

The ABB-CE Quality Assurance Program is described in the topical
i

report CENPD-210-A, " Quality Assurance Program." The list of '

spec'fic equipment covered by this program is contained in Table
3.2-1 of CESSAR-DC. In regard to Three Mile Island (TMI)-2 Item
I.F.2, one part of subpart 3, (inclusion of QA personnel in design
activities) is covered by the quality assurance program for the |
System 80+ design, described in CENP-210-A.

'

!

The COL Applicant will develop and implement a construction QA
program [ COL Item 17-1]. |

,

r

t 1

|
|

|

|

1

Amendment V
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17'2 OUALITY ASSURANCE DURING THE OPERATIONS PHABE'

The COL Applicant will develop and implement an operation QA
program [ COL Item 17-2].

l

|

I
|

|

w/ |

d
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17.3 RELIABILITY ASSURANCE PROGRAM DURING THE DESIGN PHASE 1

|This section presents the System 80+ Design Reliability Assurance
Program (D-RAP)

17.3.1 INTRODUCTION

The System 80+ Design Reliability Assurance Program (D-RAP) is a
program that will be performed by the designers during detailed
design and specific equipment selection phases to assure that the
important System 80+ reliability assumptions of the Probabilistic
Risk Assessment (PRA) will be identified and considered throughout
the plant life. The PRA evaluates the plant response to initiating
events to assure that plant damage has a very low probability and
risk to the public is very low. The PRA also evaluates
improvements in overall plant safety relative to previous designs,
and identifies the relative risk significance of the plant's
structures, systems and components (SSCs). Input to the PRA
includes details of the plant design and assumptions about the
reliability of the plant risk-significant SSCs. The plant
owner / operator will complete the site specific D-RAP, and will have
an Operations Reliability Assurance Program (0-RAP) that is
expected to track equipment reliability to - demonstrate that the
plant is being operated and maintained with an acceptably low risk
consistent with the PRA assumptions [ COL Items 17-3, 17-4]. |

The D-RAP will include the design evaluation of the System 80+. It
will identify relevant aspects of plant operation, maintenance, and
performance monitoring of important plant SSCs for owner / operator
consideration in assuring safety of the equipment, maintenance of
critical functions, and limited risk to the public. The policy and
implementation procedures will be specified by the owner / operator
(See Section 17.3.13).

Also included in this explanation of the D-RAP is a descriptive
example of how the D-RAP will apply to one potentially important
plant system, the Component Cooling Water System (CCWS). The CCWS ,

example shows how the principles of D-RAP will be applied to other )systems identified by the PRA as being significant with respect to
risk.

17.3.2 SCOPE

The System 80+ D-RAP will include the design evaluation of the
System 80+, and it will identify relevant aspects of plant
operation, maintenance and performance monitoring of plant risk-
significant SSCs. The PRA for the System 80+ and other industry
sources will be used to identify and prioritize those SSCs that are
important to prevent or mitigate plant transients or other events
that could present a risk to the public.

i

~s| j

Amendment V
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17.3.3 PURPOSE

The purpose of the D-RAP is to aEsure that the plant safety, as
estimated by the PRA, is maintained as :he detailed design evolves
throughout the implementation and orocurement phases and that
pertinent information is provided in the design documentation to
the future owner / operator. It is expected that the COL applicant
will use this information so that equipment reliability and
availability, as it af fects plant safety, can be maintained through
operation and maintenance during the entire plant life.

|

17.3.4 OBJECTIVE

; The objective of the D-RAP is to identify those plant SSCs that are
| significant contributors to risk, as shown by the PRA or other

sources, and to assure that, during the implementation phase, the
plant design continues to utilize risk-significant SSCs whose

i reliability is commensurate with the PRA assumptions. The D-RAP

| will also identify key assumptions regarding any operation,

| maintenance and monitoring activities that the owner / operator
' should consider in developing its 0-RAP to assure that such SSCs |

can be expected to operate throughout plant life with a reliability
| consistent with that assumed in the PRA.

A major factor in plant reliability assurance is risk-focused
maintenance (Reference 17.3-1). Maintenance resources are focused
on those SSCs that enable the System 80+ risk-significant systems |
to fulfill their safety-related functions and maintain the safety
margins. Also, maintenance is focused on SSCs whose failure may
directly initiate challenges to risk-significant systems. All |
plant modes are considered, including equipment directly relied
upon in emergency operating procedures (EOPs). Such a focus of
maintenance will help to maintain an acceptably low level of risk
consistent with the PRA. |

17.3.5 ABB-CE ORGANIZATION FOR D-RAP

The project organization used for the detailed design of System
80+, shown in Figure 17.3-1, was integrated and the responsibility
to meet the D-RAP objectives rests with the Project Director.
Regular meetings are scheduled to coordinate all the design and,

'

D-RAP activities with participation of Engineering Manager, PRA and
D-PAP Program Manager, the Project Integration Manager, the Quality
Assurance Manager, Regulatory Conformance Manager and other
managers as necessary. During these meetings, design changes and
the impact on the overall plant performance are identified, and
discussions about the impact of these changes on plant risk are
held. Management meetings are also held in which programmatic
issues affecting the System 80+ design are discussed. The

I responsibilities of each organization in the D-RAP plan are as
| follows:

| Amendment R
j 17.3-2 July 30, 1993
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: The Project Director is responsible for the programmatic aspects of
4 the plant design as well as the overall direction of the_ project, )
, certification and licensing issues. The NSSS Design Manager is
i responsible for the design of the nuclear steam supply system. The )

Regulatory Conformance Manager has the responsibility of addressing ;'

any regulatory concerns and bringing these concerns to the <

| attention of the Project Integration Manager and PRA and D-RAP
; Program Manager.

l
J l
*

The Nuclear Steam Supply System (NSSS) Design Engineering )
I organization is the core of the RAP and it is responsible for the '

design of the System 80+ NSSS. It is in this group-where the NSSS,

i design and drawings are developed with inputs from the mechanical,
j_ Instrument and Controls, Reactor, and Fluid Systems subgroups. It
j is also in this organization where the PRA models are developed as
j- well as the Technical Specifications and plant procedures.
1

1

i The PRA and D-RAP Program Manager is responsible for managing and '

integrating the D-RAP Program and has direct access to the System i
t

{ 80+ Project Integration Manager and is responsible for keeping him
abreast of D-RAP critical items, program needs and status. The PRA,

1 and D-RAP Program Manager or his designee will attend all of the
j design review and progress meetings. He has organizational freedom

h]
to:,

/4

| A. Identify D-RAP problems;

i
B. Initiate, recommend or provide solutions to problems through I

j designated organizations;
1

: C. Verify implementation of solutions; and
j

i D. Function as an integral part of the design team and final
| design process.
4

j The PRA and D-RAP Program Manager is in the Reliability Analysis
i Services Department which performs reliability analyses, risk
] assessments and PRAs. This group is part of ABB-CE Nuclear
! Services and reports to the NSSS Design Manager, through the PRA

and D-RAP Program Manager (Figure 17.3-1). The PRA input to the
i D-RAP and any of the System 80+ reliability analyses will be

performed in this organization and will be integrated into the;

] System 80+ design.
4

The Quality Assurance organization provides quality control by
performing regular audits and participating in the scheduled4

meetings to discuss System 80+ issues.

| The COL applicant completing detailed design and. equipment
, selection during the design phase, should submit its specific D-RAP
: organization for the NRC to review (See Section 17.3.13)'

[ COL Item 17-3]. |
;

Amendment V
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17.3.6 SBC IDENTIFICATION /PRIORITIZATION

The PRA prepared for the System 80+ will be the primary source for
identifying risk-significant SSCs that should be given special
consideration during the detailed design and procurement phases
and/or considered for inclusion in the 0-RAP. The method by which
the PRA is used to identify risk-significant SSCs is described

| below. The PRA insights are summarized in Section 19.15 and the
system and component importance is given in Sections 19.9.4.1 and
19.9.4.2. It is also possible that some risk-significant SSCs will
be identified from sources other than the PRA, such as nuclear
plant operating experience, other indus* ial experience and
relevant component failure data bases.

Table 17.3-4 gives the sections in CESSAR-DC where systems and
equipment are specified to be included in the D-RAP. The primary
source for the identification of systems and equipment to be
included in the D-RAP is the PRA (Section 19). A Level III
Probabilistic Risk Assessment (PRA) has been performed for the
System 80+ design. The PRA evaluates the plant response to
initiating events to assure that the risk to the public is also
very low. Input to the PRA includes details of the plant design
and assumptions about the reliability of the plant risk-significant
Systems, Structures, and Components (SSCs). The results of the PRA
include such things as core damage frequencies and the combination
of equipment failures that lead to core damage or large releases.

The primary analytical measure used is the Risk Achievement Worth
(RAW). It represents how the Core Damage Frequency (CDF) would,

increase if the system or component always failed (i.e., failure
probability of 1. 0/ demand) . It gives an extreme measurement of how
the risk would be affected if a system or component were poorly
designed, selected, installed, maintained, or operated. This
measure is given in Table 19.9.4-2 for internal events. For
example, the steam generator atmospheric dump valves have a RAW of
5.14. If these valves were incapable of performing their task, the
total core damage frequency would increase by a factor of 5.14.

The ALWRs in general have a CDF that is approximately an order of
magnitude lower than the existing plants. For the D-RAP program,
risk significant SSCs are those SSCs that have a RAW of five or
greater. The equipment not included in D-RAP will have a RAW less
than 5. This means that if the excluded equipment is poorly
designed, selected, or installed so that it has a near zero ;

,

reliability, the predicted CDF would still be lower than that of
1

the average existing plant by a factor of two. In the example of I

the atmospheric dump valves, because of the relative Isensitivity (RAW ;t 5), the D-RAP would include them to assure the j
proper design, selection, installation, and maintenance.

l

O
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Another analytical measure to identify risk significant SSCs is the
Risk Reduction Worth (RRW). This is a measure of how the CDF would
be reduced if the component had a perfect reliability (failure
probability 0.0/ demand). The measure given is the ratio of the
base CDF divided by the RRW CDF and is greater than 1.0. In the
shutdown PRA, the inverse value is given. i

|

The third analytical measure is the Fussell-Vesely Worth (FVW). |

This gives the fraction of the base CDF that failure of the ,

component contributes to the CDF. It is the best estimate for the |

| importance of a component in the current design.
i

! Risk Significant SSCs are also selected based on regulations and !

engineering judgment. For example, equipment specified in
10CFR50.62 is considered. Risk significant SSCs as described in |

Section 3.3.1.4 of ANSI /ANS-51.1 are considered in the equipment |

| classified as QC-2 in Table 3.2-1. I

17.3.6.1 Level I Analysis

The Level I analysis follows an accident sequence from an
initiating event through failures of various safety functions to an
end state which results in core damage. The Level I also predicts
the frequency and dominant contribution to core damage.

O Table 19.9.4-2 gives the component importance for System 80+ for;

! internal events using different importance measurements. As
discussed above, components with a RAW (RAW, change in risk if
failure rate is 1.0) greater than five have been selected for the
D-RAP program. Table 19.9.4-2 highlights the components with RAWS
greater than 5.

Table 19.9.4-2 gives the Risk Reduction Worth for the components
for internal events. The RRWs represent the reduction of risk with
a component having a zero failure rate. The components with the
RRWs greater than 1.1 have been selected for the D-RAP and have
been highlighted. All but four of these components were already
included in the D-RAP because of their RAW and the four new

I components were noted in the thble.

SSCs with a RAW between 2.0 and 5.0 were selected if their RRS was
greater than 1.05. There were no SSCs which fell into this
selection category.

The Fussell-Vesely Worth (FVW) is a measure of what fraction of the
I CDF the component failure contributes. Table 19.9.4-2 gives the
| FVW for the components and failure modes. Using a selection

criteria of 10%, seven components were selected for the D-RAP. All
seven were already identified using the other two worths.

i

m
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| 17.3.6.2 Level II Analysis

I The Level II analysis predicts vessel failure, the containment
response, and ascertains the likelihood, magnitude, and timing of
radiological releases to the environment. Sections 19.11 and 19.14
describe a containment response and sensitivity analysis for the
Level II of the PRA. T"e containment sprays were added to D-RAP
bases on discussions in Section 19.11.3. Table 19.15.2-13 shows
the sensitivity of the risk consequences to various Level II

,

assumptions, only one assumption (failure to isolate containment)
| showed a noticeable effect (sensitivity case / base case > 5) on
| releases. Failure to isolate the containment increases the risk
| consequences by a factor of 8.3. The other assumptions increase

the risk by a factor of three or less.

17.3.6.3 External Events

External events are described in Section 19.7 of the CESSAR-DC and
include tornado, fire, flooding, and seismic events.

The CDF due to tornado strike events is calculated to be
2.5E-7/ year. The event is modeled as loss of offsite power for
24 hours with the alternate AC source also being unavailable.

| Section 19.15.3.1 of CESSAR-DC describes the insights from this
event. Failure of the diesels is the dominant cause and the

| designers are reminded of the importance c7 this safety equipment.
| Clogging of the SSW intake structure with tornado generated debris
| was also found to be important and the intake structure design has

been included in D-RAP.

The risks associated with fires are discussed in Section 19.7.3 of
CESSAR-DC (CDP = 3.1E-8/ year) . Fires represent a small risk to the
plant as long as the three hour fire barriers are designed and
maintained between the divisions (Section 19.15.3.2). Fire barrier
design has been included in D-RAP.

Flood analysis is presented in Section 19.7.4 and the insights are
given in Section 19.15.3.3. In a scoping analysis, the CDF from
flooding was estimated as 1.3E-8/ year. The existence of the flood
barriers dominates the risk and has been added to the D-RAP.

The seismic analysis is presented in Section 19.7.5 of the
CESSAR-DC. The first dominant contributor to the plant HCLPF (High
Confidence of Low Probability of Failure) is seismically induced

! gross structural failure due to a seismically induced
failure / overturning of the containment vessel, which is assumed to
lead directly to core damage and containment failure. The second
dominant contributor to the plant HCLPF is a seismically induced
LOCA in excess of ECCS capacity caused by a seismically induced
failure of the RCP supports.

Amendment U
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| There are three sequences where the contributor to the plant HCLPF
| due to " mixed cutsets" is potentially significant. A " mixed
| cutset" contains both seismic failures and random failures. These 1

! sequences are SEIS-SBO, EQA-15 and EQA-9. SEIS-SBO is a seismic I

| induced loss of offsite power with random failures of the diesels ;

| and alternate AC source leading to a station blackout and battery |
depletion. EQA-15 is a seismically induced ATWS early in the core |
life. The ATWS was assumed to be caused by seismic deformation of |

the upper guide structure and leads to a small LOCA from failed j
check valves. EQA-9 is another ATWS sequence with failure of the '

|
charging system to provide long terin reactivity control. The ;

Safety Depressurization System also fails so that the SIS can not Ii

be used for reactivity control. The structures and equipment
associated with these external events have been added to the D-RAP. ;

1

17.3.6.4 Shutdown Atalvsis

The shutdown risk assessment is presented in Section 19.8 and the
| insights are presented in Section 19.15.4 of CESSAR-DC. An
! importance analysis (Table 19.8.6-la) was performed for the branch

points of the event trees. The branch points contain initiating
| events, the operator errors, and the equipment f ailures (fault tree
! cut sets) for the systems. The branch points with RAW values

greater than five or RRWs less than 0.8 or FVW greater than 0.1 i

( ) have been included in D-RAP. I

V
17.3.6.5 Other Sources j

On October 4-6, 1993, a panel of engineers from ABB-CE met to ;

establish important PRA-based safety insights for System 80+ and I
recommend at what tier in the licensing environment they should be
addressed. Recommendations for D-RAP and 0-RAP were made (see
Table 19.15-1).

Design engineers have chosen to place their equipment into the
D-RAP program. The references for this equipment are given in
Table 17.3-4.

17.3.7 DESIGN CONSIDERATIONS |

|

The reliability of risk-significant SSCs, which are identified by
the PRA, will be evaluated at the detailed design stage by
appropriate design reviews and reliability analyses. Current data

| bases will be used to identify appropriate values for failure rates
! of equipment as designed, and these failure rates will be compared

with those used in the PRA. Normally, the failure rates will be
similar, but in some cases they may dif fer because of recent design
or data base changes. Whenever failure rates of designed risk-
significant SSCs are significantly greater than those assumed in
the PRA, an evaluation will be performed to determine if thep)( equipment is acceptable or if it must be redesigned to achieve the
appropriate reliability.v

Amendment U
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For those risk-significant SSCs, as indicated by the PRA or other
sources, component redesign (including selection of a different
component) will be considered as a way to reduce the Core Damage
Frequency (CDF) contribution. (If the system unavailability or the
CDF is acceptably low, less effort will be expended toward
redesign). If there are practical ways to redesign a risk-
significant SSC, it will be redesigned and the change in system
fault tree results will be calculated. Following any redesign,
dominant SSC failure modes will be identified so that protection
against such failure modes can be accomplished by appropriate
activities during plant life. The design considerations that will
go into determining an acceptable, reliable design and the SSCs
that should be considered for 0-RAP activities are illustrated in
Figure 17.3-2.

Using the PRA or other design documents, the designer will identify
to the plant owner / operator the risk-significant SSCs, their
associated failure modes and consequence, and reliability and
availability assumptions, including any pertinent bases and
uncertainties considered in the PRA. The designer will also
provide this information for the plant owner / operator to consider
in developing an O-RAP to help assure that the PRA results will be
achieved over the life of the plant. This information can be used
by the owner / operator for establishing appropriate reliability and
availability targets and the associated maintenance practices for
achieving them.

17.3.8 DEFINING FAILURE MODES

The determination of dominant failure modes of risk-significant
SSCs will include historical information, analytical models and
existing requirements. Many PWR systems and components have
compiled a significant historical record, so an evaluation of that
record comprises Assessment Path A in Figure 17.3-3. Details of
Path A are shown in Figure 17.3-4.

For those SSCs for which there is not an adequate historical basis
to identify critical failure modes, an analytical approach is
necessary, shown as Assessment Path B in Figure 17.3-3. The
details of Path B are given in Figure 17.3-5. The failure modes
identified in Paths A and B are then reviewed, including the
existing maintenance activities in the industry and the maintenance
requirements (Assessment Path C in Figure 17.3-3). Detailed steps
in Path C are outlined in Figure 17.3-6.

17.3.9 OPERATIONS RELIABILITY ASSURANCE ACTIVITIES !

Once the dominant failure modes are determined for risk-significant
| SSCs, an assessment should be used to determine suggested 0-RAP
activities that will assure acceptable performance during plant !
life. Such activities may consist of periodic surveillance j
inspections or tests, monitoring of SSC performance, and/or l

periodic preventive maintenance (Reference 17.3-1). An example of I
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a decision tree that would be applicable to these activities is
,

shown in Figure 17.3-7. As indicated, some SSCs may require a i

combination of activities to assure that their performance is
consistent with the PRA. In addition, the owner / operator should
review the ALWR Utility Requirements Document (Volume II, !
Chapter 1, Section 11.3.4.1) for guidance on monitoring and
maintenance programs.

IPeriodic testing of SSCs may include startup of standby systems,
surveillance testing of instrument circuits to assure that they
will respond to appropriate signals, and inspection of passive SSCs
(such as tanks and pipes) to show that they are available to
perform as designed. Performance monitoring, including condition
monitoring, can consist of measurement of output (such as pump flow
rate or heat exchanger temperatures), measurement of magnitude of
an important variable (such as vibration or temperature), and
testing for abnormal conditions (such as oil degradation or local
hot spots).

Periodic preventive maintenance is an activity performed at regular
intervals to preclude problems that could occur before the next
preventative maintenance (PM) interval. .This could be regular oil
changes, replacement of seals and gaskets, or refurbishment of
equipment subject to wear or age-related degradation. The designer -
could provide the COL applicant with recommended reliability
activities such as providing limitations for assuring reliability,
and methods to determine service life, if known.

Planned maintenance activities should be integrated with the
regular operating plans so that they do not disrupt normal i

operation. Maintenance that will be performed more frequently than I

refueling outages must be planned so as to not disrupt operation or
be likely to cause reactor scram, engineered safety feature (ESP)
actuation, or abnormal transients. Maintenance, planned for
performance during refueling outages, must be conducted in such a
way that it will have little or no impact on plant safety, on
outage length, or on other maintenance work.

| As plant experience data accumulates, the failure rates and-human
error rates in the O-RAP should be updated. These failure rates <

were used by the designer in the PRA.

The COL applicant should provide a complete O-RAP description to be
reviewed by the NRC (see Section 17.3.13) (COL Item 17-4]. |

17.3.10 OWNER / OPERATOR'S RELIABILITY ASSURANCE PROGRAM

The O-RAP that is expected to be prepared and implemented by the
COL applicant [ COL Item 17-5], should make use of the information |

O
provided by the designer. This information will help the
owner / operator determine activities that should be included in the
0-RAP. Examples of elements that might be included in an 0-RAP are
as follows:

( Amendment V
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Reliability Performance Monitoring Measurenent of the--

performance of equipment to determine that it is accomplishing
its goals and/or that it will continue to operate with low
probability of failure and high availability. Monitoring

] should preferably be predictive in nature to prevent loss of
critical functions.

Reliability Methodology -- Methods by which the plant / operator
can compare plant data to the SSC data in the PRA.

Identification, for each of theProblem Prioritization --

risk- significant SSCs, of the importance of that item as a
contributor to its system unavailability and assignment of
priorities to problems that are detected with such equipment.

Root Cause Analysis -- Determination, for problems that occur
regarding reliability of risk-significant SSCs, of the root
causes, those causes which, after correction, will not recur
to again degrade the reliability of equipment.

Identification ofCorrective Action Determination --

corrective actions needed to restore equipment to its required
functional capability and reliability, based on the results of
problem identification and root cause analysis.

Corrective Action Implementation -- Carrying out identified
corrective action on risk-significant equipment to restore
equipment to its intended function in such a way that plant
safety is not compromised during work.

Corrective Action Verification -- Post-corrective action tasks
to be followed after maintenance on risk-significant equipment
to assure that such equipment will perform its intended
functions.

Plant Aging Some of the risk-significant equipment is--

expected to undergo age related degradation that will require
equipment replacement or refurbishment.

Feedback to Designer -- The plant owner /cperator should
periodically compare performance of risk-significant equipment
to that specified in the PRA and D-RAP, and, at its
discretion, may send SSC performance data to plant or
equipment designers in those cases that consistently show
performance below that specified. The plant owner / operator
should consider participation in the CEOG.

Programmatic Interfaces -- Reliability assurance interfaces
related to the work of the several organizations and personnel
groups working on risk-significant SSCs.

Amendment R
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s !iaintenance Rule Integration The plant owner / operator--

ihould consider the integration or interface of the O-RAP and |

t.he requirements of 10 CFR 50.65 which require the operator to I
develop a maintenance program for risk significant SSCs or l
SSCs that could produce trips or transients.

The plant owner / operator's 0-RAP will address the interfaces with
construction, startup testing, operations, maintenance,
engineering, safety, licensing, quality assurance and procurement
of replacement equipment.

17.3.11 D-RAP IMPLEMENTATION

An example of implementation of the D-RAP is given for the
Component Cooling Water System (CCWS). This system was selected as
an example because it was a support system and was found in the
earlier System 80 PRA to contain risk-significant components.
Because of this finding, and through the- D-RAP organization
described in Section 17.3.5, the design was changed. The design
and analytical results, as presented in this chapter, is presented |
only as a D-RAP example and does not necessarily correspond to the i

current System 80+ design.

17.3.11.1 CCWS Function |

The Component Cooling Water System (CCWS) is a closed loop system
that provides cooling water flow to remove heat released.from plant
systems, structures, and components. The CCWS functions to cool !

the safety-related and non-safety-related reactor auxiliary loads.

Heat transferred by these components to the CCWS is rejected by the
Station Service Water System (SSWS) via the CCWS heat exchangers.

17.3.11.2 Earlier CCWS Design

The System 80+ Design is an evolutionary plant and improvements
were included with input from the earlier System 80 PRA. The
earlier CCWS design is shown in Figure 17.3-8 and described in more
detail in section 5.3.19 of Reference 17.3-2. It consisted of two
independent, closed loop, safety trains. Each train contained one
pump that was on standby. One of the major insights of.the System
80 PRA (Section 8.2 of Reference 17.3-2) was that loss of the CCWS
was a dominant cause of front-line system failure. Failure of the
CCWS pumps to start and run were one of the dominant failure modes.

17.3.11.3 System Redesign

To more easily meet the desired CDF for the ALWR, the CCWS probably
required a redesign as represented in Figure 17.3-2. This redesign

f-~g was also helped by design review meetings where the Project Manager

(\s -)
for the RAP and PRA discussed with the designers the PRA results,
including failure modes and importance of support systems to front
line safety systems. An example of an improved CCWS design is

Amendment R
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9,
given in Figure 17.3-9 and an example of analytical results are
presented in Tables 17.3-1 and 17.3-2. Details of the actual
System 80+ CCWS design and reliability analysis is given in Section
6.3.3 of the System 80+ PRA and do not necessarily correspond to
the example presented here.

The improved CCWS design contain two trains (only one is shown in
FigIre 17.3-9). Each train contains two pumps and one pump is kept
running at all times. This design eliminated the important failure
mode of the CCWS pump failing to start which was observed in the
earlier design. Table 17.3-1 gives an example of the components
importance for internal events for an ALWR. The Fussell-Vesley
Importance is the fraction of the CDF that the component failure
contributes to. In this example, the components in the CCWS are

thunderlined. The first CCWS component is only ranked 59 g
| importance based on this measure. The components in the improved
CCWS meets the criteria that they have a small impact on risk
(bottom of Figure 17.3-2) and can be considered for 0-RAP.

17.3.11.4 Failure Mode Identification

Figure 17.3-3 gives two methods for O-RAP evaluation, using failure
history or analytical methods. For this example an analytical
method as represented in Figure 17.3-5 was used. Figure 17.3-10
gives an example of the upper level fault tree to analyze failure
modes for Train 1 of an improved CCWS. Table 17.3-2 gives an
example of the ranking of the risk significant SSCs for Train 1.
There is also a second train not evaluated in this table. Because
this CCWS design is an evolutionary design using standard
components, a search of the operational data bases for component
failure rates and operations experience is also possible using
Figure 17.3-4, but was not used in this example.

Following the flow chart of Figure 17.3-5, the designer would
determine more details about each failure mode, including
pieceparts most likely to fail and the frequency of each failure
mode category or piecepart failure. This would result in a list of
the dominant failure modes to be considered for the O-RAP. ASME
Section XI requirements for inspection and other mandated
inspections and tests would be identified, as indicated in
Figure 17.3-6.

Examples of the types of failure modes that could impact
reliability of these identified components are shown in
Table 17.3-3. The example is not a complete listing of the
important failure modes, but is intended to indicate the types of
failures that would be considered.

O
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k 17.3.11.5 Identification of Maintenance Recuirements
|

For each identified failure mode, the appropriate maintenance tasks
will be identified to assure that the failure mode will be (1)
avoided, (2) rendered insignificant, or (3) kept to an acceptably
low probability. The type of maintenance and the maintenance
frequencies are both important aspects of assuring that the
equipment failure will be consistent with that assumed for the PRA.
As indicated in Figure 17.3-7, the designer would consider periodic
testing, performance testing or periodic preventive maintenance as
possible O-RAP activities to keep failure rates acceptable..

For the CCWS, one pump in each train is in operation and all the
valves are in that flow path are open. An example of the possible !

maintenance and testing follows and is summarized in Table 17.3-3. l

Minor PM on the pumps will be performed based on the
recommendations of the vender (8000 hrs of operation for example)
and a major overhaul would be performed every 50,000 hrs of
operation. Only maintenance on one pump will be performed at a
time during Modes 1 through 4. The most frequent surveillance
requirement for the CCWS might be to verify that each CCW manual,
power-operated or automatic valve in the flow path servicing
essential equipment, that is not locked, sealed, or otherwise
secured in position, is in its correct position. This test is

C , performed every 31 days. Additionally, there is a surveillance
requirement that every 18 months, it must be demonstrated that each
CCW automatic valve actuates and each CCW pump starts on an actual
or simulated actuation signal. Example of maintenance activities
and frequencies are shown in Table 17.3-3 for each identified
failure mode. The D-RAP will include documentation of the basis
for each suggested 0-RAP activity.

!

I
I

i

|

|

,

Amendment L |

)17.3-13 February 28, 1993

-- .- ---_.- -.- - --



CESSAR EHEncua

17.3.12 GLOBSARY OF TERMS AND ACRONYMB

ALWR Advanced Light Water Reactor
ASME American Society of Mechanical Engineers
CCWS Component Cooling Water System
CDF Core Damage Frequency, as calculated by the

probabilistic risk assessment.
CEOG Combustion Engineering plant Owners Group.
CFR Code of Federal Regulations
CL Combined License
D-RAP Design Reliability Assurance Program,

Performed by the plant designer to assure that
the plant is designed so that it can be
operated and maintained in such a way that the
reliability assumptions of the probabilistic
risk assessment apply throughout plant life.

EOP Emergency Operating Procedure
EPRI Electric Power Research Institute

!ESF Engineered Safety Features
I&C Instruments & Controls
0-RAP Operations Reliability Assurance Program --

Performed by the plant owner / operator to
assure that the plant is operated and
maintained safely and in such a way that the
PRA assumptions are applied throughout the
life of the plant.

Owner / Operator The utility, COL applicant, or other
organization that owns and operates the System
80+ following construction.

PM Preventative Maintenance
PRA Probabilistic Risk Assessment -- Performed to

identify and quantify the risk associated with
the System 80+

P11R Pressurized Water Reactor
RAP Reliability Assurance Program !

RCM Reliability Centered Maintenance
Risk-Significant Those structures, systems and components which

are identified as contributing significantly
to the system unavailability.

SSC Structures, Systems, and Components
SSWS Station Service Water System

O
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17.3.13 COL INFORMATION
|

A. Policy and Implementation Procedbres for D-RAP ;

!

The COL applicant will specify the policy and implementation |

procedures for using D-RAP information. (See Subsection
17.3.1) 1

|
B. D-RAP Organization |

.

The COL applicant completing its detailed design and equipment j
selection during the design phase, must submit its specific
D-RAP organization for NRC review. (See Subsection 17.3.5)

C. Provision for 0-RAP |

The COL applicant will provide a complete 0-RAP to be reviewed j
by the NRC. (See-Subsection 17.3.9)[ COL Item 17-6] | |

!

|

i

O
'

|?

|

;

!
:
!

!

!

..

|

-
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g\ TABLE 17.3-4-

REFERENCE LOCATIONS WHERE D-RAP SYSTEMS |
AND EOUIPMENT ARE SPECIFIED

SYSTEM OR EQUIPMENT REFERENCE |

FROM PRA

Risk-Significant SSCs for Inclusion Table 19.15.6-1
in 0-RAP

PRA, Level I Equipment Table 19.9.4-2
Seismic Fragilities Table 19.7.5.1-1

Table 19.7.5.1-2
PRA, Level II, III Equipment Table 19.15.2-13

Containment Spray System Section 19.11.3
PRA, Shutdown Risk Table 19.8.6-1

Table 19.8.6-1A
External Events, Diesel Generators Section 19.15.3.1

SSW Intake Structure Section 19.15.3.1
Fire Barriers Section 19.15.3.2.
Flood Barriers Section 19.15.3.3

Significant PRA-Based Safety Insights Table 19.15-1
b
Q FROM OTHER SOURCES

Equipment Classified As QC-2 Table 3.2-1
Hydrogen Igniters Section 6.2.5
Cavity Flood System Section 6.8.2.2.4
IRWST Screen Section 6.8
I&C Equipment Section 7.1.3B
Equipment Specified In 10CFR50.62 Section 7.7.1.1.11
Dedicated Seal Injection System Section 9.3.4.3.1
Containment Cleanliness Section 13.5

V
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18.7.3-37 I

18.7.3-38 V
18.7.3-39 I

18.7.4-1 N
18.7.4-2 Q
18.7.4-3 N
18.7.4-4 N
18.7.4-5 Q
18.7.4-6 N

I 18.7.4-7 N
18.7.4-8 N
18.7.4-9 Q
18.7.4-10 N
18.7.4-11 Q
18.7.4-12 N
18.7.4-13 (Sheet 1) E

18.7.4-13 (Sheet 2) E,

O
'
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LIST OF ABBREVIATIONS'-

CHAPTER 18

AC - Auxiliary Console
Advanced Control ComplexACC -

Auxiliary Console and Safety ConsoleACSC -

'A/E - Architect Engineer
ALWR - Advanced Light Water Reactor

Arizona Nuclear Power PlantANPP -

A? ternate Protection SystemAPS -

,

1 ARO - At istant Reactor Operator
-Balance of PlantBOP -

CCS - Component Control System :

Component Cooling Water System-CCWS -

Control Element-AssemblyCEA -

CEDMCS - Control Element Drive Mechanism Control System
Control Element Drive MechanismCEDM -

CEOG - Combustion Engineering Owners Group
| CFMS - Critical Functions Monitoring System

Combined Operating LicenseCOL -

COLSS - Core Operating' Limit Supervisory System
CPC - ' Core Protection Calculator |
CRS - Control-Room Supervisor

[' CRT - Cathode Ray Tubei

'

\ CVCS - Chemical & Volume Control System
| DCRDR - Detailed Control Room Design Review
! DIAS Discrete Indication and-Alarm System-

Data Processing SystemDPS -

EOF - Emergency Operations Facility
EPG - Emergency Procedure Guidelines
ESF - Engineered Safety Features

Engineered Safety Features Actuation SystemESFAS -

i FTA - Functional Task Analysis
HF - Human Factors

| HFE - Human Factors Engineering |
| HFPP Human Factors Program Plan i-

'

Human Factors Engineering Standards, Guidelines,HFESGB -

and Bases for System 80+
.

Human System Interface IHSI -

HVAC - Heating, Ventilation and Air Conditioning|
~

I&C - Instrumentation and Controls
Information and Control RequirementsICR -

Integrated Process-Status OverviewIPSO -

LCS - Local Control Stations
Loss of Coolant Accident |LOCA -

MCC - Master Control Console i
Main Control Room |MCR -

MDS Megawatt Demand Setter-

e~' MOV - Motor Operated Valve

( NEO - Nuclear Equipment Operator
% NRC - Nuclear Regulatory Commission i

NSSS - Nuclear Steam Supply System

Amendment V
xix April 29, 1994
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LIST OF ABBREVIATIONS (Cont'd)

CHAPTER 18

P&ID - Piping and Instrument Diagram
PAMI - Post Accident Monitoring Instrumentation

I
PPS - Plant Protection System
RPCS - Reactor Power Cutback System |
RCP - Reactor Coolant Pump
RCS - Reactor Coolant System

Reactor OperatorRO -

RPS - Reactor Protective System
RRS - Reactor Regulating System
RSP - Remote Shutdown Panel

Reaction TimeRT -

RTSG - Reactor Trip Switchgear
SC - Safety Console |
SG - Steam Generators
SPDS - Safety Parameter Display System
SPMS - Success Path Monitoring System
SRO - Senior Reactor Operator
SS - Shift Supervisor
SSWS - Station Service Water System
STA - Shift Technical Advisor
TOI - Tracking-of-Open Issues |
TSC - Technical Support Center
TLC - Trip Logic Calculator |
VCT - Volume Control Tank
V&V - Verification and Validation
VDU - Video Display Unit j

l

|

|
1

1

|

I
I

O
Amendment Q
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> TABLE 18.5.4-1

(Sheet 3 of 4)

MCR MINIMUM INVENTORY OF FIXED POSITION
ANNUNCIATORS. DISPLAYS AND CONTROLS

d. PARAMETER DESCRIPTION Annunciators ) Displays Controls
|

Main Steam radiation (area X

monitors & line monitors)
Main Steam safety valve X

position j

MSIS actuation X X X ]
Nuclear Annex building X l

ventilation radiation
Pzr Backup Heaters on/off X X

Pzr Level X X

Pzr Pressure X X

| ( ) Rapid Depressurization valve X X
' V position

RCP on/off X X

RCS Cold Leg temperature X

| RCS Hot Leg temperature X

RCS subcooling margin X X

Reactor Building subsphere X

ventilation radiation,

Reactor Coolant gas vent valve X X
position

| Reactor power (NI) X

Reactor Trip (RPS) X X

| Reactor Vessel level X X

| SCS flow (while SCS is in X X
' operation

SCS isolation valve positien X X X

(& LTOP)
SCS HX Bypass Valve position X X

SCS HX CCW supply / isolation X X
valve position

d) Annunciators are alarms and other alerting displays designed to direct-

operator attention.

Amendment U
December 31, 1993
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TABLE 18.5.4-1

(Sheet 4 of 4)

MCR MINIMUM INVENTORY OF FIXED POSITION
ANNUNCIATORS. DISPLAYS AND CONTROLS

PARAMETER DESCRIPTION Annunciators'" Displays Controls

SCS HX Bypass Inlet & Outlet X

temperature (when SCS is in
operation)
SCS HX outlet valve position X X

SCS pump on/off X X

SCS/ CSS pump suction cross- X X

connect valve position
SCS/ CSS pump discharge cross- X X

connect valve position
SIAS actuation X X

SI flow X

SI pump on/off X X

SI throttling isolation valve X X

position

Spent Fuel Pool level X

Startup Rate (NI) X

CCW HX station service water X X

inlet isolation valve position

CCW HX station service water X X ;
outlet isolation valve position |

CCW HX station service water X

outlet flow
SSW pump on/off X X

SG Blowdown sample radiation X

SG level X X

SG pressure X

Vacuum Pump Activity X

Turbine Trip X X

1

9i|(" Annunciators are alarms and other alerting displays designed to direct
operator attention.

Amendment V
April 29, 1994



_ . .. - . . . .

l
CESSAR !!Since,, i

,

| L B. Control room offices are visible from the CRS console.

; C. IPSO is visible from the CRS console.
| |

| 18.6.5.6.1.4 Control Room Offices Visibility :

Acceptable visibility is demonstrated from the CRS and shift I
supervisor offices by the following visual access considerations. i

These are also shown on Figure 18.6.5-9.

A. Unobstructed visual access exists to the MCC from each |

| office is provided for general observation. |
!

B. IPSO is visible from each office.

C. The CRS console is visible from each office.

18.6.5.6.2 Mobility Evaluation

An evaluation was performed to demonstrate that each member of
the Nuplex 80+ operating staff would have adequate mobility.
within the controlling workspace and that circulation patterns in
the controlling workspace would be facilitat'ed efficiently.
Figure 18.6.5-10 exemplifies the controlling workspace dimensions

Q and clearances for typical operator work locations and traffic
\ / patterns. The following key mobility considerations are provided

by the Nuplex 80+ configuration:

A. Adequate operator maneuvering space (3') is provided for
seated operation at the MCC (i.e., no obstructions for 3
feet behind the operator).

B. Adequate operator maneuvering space (3') is provided for
standing operation at either ACSC console.f

C. Adequate operator maneuvering space (3') is provided at both
controlling workspace desks.!

D. The following circulation patterns are accommodated by the
controlling workspace without hindrance to the operators:

MCC - CRS console
MCC - AC.or SC
AC or SC - CRS console

| AC - SC
! Control room offices to MCC
'

Control room offices to ACSC

f
I

I

Amendment Vi
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18.6.5.6.3 Controlling Workspace Access Evaluation

The Nuplex 80+ control room is designed to accomplish two key
controlling workspace access functions. First the Nuplex 80+
configuration permits rapid, direct access to the controlling
workspace from any of the control room offices. This is

exemplified on Figure 18.6.5-4. No hindrances are present to
obstruct an operator's access to the controlling workspace.
Secondly, the Nuplex 80+ configuration limits the access of plant
personnel not directly involved with operation to the controlling
workspace. This is facilitated by locations for interface at the
CRS console, in the ARO/NEO office and at either the shift
supervisors or CRSs office without entering the controlling
workspace. The two controlling workspace entry points on either
side of the CRS console serve as checkpoints to keep nonessential
personnel out of the controlling workspace, particularly during

ergency operations. The controlling workspace and control room
oifices are located within the boundary of a secure area.

18.6.5.7 Console Profiles

Two control panel profiles are used in the Nuplex 80+ design. A
panel profile to accommodate both seated and standing operation
has been developed for the MCC and RSP. A standing panel profile
has been developed for the ACSC. These profiles were based on
anthropometric data including the 95th percentile male and the
5th percentile female in the United States. The anthropometric
data for these profiles is based on the Human Factors Engineering
Standards, Guidelines and Bases for System 80+ and MIL-STD-1472D
(Section 18.6, References 1 and 2). Figures 18.6.5-11 and
18.6.5-12 exemplify the dimensions of the Nuplex 80+ profiles.
The relationship of the console profiles to the placement of
indications and controls is discussed in Section 18.7 2.

O
Amendment Q

18.6-16 June 30, 1993



_ . .. . _ _-

CESSAR !!shm.

b
'

D. Units

A standard set of units has been established for application
to all data.

18.7.1.1.4 Alarm Philosophy

Alarm information- is integrated into the Nuplex 80+ design.
Early in the design process an informal scoping analysis was
completed .to demonstrate .the. effectiveness of the alarm
methodology in reducing alarms. Final validation of the sum of
the various HSI features (including the quantity _of alarms and
displays) afforded by both the main control room and the remote
shutdown area will confirm that the operating ensemble supports
the successful accomplishment of the operator's functional role-
under dynamic, real-time conditions. The criteria to evaluate
human performance for the usefulness of the alarms and. displays
are provided as part of the HFE verification and validation plan.
Alarm information is presented.on IPSO, CRT's, and alarm tiles.

Nuplex 80+ alarms warn the control room operator of abnormal
conditions that require his or her attention because they require
significant operator-action to maintain safe and reliable plant
operation.

O
Nuplex 80+ alarms are categorized as follows: |

critical safety function violations
critical power production function violations
major damage to equipment ,

'

success path availability violations
success path performance violations !
personnel hazards.

The categories determine alarm display locations. Nuplex 80+
alarms are assigned priorities based on the number of sequential
warnings related to the "Significant Operator Action" condition.

Alarms are prioritized to help operators order their responses to
abnormal conditions. The priorities are:

A. Priority 1

The last warning (and, in some cases the only warning) prior
to reaching a "Significant Operator Action" condition.

B. Priority 2

Next to last warning prior to . reaching a "Significant
Operator Action" condition.

b

Amendment U
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C. Priority 3

Any number of warnings prior to the next to last warning
before reaching a "Significant Operator Action" condition.
In some cases where no significant operator action condition
can result, it is the only warning.

In addition to alarms, an information notification category
" Operator Aids" has been established fe; information that may be
helpful for operations but is not representative of deviations
from normal conditions. Conditions classified as " Operator Aids"
include; channel bypass conditions, approach to interlocks, and
equipment status change permissives. Note that " Operator Aids"
for the Nuplex 80+ control complex are not interchangeable with
the term " Job Aids".

The alarm priorities and " Operator Aid" are coded uniquely to
| allow the operator to quickly distinguish between alarm
conditions. Section 18.7.1.5 provides a detailed description of
alarm presentation methodology and operator interaction with
alarm information. Table 18.7.1-1 provides the complete Nuplex
80+ coding matrix, including alarms and operator aids.

18.7.1.1.5 Information Access

To perform operations and respond to abnormal conditions the
operator needs to easily access information such as data
presented on discrete indicators, CRT process mimic
representations and information listings. Tasks that are
performed frequently or need to be quickly accomplished require
minimal operator actions to access supporting information. The
primary method of information access in Nuplex 80+ is through
touch sensitive targets. This makes use of the operators natural
tendency to point to desired information. The following features
that enhance information access are a part of the Nuplex 80+
designs.

A. Alarm Tiles

The primary method by which alarms are acknowledged is by
touching a flashing alarm tile. Touching the tile
acknowledges the alarm which results in an alarm message
being displayed with related targets. Touching an alarm
tile that is either in alarm or not in alarm accesses
option (s) on the CRT's menu (the CRT on the same panel as
the tile) to provide direct access to display pages
associated with the alarm tile's descriptions.

O
Amendment U
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B. Display Pages

: Touch targets are used to access supportive or diagnostic
information associated with a display page's process.
Section 18.7.1.3.4 describes display /page information access
in detail.

Subsequent sections of Section 18.7.1 provide more details on
information access mechanisms within the specific components of
the Nuplex 80+ design.

18.7.1.1.6 Data Content / Display Density Guidelines

The Nuplex 80+ information system makes extensive use of CRT and
other computer based information presentation devices (e.g.,
DIAS). This facilitated the need to establish guidelines to
provide uncluttered, well organized and easily interpretable
displays. The following indicate the major data content and
display density guidelines that were followed.

Only data associated with a display process or helpful for the
understanding of that process is included. Data to be displayed
is selected based on the output of the functional task analysis
plant experience, federally mandated requirements and system

g engineering requirements.
;

When the operator scans the display for specific information, all
other information on the screen is considered background clutter.
There is a limit beyond which additional information loading on
the screen dramatically decreases the ability of the operator to
efficiently obtain the information he needs. Experience has
shown and HFE criteria indicate that the display loading (the
percentage of potentially active screen' area) should not exceed
25 percent. The inactive area constitutes " white space" that is
essential for clarity in any display. The amount of potentially
active data on a display does not exceed 50 percent of the total
screen area, not including demar: cation lines. However,
organizing related data into ledny screens requires extensive
screen switching, and should be avoided.

18.7.1.1.7 Size Criteria for Labels and Information

Operator data collection for both monitoring and control requires
that some data be readable from a distance, and other data be
readable while at a given panel. The following sections provide
information size criteria for information in the control room.
The sizes of characters meet the guidelines of the HFESGB
(Reference 2). Apparent character height at expected reading
distances subtends at least 12 minutes of arc.

t

Amendment U
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A. Data To Be Viewed From the Shift Supervisors Office

The Integrated Process Status Overview (IPSO) information is
provided with a letter height sufficient to allow

| readability of information from the shift supervisor's
, office (i.e 40 feet), in accordance with the HFESG. IPSO
' information provides the highest level information to the

operating staff and therefore needs to be visible from any
controlling workspace panel, as well as the shift
supervisor's office.

B. Data To Be Viewed Within the Controlling Workspace

The control panel identifying labels have a letter height>

| sufficient to allow the operator to determine what panel
information is associated with from any location in the

|

| controlling workspace. For example, if the operator

! observes a flashing indication on a panel, the operator will
| know with which panel the information should be associated.
! This allows the operator to obtain the exact information
! associated with the indication by accessing the data on the
| CRT at his present location. This may be particularly

useful as an aid to alarm response.

C. Data To Be Viewed Across the MCC

Since a design bases of the MCC is to allow one person to
conduct normal operations at the MCC, certain data on the
MCC is readable while the operator is at any other MCC
panel. This data includes:

1. Group / Subgroup Labels

These labels allow the operator to distinguish in which
group / subgroup information is changing. If the
operator observes an indication such as a valve
repositioning (shown by both red / green status lights
illuminated) the operator will be able to distinguish
in which group / subgroup the valve is located.

2. Alarm Group Labels

These labels allow the operator to distinguish what
group or system is in alarm. For example, the RCS

! pr .el has alarm groups for RCPs, seal / bleed, and RCS.

O
Amendment U
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3. Dedicated Parameter Discrete Indicator Labels (e.g. Pzr

Pressure)

These labels allow the operator to identify what
information is displayed on the associated discrete
indicator.

The data that falls into the above categories (1, 2,

and 3) on the MCC is of.the same size on the ACSC
panels to assure useability of information throughout
the control room. Additionally, this ACSC information
allows an operator to monitor the information

| associated with an ACSC panel section while seated at
; a desk in front of the AC or SC, see Figure 18.6'.5-4.

D. Data To Be Viewed From an Adjacent Panel

The CRT associated with an adjacent panel may be used by the
| operator to support monitoring activities associated with
| his present tasks. For example, the operator may desire a
j trends format or overview information on the adjacent

CRT to aid him in monitoring tasks associated with a process
| or detailed page on the panel that he is using.

E. Data To Be viewed at a Panel,.

I \
l Q While performing monitoring and control activities at a

panel, the operator observes some information while
seated or standing in front of the panel, while other
information is only used when performing an action or
accessing a display format. Thuc. this type of size
criteria is divided into two categories as follows:

1. Information Gathering Tasks

The operator needs to view the following information
related to the workstation process while in front of,

'

the panel:
|
; a. Panel Mimic Diagram Labels (e.g. identification of
! bypass, recirculation paths).

b. Alarm Tile Descriptors.

c. Existence of alarms on IPSO and location with |
respect to a system or plant process.

d. Alarm group labels and divisions on panels.

e. Priority coding on alarm tiles.

r~N f. Spatial dedication of alarm tiles on panels.
k

; J
|

!

Amendment U
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O19 Existence and priority of alarm within first level
display page categories provided on CRT display
page menu options.

This information is sized to be readable by 95th
percentile males and 5th percentile females from both
standing and seated positions at the MCC or only
standing positions at the ACSC.

2. Information to Support Control Actions and Information

This information is used by the operator when
performing an action i.e., touching either a control
feature or information access feature. To support
these tasks the information is sized to allow
readability while performing the specific action.

18.7.1.1.8 Information Input

The capability is provided to manually input to the Nuplex 80+
I&C systems component or parameter information unavailable from
automated data acquisition means. This will include information
such as Bypassed or Inoperable Status manual input and input
related to tagged out components. This capability will be
provided by DPS controlled access keyboards located outside the
controlling workspace (e.g., CRS console, MCR offices) or other
system operator interface devices (e.g., Operators Modules).

18.7.1.2 Intectrated Process Status Overview (IPSO)

The presentation of plant processes on display page formats has
led to a generally expressed concern that the presentation of
information on separate, relatively small formats which must be
viewed independently might prevent the' operator from gaining an
overall " feel" for plant status. In a typical nuclear power
plant the understanding of the whole plant process performance is
gained by parallel processing of an array of conventional
instrumentation, i.e., by means of a sweeping glance around the
control room.

In the Nuplex 80+ control room a large panel overview display
provides the information that the operator requires for quickly
assessing overall plant status. This panel, known as the
Integrated Process Status Overview (IPSO), see Figure 18.7.1-2,
is a continuous display visible f rom any panel in the controlling
workspace, control room offices, and the Technical Support |
Center. The IPSO is centrally located relative to the MCC. The
IPSO also exists as a DPS display page that is available on any
control room CRT. It is also available at remote facilities such
as the Technical Support Center and Emergency Operations
Facility. As a plant overview / top level display page, IPSO |
allows the operator or other plant personnel to interrogate the

Amendment Q
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b display format (see Section 18.7.1.3.4), to aid in' access to j

additional display pages or problem diagnosis. '

i

| The IPSO large panel format is approximately 6 feet high by 8
feet wide. Its location, above and behind the'MCC workstation,
is approximately 40 feet from the shift supervisors office, (the
furthest viewable point) . Information contained on IPSO is sized
to meet the following guidelines for readability'from all points ;

within the-control room:
|
I

A. Characters-minimum 2.1 inches
i

B. Symbols-minimum 2.8 inches

18.7.1.2.1 IPSO Representational Characteristics and
,

Features I

i

The IPSO provides the operator with information that allows him j
to determine overall operational and safety status. The_ IPSO !
presents high level -process overview information by which an '

operator can:

A. _ Determine overall operating status via critical function i

alarm status and success path availability and performance !

. (])
/ status.

| B. Organize operational concerns via a small number _of symbolic
| representations that are a result of highly processed data. 1

! i
; C. Establish priorities for operator actions via prioritized |
i alarm status for critical functions and success path } )

availability and performance.

D. Assess critical function status'via alarms, symbols, and
digital parameters.

!

Information provided on the IPSO display includes:
i

| A. Major system and component status shown on an overview I
| schematic representative of the main heat transport systems. '

!
B. Existence of system and function level status, success path

availability, success path performance and key critical
function parameter alarms (see Section 18.7.1.5) to aid'the
operator in quickly identifying the location of important
alarm information.

C. Deviations from critical power production and safety
function setpoints and identification of improving or

es degrading trends to improve the operator's awareness of
( plant conditions.

Amendment V
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D. Critical Function Parameters (e.g., RCS Temperature,
Pressurizer Pressure and Level, Reactor Power, Plant Power
Output) to improve the operator's and supervisor's awareness {
of plant conditions. '

The IPSO uses the same HF criteria for display design that are
used on the CRT process display pages. IPSO uses the dynamic
symbols, color code, highlighting, blinking, graphic layout and
information coding features described in Section 18.7.1.1. DSER
Open Item 18.8.2 2 a. (Section 18.4, Reference 11) provides |
additional information on the usefulness of a large overview
display (IPSO).

18.7.1.2.2 Plant Functional Information on IPSO

A primary operational benefit of IPSO is the use of IPSO
information to support operator response to plant disturbances,
particularly when a disturbance effects a number of plant
functions. IPSO information supports both the operator's ability
to respond to challenges in plant power production and plant
safety.

To that end, IPSO allows the operator to assess the overall
plant's process performance by providing information to allow a
quick assessment of the plant's critical safety or power
production functions. The concept of monitoring plant power and
safety functions requires a categorization of the power and
safety-related plant processes into a manageable set of
information that is representative of the various plant
processes.

The critical functions pertaining to the System 80+ plant are:

critical To:
Function Power Safety

1. Reactivity Control X X
2. Core Heat Removal X X
3. RCS Heat Removal X X
4. RCS Inventory Control X X
5. RCS Pressure Control X X
6. Steam / Feed Conversion X
7. Electric Generation X
8. Heat Rejection X

l 9. Containment Environment Control X
10. Containment Isolation X
11. Radiological Emissions Control X X
12. Vital Auxiliaries X X

O
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Guide 1.97 Category 1 and 2 parameters '(Types A-C) (not
already on single parameter displays). An example of a
typical discrete indicator for a process multi-parameter
display is provided in Figure 18.7.1-21.

INFORMATION ACCESS

Each discrete indicator contains a menu (s) option that, when
requested, replaces the normally displayed digital value and
analog bar graph with a nenu of parameters that can be monitored
on the discrete indicator. The menu is activated by touch.

18.7.1.5 -Alarm Characteristics-

The Nuplex 80+ annunciator system incorporates the following
features:

A. Alarms are presented on grouped alarm tiles or CRT
representations with dynamic messages used to ' inform
operators of specific conditions in alarm.

B. Alarms are based on applicability for plant operating mode.
Alarm logic and setpoints are specific for each of the
following alarm modes:

C 1. Normal operation.

2. Heatup/cooldown.

3. Cold shutdown / refueling. .

I
4. Post-trip. '

Mode change is automatic with respect to the DPS. When the
DPS detects that a mode change is. appropriate, the system
will initiate the change'and prompt the operator to do the
same to DIAS which is manually changed. The change to
post-trip mode is automatic for' both systems. Mode
dependent alarms significantly reduce nuisance alarm I
generation. 1

C. Alarms are acknowledged either individually or within small
groups that can be viewed by the operator; global
acknowledgement is not used since this tends to mask
important alarms. The Nuplex 80+ alarm system aims at j
trying to make the operator aware of all conditions that are
unacknowledged. The alarm system has provisions such as
momentary audible tones, reminder' tones and flash
suppression that make unacknowledged alarms less ''

distracting. Acknowledgement of alarms is done using:

v
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1. Individual annunciator tiles.

2. CRT interface features.

D. Alarm logic and setpoints are based on equipment status;
e.g., low discharge pressure is only applicable when a pump
is supposed to be running. This approach helps to
significantly reduce the number of nuisance alarms.

E. Alarms are partitioned by location with respect to control
room panels and operator functions to help provide the
operator with discrimination among systems containing
process deviations.

To adequately respond to an alarm condition (s) there needs to be
an efficient means of identifying the exact nature of the alarm
and accessing the most useful information for diagnosing the
alarm condition. Alarm information in Nuplex 80+ is presented
through the use of the IPSO, discrete annunciators, alarm
information display pages, and alarm _information on process
display pages. Each of these sources of alarm information )
provides an important role in responding to and diagnosing
unanticipated conditions. In the Nuplex 80+ design, alarms are
grouped into three priorities, so the operator can determine what
the relative importance of each alarm is, as follows:

Priority 1
Priority 2
Priority 3

Section 18.7.1.1.4 describes the alarm conditions within each of
these priorities. j

In addition to these alarm priorities, there exists a separate
category called " Operator Aids". Operator aids provide
operational guidance information that is not representative of an
undesirable process or component condition. These are discussed .

| further in Section 18.7.1.5.6. I

Priority 1, 2, and 3 alarms are processed and displayed
ir.spendently through both the Discrete Indication and Alarm |

System (DIAS) and the Data Processing System (DPS). Priority 3
alarms that do not degrade to priority 2 and 1 conditions, and
operator aids are processed and displayed only by the DPS. The
IPSO panel described in Section 18.7.1-.2 is driven by the DIAS
and DPS and only provides indication of critical function and
success path related alarms. Critical function alarms are
displayed on IPSO critical function parameter descriptors and the
IPSO critical function alarm matrix. System alarms related to
success path availability and performance are displayed on IPSO
system descriptors.

Amendment V
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| V corner of the CRT screen (see Figure 18.7.1-6). The tile
| representation corresponds to the DIAS alarm tile for
| priority 1, 2 and 3 alarms and appears independent of the
| current display page being presented. Alarms may be

acknowledged by touching the CRT alarm tile representation.
This action changes the alarm tile representation from a

l flashing high intensity yellow condition to a medium
! intensity yellow condition and silences the periodic
| momentary audible sound associated with the alarm condition.
! Specific alarm condition messages are viewed on the CRT

message window. This message contains: tile name, priority,
message, setpoint, real-time process value, time-in and

| database point I.D. Also display options will appear to
i provide access to display pages with more information about

the descriptor that was touched (see Figure 18.7.1-6). The
alarm tile will remain in the medium intensity yellow state |
until another new alarm comes in or the operator presses the
"CLR" button.

2. Alarm acknowledgement using display page descriptors -

| Alarm priority and status is displayed, when alarms are I
'

present, on component labels and process parameter labels.
Touching unacknowledged alarm coded descriptors on process

[] display pages acknowledges the alarm and accesses the
| ('") following information, displayed in the message area: DIAS
'

tile name, priority, message, setpoint, real-time process
! value, time-in and database point I.D. Also, as described
| previously, display page options would appear to give the
'

operator access to more information with respect to the
descriptor that had been touched.

3. Alarm acknowledgement using UNACK. ALARMS list

If more than one alarm comes in, such as in post trip
.

conditions, the operator needs a fast effective method to |
review and acknowledge multiple alarms. This is allowed by |,

providing an UNACK. ALARMS target, for multiple alarms, in|

the same place as the alarm tile representation for single
alarms. When selected, a snapshot of the current new and j,

| cleared alarms is displayed on a list format. No j
; individual alarm tile representation is provided when ;
i multiple alarms exist. This snapshot will only represent

the alarms that existed at the time the target was selected
| and none that occur after.

,

'

/m
( )i

%J'
|

| Amendment U
18.7-41 December 31, 1993
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Alarms are listed and organized according to functional
group (directory), panel (the panel on which the display
page that the alarm is on would be shown on a directory
page), and the display page the alarm would be on. Alarms
on a display page are shown by alarm tile and specific
condition. The unacknowledged alarm and message format is
shown in Figure 18.7.1-9.

When the Unacknowledged alarms are presented they may be
acknowledged in two ways; by display page or by page of
alarms.

4. Alarm acknowledgement using display page descriptors

It is also possible to acknowledge alarms on a case by case
basis using the descriptors of process parameters or
components. If there were more than one alarm on a
descriptor, the highest priority would flash unacknowledged
alarm over the highest priority acknowledged alarm, see
previous discussion of how this would occur. For example,
a new priority 1 alarm would flash over an existing priority
two or three. If new alarms were to come in on a descriptor
that had no existing alarms, the alarm with the highest
priority would be shown. When a descriptor showing multiple
alarms is touched, to acknowledge one of the alarms, only
the highest priority is acknowledged and the corresponding
message is displayed in the message area. Then the criteria
would be reapplied and the highest of the remaining alarms
would be shown. In this way the alarms can be acknowledged
one by one.

18.7.1.5.6 Special Alarm Features in Nuplex 80+

The following are special features included in the design of the
Nuplex 80+ alarm system.

A. Mode and Equipment Status Dependency

A key feature of the Nuplex 80+ alarm system is the use of
mode dependent and equipment status dependent logic. These
features reduce the number of alarms received during
significant events and limit those alarms to conditions that
actually represent process or component deviations pertinent
to the current plant state. Mode and equipment dependency
is implemented both through alarm logic changes and setpoint

| changes. An example of mode dependency is the reduction in
' the low pressurizer alarm setpoint to avoid a nuisance alarm

after a normal reactor trip. Equipment dependent logic is
used to actuate a low flow alarm only when an upstream pump
is supposed to be operating.

; Amendment V
18.7-42 April 29, 1994
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18.7.1.6.2 Component Control Strategies |

18.7.1.6.2.1 Control Location l

I

Component controls are located in the MCR, Remote Shutdown Panel
(RSP) and/or Local Control Stations (LCS) (i.e., local to the
equipment being controlled). For the MCR and RSP only one
control station is active at a time. The NUPLEX 80+ design
provides switches near each control room exit for transfer of
control from the main control panel to the remote shutdown panel.
Actuation of the switches at either exit initiates each PPS
channel division of the ESF-CCS, and each division, of the
Process-CCS to perform a soft transfer to deactivate the main
control panel as a control interface and to activate the remote
shutdown panel control interface.

The Maintenance.& Test Panels in the channelized Equipment Rooms
also provide a backup means for performing the -transfer of
control from the main control room to the remote shutdown panel.

I-
Alarms are generated if a component is repositioned locally or. ,

control from the MCR or RSP is disabled. The alarm |
prioritization is based on the potential system level impact

,
(e.g., bypassed or inoperable status positioning).

18.7.1.6.2.2 ESFAS Control Signals

ESFAS signals have priority over operator commands and most other
automatic control signals. Exceptions to this philosophy apply

l to automatic control signals whose function is equipment
protection (e.g., electrical fault protection, lube oil
interlocks, overload protection) . Thermal overload protection
devices are not used on MOV circuits, but provide alarms.

l

O
Amendment Q

18.7-49 June 30, 1993!
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Operator override capability for ESFAS signals is provided on all
;

| ESF actuated components. The logic is such that the override may

| be executed on a component basis only after the ESFAS signal has
| actuated. The override is executed by activating the control
! switch corresponding to the ESFAS initiated component position
! (this is an acknowledge function only) and then the control

switch for the newly desired position (this repositions the
component). When the ESFAS signal clears, the override logic
also clears, such that subsequent ESFAS actuations are not
bypassed.

There are no alarms or status lights required for the override
condition at the component level. However, alarms are provided
for improper component line ups during actuation of an ESF
system. See section 18.7.1.8 which describes ESF Actuation
Status Monitoring as part of the Nuplex 80+ Success Path

j Monitoring Feature.

| ESFAS operator overrides may be executed from the MCR or from
outside the control room at the RSR. Separate override circuits
are provided for each ESFAS signal actuating a component. In
this manner override of the first signal will not bypass or

| preempt actuation of the same component by subsequent same or
different ESFAS signals.

When an ESFAS signal clears (i.e., returns to the unactuated
logic 0 state) the component will remain in its pre-cleared
position. This will be the ESFAS actuated position or if the
ESFAS signal had been overridden the new operator selected
position. Once the ESFAS signal is cleared, repositioning of the
component will occur only by a subsequent operator command or by
an automatic control signal.

18.7.1.6.2.3 Bypassed or Inoperable Status Monitoring
1

Regulatory Guide 1.47 requires alarms for system level inoperable j
conditions which may result from bypassed or inoperable '

conditions at the component level. The intent is to identify ESF I
system unavailability prior to its actual need. The monitoring |
of component level inoperable and bypass conditions and
determination of impact at the system level is provided through
coordination of logic residing in the CCS and DPS. The following
items are monitored as conditions that may render components
bypassed or inoperable:

,

| A. Loss of control power through opening of breakers or local
disconnects.'

O1
|

|t

Amendment V '

| 18.7-50 April 29, 1994 i
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for standing or seated operation. The ACSC is the control area
where infrequent auxiliary and safety operations take place.
These panels are designed for standing operation.

18.7.2.1.1.1 MCC Functional Organization

The MCC design basis requires that all controls and indicators be
f provided to perform the following tasks:
|

| A. Perform monitoring and control tasks associated with
maneuvering the plant from hot shutdown to full power |

'

operation and return to hot shutdown

'B. Monitor major automatic controls (i.e., pressurizer
automatic pressure and level controls) to maintain plant
availability

C. Perform standard post trip actions following a reactor trip.

D. Maintain monitoring capability of plant investment concerns.

| The MCC is organized into two functional areas. NSSS functions
; are located on the left, and BOP functions on the right. Each of
| these areas are assigned specific panel sections based on the
| \ frequency of their intended use. Those panels that contain

functions performed most frequently are placed toward the center
of the console (see Figure 18.6.5-2). This is discussed in more,

l detail in Section 18.6.5.1.
,

18.7.2.1.1.2 ACBC Functional Organization
|

The ACSC contains all contr ols and indications necessary ~ for i

functions performed on an infrequent basis for monitoring and
control of the auxiliary and safety systems.

The Safety Console consists of a group of functionally related
panel sections which contain all controls and indications
necessary for the operator to cope with all design basis accident
conditions. The Auxiliary Console contains functions which are
not required to be accessed frequently for normal power operation
but are required infrequently or for operation in other operating
modes (i.e., Technical Specification Modes 3-6). The ACSC panel
configuration is discussed in more detail in Section 18.6.5.2.

18.7.2.1.2 Criteria for the Determination of Functional
Groups

The Nuplex 80+ functional design process is based on operator
| functions as the primary design criterion. Even though there is

\

J

Amendment E
18.7-69 December 30, 19R8
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| often a definite relationship between operator and equipment or
| system functions, maintaining the operators perspective during
| this phase of the design is essential. The operator functions
| are determined from the functional task analysis results
; supplemented by a review of normal and emergency operating
' sequences and guidelines. The identification of operator

functions in the functional task analysis is described in Section
i 18.5.1. Note that though specific task sequences may vary within
| a f.v.ction which is identified in multiple events or procedures,
'

only one function is identified for the design process. Thus
only one functional group is required on the control room panels.

i

l 18.7.2.1.3 Criteria For Assignment to Respective
Control Panels

As discussed in Section 18.7.2.1.1, the Nuplex 80+ controlling
workspace is organized into three major functional areas each
comprised of specific panel sections. Once the functions are

| determined, they are located in the controlling workspace based
| on the operational mode in which they are most frequently
; performed. For example, controls required for reactivity control
'

during normal power operation are located on the MCC.

18.7.2.1.4 Criteria for Arrangement of Functions on Each
Panel Section

Once the functions have been assigned to panel sections, they are
arranged based on their relationship to other functions. This is
done to insure that functions which are operationally related to
one another are placed on the panels for operator convenience.
Since the number of controls and indications are not yet known,
no finite amount of panel space is assigned to a particular
function. This preliminary organization may require iteration
once the size of each functional group is determined.

18.7.2.1.5 Criteria for High Level Operational Analysis

The last portion of Part I simply involves a check to ensure that
all functions performed by the operator have been accounted for |
and assigned to the proper panel section for the operating mode !

walking through guideline ard operating sequences and reviewing '(in which it is most frequently performed. This is done by

the panel for all functions identified in the functional
analysis.

)
:

l

O
Amendment V
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1

!
18.7.2.1.6 Procedure for Determination and Assignment of )

Functional. Groups

j A. Step 1
1

i Outline functional task analysis data,. EPG data and |

! operating sequence data into standard Technical I

Specification operating modes. |

B.. Step 2

Outline EPG and operating sequerces into operator functions |
and consolidate with the functional task analysis. functions j
according to the criteria in Section' 18.7.2.1.2.

C. Step 3
i

Assign the functions to the standard Technical Specification |

operating modes determined in step 1. |

D. Step 4

Assign the functions to the respective panel sections based
on the criteria in Sections 18.7.2.1.3.

E. Step 5

Arrange the functions on each panel according to the
-

criteria in Section 18.7.2.1.4.

F. Step 6

Perform a high level operational analysis to determine
design completeness on a functional level per' criteria in
Section 18.7.2.1.5. Iterate the functional assignments as
necessary.

18.7.2.2 Part II: Determination of Required Control
and Indication Devices and Assignment to
Appropriate Functional Groups

Part II of the procedure involves identification and assignment
of all control and indication devices required to perform the
functions identified in Part I. The devices are determined from
Procedure Guideline Information and Control Requirements from the -
Functional Task Analysis (FTA), Federally mandated I&C
requirements and System I&C Inventory from the system cognizant
engineers. The devices are then assigned to respective
functional groups.

O
Amendment V

18.7-71 April 29, 1994
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18.7.2.2.1 Criteria for Determination of Required Devices

| and Assignment of Devices to Functional Groups

The controls and indications required to perform the operator
functions determined in Section 18.7.2.1 are obtained from the
functional task analysis (Information and Control Requirements),
Federally mandated information and control requirements, and
System I&C Inventory (from the system cognizant engineering

,

| organization). It is then determined how the information is
displayed and how the controls are implemented based on the
System Description for Control Complex Information System

| (Section 18.7, Reference 2). The following criteria are used to
l determine the methods of providing control and information.

A. All control devices for plant components in critical
! function main flow paths and the minimum inventory of fixed
| location controls needed to accomplish credited safety
| function success path tasks identified in EPGs and

Probabilistic Risk Assessment are assigned to fixed position
discrete switches (e.g. CCS Switch Configuration).

B. Other process controls (e.g. process controllers, switches)
may use touch screen (soft) controls that use VDU devices
(e.g., CCS Process Controller Display) or other control
devices (e.g. , CCS Switch Configuration, Operators Modules) .
Each device is limited to control loops within a related
functional group.

C. The DPS CRT displays are an operator information display
interface for all functional groups. The CRTs display
essentially all plant information sent to the main control
room.

D. Discrete indicators are used primarily to display frequently
monitored data to enhance overview comprehension of system
level performance. This data include the
major / representative process parameters such as system
flowrate or controlled parameters, i.e., temperature for a
cooling system. In addition, discrete indicators are
provided to meet redundant display requirements for the
following information:

1. Information required for maintaining power production
without the DPS (including plant investment protection)
for up to 24 hours.

2. Display of plant safety related parameters for normal
and post-accident monitoring, including continuous
display of Regulatory Guide 1.97 Category 1 parameters
and display of the minimum inventory of dedicated
information needed to accomplish the EPG.

O
Amendment V

18.7-72 April 29, 1994
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'

t Control Switch Identification
'\

'

The following information regarding fixed location discrete
switches is typically provided on the switch faceplate: |,

; A. Functional Identifier (name of control).
1

j B. Unambiguous Identifier (tag number). I

i C. Control options available (on, off, auto).

D. Current Component State (on, off, auto).
'

E. Functional Symbol (applicable to CCS Switch Configurations I
| and CCS Process' Controller Displays). J

1-

In order to display all of this information on a component,

switch, visual coding display techniques based on the conventions
established in Section 18.7.1.1 are utilized. The following

'

visual codes assigned to the.above information types:

INFORMATION TYPE VISUAL CODES

Identifiers (functional- Alpha-numeric / Graphic
unambiguous)

Control Options Hue / Relative Position
1

} Component State Illuminated Color / }
Relative Position !

4

! For example, a dedicated push button switch is engraved.with the
i identification of the component being controlled at the top,
| followed by a graphic symbol of the device (see symbol list,

Figure 18.7.2-2) and a description of the components function:t

]
'

Example: The CVCS system has a vent to the Waste Management
: System. The top of the pushbutton station is coded by
j the number of the valve: CH-249. The symbol is picked
i from the symbol list as a valve. The function of the
i valve is described: " VENT TO WASTE MGT."
| (Figure 18.7.2-3)
|.

The control options and component state conventions are more-

i fully described in Section 18.7.1.6. Switches on flat panel
control devices use similar conventions for identification.*

18.7.2.3.4 Procedure for the Detailed Layout of Controls
and Indications within Functional Groups'

; The basic steps involved in obtaining layouts of the . control
! panels are to first, assign the devices necessary to perform the('
| functions identified and listed in Part II, and secondly, to
,

&

i Amendment V
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|

apply the criteria discussed in this section in arranging the
components within the functional groups. Before commencing the
procedure, a list of information containing a summary of operator
tasks performed, controls assigned to this group, controls /
indications requiring dedicated switches or indications, special
features required, estimated space requirements and layout method
utilized is completed for each function listed in Part II. The
use of these lists serves as a check for the implementation of
the criteria.

Procedure

A. Step 1

Once the components necessary for each functional group have
been assigned, the next step involves selecting an
arrangement method:

1. Flow Path,
a

2. Sequential, or

3. Related Function

An appropriate method based on the arrangement criteria in
Section 18.7.2.3.1 is selected.

B. Step 2

The indications and controls are arranged with proper
spacing as per the criteria in the HFE Standards, Guidelines
and Bases for System 80+.

C. Step 3

The functional group is assigned a label and a grcup
demarcation line is established as described in Section
18.7.2.3.3 and the HFE Standards, Guidelines and Bases for
System 80+.

D. Step 4

Individual components are identified according to the
criteria in Section 18.7.2.3.3 and the HFE Standards,
Guidelines and Bases for System 80+.

E. Step 5

The functional groupings are reviewed on an individual basis
to determine if: )

1. Special features are required as noted on the list of
information for each function, e.g., switch guards. i

Amendment N !
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7 w) 18.7.3.2.3.5 Priority 3 Reactor Coolant System Alarms(
V

As described in Section 18.7.1.5, priority 3 alarms inform the
! operator of conditions that warrant cautionary awareness. The
! priority 3 parameters that do not degrade to ' priority 2 or 1

conditions are processed and displayed only by the DPS. Dedicated
| DIAS alarm tiles are not required for these conditions, because

immediate or prompt action is not needed. The priority 3 alarms
for the RCS panel are:

A. RCP (1A, 1B, 2A, 2B) Oil Lift Pump Filter Differential

| Pressure High

B. RCP (1A, 1B, 2A, 2B) Seal Injection Flow High

C. Seal Injection Filter Differential Pressure High

D. PZr Safety Vlvs. Loss of Position Indication Power 1

E. Spray from Cold Leg 1B Temp Lo |

F. Spray from Cold Leg 1A Temp Lo
|
!

G. Pzr Prop Heaters No 1 Fail

V)
/ H. Pzr Prop Heaters No 2 Fail <

I. Pzr Backup Heaters B1 Ch A Fail

J. Pzr Backup Heaters B2 Ch B Fail

K. Pzr Backup Heaters B3 Fail

L. Pzr Backup Heater B4 Fail

M. Pzr Backup Heaters B5 Fail
t

N. Pzr Backup Heaters B6 Fail |

O. Pzr Backup Heaters B7 Fail !
I

P. Pzr Backup Heaters B8 Fail

Q. Pzr Heater 6 Distribution Panel D01 Overload

R. Pzr Heater 7 Distribution Panel D02 Overload

S. Pzr Heater 8 Distribution Panel D03 Overload

0
V)

Amendment V
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T. Pzr Heater 9 Distribution Panel D04 Overload

U. Pzr Prop Heaters No 1 PPCU High Temp.

V. Pzr Prop Heaters No 2 PPCU High Temp.

W. RCS T m Sensor Deviatione

X. RCS T Sensor Deviationnce

Y. Pzr Level Sensor Deviation

Z. Pzr Water Temp Sensor Deviation

AA. Pzr Pressure Sensor Deviation

AB. DPS/ DIAS RCS T Calculation Deviationc

AC. DPS/ DIAS RCS Tn Calculation Deviation

AD. OPS / DIAS Pressurizer Level Calculation Deviation

AE. DPS/ DIAS Pressurizer Pressure Calculation Deviation

AF. RCS D/P Sensor Deviation

18.7.3.2.3.6 Operator Aid Information for the RCP Panel

Operator Aid information is only available on the CRT (see
| Section 13.7.1.5.6 E). The only operator aid information, that
exists for the RCS, is a component discrepancy generated by the
DPS success path monitoring algorithms (see Section 18.7.1.8).

18.7.3.2.4 Alarms on the CRT

As discussed in Section 18.7.1.5, all conditions that activate
the RCS alarm tiles also activate duplicate alarms on the CRT.
The alarms for the RCS panel are presented using the following
three techniques:

A. Hierarchical Mimic Pages present priority 1, 2, 3 and
operator aid alarms.

B. A Time Sequential Listing presents priority 1, 2, 3,
operator aid and operator established alarms.

C. A Prioritized Alarm List presents the following categories:

1. Priority 1 Alarms

O
Amendment Q
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2. Priority 2 Alarms

3. Priority-3 Alarms
,

4. Operator Established Alarms

The following five alarm messages in the RCS are illustrated on |
'

Figure 16.7.3-38 to demonstrate how they would be displayed on.
the time sequential' alarm list.

A.- RCS T Hi (Priority 1) -|30s

B. RCS Tcow Hi (Priority 1) |

C. Pzr Level Error Low (Priority 2) I
j

D. Pzr Safety (RC-200) to .RDT Temp Hi (from TI-106)
(Priority 2)

E. Pzr Level Sensor Deviation'(Priority 3)-

18.7.3.3 Detailed Layout of RCS Panel

To assist in designing the RCS panel layout, a full scale mockup
of the RCS panel is used to establish the detailed' layout of the
RCS panel. Using this mockup the criteria for layout of control

d room indication and controls provided in Section 18.7.2.3 are
applied. As discussed in Section 18.7.3.2, the indication,
controls and alarms for the RCS panel are. assigned to the three
functional groups (RCS, RCP and RCP Seal / Bleed). Each group is
assigned to a general area on the RCS panel.

To facilitate the panel layout, full size representations-of all
indication, control and alarm hardware devices for the RCS panel

| are made. The final layout of the RCS panel is impacted by the
size and type of hardware selected. The major hardware device:

that impacts the layout of the RCS panel is the discrete
j indicator. The equipment selected -for this indicator has' a
; display screen measuring 3.9 inches by 7. 7 inches. Using the

criteria specified in Section 18.7.1.1.7 for labels and

I

%

!

Amendment V
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information size, sample displays are drawn. An area measuring
3.75 inches by 3.75 inches meets the criteria for all DIAS '

displays on the RCS panel. Thus, the hardware selected for DIAS
displays is split into two screens with each screen displaying
the parameters for a single discrete indicator. An obvious
demarcation line is displayed to visually separate the two
displays. The discrete indicator for pressurizor pressure and |

pressurizer level in Figure 18.7.1-7 illustrates how these two '

process parameters are displayed on a single display device.

The RCS panel CRT is placed in the center of the panel, as with
all panels, to facilitate viewing it adequately from in front of
all sections of the panels. After placing the three functional
groups and CRT, the resulting RCS panel design is shown in Figure
18.7.3-39. The following sections address the detailed layout of
each functional group. |

18.7.3.3.1 RCS Functional Group Layout

As discussed in Section 18.7.3.1, the RCS functional group is the
most frequently used on the RCS panel. It is, therefore, placed
on the right hand side of the RCS panel (RCS panel section
closest to the center of the MCC). All controls and some
indication are located on the apron (near horizontal) section of
the RCS panel for this functional group. The discrete indicators
for the RCS functional group are placed on the vertical section
of the RCS panel. There is one discrete indicator for the RCS
functional group that is located to the left of the CRT. The i
discrete indicator for infrequently viewed RCS parameters is
located to the left of the CRT and not above the RCS functional
group based on the following factors:

A. The discrete indicators for RCS and RCP Seal / Bleed System
are displayed on a common device. With one device providing
indication for two functional groups, it made it difficult {
to place it within both functional groups simultaneously '

unless the groups are adjacent.

B. Placing the CRT (primary source of information) near the
center of the RCS panel is the highest layout priority. I
This CRT location divided the RCS and RCP Seal / Bleed groups I
and thus necessitated placing the common indicator at a !
different location.

C. Since these parameters are infrequently viewed on this
indicator, the discrete indicator location poses little
inconvenience. All of its parameters would normally be
viewed on the CRT.

|

O
Amendment Q !
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A. Identification of RCP Functional Groups

The four functional groups of the RCPs, RCP1A, RCP1B, RCP2A
| and RCP2B are identified by methods specified in Section
i 18.7.2.3.3. The two methods selected are:

1. Group Align Stripe A thick line forms an enclosed-

area around the indicator and controls.for each of the
j four RCPs, 1A, 1B, 2A, and 2B (see Figure 18.7.3-39).
| 1
I 2. Labels titled, RCP 1A, RCP 1B, RCP 2A and RCP 2B are

placed above the top group align stripe for each of the
four functional groups.

j B. Layout of the Four RCP Functional Groups

The layout of each of the functional groups is implemented
using a combination of the following techniques identified
in Section 18.7.2.3:

I 1. System flow path

2. Sequential

3. Related Function

\ The indication is placed in the vertical panel section
directly above the controls for the respective RCP - to
prevent obscuring indication while controls are manipulated.
All controls are placed on the apron section of the RCS,

{ panel. The controls for the RCPs are placed in functional
groups, because they provide all controls necessary to

| operate (related function) each RCP, independent of the'

controls for the other three RCPs. The general arrangement
of each group is sequential. The HP cooler inlet and outlet
isolation valves are required to be opened before the pump
may operate and are placed at the top of the group. The oil
lift pump is the next component followed by controls for the
RCP. At the bottom of the functional group is the,

l controlled bleedoff isolation valve switch, a component that
is normally open but may be closed during an emergency.
After sequential layout of the functional controls
vertically, they are centered horizontally within the
functional area. The only exception is the HP cooler inlet
and outlet valve controls, which are arranged with the-inlet
valve on the left and the outlet valve on the right,
to follow the convention for flow direction in Nuplex 80+.
Final adjustments are made to insure that the horizontal and
vertical spacing between indications and controls meets all
spacing criteria identified in Section 18.7.2.3.2.

d

Amendment I
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18.7.3.3.3 RCP Seal / Bleed System Functional Group Layout

This functional group of indication and controls is placed near
the center of the RCS panel. Most indication and all controls
for this group are located in the apron section of the panel.
The discrete indicator for the RCP Seal / Bleed System is located
on the vertical section of the panel above and to the left of the
controls. This location is to the left of the CRT. Placing the
discrete indicator for the RCP Seal / Bleed System away from the
controls was determined to be satisfactory in light of the
following considerations:

A. The CRT is the primary source of information for the RCS
panel and is placed near the center of the panel. This is
the highest priority layout concern.

>

B. The parameters displayed on the RCP Seal / Bleed System
discrete indicator are infrequently accessed.

Figure 18.7.3-39 shows the two RCS panel areas where RCP
Seal / Bleed System indication and controls are located. Separate
labels identify the functional group of indication and controls
on the apron section and the indicator on the vertical section.

Identification of Functional Group

The controls for the RCP Seal / Bleed System are identified on the
RCS panel by methods specified in Section 18.7.2.3.3. The
following methods a::e used:

1. Group Align Stripe - A thick line forms an enclosed area
around the indicating controller.

2. A label titled "RCP SEAL / BLEED" is placed above the top
group align stripe on the controls section, which is located
on the apron section of the RCS panel.

3. A label titled "RCP SEAL / BLEED" is placed above the discrete
indicator for the RCP Seal / Bleed System.

4. A label titled "INJ FLOW CNTL" is placed above the Seal
Injection Flow Controller.

5. A label titled "INJ TEMP CNTL" is placed above the Seal
Injection Temperature Controller.

18.7.3.4 Alarm Layout

| The alarm tiles for the RCS panel are contained on two flat panel
display modules. The module used for the 16 Seal Bleed System
alarms is located above the RCP and seal bleed

Amendment V
18.7-118 April 29, 1994
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respective ESF actuation signals. Pushbutton switches A and D
( are located on the Plant Monitoring and Control Panel of the
' Master Control Console.

A single safety grade channel is provided as a backup (via
Diverse Manual ESF Actuation Switches) to ESF actuation via the ,

ESF-CCS and PPS. These switches provide for system level !

actuation of two trains of safety injection, and one train each !

of containment spray, feedwater, closure of main steam isolation |
valves, closure of containment air purge valves, and closure of
a letdown isolation valve (See Section 7.3).
A radiation monitoring module is located on the panel. It is
part of the radiation monitoring system and is used'to monitor
the radiation levels in and out of the plant.

An ESF status monitoring module is located on the panel. This
module displays high level indication of abnormalities in ESF
performance and ESF availability. This function is described in
Section 18.7.1.8 and the module is shown in Figure 18.7.1-12.

The alarm tiles display alarms associated with the performance of
the PPS, CPC, and CCS. In addition, the alarm tiles display the
Critical Function alarms, the radiation monitoring alarms, and
the ESF performance and inoperability alarms.

The CRT provides direct access to the DPS.

Control identification, symbology and color, along with
functional grouping of control and indication, group demarcation
and labeling, are in accordance with Nuplex 80+ panel layout
criteria (Section 18.7.2) and exemplified by the RCS panel
description.

| 18.7.4.6 Encineered Safety Features Panel

The Engineered Safety Features (ESF) Panel contains those |
| controls and indications that are required for the control and

monitoring of the following safety related systems:'

A. Shutdown Cooling

B. Emergency Feedwater/ Atmospheric Dump

C. Safety Depressurization

D. Safety Injection Tanks

E. Safety Injection

F. Containment Spray

Cavity Flood

O
G.

Amendment U
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In addition, indications are continuously available to allow the
operator to assess the status of Containment Isolation and
Steam /Feedwater Isolation to each steam generator. The controls
and indications provided are consistent with Nuplex 80+ standard
techniques and conventions, as exemplified by the RCS panel. The
systems whose component controls are mounted on this panel, are
safety-related systems. Discrete Indication displays are
provided with each of the functional groups to monitor the
system / equipment performance associated with the group. The
safety systems on the ESF panel support Plant Safety Function
(e.g., Emergency Feedwater supports RCS heat removal via the
steam generators). The effect that a safety system has on a
plant safety function is monitored on this panel's CRT, IPSO or
the Safety Monitoring Panel, which is directly to the left of the
ESF Panel.

The controls and indications on the ESF panel are broken down
| into functional groups as follows (see Figure 18.7.4-6):

A. Shutdown Cooling

Each of 2 shutdown cooling trains is layed-out on the panel
using a system flow path mimic arrangement. A discrete
indicator is provided for monitoring shutdown cooling
process parameters.

B. Emergency Feedwater/ Atmospheric Dump

Each of 2 emergency feedwater trains and atmospheric dump
valves is layed-out on the panel using a system flow path
mimic arrangement. A discrete indicator is provided for
monitoring emergency feedwater process and steam generator
parameters. Two process controllers are provided for
control functions associated with steam supply to the
steam-driven pumps and feedwater flow control. Switches
provide control of the atmospheric dump valves.

C. Safety Injection / Safety Injection Tanks

Each safety injection train and safety injection tank is
| arranged on the panel using a system flow path mimic layout.

Discrete Indication is provided for monitoring the
parameters associated with these systems.

D. Containment Spray

Each of the containment spray trains and associated
component controls are layed-out on the panel using a system
flow path mimic arrangement. Discrete indication is
provided for containment spray related parameters.

O
Amendment V
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I(d Individual synchroscopes are mounted in the diesel generator and

the alternate AC source functional groups. This is a departure
from the Nuplex 80+ standard indication and monitoring
techniques. The approach of using standard, commercially
available synchroscopes is necessary, because the Nuplex 80+
discrete indicator and CRT technology is not technically
appropriate for this application. This results from the real-
time concerns associated with developing a synchroscope utilizing
multiplexed inputs and outputs.

The DIAS provides display of those parameters associated with the
emergency power sources and site electrical distribution and
provides overview indication of system performance. In addition,
those indicators provide access to all information required for
continued plant operation after loss of the DPS CRT displays.
The DIAS also provides the alarms associated with the above
systems. The DPS panel mounted CRT provides general monitoring,
system / component level and detail / diagnostic information on the
systems in a manner consistent with RCS panel design (Section
18.7.3.2.1).

Control identification, symbology and hue, along with functional
grouping of control and indication, group demarcation and |
labeling, are in accordance with Nuplex 80+ panel layout criteria
(Section 18.7.2) and exemplified by the RCS panel description.

(j'

18.7.4.10 Switchvard Panel

The Switchyard Panel has those systems required for control and
monitoring or the main generator and site power connections to
the electrical grid. These are required to be operated

i infrequently during normal operation or are used only during
i plant startup, shutdown, or testing. The controls and

indications are provided consistent with Nuplex 80+ standard
techniques and conventions, as exemplified by the RCS panel. The
systems whose components are mounted on this panel are not
required for plant safety.

The controls and indications on this panel are broker down into
functional groups (exemplified on Figure 18.7.4-10):

I
A. Generator Excitation

Contains those controls and indication associated with the
electrical excitation and control of the main generator
(e.g., manual voltage regulation, generator field and
exciter breaker controls).

B. Generator Auxiliaries

Contains miscellaneous component controls associated withp..I
g the generator (e.g., main seal oil pump, stator coolant

pumps).

Amendment N
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C. Hydrogen Supply

Contains the controls associated with the hydrogen cooling
gas supply to the main generator.

D. Core Monitor

Is a vendor supplied insert used for monitored various
parameters of the generator (e.g., temperatures within
various stator locations).

E. Switchyard

Contains the controls and indications for the various
breakers connecting the site and main generator to the
electrical grid.

| An individual synchroscope is mounted in the Generator
Excitations functional group. This is a departure from the
Nuplex 80+ standard indications and monitoring techniques. This
approach of using a standard commercially available synchroscope
is necessary, because the Nuplex 80+ discrete indicator and CRT
technology is not technically appropriate for this application.
This results from the real-time concerns associated with
developing a synchroscope utilizing multiplexed inputs and
outputs.

Space provisions are made on the panel section for a handset for
operator communications with the load dispatcher.

The DIAS provides display of those parameters associated with the
main generator and switchyard electrical that provide overview
indication of system performance. In addition, those indicators
provide access to all information required for continued plant
operation after loss of the DPS CRT displays. The DIAS also
provides the alarms associated with the switchyard systems. The
DPS panel, mounted CRT provides general monitoring, system /
system / component level and detail / diagnostic information on the
systems in a manner consistent with RCS panel design (Section
18.7.3.2.1).

Control identification, symbology and hue, along with functional
grouping of control and indication, group demarcation and
labeling, are in accordance with Nuplex 80+ panel layout criteria
(Section 18.7.2) and exemplified by the RCS panel description.
18.7.4.11 Heating, Ventilation, and Air Conditioning Panel

The Heating, Ventilation, and Air Conditioning (HVAC) Panel
contains those controls and indications that are required for
monitoring and control of System 80+ HVAC systems. The controls
and indications on this panel are broken into functional groups
(exemplified on Figure 18.7.4-11):

Amendment V
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(v) 18.10 DOCUMENTS USED IN LICENSING REVIEW

The following documents were used by NRC staff in addition to

| chapter subsection references to complete the safety evaluation
review.;

1. LD-92-076, " System 80+ Shutdown Risk Report, Revision 1,"

attached " System 80+ Shutdown Risk Evaluation Report"
(DCTR 10, Draft, June 15, 1992), the applicant letter dated |

| June 16, 1992. |

|

2. LD-92-115, " Closure of System 80+ Draft Safety Evaluation
! Report Issues," attached response to DSER Issue No. 20.2-28,

the applicant letter dated November 24, 1992.;

1

3. LD-92-120, " Closure of System 80+ Draft Safety Evaluation |

| Report Issues," Attachment (untitled), Response to DSER
l Issue Nos. 20.2-23 7.nd 20.2-29, the applicant letter dated i

December 18, 1992. i

4. LD-93-135, " System 80+ Information for Issue Closure,"
Attachment 1, "ABB-CE Response to System 80 Operating
Experience Issues Based Upon Interviews with System 80
Operators," the applicant letter dated September 1, 1993.

O
| \ 5. LD-93-140, " System 80+ Information for Issue Closure,"*

Attachment 5, "SSAR-DC Markups for V&V and Procedures," the
applicant letter dated September 24, 1993.

6. LD-92-102, " System 80+ Human Factors Documentation
Submittal", Attachment 1, "Nuplex 80+ Advanced Control
Complex Design Bases" (NPX80-IC-790-01, Rev. 00, January 15,
1990); " System 80+ Human Factors Documentation Submittal,"
Attachment 2, "Nuplex 80+ Compliance with NUREG-0737
Supplement 1 Requirements," the applicant letter dated
September 23, 1992.

7. LD-93-005, " Closure of System 80+ Draft Safety Evaluation
Report Issues," Attachment 5, " Chapter 18, DSER Open Item
Responses," the applicant letter dated January 18, 1993.

8. LD-93-100, " System 80+ Information for Issue Closure,"
Attachment 2, Sub-Attachment 2, " Justification of ABB
Positions Requested for Closure of Task Analysis," the
applicant letter dated June 25, 1993.

9. LD-93-106, "Nuplex 80+ Design Features Review Comment
Responses," Attachment 1, Design Features Review Comment
Responses," the applicant letter dated June 30, 1993.

(%
V)e
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10. ALWR-92-203, " Review of Human Factors for System 80+ and
DCRDR Audit," the applicant letter dated April 30, 1992.

11. LD-92-065, " System 80+ Supplements to RAI Responses,"
Attachment 1 (untitled), attached responses to Nos.
RAI 620.2, 620.27 and 620.28, the applicant letter dated
May 8, 1992.

12. LD-93-135, " System 80+ Information for Issue Closure,"
Attachment 6, Sub-Attachment 1, " Comments from Draft TER
(7/14/93) on Nuplex 80+ HSI Justification of ABB Positions
Requested for Closure of HSI Issues," the applicant letter
dated September 1, 1993.

13. LD-93-147, " System 80+ Information for Issue Closure,"
Attachment 1, " Responses to Cross-Branch Chapter 18
Questions (10/4/91) ," the applicant letter dated October 18,
1993.

14. LD-93-135, " System 80+ Information for Issue Closure,"
Attachment 6, Sub-Attachment 4, "ABB Responses to DSER
OI 18.8.2 TER," the applicant letter dated September 1,
1993.

!
15. LD-93-071, " System 80+ Submittal #1 Design Descriptions and

ITAAC," the applicant letter dated April 30, 1993.

16. LD-93-140, " System 80+ Information for Issue Closure;"
Attachment 2, " Justifications of ABB Positions Requested for
Closure of V&V;" and Attachment 5, "SSAR-DC Markups for V&V
and Procedures," the applicant letter dated September 24,
1993.

!

|

|

O
i

|
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19.7-58 U 19.8-30 M 19.8-75 M
19.7-59 U 19.8-31 M 19.8-76 M
19.7-60 U 19.8-32 M ~19.8-77- M:
19.7-61 U 19.8-33 S 19.8-78 S'

,

l 19.7-62 V 19.8-33a S 19.8-79 V
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| 19.7-71a U 19.8-42 .U 19.9-6 M
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'
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!

Amendment V
April.29, 1994



d% KC C A Ep 7;ESPN (Sheet 6 of 33)
w EGGMn CEJTIFICATl N |

EFFECTIVE PAGE LISTING (Cont'd)

CHAPTER 19

Text (Cont'd)
Page Amendment Page Amendment Page Amendment

19.9-22 M 19.11-5 V 19.11-58 Q
19.9-23 S 19.11-6 0 19.11-59 Q
19.9-24 M 19.11-7 Q 19.11-60 Q
19.9-25 S 19.11-8 V 19.11-61 Q
19.9-26 M 19.11-9 V 19.11-62 N
19.9-27 V 19.11-10 V 19.11-63 V
19.9-28 M 19.11-11 Q 19.11-64 V
19.9-29 S 19.11-12 U 19.11-65 V
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19.9-35 V 19.11-18 U 19.11-71 N
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19.9-35c U 19.11-21 V 19.11-74 N
19.9-35d U 19.11-22 V 19.11-75 Q
19.9-35e U 19.11-23 V 19.11-76 Q
19.9-35f U 19.11-24 Q 19.11-77 Q
19.9-36 U 19.11-25 U 19.11-78 Q
19.9-37 T 19.11-26 N 19.11-79 Q
19.9-38 V 19.11-27 V 19.11-80 Q
19.9-39 T 19.11-28 Q 19.11-81 Q
19.9-40 T 19.11-29 V 19.11-82 V
19.9-41 M 19.11-30 V 19.11-83 V
19.9-42 T 19.11-31 U 19.11-84 V
19.9-43 T 19.11-32 V 19.11-85 Q
19.9-44 T 19.11-33 V 19.11-86 V
19.9-45 V 19.11-34 4 19.11-87 V
19.9-46 M 19.11-35 N 19.11-88 V
19.10-1 T 19.11-36 V 19.11-89 V
19.10-2 T 19.11-37 U 19.11-90 Q
19.10-3 T 19.11-38 N 19.11-91 N
19.10-4 T 19.11-39 N 19.11-92 0
19.10-5 T 19.11-40 N 19.11-93 V
19.10-6 M 19.11-41 U 19.11-94 Q
19.10-7 M 19.11-42 N 19.11-95 V
19.10-8 M 19.11-43 V 19.11-96 V
19.10-9 P 19.11-44 Q 19.11-97 V
19.10-10 V 19.11-45 V 19.11-98 V
19.10-11 T 19.11-46 Q 19.11-99 V
19.10-12 V 19.11-47 V 19.11-100 V
19.10-13 T 19.11-48 Q 19.11-101 V
19.10-14 V 19.11-49 V 19.11-102 V
19.10-15 V 19.11-50 Q 19.11-103 V
19.10-16 T 19.11-51 Q 19.11-104 V
19.11-1 U 19.11-52 V 19.11-105 V
19.11-2 U 19.11-53 V 19.11-106 Q
19.11-3 V 19.11-54 V 19.11-107 V
19.11-4 U 19.11-55 Q 19.11-108 V
19.11-4a U 19.11-56 V 19.11-109 V
19.11-4b U 19.11-57 V 19.11-110 V

Amendment V
April 29, 1994
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|

19.11-111 Q 19.11-162 N: 19.11-193 U
'19.11-112 V 19.11-163 V' 19.11-194 U
19.11-113 V 19.11-164 V 19.11-195 U
19.11-114 V 19.11-165 V 19.11-196 U -|

19.11-115 Q 19.11-166' 'U 19.11-197 'U |
19.11-116 V 19.11-167 V. 19.11-198 U
19.11-117 Q 19.11-168 V 19.11-199 .U
.19.11-118 N '19.11-169 'V 19.11-200 U-
19.11-119 V 19.11-170 V 19.11-201 U
19.11-120 V 19.11-171 V- 19.11-202 Q

i 19.11-121 Q 19.11-172 V 19.11-203 Q
19.11-122 V 19.11-173 V 19.11-204 Q'

| 19.11-123 V 19.11-174 V 19.12-1 P
! 19.11-124 N 19.11-175 V- 19.12-2. N

19.11-125~ Q 19.11-176 V 19.12-3 N; i

| 19.11-126 Q 19.11-177 V 19.12-4 .N .|
'19.11-127 Q 19.11-178 V 19.12-5 N.

19.11-128 N 19.11-179 V 19.12-6 N
19.11-129 Q 19.11-180' V 19.12-7 N
19.11-130 N 19.11-181 V 19.12-8 N
19.11-131 0 19.11-182 V 19.12-9 N 1
19.11-132 N 19.11-182a V 19.12-10 V li

! 19.11-133 Q 19.11-182b V 19.12-11 N 1

| 19.11-134 N 19.11-182c V 19.12-12 ?
' 19.11-135 Q 19.11-182d V 19.12-13 T
| 19.11-136 V 19.11-182e V 19.12-14 V
l 19.11-137 Q 19.11-182f V 19.12-15 T
| 19.11-138 Q 19.11-182g V 19.12-16 N
| 19.11-139 Q 19.11-182h .V 19.12-17 N

19.11-140 Q 19.11-1821 V 19.12-18 N
19.11-141 V 19.11-182j U 19.12-19 N
19.11-142 V 19.11-182k V 19.12-20 N
19.11-143 V 19.11-1821 V 19.12-21 N,

l 19.11-144 V 19.11-182m V 19.12-22 N I

19.11-144a V 19.11-182n V 19.12-23 N
19.11-144b V 19.11-1820 V 19.12-24 N
19.11-145 V 19.11-182p V 19.12-25 N
19.11-146 Q 19.11-182q U 19.12-26 N,

| 19.11-147 N 19.11-182r U 19.12-27 V
19.11-146 N 19.11-182s V 19.'12-28 N
19.11-149 V 19.11-182t V 19.12-29 V
19.11-150 Q 19.11-182u U 19.12-30 V
19.11-151 V 19.11-182v U 19.12-31 N
19.11-152 Q 19.11-183 U 19.12-32 N
19.11-153 N 19.11-184 U 19.12-33 N
19.11-154 Q 19.11-185 U 19.12-34 N
19.11-155 V 19.11-186 U 19.12-35 S
19.11-156 V 19.11-187 U 19.12-36 V
19.31-157 N 19.11-188 0 .19.12-37 s
19.11-158 Q 19.11-189 U 19.12-37a N
19.11-159 Q 19.11-190 0 19.12-37b S
19.11-160 N 19.11-191 U 19.12-38 V
19.11-161 Q 19.11-192 U 19.12-38a S

- Amendment V
- April 29, 1994';
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| 19.12-38b S 19.12-91 N 19.14-9 U

| 19.12-39 N 19.12-92 V 19.14-10 V
19.12-40 S 19.12-93 N 19.14-11 V
19.12-41 N 19.12-94 N 19.14-12 U
19.12-42 N 19.12-95 N 19.14-13 U

19.12-43 P 19.12-96 N 19.14-14 U
19.12-44 V 19.12-97 T 19.14-15 U

19.12-45 V 19.12-98 N 19.14-16 U
19.12-46 N 19.12-99 N 19.15-1 P

19.12-47 N 19.12-100 P 19.15-2 V
19.12-48 N 19.12-101 P 19.15-2a P

19.12-49 N 19.12-102 N 19.15-2b U

| 19.12-50 N 19.12-103 N 19.15-3 V
19.12-51 N 19.12-104 N 19.15-4 P

19.12-52 N 19.12-105 N 19.15-5 V
19.12-53 N 19.12-106 N 19.15-6 U
19.12-54 N 19.12-107 T 19.15-7 U
19.12-55 N 19.12-108 T 19.15-8 P

19.12-56 N 19.12-109 U 19.15-9 P

19.12-57 N 19.12-110 N 19.15-10 P

19.12-58 N 19.12-111 V 19.15-11 V
19.12-59 N 19.12-112 V 19.15-12 S
19.12-60 N 19.12-113 V 19.15-13 S

;

i 19.12-61 V 19.12-114 N 19.15-14 P
19.12-62 N 19.12-115 V 19.15-15 U
19.12-63 N 19.12-116 T 19.15-16 S

19.12-64 V 19.12-117 T 19.15-17 S

19.12-65 V 19.12-117a T 19.15-18 S

19.12-66 U 19.12-117b U 19.15-19 S

19.12-67 N 19.12-118 U 19.15-20 S
19.12-68 N 19.12-119 U 19.15-21 U
19.12-69 N 19.12-120 U 19.15-22 U
19.12-70 V 19.12-121 U 19.15-23 S

19.12-71 N 19.12-122 V 19.15-24 V
19.12-72 N 19.12-123 T 19.15-25 S

19.12-73 N 19.12-124 T 19.15-26 U
19.12-74 N 19.12-125 T 19.15-27 U
39.1?-75 U 19.12-126 V 19.15-28 T
19.12-76 N 19.12-127 T 19.15-29 T
19.12-77 N 19.12-128 V 19.15-30 P
19.12-78 N 19.12-129 V 19.15-31 T
19.12-79 U 19.13-1 V 19.15-32 V
19.12-80 N 19.13-2 U 19.15-33 V
19.12-81 N 19.13-3 U 19.15-33a T
19.12-82 N 19.13-4 U 19.15-33b V
19.12-83 N 19.14-1 U 19.15.34 T
19.12-84 N 19.14-2 U 19.15-35 V
19.12-85 N 19.14-3 U 19.15-36 U
19.12-86 N 19.14-4 U 19.15-37 V
19.12-87 N 19.14-5 U 19.15-38 U
19.12-88 V 19.14-6 U 19.15-39 U
19.12-89 U 19.14-7 U 19.15-40 U
19.12-90 V 19.14-8 U 19.15-41 U

Amendment V
April 29, 1994
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Text (Cont'd) ;

Page Amendment Page Amendment ,Page - Amendment

19.15-42 U 19.15-62 V :19.16-5 .M
19.15-43 U 19.15-63 .V '19.16-6 M
19.15-44 U 19.15-64 V '19.16-7 M [

19.15-45 U 19.15-65 V 19.16-8 M
19.15-46 U 19.15-66 V 19.16-9 U
19.15-47 V 19.15-67 V 19.16-10 M ,

,

j 19.15-48 U 19.15-68 P 19.16-11 M ,
'

19.15-49 U 19.15-69 U 19.16-12 M !

19.15-50 S 19.15-70 U 19.16-13 Q-
19.15-51- V 19.15-71 U 19.16-14 Q
19.15-52 U 19.15-73 U 19.16-15 Q (

19.15-53 U 19.15-74 U 19.16.16 Q
19.15-54 S 19.15-75 V 19.16-17' U
19.15-55 U 19.15-76- V 19.16-18 V |
19.~15-56 U 19.15-77 V 19.17-19 V }

'19.15-57 U 19.16-1 M
i 19.15-58 S 19.16-2 M -

| 19.15-59 U 19.16-3 M
! .

19.15-60 S 19.16-4 V

[. 19.15-60a U *

|
~ 19.15-61 S i

19.15-60b U
'

.

Tables Amendment Tables ~ Amendment
,

i !

| 19.3.2-1 (Sheet 1) M 19.5-1 (Sheet 2) M '

19.3.2-1 (Sheet 2) M 19.5-1 (Sheet 3) U >

| 19.3.2-2 (Sheet 1) M 19.5-1 (Sheet 4) M
19.3.2-2 (Sheet 2) M 19.5-1 (Sheet 5) M ;

19.3.2-2 (Sheet 3) M 19.5-2 (Sheet 1) R
19.3.2-2 (Sheet 4) V 19.5-2 (Sheet 2) M
19.3.2-3 (Sheet 1) M 19.5-2 (Sheet 3) M
19.3.2-3 (Sheet 2) M 19.5-2 (Sheet 4) M
19.3.2-4 (Sheet 1) M 19.5-2 (Sheet 5) R
19.3.2-4 (Sheet 2) M 19.5-2 (Sheet 6) S
19.3.2-5 M 19.5-2 (Sheet 7) M
19.3.2-6 (Sheet 1) M 19.5-2 (Sheet 8) M
19.3.2-6 (Sheet 2) M 19.5-2 (Sheet 9) M
19.3.2-7 (Sheet 1) M 19.5-2 (Sheet 10) M
19.3.2-7 (Sheet 2) M 19.5-2 (Sheet 11) M
19.3.2-7 (Sheet 3) M 19.5-2 (Sheet 12) M
19.3.2-7 (Sheet 4) M 19.5-2 (Sheet 13) M
19.3.2-7 (Sheet 5) M. 19.5-2 (Sheet 14) M
19.3.2-7 (Sheet 6) M 19.5-2 (Sheet 15) M |

19.3.2-7 (Sheet 7) M 19.5-2 (Sheet 16) M i19.3.2-8 (Sheet 1) M 19.5-2 (Sheet 17) M
19.3.2-8 (Sheet 2) M 19.5-2 (Sheet 18) R
19.3.2-8 (Sheet 3) M 19.5-2 (Sheet 19) M
19.3.3-1 M 19.5-2 (Sheet 20) S {19.3.3-2 U 19.5-2 (Sheet 21) S ij 19.4.14-1 T 19.5-2 (Sheet 22) S
19.5-1 (Sheet 1) M 19.5-3 (Sheet 1) V

: Amendment V
l April 29,.1994 !
| !
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Tables (Cont'd)

i
Tables Amendment Tables Amendment

| 19.5-3 (Sheet 2) V 19.6.3.7-1 (Sheet 3) M

19.5-3 (Sheet 3) M 19.6.3.7-1 (Sheet 4) M
19.5-4 M 19.6.3.7-2 (Sheet 1) M
19.5-5 (Sheet 1) S 19.6.3.7-2 (Sheet 2) M

19.5-5 (Sheet 2) S 19.6.3.7-2 (Sheet 3) M
19.5-6 S 19.6.3.7-2 (Sheet 4) M
19.5-7 M 19.6.3.8-1 (Sheet 1) M

19.5-8 (Sheet 1) M 19.6.3.8-1 (Sheet 2) M

, 19.5-8 (Sheet 2) M 19.6.3.8-1 (Sheet 3) M
l 19.5-9 M 19.6.3.8-2 (Sheet 1) M
! 19.5-10 (Sheet 1) M 19.6.3.8-2 (Sheet 2) M
| 19.5-10 (Sheet 2) M 19.6.3.9-1 (Sheet 1) M

19.5-11 S 19.6.3.9-1 (Sheet 2) M
| 19.6.1-1 (Sheet 1) M 19.6.3.9-1 (Sheet 3) M
| 19.6.1-1 (Sheet 2) M 19.6.3.9-1 (Sheet 4) M

19.6.1-1 (Sheet 3) M 19.6.3.10-1 (Sheet 1) V
19.6.1-1 (Sheet 4) M 19.6.3.10-1 (Sheet 2) V
19.6.1-1 (Sheet 5) M 19.6.3.13-1 (Sheet 1) M
19.6.1-1 (Sheet 6) M 19.6.3.13-1 (Sheet 2) V
19.6.1-1 (Sheet 7) M 19.6.3.13-1 (Sheet 3) V
19.6.1-1 (Sheet 8) M 19.6.3.13-1 (Sheet 4) M
19.6.1-1 (Sheet 9) M 19.6.3.13-1 (Sheet 5) M
19.6.1-1 (Sheet 10) M 19.6.3.13-1 (Sheet 6) M
19.6.1-1 (Sheet 11) M 19.6.3.13-1 (Sheet 7) M
19.6.1-1 (Sheet 12) P 19.6.3.13-1 (Sheet 8) M
19.6.3.1-1 (Sheet 1) V 19.6.3.13-1 (Sheet 9) V
19.6.3.1-1 (Sheet 2) M 19.6.3.13-1 (Sheet 10) M

19.6.3.1-1 (Sheet 3) P 19.6.3.13-1 (Sheet 11) M
19.6.3.1-1 (Sheet 4) R 19.6.3.13-1 (Sheet 12) M
19.6.3.1-1 (Sheet 5) P 19.6.3.13-1 (Sheet 13) M
19.6.3.1-1 (Sheet 6) P 19.6.3.13-1 (Sheet 14) M
19.6.3.1-1 (Sheet 7) M 19.6.3.13-1 (Sheet 15) M
19.6.3.1-2 M 19.6.3.13-1 (Sheet 16) M
19.6.3.6-1 P 19.6.3.14-1 (Sheet 1) M
19.6.3.6-2 (Sheet 1) M 19.6.3.14-1 (Sheet 2) M
19.6.3.6-2 (Sheet 2) M 19.6.3.14-2 (Sheet 1) V
19.6.3.6-2 (Sheet 3) M 19.6.3.14-2 (Sheet 2) V
19.6.3.6-3 M 19.6.3.14-2 (Sheet 3) V
19.6.3.6-4 (Sheet 1) M 19.6.3.14-2 (Sheet 4) V
19.6.3.6-4 (Sheet 2) M 19.6.3.14-2 (Sheet 5) V
19.6.3.6-4 (Sheet 3) M 19.6.3.14-2 (Sheet 6) V
19.6.3.6-4 (Sheet 4) M 19.6.3.14-2 (Sheet 7) M
19.6.3.6-5 (Sheet 1) .M 19.6.3.15-1 M
19.6.3.6-5 (Sheet 2) M 19.6.3.16-1 (Sheet 1) V
19.6.3.6-5 (Sheet 3) M 19.6.3.16-1 (Sheet 2) V
19.6.3.6-5 (Sheet 4) M 19.6.3.17-1 (Sheet 1) M
19.6.3.6-5 (Sheet 5) M 19.6.3.17-1 (Sheet 2) M
19.6.3.6-6 (Sheet 1) M 19.6.3.17-1 (Sheet 3) M
19.6.3.6-6 (Sheet 2) M 19.6.3.17-1 (Sheet 4) M
19.6.3.6-6 (Sheet 3) M 19.6.3.17-1 (Sheet 5) M
19.6.3.6-6 (Sheet 4) M 19.6.3.17-1 (Sheet 6) M
19.6.3.7-1 (Sheet 1) M 19.6.3.17-1 (Sheet 7) M
19.6.3.7-1 (Sheet 2) M 19.6.3.17-1 (Sheet 8) M

Amendment V
April 29, 1994
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Tables (Cont'd)
Amendment

Amendment Tables
Tables

19.6.3.17-1 (Sheet 9) M 19.7.3.1-3 (Sheet 15) P

19.7.3.1-3 (5 net' 16) P

19.6.4.1-1 (Sheet 1) V 19.7.3.1-4 (Sheet ') M
19.6.4.1-1 (Sheet 2) V

19.6.4.1-1 (Sheet 3) V 19.7.3.1-4 (Sheet 2) M

19.7.3.1-4 (Sheet 3) M
19.6.4.2-1 (Sheet 1) M 19.7.3.1-4 (Sheet 4) M
19.6.4.2-1 (Sheet 2) M 19.7.3.1-4 (Sheet 5) M
19.6.4.2-1 (Sheet 3) M

19.6.4.2-1 (Sheet 4) M 19.7.3.1-4 (Sheet 6) M

19.7.3.1-4 (Sheet 7) M
19.6.4.2-1 (Sheet 5) M 19.7.3.1-4 (Sheet 8) M
19.6.4.2-1 (Sheet 6) M

19.6.4.2-1 (Sheet 7) M 19.7.3.1-4 (Sheet 9) M

19.7.3.1-4 (Sheet 10) M
19.6.4.2-1 (Sheet 8) M

19.6.4.2-1 (Sheet 9) M 19.7.3.1-4 (Sheet 11) M

19.6.4.2-1 (Sheet 10) M 19.7.3.1-4 (Sheet 12) M

19.6.4.2-1 (Sheet 11) M 19.7.3.1-4 (Sheet 13) M

19.6.4.4-1 (Sheet 1) S 19.7.3.1-4 (Sheet 14) M

19.6.4.4-1 (Sheet 2) S 19.7.3.1-4 (Sheet 15) M

19.6.4.4-1 (Sheet 3) S 19.7.3.1-4 (Sheet 16) M

19.6.4.4-1 (Sheet 4) M 19.7.3.1-4 (Sheet 17) M

19.6.4.5-1 (Sheet 1) S 19.7.3.1-4 (Sheet 18) M

19.6.4.5-1 (Sheet 2) S 19.7.3.1-4 (Sheet 19) M

19.6.4.5-1 (Sheet 3) S 19.7.3.1-4 (Sheet 20) M

19.6.4.5-1 (Sheet 4) S 19.7.3.1-4 (Sheet 21) M

19.7.1-1 (Sheet 1) M 19.7.3.1-4 (Sheet 22) M

19.7.1-1 (Sheet 2) M 19.7.3.1-4 (Sheet 23) M

19.7.1-2 (Sheet 1) M 19.7.3.1-4 (Sheet 24) M

19.7.1-2 (Sheet 2) M 19.7.3.1-4 (Sheet 25) M

M 19.7.3.1-4 (Sheet 26) M
19.7.1-3 19.7.3.1-4 (Sheet 27) M

M19.7.2-1 19.7.3.1-4 (Sheet 28) M
M19.7.2-2 19.7.3.1-4 (Sheet 29) M
M19.7.2-3 19.7.3.1-4 (Sheet 30) M
M19.7.2-4 19.7.3.1-4 (Sheet 31) M

19.7.3.1-1 (Sheet 1) M

19.7.3.1-1 (Sheet 2) M 19.7.3.1-4 (Sheet 32) M

19.7.3.1-1 (Sheet 3) M 19.7.3.1-4 (Sheet 33) M

19.7.3.1-1 (Sheet 4) M 19.7.3.1-4 (Sheet 34) M

19.7.3.1-1 (Sheet 5) M 19.7.3.1-4 (Sheet 35) M

19.7.3.1-2 (Sheet 1) M 19.7.3.1-4 (Sheet 36) M

19.7.3.1-2 (Sheet 2) P 19.7.3.1-4 (Sheet 37) M

19.7.3.1-3 (Sheet 1) P 19.7.3.1-4 (Sheet 38) M

19.7.3.1-3 (Sheet 2) P 19.7.3.1-4 (Sneet 39) M

19.7.3.1-3 (Sheet 3) P 19.7.3.1-5 (Sheet 1) M

19.7.3.1-3 (Sheet 4) P 19.7.3.1-5 (Sheet 2) M

19.7.3.1-3 (Sheet 5) P 19.7.3.1-5 (Sheet 3) M

19.7.3.1-3 (Sheet 6) P 19.7.3.1-5 (Sheet 4) M

19.7.3.1-3 (Sheet 7) P 19.7.3.1-5 (Sheet 5) M

19.7.3.1-3 (Sheet 8) P 19.7.3.1-5 (Sheet 6) M

19.7.3.1-3 (Sheet 9) P 19.7.3.1-5 (Sheet 7) M

19.7.3.1-3 (Sheet 10) P 19.7.3.1-5 (Sheet 8) M

19.7.3.1-3 (Sheet 11) P 19.7.3.1-5 (Sheet 9) M

19.7.3.1-3 (Sheet 12) P 19.7.3.1-5 (Sheet 10) M

19.7.3.1-3 (Sheet 13) P 19.7.3.1-5 (Sheet 11) M

19.7.3.1-3 (Sheet 14) P 19.7.3.1-5 (Sheet 12) M

Amendment V
April 19, 1994
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19.7.3.1-5 (Sheet 13) M 19.7.5.2.6-9 U19.7.3.1-5 (Sheet 14) M 19.7.5.2.6-10 U19.7.3.1-5 (Sheet 15) M 19.7.5.2.6-11 U19.7.3.1-5 (Sheet 16) M 19.7.5.2.6-12 U
19.7.3.1-5 (Sheet 17) M 19.7.5.2.6-13 U
19.7.3.1-5 (Sheet 18) M 19.7.5.2.6-14 V19.7.3.1-5 (. Sheet 19) M 19.7.5.2.7-1 U
19.7.3.1-5 (Sheet 20) M 19.7.5.2.7-2 U
19.7.3.1-6 R 19.7.5.2.7-3 U
19.7.3.2-1 R 19.7.5.2.7-4 U
19.7.5.1-1 (Sheet 1) U 19.7.5.2.7-5 U
19.7.5.1-1 (Sheet 2) U 19.7.5.2.7-6 U

( 19.7.5.1-1 (Sheet 3) U 19.7.5.2.7-7 U jj 19.7.5.1-1 (Sheet 4) U 19.7.5.2.7-8 U |' 19.7.5.1-1 (Sheet 5) U 19.7.5.2.7-9 U19.7.5.1-1 (Sheet 6) U 19.7.5.3-1 U
19.7.5.1-2 V 19.7.5.3-2 U
19.7.5.2.3-1 U 19.7.5.4-1 (Sheet 1) U

|19.7.5.2.3-2 U 19.7.5.4-1 (Sheet 2) U I

19.7.5.2.3-3 U 19.7.5.4-1 (Sheet 3) U
! 19.7.5.2.3-4 U 19.7.5.4-1 (Sheet 4) U

19.7.5.2.4-1 U 19.7.5.4-1 (Sheet 5) U,

! 19.7.5.2.4-2 U 19.7.5.4-1 (Sheet 6) U
| 19.7.5.2.4-3 U 19.7.5.4-2 (Sheet 1) V'

19.7.5.2.4-4 U 19.7.5.4-2 (Sheet 2) U
19.7.5.2.4-5 U 19.7.5.4-3 U
19.7.5.2.4-6 U 19.7.5.4-4 U
19.7.5.2.4-7 U 19.7.5.4-5 U
19.7.5.2.4-8 U 19.7.5.4-6 U
19.7.5.2.4-9 U 19.7.5.4-7 U
19.7.5.2.4-10 U 19.8.1-1 M
19.7.5.2.5-1 U 19.8.1-2 M
19.7.5.2.5-2 U 19.8.1-3 U
19.7.5.2.5-3 U 19.8.1-4 U
19.7.5.2.5-4 U 19.8.2-1 M
19.7.5.2.5-5 U 19.8.2-2 (Sheet 1) U
19.7.5.2.5-6 U 19.8.2-2 (Sheet 2) U
19.7.5.2.5-7 U 19.8.2-2 (Sheet 3) U
19.7.5.2.5-8 U 19.8.2-2 (Sheet 4) U
19.7.5.2.5-9 U 19.8.2-2 (Sheet 5) U
19.7.5.2.5-10 U 19.8.2-2 (Sheet 6) U
19.7.5.2.5-11 0 19.8.2-2 (Sheet 7) U

| 19.7.5.2.5-12 U 19.8.2-2 (Sheet 8) M
i 19.7.5.2.5-13 U 19.8.2-2 (Sheet 9) M

19.7.5.2.5-14 U 19.8.2-2 (Sheet 10) M
19.7.5.2.6-1 U 19.8.3-1 M
19.7.5.2.6-2 U 19.8.3-2 M
19.7.5.2.6-3 U 19.8.3-3 M
19.7.5.2.6-4 U 19.8.3-4 M
19.7.5.2.6-5 U 19.8.4.3-1 M
19.7.5.2.6-6 U 19.8.4.3-2 V
19.7.5.2.6-7 U 19.8.4.3-3 M
19.7.5.2.6-8 U 19.8.4.5-1 U
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Tables (Cont'd)

Tables Amendment Tables. Amendment

19.8.4.5-2 M 19.9.2.2-4 (Sheet 1) M

19.8.5.6-1 (Sheet 1) M 19.9.2.2-4 (Sheet 2) M

19.8.5.6-1 (Sheet 2) M 19.9.2.2-4 (Sheet 3) M

19.8.5.6-1 (Sheet 3) M .19.9.2.2-5'(Sheet 1) M

19.8.5.6-2 (Sheet 1) M 19.9.2.2-5 (Sheet 2) .M
19.8.5.6-2'(Sheet 2) M 19.9.2.2-5 (Sheet 3) M

19.8.5.6-2 (Sheet 3) M 19.9.2.2-5 (Sheet 4) M

19.8.5.7-1 (Sheet 1) M 19.9.2.2-5 (Sheet 5) M

19.8.5.7-1 (Sheet 2) M 19.9.2.2-5 (Sheet 6) M

19.8.5.7-1 (Sheet 3) M 19.9.2.2-5 (Sheet 7) M-

19.8.5.8-1 (Sheet 1) M 19.9.2.2-5 (Sheet 8) M

19.8.5.8-1 (Sheet 2). M 19.9.2.3-1
.

V
19.8.5.9-1 M 19.9.2.3-2 (Sheet 1) M
19.8.5.10-1 (Sheet 1) M 19.9.2.3-2 (Sheet 2): M
19.8.5.10-1 (Sheet 2) M -19.9.2.3-2 (Sheet 3) M
19.8.5.10-1 (Sheet 3) M '19.9.2.3-2 (Sheet 4) M
19.8.5.12-1 (Sheet 1) M 19.9.2.3-2 (Sheet 5) M

19.8.5.12-1 (Sheet 2) M 19.9.2.3-2 (Sheet 6) M q

/~% 19.8.5.13-1 (Sheet 1) M 19.9.2.3-2 (Sheet 7) M i
'

s 19.8.5.13-1 (Sheet 2) M 19.9.2.3-2 (Sheet 8) M
\ 19.8.5-1 (Sheet 1) M 19.9.2.3-2 (Sheet 9) M |

19.8.5-1 (Sheet 2) M 19.9.2.3-2 (Sheet 10) M J
19.8.6-1 U 19.9.2.3-2 (Sheet 11). M ,

19.8.6-la U 19.9.'2.3-3 (Sheet 1) M
|

19.8.6-2 M 19.9.2.3-3 (Sheet 2) M i

19.8.7-1 M 19.9.2.3-3 (Sheet:3) .
M
M. j

19.8.7-2 M 19.9.2.3-3 (Sheet.4) '

19.8A-1 M ;19.9.2.3-3 (Sheet 5) M
19.9.1-1 V 19.9.2.3-3 (Sheet 6). M
19.9.1-2 (Sheet 1) V 19.9.2.3-3 (Sheet 7) M
19.9.1-2 (Sheet 2) V 19.9.2.3-3 (Sheet 8) M
19.9.1-2 (Sheet 3) V 19.9.2.3-3 (Sheet 9) M
19.9.1-3 V 19.9.2.3-3 (Sheet.10) M
19.9.1-4 U 19.9.2.3-3 (Sheet 11) M
19.9.2.1-1 V 19.9.2.3-3 (Sheet 12) M l

19.9.2.1-2 (Sheet 1) M 19.9.2.3-3 (Sheet 13) M !

19.9.2.1-2 (Sheet 2) M 19.9.2.3-3 (Sheet 14) M . |
19.9.2.1-2 (Sheet 3) M 19.9.2.3-4 M !

19.9.2.1-3 (Sheet 1) M 19.9.2.3-5 (Sheet 1) M
19.9.2.1-3 (Sheet 2) M 19.9.2.3-5 (Sheet 2) M
19.9.2.1-4 M 19.9.2.3-5 (Sheet 3) M
19.9.2.2-1A M 19.9.2.3-5 (Sheet 4) M !
19.9.2.2-1B M 19.9.2.3-5 (Sheet 5) M
19.9.2.2-2 (Sheet 1) M 19.9.2.3-5 (Sheet 6) M
19.9.2.2-2 (Sheet 2) M 19.9.2.3-5 (Sheet 7) M
19.9.2.2-2 (Sheet 3) M 19.9.2.3-5 (Sheet 8) M
19.9.2.2-3 (Sheet 1) M 19.9.2.3-5 (Sheet 9) M
19.9.2.2-3 (Sheet 2) M 19.9.2.3-5 (Sheet 10) M
19.9.2.2-3 (Sheet 3) M 19.9.2.3-6 (Sheet 1) M

~]} 19.9.2.2-3 (Sheet 4) M 19.9.2.3-6 (Sheet 2) M
19.9.2.2-3 (Sheet 5) M 19.9.2.3-6 (Sheet 3) M
19.9.2.2-3 (Sheet 6) M 19.9.2.3-6 (Sheet 4) M
19.9.2.2-3 (Sheet 7) M 19.9.2.3-6 (Sheet 5) M
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CHAPTER 19

Tables (Cont'd)
Tables Amendment Tables Amendment

19.9.2.3-6 (Sheet 6) M 19.9.2.4-9 (Sheet 1) S

19.9.2.3-6 (Sheet 7) M 19.9.2.4-9 (Sheet 2) S

19.9.2.3-6 (Sheet 8) M 19.9.2.4-10 (Sheet 1) M
19.9.2.3-7 (Sheet 1) M 19.9.2.4-10 (Sheet 2) M
19.9.2.3-7 (Sheet 2) M 19.9.2.4-10 (Sheet 3) M
19.9.2.3-7 (Sheet 3) M 19.9.2.4-11 (Sheet 1) M
19.9.2.3-7 (Sheet 4) M 19.9.2.4-11 (Sheet 2) M
19.9.2.3-7 (Sheet 5) M 19.9.2.4-11 (Sheet 3) M
19.9.2.3-7 (Sheet 6) M 19.9.2.4-11 (Sheet 4) M
19.9.2.3-7 (Sheet 7) M 19.9.2.4-11 (Sheet 5) M
19.9.2.3-7 (Sheet 8) M 19.9.2.4-11 (Sheet 6) M
19.9.2.4-1 V 19.9.2.5-1 (Sheet 1) V
19.9.2.4-2 (Sheet 1) S 19.9.2.5-1 (Sheet 2) S

19.9.2.4-2 (Sheet 2) S 19.9.2.5-2 (Sheet 1) M
19.9.2.4-2 (Sheet 3) S 19.9.2.5-2 (Sheet 2) M
19.9.2.4-2 (Sheet 4) S 19.9.2.5-2 (Sheet 3) M
19.9.2.4-3 (Sheet 1) S 19.9.2.5-2 (Sheet 4) M
19.9.2.4-3 (Sheet 2) S 19.9.2.5-2 (Sheet 5) M
19.9.2.4-3 (Sheet 3) S 19.9.2.5-2 (Sheet 6) M
19.9.2.4-3 (Sheet 4) S 19.9.2.5-2 (Sheet 7) M
19.9.2.4-3 (Sheet 5) S 19.9.2.5-2 (Sheet 8) M
19.9.2.4-3 (Sheet 6) S 19.9.2.5-3 (Sheet 1) M
19.9.2.4-3 (Sheet 7) S 19.9.2.5-3 (Sheet 2) M
19.9.2.4-3 (Sheet 8) S 19.9.2.5-3 (Sheet 3) M
19.9.2.4-4 S 19.9.2.5-3 (Sheet 4) M
19.9.2.4-5 (Sheet 1) S 19.9.2.5-3 (Sheet 5) M
19.9.2.4-5 (Sheet 2) S 19.9.2.5-4 (Sheet 1) M
19.9.2.4-5 (Sheet 3) S 19.9.2.5-4 (Sheet 2) M
19.9.2.4-5 (Sheet 4) S 19.9.2.5-4 (Sheet 3) M
19.9.2.4-5 (Sheet 5) S 19.9.2.5-4 (Sheet 4) M
19.9.2.4-5 (Sheet 6) S 19.9.2.5-4 (Sheet 5) M
19.9.2.4-5 ,(Sheet 7) S 19.9.2.5-4 (Sheet 6) M
19.9.2.4-6 (Sheet 1) S 19.9.2.5-5 (Sheet 1) M
19.9.2.4-6 (Sheet 2) S 19.9.2.5-5 (Sheet 2) M
19.9.2.4-6 (Sheet 3) S 19.9.2.5-5 (Sheet 3) M
19.9.2.4-6 (Sheet 4) S 19.9.2.5-5 (Sheet 4) M
19.9.2.4-6 (Sheet 5) S 19.9.2.5-6 (Sheet 1) M
19.9.2.4-6 (Sheet 6) S 19.9.2.5-6 (Sheet 2) M
19.9.2.4-7 (Sheet 1) S 19.9.2.5-6 (Sheet 3) M
19.9.2.4-7 (Sheet 2) S 19.9.2.5-6 (Sheet 4) M
19.9.2.4-8 (Sheet 1) S 19.9.2.5-6 (Sheet 5) M
19.9.2.4-8 (Sheet 2) S 19.9.2.5-6 (Sheet 6) M
19.9.2.4-8 (Sheet 3) S 19.9.2.5-6 (Sheet 7) M
19.9.2.4-8 (Sheet 4) S 19.9.2.5-6 (Sheet 8) M
19.9.2.4-8 (Sheet 5) S 19.9.2.5-7 (Sheet 1) M
19.9.2.4-8 (Sheet 6) 5 19.9.2.5-7 (Sheet 2) M
19.9.2.4-8 (Sheet 7) S 19.9.2.5-7 (Sheet 3) M
19.9.2.4-8 (Sheet 8) S 19.9.2.5-7 (Sheet 4) M
19.9.2.4-8 (Sheet 9) S 19.9.2.5-7 (Sheet 5) M
19.9.2.4-8 (Sheet 10) S 19.9.2.5-7 (Sheet 6) M
19.9.2.4-8 (Sheet 11) S 19.9.2.5-7 (Sheet 7) M
19.9.2.4-8 (Sheet 12) S 19.9.2.5-7 (Sheet 8) M
19.9.2.4-8 (Sheet 13) S 19.3.2.5-7 (Sheet 9) M
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Tables (Cont'd)

Tables. Amendment Tables Amendment

! 19.9.2.5-7 (Sheet 10) 'M 19.9.2.6-7 (Sheet 2) M

| 19.9.2.5-7 (Sheet 11) M 19.9.2.6-7-(Sheet 3) M

| 19.9.2.6-1 V 19.9.2.6-7 (Sheet 4) M

, 19.9.2.6-2 (Sheet 1)' M -19.9.2.6-7 (Sheet.5) M
! 19.9.2.6-2 (Sheet 2) M 19.9.2.6-7 (Sheet 6) M

19.9.2.6-2 (Sheet.3) M 19.9.2.6-7 (Sheet'7) M
;
' 19.9.2.6-2 (Sheet.4) M 19 .2.6-7 (Sheet 8). M. t

| 19.9.2.6-2 (Sheet' 5) M 19.9.2.6-7 (Sheet 9) -M .;

19.9.2.6-2 (Sheet 6) M 19.9.2.6-7 (Sheet 10) M
~

'

19.9.2.6-2 (Sheet 7) M 19.9.2.7-1 V

19.9.2.6-2 (Sheet 8) M 19.9.2.7-2 (Sheet 1) M

19.9.2.6-2-(Sheet 9) M 19.9.2.7-2 (Sheet 2) .M
, 19.9.2.6-2 (Sheet 10) M 19.9.2.7-2 (Sheet;3) .M ,

! 19.9.2.6-2 (Sheet 11) M 19.9.2.7-2 (Sheet 4) M

.19.9.2.6-3 (Sheet 1)- M 19.9.2.7-2 (Sheet 5) M

19.9.2.6-3 (Sheet 2) M 19.9.2.7-2'(Sheet 6) M

19.9.2.6-3-(Sheet 3) M 19.9.2.7-2-(Sheet 7) H
. 19.9.2.6-3 (Sheet 4) M 19.9.2.7-2 (Sheet 8) M
l 19.9.2.6-4 (Sheet 1) M 19.9.2.7-2 (Sheet 9) M ,

'

t 19.9.2.6-4 (Sheet 2) M 19.9.2.7-2 (Sheet 10) M'

| ( 19.9.2.6-4 (Sheet 3) M 19.9.2.7-2.-(Sheet'11) M
! 19.9.2.6-4 (Sheet 4) M- 19.9.2.7-2 (Sheet 12) M

| 19.9.2.6-4 (Sheet 5) M 19.9.2.7-2 (Sheet 13) M +

19.9.2.6-4 (Sheet 6 M '19.9.2.7-2 (Sheet 14) M

19.9.2.6-4 (Sheet 7) M 19.9.2.7-2 (Sheet 15) M
19.9.2.6-4 (Sheet 8) M 19.9.2.7-2.(Sheet 16) M
19.9.2.6-4 (Sheet 9) M 19.9.2.7-3 (Sheet 1) M
19.9.2.6-4 (Sheet 10) M 19.9.2.7-3 (Sheet 2) M

! 19.9.2.6-4 (Sheet 11) M 19.9.2.7-3 (Sheet 3). M
19.9.2.6-4 (Sheet 12) M 19.9.2.7-3 (Sheet 4) M
19.9.2.6-5 (Sheet 1) M 19.9.2.7-3 (Sheet 5) M

19.9.2.6-5 (Sheet 2) M 19.9.2.7-3 (Sheet 6) M
19.9.2.6-5 (Sheet 3) M 19.9.2.7-4 (Sheet 1) M

,

19.9.2.6-5 (Sheet 4) M 19.9.2.7-4 (Sheet 2) M'

| 19.9.2.6-5 (Sheet 5) M 19.9.2.7-4 (Sheet 3) M
19.9.2.6-5 (Sheet 6) M 19.9.2.7-4 (Sheet 4) M'

19.9.2.6-6 (Sheet 1) M 19.9.2.7-4 (Sheet 5) M
19.9.2.6-6 (Sheet 2) M 19.9.2.7-4 (Sheet 6) M
19.9.2.6-6 (Sheet 3) M 19.9.2.7-4 (Sheet 7) M
19.9.2.6-6 (Sheet 4) M 19.9.2.7-5 (Sheet 1) M
19.9.2.6-6 (Sheet 5) M 19.9.2.7-5 (Sheet 2) M
19.9.2.6-6 (Sheet 6) M 19.9.2.7-5 (Sheet 3) M
19.9.2.6-6 (Sheet 7) M 19.9.2.7-6 (Sheet 1) M
19.9.2.6-6 (Sheet 8) M 19.9.2.7-6 (Sheet 2) M
19.9.2.6-6 (Sheet 9) M 19.9.2.7-6 (Sheet 3) M
19.9.2.6-6 (Sheet 10) M 19.9.2.7-6 (Sheet 4) M
19.9.2.6-6 (Sheet 11) M 19.9.2.7-6 (Sheet 5) M
19.9.2.6-6 (Sheet 19) M -19.9.2.7-6 (Sheet 6) M
19.9.2.6-6 (Sheet 13) M 19.9.2.7-6 (Sheet 7) M

O-
19.9.2.6 5 (Sheet 14) M 19.9.2.7-6 (Sheet 8) M
19.9.2.6-6 (Shwet 15) M 19.9.2.7-6 (Sheet 9) M
19.9.2.6-6 ( s'.s eet 16) M 19.9.2.7-7 (Sheet 1) M
19.9.2.6-7 (Shec 1) M 19.9.2.7-7 (Sheet 2) M
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CHAPTER 19

Tables (Cont'd)
Tables Amendment Tables Amendment

19.9.2.7-7 (Sheet 3) M 19.9.2.8-6 (Sheet 10) R

19.9.2.7-/ (Sheet 4) M 19.9.2.8-6 (Sheet 11) R
19.9.2.1-7 (Sheet 5) M 19.9.2.8-6 (Sheet 12) R
19.V.2.7-7 (Sheet 6) M 19.9.2.8-6 (Sheet 13) R
19.9.2.7-7 (Sheet 7) M 19.9.2.8-6 (Sheet 14) R
19.9.2.7-7 (Sheet 8) M 19.9.2.8-6 (Sheet 15) R

19.9.2.7-7 (Sheet 9) M 19.9.2.8-6 (Sheet 16) R
19.9.2.7-7 (Sheet 10) M 19.9.2.8-6 (Sheet 17) R
19.9.2.7-7 (Sheet 11) M 19.9.2.8-6 (Sheet 18) R
19.9.2.7-8 (Sheet 1) S 19.9.2.8-7 (Sheet 1) M
19.9.2.7-8 (Sheet 2) S 19.9.2.8-7 (Sheet 2) M
19.9.2.7-8 (Sheet 3) S 19.9.2.8-7 (Sheet 3) M
19.9.2.7-9 S 19.9.2.8-7 (Sheet 4) M
19.9.2.8-1 V 19.9.2.8-8 (Sheet 1) S

19.9.2.8-2 (Sheet 1) M 19.9.2.8-8 (Sheet 2) S

19.9.2.8-2 (Sheet 2) M 19.9.2.8-8 (Sheet 3) S

19.9.2.8-2 (Sheet 3) M 19.9.2.8-8 (Sheet 4) S

19.9.2.8-2 (Sheet 4) M 19.9.2.8-8 (Sheet 5) S

19.9.2.8-2 (Sheet 5) M 19.9.2.9-1 V
19.9.2.8-2 (Sheet 6) M 19.9.2.9-2 (Sheet 1) M
19.9.2.8-2 (Sheet 7) M 19.9.2.9-2 (Sheet 2) M
19.9.2.8-2 (Sheet 8) M 19.9.2.9-2 (Sheet 3) M
19.9.2.8-2 (Sheet 9) M 19.9.2.9-2 (Sheet 4) M
19.9.2.8-2 (Sheet 10) M 19.9.2.9-2 (Sheet 5) M
19.9.2.8-2 (Sheet 11) M 19.9.2.9-2 (Sheet 6) M
19.9.2.8-3 (Sheet 1) M 19.9.2.9-2 (Sheet 7) M
19.9.2.8-3 (Sheet 2) M 19.9.2.9-2 (Sheet 8) M
19.9.2.8-3 (Sheet 3) M 19.9.2.9-2 (Sheet 9) M
19.9.2.8-4 (Sheet 1) M 19.9.2.9-2 (Sheet 10) M
19.9.2.8-4 (Sheet 2) M 19.9.2.9-2 (Sheet 11) M
19.9.2.8-4 (Sheet 3) M 19.9.2.9-2 (Sheet 12) M
19.9.2.8-4 (Sheet 4) M 19.9.2.9-2 (Sheet 13) M
19.9.2.8-4 (Sheet 5) M 19.9.2.9-2 (Sheet 14) M
19.9.2.8-4 (Sheet 6) M 19.9.2.9-2 (Sheet 15) M
19.9.2.8-4 (Sheet 7) M 19.9.2.9-2 (Sheet 16) M
19.9.2.8-4 (Sheet 8) M 19.9.2.9-3 (Sheet 1) M
19.9.2.8-4 (Sheet 9) M 19.9.2.9-3 (Sheet 2) M
19.9.2.8-5 (Sheet 1) M 19.9.2.9-3 (Sheet 3) M
19.9.2.8-5 (Sheet 2) M 19.9.2.9-3 (Sheet 4) M
19.9.2.8-5 (Sheet 3) M 19.9.2.9-3 (Sheet 5) M
19.9.2.8-5 (Sheet 4) M 19.9.2.9-3 (Sheet 6) M
19.9.2.8-5 (Sheet 5) M 19.9.2.9-3 (Sheet 7) M
19.9.2.8-5 (Sheet 6) M 19.9.2.9-3 (Sheet 8) M
19.9.2.8-5 (Sheet 7) M 19.9.2.9-3 (Sheet 9) M
19.9.2.8-6 (Sheet 1) R 19.9.2.9-3 (Sheet 10) M
19.9.2.8-6 (Sheet 2) R 19.9.2.9-3 (Sheet 11) M

19.9.2.8-6 (Sheet 3) R 19.9.2.9-3 (Sheet 12) M
19.9.2.8-6 (Sheet 4) R 19.9.2.9-3 (Sheet 13) M
19.9.2.8-6 (Sheet 5) R 19.9.2.9-3 (Sheet 14) M
19.9.2.8-6 (Sheet 6) R 19.9.2.9-4 (Sheet 1) M
19.9.2.8-6 (Sheet 7) R 19.9.2.9-4 (Sheet 2) M
19.9.2.8-6 (Sheet 8) R 19.9.2.9-4 (Sheet 3) M
19.9.2.8-6 (Sheet 9) R 19.9.2.9-4 (Sheet 4) M
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1 Tables (Cont'd) j

f Tables Amendment Tables Amendment
4

1

19.9.2.9-4 (Sheet 5)' M 19.9.2.10-2 (Sheet 17) M<

i 19.9.2.9-4 (Sheet 6) M- 19.9.2.10-2 (Sheet 18)- M
i 19.9.2.9-4 (Sheet 7). M 19.9.2.10-2 (Sheet 19) M
i 19.9.2.9-4 (Sheet 8) M 19.9.2.10-2 (Sheet'20) M
; 19.9.2.9-4 (Sheet 9) M 19.9.2.10-3 (Sheet 1) .M ;

{ 19'.9.2.9-4 (Sheet 10) M 19.9.2.10-3 (Sheet 2). M ^

i 19.9.2.9-4 (Sheet 11) M 19.9.2.10-3 (Sheet 3) M
i 19.9.2.9-4 (Sheet 12) M- 19.9.2.10-3 (Sheet.4) M-

,

j- 19.9.2.9-4 (Sheet 13) M 19.9.2.10-3 (Sheet 5) M i
' 19.9.2.9-4 (Sheet 14) M 19.9.2.10-3 (Sheet 6) M i

19.9.2.9-4 (Sheet 15) M 19.9.2.10-3 (Sheet 7) M |19.9.2.9-5 M 19.9.2.10-3 (Sheet 8). M
|19.9.2.9-6 (Sheet 1) M 19.9.2.10-3 (Sheet 9) M i

19.9.2.9-6 (Sheet 2) M 19.9.2.10-3 (Sheet 10)- M '

19.9.2.9-6 (Sheet 3) M 19.9.2.10-3 (Sheet 11) M
19.9.2.9-6 (Sheet 4) M 19.9.2.10-3 (Sheet 12) M
19.9.2.9-6 (Sheet 5) M 19.9.2.10-3-(Sheet 13) M
19.9.2.9-6 (Sheet 6) M 19.9.2.10-4 (Sheet 1) M

f''Ng 19.9.2.9-6 (Sheet 7) M 19.9.2.10-4 (Sheet 2) M
g ) 19.9.2.9-6 (Sheet 8) M 19.9.2.10-4 (Sheet 3) M
\s_ / 19.9.2.9-6 (Sheet 9) M 19.9.2.10-4'(Sheet 4) M

119.9.2.9-6 (Sheet 10) M 19.9.2.10-4 (Sheet 5) M i

19.9.2.9-6 (Sheet-11) M 19.9.2.10-4 (Sheet 6). M
19.9.2.9-6 (Sheet 12) M 19.9.2.10-4 (Sheet 7) M
19.9.2.9-6 (Sheet.13) M 19.9.2.10-4 (Sheet 8) M
19.9.2.9-6 (Sheet 14) M 19.9.2.10-4 (Sheet 9) M
19.9.2.9-6 (Sheet 15) M 19.9.2.10-5 M
19.9.2.9-6 (Sheet 16) M 19.9.2.10-6 (Sheet 1) M
19.9.2.9-6 (Sheet 17) M 19.9.2.10-6 (Sheet 2) M
19.9.2.9-6 (Sheet 18) M 19.9.2.10-6 (Sheet 3) M
19.9.2.9-6 (Sheet 19) M 19.9.2.10-6 (Sheet 4) M
19.9.2.9-6 (Sheet 20) M 19.9.2.10-6 (Sheet 5) M
19.9.2.9-6 (Sheet 21) M 19.9.2.10-6 (Sheet 6) M
19.9.2.9-7 (Sheet 1) M 19.9.2.10-6 (Sheet 7) M
19.9.2.9-7 (Sheet 2) M 19.9.2.10-6 (Sheet 8) M
19.9.2.9-7 (Sheet 3) M 19.9.2.10-6 (Sheet 9) M
19.9.2.10-1 V 19.9.2.10-6 (Sheet 10) M
19.9.2.10-2 (Sheet 1) M. 19.9.2.10-6 (Sheet 11) M
19.9.2.10-2 (Sheet 2) M 19.9.2.10-7 (Sheet 1) M
19.9.2.10-2 (Sheet 3) M 19.9.2.10-7 (Sheet 2) M
19.9.2.10-2 (Sheet 4) M 19.9.2.10-7 (Sheet 3) M
19.9.2.10-2 (Sheet 5) M 19.9.2.11-1 V
19.9.2.10-2 (Sheet 6) M 19.9.2.11-2 (Sheet 1) M
19.9.2.10-2 (Sheet 7) M 19.9.2.11-2 (Sheet 2) M
19.9.2.10-2 (Sheet 8) M 19.9.2.11-2 (Sheet 3) M
19.9.2.10-2 (Sheet 9) M 19.9.2.11-2 (Sheet 4) M
19.9.2.10-2 (Sheet 10) M 19.9.2.11-2 (Sheet 5) M
19.9.2.10-2 (Sheet 11) M 19.9.2.11-2 (Sheet 6) M
19.9.2.10-2 (Sheet 12) M 19.9.2.11-2 (Sheet 7) M

O, 19.9.2.10-2 (Sheet 13) M 19.9.2.11-2 (Sheet 8) M
19.9.2.10-2 (Sheet 14) M 19.9.2.11-2 (Sheet 9) M
19.9.2.10-2 (Sheet 15) M 19.9.2.11-3 (Shest 1) M
19.9.2.10-2 (Sheet 16) M 19.9.2.11-3 (Sheet 2) M
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19.9.2.11-3 (Sheet 3) M 19.9.2.12-3 (Sheet 8) M
19.9.2.11-3 (Sheet 4) M 19.9.2.12-3 (Sheet 9) M

19.9.2.11-3 (Sheet 5) M 19.9.2.12-3 (Sheet 10) M

19.9.2.11-3 (Sheet 6) M 19.9.2.12-3 (Sheet 11) M

19.9.2.11-3 (Sheet 7) M 19.9.2.12-3 (Sheet 12) M

19.9.2.11-3 (Sheet 8) M 19.9.2.12-3 (Sheet 13) M

19.9.2.11-3 (Sheet 9) M 19.9.2.12-3 (Sheet 14) M
| 19.9.2.11-3 (Sheet 10) M 19.9.2.12-4 (Sheet 1) M

| 19.9.2.11-3 (Sheet 11) M 19.9.2.12-4 (Sheet 2) M
| 19.9.2.11-3 (Sheet 12) M 19.9.2.12-4 (Sheet 3) M
l 19.9.2.11-4 (Sheet 1) M 19.9.2.12-4 (Sheet 4) M

19.9.2.11-4 (Sheet 2) M 19.9.2.12-4 (Sheet 5) M
19.9.2.11-4 (Sheet 3) M 19.9.2.12-4 (Sheet 6) M
19.9.2.11-4 (Sheet 4) M 19.9.2.12-4 (Sheet 7) M
19.9.2.11-4 (Sheet 5) M 19.9.2.12-4 (Sheet 8) M
19.9.2.11-4 (Sheet 6) M 19.9.2.12-4 (Sheet 9) M
19.9.2.11-4 (Sheet 7) M 19.9.2.12-4 (Sheet 10) M
19.9.2.11-4 (Sheet 8) M 19.9.2.12-5 (Sheet 1) M
19.9.2.11-5 (Sheet 1) M 19.9.2.12-5 (Sheet 2) M

,
' 19.9.2.11-5 (Sheet 2) M 19.9.2.12-5 (Sheet 3) M

19.9.2.11-6 (Sheet 1) M 19.9.2.12-5 (Sheet 4) M
19.9.2.11-6 (Sheet 2) M 19.9.2.12-6 (Sheet 1) M
19.9.2.11-6 (Sheet 3) M 19.9.2.12-6 (Sheet 2) M
19.9.2.11-6 (Sheet 4) M 19.9.2.12-6 (Sheet 3) M
19.9.2.11-6 (Sheet 5) M 19.9.2.12-6 (Sheet 4) M
19.9.2.11-6 (Sheet 6) M 19.9.2.12-6 (Sheet 5) M
19.9.2.11-6 (Sheet 7) M 19.9.2.12-6 (Sheet 6) M
19.9.2.11-7 (Sheet 1) M 19.9.2.12-6 (Sheet 7) M
19.9.2.11-7 (Sheet 2) M 19.9.2.12-6 (Sheet 8) M
19.9.2.12-1 V 19.9.2.12-6 (Sheet 9) M
19.9.2.12-2 (Sheet 1) M 19.9.2.12-6 (Sheet 10) M
19.9.2.12-2 (Sheet 2) M 19.9.2.12-6 (Sheet 11) M
19.9.2.12-2 (Sheet 3) M 19.9.2.12-6 (Sheet 12) M
19.9.2.12-2 (Sheet 4) M 19.9.2.12-6 (Sheet 13) M

19.9.2.12-2 (Sheet 5) M 19.9.2.12-6 (Sheet 14) M
19.9.2.12-2 (Sheet 6) M 19.9.2.12-6 (Sheet 15) M
19.9.2.12-2 (Sheet 7) M 19.9.2.12-6 (Sheet 16) M

19.9.2.12-2 (Sheet 8) M 19.9.2.12-6 (Sheet 17) M
19.9.2.12-2 (Sheet 9) M 19.9.2.12-7 (Sheet 1) M
19.9.2.12-2 (Sheet 10) M 19.9.2.12-7 (Sheet 2) M
19.9.2.12-2 (Sheet 11) M 19.9.2.12-7 (Sheet 3) M
19.9.2.12-2 (Sheet 12) M 19.9.2.12-7 (Sheet 4) M

| 19.9.2.12-2 (Sheet 13) M 19.9.2.12-7 (Sheet 5) M
19.9.2.12-2 (Sheet 14) M 19.9.2.13-1 (Sheet 1) V
19.9.2.12-2 (Sheet 15) M 19.9.2.13-1 (Sheet 2) V
19.9.2.12-2 (Sheet 16) M 19.9.2.13-1 (Sheet 3) V
19.9.2.12-3 (Sheet 1) M 19.9.2.13-2 (Sheet 1) M
19.9.2.12-3 (Sheet 2) M 19.9.2.13-2 (Sheet 2) M
19.9.2.12-3 (Sheet 3) M 19.9.2.13-2 (Sheet 3) M
19.9.2.12-3 (Sheet 4) M 19.9.2.13-2 (Sheet 4) M

,

19.9.2.12-3 (Sheet 5) M 19.9.2.13-3 (Sheet 1) M '

19.9.2.12-3 (Sheet 6) M 19.9.2.13-3 (Sheet 2) M
19.9.2.12-3 (Sheet 7) M 19.9.2.13-3 (Sheet 3) M
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19.9.2.13-3 (Sheet 4) M 19.9.3.1-4'(dP.aat 9) M
19.9.2.13-3 (Sheet 5) M 19.9.3.1-4'(Sheet ~10) M
19.9.2.13-3 (Sheet 6) M 19.9.3.1-4 (Sheet 11). M
19.9.2.13-3 (Sheet 7) M .19.9.3.1-5 (Sheet 1) M
19.9.2.13-3 (Sheet 8) M 19.9.3.1-5 (Sheet 2) M
19.9.2.13-3 (Sheet 9) M 19.9.3.1-5 (Sheet 3) .M
19.9.2.13-3 (Sheet 10) M 19.9.3.1-5 (Sheet 4) M
19.9.2.13-3 (Sheet 11) M 19.9.3.1-5 (Sheet <5) M
19.9.2.13-4 M 19.9.3.1-5 (Sheet 6)' M
19.9.2.13-5 (Sheet 1) M 19.9.3.1-6 M-
19.9.2.13-5 (Sheet 2)- M 19.9.3.1-7 M
19.9.2.13-5 (Sheet 3) M 19.9.3.1-8 (Sheet 1) M
19.9.2.13-6 (Sheet 1) M 19.9.3.1-8 (Sheet 2) M

19.9.2.13-6 (Sheet 2) M 19.9.3.1-8 (Sheet 3) M
19.9.2.13-6 (Sheet 3) M 19.9.3.1-8 (Sheet 4) M
19.9.2.13-7-(Sheet 1) M 19.9.3.1-9 (Sheet 1) M
19.9.2.13-7 (Sheet 2) -M 19.9.3.1-9 (Sheet 2)' M
19.9.2.13-8 S 19.9.3.1-9 (Sheet 3 )' M-
19.9.2.13-9 (Sheet 1) S 19.o.4-1 T
19.9.2.13-9 (Sheet 2) S 19.9.4-2 (Sheet 1) U
19.9.2.13-10 (Sheet 1)- S 19.9.4-2 (Sheet 2). U
19.9.2.13-10 (Sheet 2) S 19.9.4-2 (Sheet 3) U
19.9.2.13-11 S 19.9.4-2'(Sheet 4) T
19.9.2.13-12 S 19.9.4-2 (Sheet.5) T
19.9.2.13-13 S 19.9.4-2'(Sheet 6) T
19.9.2.13-14 S 19.9.4-2 (Sheet'7) T
19.9.2.13-15 S 19.9.4-2-(Sheet 8) T
19.9.2.13-16 S 19.10-1 (Sheet 1) T
19.9.2.13-17 s 19.10-1 (Sheet 2) T
19.9.3.1-1 V 19.10-2 (Sheet 1) T
19.9.3.1-2 (Sheet 1) M 19.10-2 (Sheet 2) T
19.9.3.1-2 (Sheet 2) M 19.10-2 (Sheet 3) T
19.9.3.1-2 (Sheet 3) M 19.10-2 (Sheet 4) T
19.9.3.1-2 (Sheet 4) M 19.10-2 (Sheet 5) T
19.9.3.1-2 (Sheet 5) M 19.10-3 (Sheet 1) T
19.9.3.1-2 (Sheet 6) M 19.10-3 (Sheet 2) T
19.9.3.1-2 (Sheet 7) M 19.10-3'(Sheet 3) T
19.9.3.1-2 (Sheet 8) M 19.10-3 (Sheet 4) T
19.9.3.1-2-(Sheet 9) M 19.10-3 (Sheet 5) T
19.9.3.1-2 (Sheet 10) M 19.10-3 (Sheet 6) T
19.9.3.1-2 (Sheet 11) M 19.10-3 (Sheet 7) T
19.9.3.1-3 (Sheet 1) M '19.10-4 (Sheet 1) T
19.9.3.1-3 (Sheet 2) M 19.10-4 (Sheet 2) T
19.9.3.1-3 (Sheet 3) M 19.10-4 (Sheet 3) T
19.9.3.1-3 (Sheet 4) M 19.10-4 (Sheet 4) T
19.9.3.1-4 (Sheet 1) M 19.10-4 (Sheet 5) T
19.9.3.1-4 (Sheet 2) M 19.10-4 (Sheet 6) T
19.9.3.1-4 (Sheet 3) h 19.10-5 (Sheet 1) T
19.9.3.1-4 (Sheet 4) M 19.10-5 (Sheet 2) T

C.
19.9.3.1-4 (Sheet 5) M 19.10-5 (Sheet 3) T
19.9.3.1-4 (Sheet 6) M 19.10-5 (Sheet 4) T
19.9.3.1-4 (Sheet 7) M 19.10-5 (Sheet 5)
19.9.3.1-4 (Sheet 8) M 19.10-6 M
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19.10-7 T 19.11.5.4.1.1-2 Q
19.11.3.1-1 Q 19.11.5.4.1.1-3 Q
19.11.4.1.1-1 Q 19.11.5.4.1.2-1 Q
19.11.4.1.1-2 Q 19.11.5.4.1.2-2 Q
19.11.4.1.1-3a(Sheet 1) N 19.11.5.4.1.2-3 Q
19.11.4.1.1-3a(Sheet 2) N 19.11.5.4.1.3-1 Q
19.11.4.1.1-3b N 19.11.5.4.1.3-2 Q
19.11.4.1.1-4 Q 19.11.5.4.1.3-3 Q
19.11.4.1.1-5 N 19.11.5.4.2.1-1 Q
19.11.4.1.1-6 Q 19.11.5.4.2.1-2 Q
19.11.4.1.2-1 N 19.11.5.4.2.1-3 Q
19.11.4.1.2-2 N 19.11.5.4.2.2-1 Q
19.11.4.1.2-3A N 19.11.3.4.2.2-2 Q
19.11.4.1.2-3B N 19.11.5.4.2.2-3 Q
19.11.4.1.2-4 N 19.11.5.4.3.1-1 Q
19.11.4.1.3-1 Q 19.11.5.4.3.1-2 Q
19.11.4.1.3-2 Q 19.11.5.4.3.1-3 Q
19.11.4.1.3-3 N 19.11.5.4.3.2-1 Q
19.11.4.1.3-4 Q 19.11.5.4.3.2-2 Q
19.11.4.1.3-5 Q 19.11.5.4.3.2-3 Q
19.11.4.1.3-6 V 19.11.5.4.4.1-1 Q
19.11.4.1.4-1 N 19.11.5.4.4.1-2 Q
19.11.4.2.1-2 N 19.11.5.4.4.1-3 Q i

19.11.4.2.1-3 N 19.11.5.4.4.2-1 Q l
19.11.4.2.1-4 Q 19.11.5.4.4.2-2 Q j

19.11.4.2.2-1 Q 19.11.5.4.4.2-3 Q j

19.11.4.2.2-2 Q 19.11.5.4.5.1-1 Q l

19.11.4.2.2-3 N 19.11.5.4.5.1-2 Q
'

19.11.4.2.2-4 N 19.11.5.4.5.1-3 Q
19.11.4.2.4-1 V 19.11.5.4.6-1 Q
19.11.4.3.2-1 N 19.11.5.4.6-2 Q
19.11.4.3.2-2 Q 19.11.5.4.6-3 Q
19.11.4.3.2-3 Q 19.12.1-1 (Sheet 1) N
19.11.4.3.2-4 Q 19.12.1-1 (Sheet 2) N
19.11.4.3-5 Q 19.12.1-2 (Sheet 1) N
19.11.4.3-6 N 19.12.1-2 (Sheet 2) N
19.11.4.4-1 U 19.12.1-2 (Sheet 3) N
19.11.4.4-2 V 19.12.1-2 (Sheet 4) N
19.11.4.4-3 V 19.12.1-2 (Sheet 5) N
19.11.4.4-4 V 19.12.1-2 (Sheet 6) N

19.11.4.4-5A U 19.12.1-2 (Sheet 7) N

| 19.11.4.4-5B (Sheet 1) V 19.12.1-2 (Sheet 8) N
| 19.11.4.4-5B (Sheet 2) U 19.12.1-2 (Sheet 9) N
! 19.11.4.4-5C (Sheet 1) V 19.12.1-3 (Sheet 1) N

19.11.4.4-5C (Sheet 2) V 19.12.1-3 (Sheet 2) N

19.11.4.4-5D (Sheet 1) V 19.12.1-3 (Sheet 3) N;

| 19.11.4.4-5D (Sheet 2) V 19.12.1-3 (Sheet 4) N
| 19.11.4.4-5E U 19.12.1-3 (Sheet 5) N

19.11.4.4-5F (Sheet 1) U 19.12.1-3 (Sheet 6) N

19.11.4.4-5F (Sheet 2) U 19.12.1-3 (Sheet 7) N

19.11.4.4-6 (Sheet 1) V 19.12.1-4 N
19.11.4.4-6 (Sheet 2) V 19.12.1-5 (Sheet 1) N
19.11.5.4.1.1-1 Q 19.12.1-5 (Sheet 2) T
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19.12.1-5 (Sheet 3) T 19.12.2.3-6 (Sheet 1) S

19.12.1-5 (Sheet 4) T 19.12.2.3-6 (Sheet 2) T
19.12.1-5 (Sheet 5) T 19.12.2.3-6 (Sheet 3) N
19.12.1-5 (Sheet-6) T 19.12.2.3-6A-(Sheet 1) T
19.12.1-5 (Sheet 7) N 19.'12.2.3-6A (Sheet 2) T
19.12.1-6 (Sheet'1)- V 19.12.2.3-6A-(Sheet 3) T
19.12.1-6 (Sheet 2) T 19.12.2.3-7 (Sheet 1) N
19.12.1-6 (Sheet 3) T 19.12.2.3-7 (Sheet 2). T
19.12.1-6'(Sheet 4)- T 19.12.2.3-7 (Sheet 3) N

,

19.12.1-7 (Sheet 1) T 19.12.2.3-8.(Sheet 1) N o

19.12.1-7 (Sheet 2) v 19.12.2.3-8 (Sheet 2) N
19.12.1-7 (Sheet 3) T 19.12.2.3-9 (Sheet 1) T
19.12.2.2.3-1 N 19.12.2.3-9 (Sheet 2) T
19.12.2.2.4-1 (Sheet 1) N _19.12.2.3-9 (Sheet 3) T
19.12.2.2.4-1 (Sheet 2) N 19.12.2.3-10 (Sheet 1) T
19.12.2.2.4-1 (Sheet 3) N 19.12.2.3-10 (Sheet 2) T
19.12.2.2.4-1 (Sheet 4) N' 19.12.2.3-10 (Sheet 3) T
19.12.2.2.4-1-(Sheet 5) N. 19.12.2.3-11 (Sheet 1) T
19.12.2.2.4-1 (Sheet 6) N 19.12.2.3-11 (Sheet 2) T
19.12.2.2.4-1 (Sheet 7) S- 19.12.2.3-11 (Sheet 3) T

\ 19.12.2.2.4-1 (Sheet 8) N 19.12.2.3-12 (Sheet 1) .T-
19.12.2.2.4-1 (Sheet 9) N 19.12.2.3-121(Sheet 2) T
19.12.2.2.4-1 (Sheet 10) S 19.12.2.3-12A-(Sheet 1) T
19.12.2.2.4-1 (Sheet 11) N 19.12.2.3-12A (Sheet 2)- T -

;

19.12.2.2.4-1 (Sheet 12) S 19.12.2.3-13 (Sheet 1) T
19.12.2.2.4-2 N 19.12.2.3-13;(Sheet 2) N
19.12.2.2.6-1 N 19.12.2.3-14 (Sheet 1) T
19.12.2.2.6-2 N 19.12.2.3-14 (Sheet 2) T
19.12.2.2.6-3 N 19.12.2.3-15 (Sheet 1) T
19.12.2.2.6-4 N 19.12.2.3-15 (Sheet 2) T
19.12.2.2.7-1 N 19.12.2.3-16 (Sheet 1) T
19.12.2.2.7-2 N 19.12.2.3-16 (Sheet-2) T
19.12.2.2.10-1 N 19.12.2.3-16A (Sheet 1) T
19.12.2.3-1 (Sheet 1) S 19.12.2.3-16A (Sheet 2) T,

'

19.12.2.3-1 (Sheet 2) S 19.12.2.3-17 (Sheet 1) T
19.12.2.3-1 (Sheet 3) S 19.12.2.3-17 (Sheet 2) T
19.12.2.3-1 (Sheet 4) S 19.12.2.3-17A T

| 19.12.2.3-1 (Sheet 5) S 19.12.2.3-18 (Sheet 1) T
19.12.2.3-2 (Sheet 1) N 19.12.2.3-18 (Sheet 2) T |19.12.2.3-2 (Sheet 2) N 19.12.2.3-18A T

'

19.12.2.3-2 (Sheet 3) N 19.12.2.3-19 T
19.12.2.3-3 (Sheet 1) S 19.12.2.3-20 T
19.12.2.3-3 (Sheet 2) T 19.12.3-1 (Sheet 1) T
19.12.2.3-3 (Sheet 3) N 19.12.3-1 (Sheet 2) V
19.12.2.3-4 (Sheet 1) N 19.12.3-2 (Sheet 1) T
19.12.2.3-4 (Sheet 2) N 19.12.3-2 (Sheet 2) T
19.12.2.3-4 (Sheet 3) N 19.12.3-3 (Sheet 1) N
19.12.2.3-5 (Sheet 1) N 19.12.3-3 (Sheet 2) .N
19.12.2.3-5 (Sheet 2) T 19.12.3-3 (Sheet 3) N

j'~3g 19.12.2.3-5 (Sheet 3) T 19.13-1 (Sheet 1) P
3 19.12.2.3-5A (Sheet 1) T 19.13-1 (Sheet 2) Pg/s 19.12.2.3-5A (Sheet 2) T 19.13-1 (Sheet 3) U

m

19.12.2.3-5A (Sheet 3) T 19.13-1 (Sheet 4) U

L Amendment V
! April 29, 1994
i
'

i



|

l
'

|

(Shnet 22 of 33)CESSAR EESI'NCERTIFICATl!N

EFFECTIVE PAGE LISTING (Cont'd)

CHAPTER 19
I

Tables (Cont'd)
Tables Amendment Tables Amendment

19.13-1 (Sheet 5) U 19.15.2-12 (Sheet 1) U

19.13-2 (Sheet 1) P 19.15.2-12 (Sheet 2) U

19.13-2 (Sheet 2) P 19.15.2-13 U

19.13-2 (Sheet 3) U 19.15.3-1 S

19.13-2 (Sheet 4) U 19.15.3-2 R

19.13-2 (Sheet 5) U 19.15.4-1 P

19.13-3 U 19.15.4-2 U

19.14.1-1 (Sheet 1) U 19.15.4-3 P

19.14.1-1 (Sheet 2) V 19.15.4-4 P

19.14.2-1 U 19.15.5-1 (Sheet 1) U

19.15-1 (Sheet 1) V 19.15.5-1 (Sheet 2) U

19.15-1 (Sheet 2) V 19.15.6-1 (Sheet 1) V
19.15-1 (Sheet 3) V 19.15.6-1 (Sheet 2) V
19.15-1 (Sheet 4) V 19.15.6-1 (Sheet 3) v
19.15-1 (Sheet 5) V 19.15.6-1 (Sheet 4) V
19.15-1 (Sheet 6) V 19.15.6-1 (Sheet 5) V
19.15-1 (Sheet 7) V 19.15.6-1 (Sheet 6) V
19.15-1 (Sheet 8) U 19.15.6-1 (Sheet 7) V
19.15-1 (Sheet 9) V 19.15.6-1 (Sheet 8) V

19.15-1 (Sheet 10) V 19.15.6-1 (Sheet 9) V
19.15-1 (Sheet 11) U 19.15.6-1 (Sheet 10) V

19.15-1 (Sheet 12) V 19.15.6-1 (Sheet 11) V
19.15-1 (Sheet 13) V 19.15.6-1 (Sheet 12) V
19.15-1 (Sheet 14) V 19.15.6-1 (Sheet 13) V
19.15-1 (Sheet 15) V 19.15.6-1 (Sheet 14) V

19.15-1 (Sheet 16) V 19.15.6-1 (Sheet 15) V i

'

19.15-1 (Sheet 17) V 19.15.6-1 (Sheet 16) V-

19.15-1 (Sheet 18) V 19.15.6-1 (Sheet 17) V
19.15.1-1 V 19.15.6-1 (Sheet 18) V
19.15.2-1 U 19.15.6-2 (Sheet 1) V

19.15.2-2 (Sheet 1) V 19.15.6-2 (Sheet 2) V :

19.15.2-2 (Sheet 2) V 19.15.6-2 (Sheet 3) V
19.15.2-2 (Sheet 3) V
19.15.2-3 (Sheet 1) V
19.15.2-3 (Sheet 2) V
19.15.2-4 T
19.15.2-4A T
19.15.2-5 T
19.15.2-6 (Sheet 1) T
19.15.2-6 (Sheet 2) T
19.15.2-6 (Sheet 3) T
19.15.2-6 (Sheet 4) T ,

19.15.2-6 (Sheet 5) T
19.15.2-6 (Sheet 6) T
19.15.2-6 (Sheet 7) T
19.15.2-6 (Sheet 8) T
19.15.2-7 U
19.15.2-8 U
19.15.2-9 U

19.15.2-10 (Sheet 1) U

19.15.2-10 (Sheet 2) U
19.15.2-11 (Sheet 1) U

19.15.2-11 (Sheet 2) U

Amendment V
April 29, 1994
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19.2.0-1 M 19.6.3.1-3 M

19.3.1-1 (Sheet 1) M 19.6.3.1-4 (Sheet 1) M

19.3.1-1 (Sheet 2) M 19.6.3.1-4 (Sheet 2) M~

19.3.3-1 M 19.6.3.1-4'(Sheet'3) M

19.3.3-2 M 19.6.3.1-4 (Sheet 4) M

19.3.3-3 (Sheet 1) M 19.6.3.1-4 (Sheet-5) M

! 19.3.3-3 (Sheet 2) M 19.6.3.1-4 (Sheet 6 )' 'M

! 19.4.1-1 M 19.6.3.1-4 (Sheet 7) M

19.4.1-2 M 19.6.3.1-4 (Sheet 8). 'M
19.4.2-1 M 19.6.3.1-4 (Sheet 9) M

19.4.2-2 M 19.6.3.1-4 (Sheet 10) M
19.4.2-3 M 19.6.3.1-4 (Sheet 11) M
19.4.2-4 M 19.6.3.1-4 (Sheet 12) M
19.4.3-1 M 19.6.3.1-5 (Sheet 1) M

19.4.3-2 M 19.6.3.1-5'(Sheet 2) 'M
19.4.3-3 M 19.6.3.1-5 (Sheet 3) M

19.4.3-4 M 19.6.3.1-5 (Sheet 4) M

19.4.3-5 .M 19.6.3.1-5 (Sheet 5) M
M 19.6.3.1-5 (Sheet 6). M19.4.3-6 >

'

19.4.4-1 S 19.6.3.1-5 (Sheet 7) M
19.4.4-2 M 19.6.3.1-5.(Sheet 8); M

[- 19.4.4-3 M 19.6.3.1-5 (Sheet 9) M
\ 19.4.4-4 S 19.6.3.1-5-(Sheet 10) M

19.4.4-5 S 19.6.3.1-5 (Sheet 11) 'M
19.4.4-6 S 19.6.3.1-5 (Sheet 12) M

7

L 19.4.4-7 S 19.6.3.1-5 (Sheet 13) M
i 19.4.4-8 S 19.6.3.1-5.(Sheet 14) M
| 19.4.4-9 S 19.6.3.1-5 (Sheet 15) M

19.4.4-10 S 19.6.3.1-5 (Sheet 16) M
19.4.4-11 S 19.6.3.1-5 (Sheet 17) M
19.4.5-1 M 19.6.3.1-5 (Sheet 18) M
19.4.6-1 M 19.6.3.1-5 (Sheet 19) M
19.4.7-1 S 19.6.3.2-5 (Sheet 20) M

19.4.8-1 S 19.6.3.1-5 (Sheet 21) M
19.4.8-2 M 19.6.3.1-5 (Sheet 22) M
19.4.9-1 M 19.6.3.1-5 (Sheet 23) M

19.4.10-1 M 19.6.3.1-5 (Sheet 24) M
19.4.11-1 M 19.6.3.1-5 (Sheet 25) M
19.4.12-1 M 19.6.3.1-5 (Sheet 26) H
19.4.13-1 M 19.6.3.1-5 (Sheet 27) M
19.4.13-2 S 19.6.3.1-5 (Sheet 28) M
19.4.14-1 M 19.6.3.1-5 (Sheet 29) M
19.4.14-2 M 19.6.3.1-5 (Sheet 30) M
19.5-1 S 19.6.3.1-5 (Sheet 31) M
19.5-2 M 19.6.3.1-6 (Sheet 1) M
19.5-3 S 19.6.3.1-6 (Sheet 2) M
19.5-4 S 19.6.3.1-6 (Sheet 3) M
19.5-5 S 19.6.3.1-6 (Sheet 4) M
19.5-6 S 19.6.3.1-6 (Sheet 5) M
19.5-7 S 19.6.3.1-6 (Sheet 6) M
19.5-8 S 19.6.3.1-6 (Sheet 7) M
19.5-9 S 19.6.3.1-6 (Sheet 8) M

/j 19.6.3.1-la M 19.6.3.1-6 (Sheet 9) Mj 19.6.3.1-lb M 19.6.3.1-7 (Sheet 1) M
19.6.3.1-2 M 19.6.3.1-7 (Sheet 2) M

Amendment S
September 30, 1993
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19.6.3.1-7 (Sheet 3) M 19.6.3.1-8 (Sheet 33) M

19.6.3.1-7 (Sheet 4) M 19.6.3.1-8 (Sheet 34) M |

19.6.3.1-7 (Sheet 5) M 19.6.3.1-8 (Sheet 35) M i

19.6.3.1-7 (Sheet 6) M 19.6.3.1-8 (Sheet 36) M
i
'

19.6.3.1-7 (Sheet 7) M 19.6.3.1-8 (Sheet 37) M

19.6.3.1-7 (Sheet 8) M 19.6.3.1-8 (Sheet 38) M

19.6.3.1-7 (Sheet 9) M 19.6.3.1-8 (Sheet 39) M

19.6.3.1-7 (Sheet 10) M 19.6.3.1-8 (Sheet 40) M

19.6.3.1-7 (Sheet 11) M 19.6.3.1-8 (Sheet 41) M

19.6.3.1-7 (Sheet 12) M 19.6.3.1-8 (Sheet 42) M

19.6.3.1-7 (Sheet 13) M 19.6.3.1-8 (Sheet 43) M

19.6.3.1-7 (Sheet 14) M 19.6.3.1-8 (Sheet 44) M

19.6.3.1-7 (Sheet 15) M 19.6.3.2-1 (Sheet 1) M

19.6.3.1-7 (Sheet 16) M 19.6.3.2-1 (Sheet 2) M

19.6.3.1-7 (Sheet 17) M 19.6.3.2-1 (Sheet 3) M

19.6.3.1-7 (Sheet 18) M 19.6.3.2-1 (Sheet 4) M
,

19.6.3.1-7 (Sheet 19) M 19.6.3.2-1 (Sheet 5) M

19.6.3.1-7 (Sheet 20) M 19.6.3.2-1 (Sheet 6) M

19.6.3.1-7 (Sheet 21) M 19.6.3.2-1 (Sheet 7) M

19.6.3.1-7 (Sheet 22) M 19.6.3.2-1 (Sheet 8) M

19.6.3.1-7 (Sheet 23) M 19.6.3.2-1 (Sheet 9) M i

19.6.3.1-8 (Sheet 1) M 19.6.3.2-2 (Sheet 1) M

19.6.3.1-8 (Sheet 2) M 19.6.3.2-2 (Sheet 2) M

19.6.3.1-8 (Sheet 3) M 19.6.3.2-2 (Sheet 3) M 3
^

19.6.3.1-8 (Sheet 4) M 19.6.3.2-2 (Sheet 4) M

19.6.3.1-8 (Sheet 5) M 19.6.3.2-2 (Sheet 5) M

19.6.3.1-8 (Sheet 6) M 19.6.3.2-2 (Sheet 6) M

|19.6.3.1-8 (Sheet 7) M 19.6.3.2-2 (Sheet 7) M

19.6.3.1-8 (Sheet 8) M 19.6.3.2-2 (Sheet 8) M i

19.6.3.1-8 (Sheet 9) M 19.6.3.2-2 (Sheet 9) M

19.6.3.1-8 (Sheet 10) M 19.6.3.3-1 M

19.6.3.1-8 (Sheet 11) M 19.6.3.3-2 M

19.6.3.1-8 (Sheet 12) M 19.6.3.3-3 M

19.6.3.1-8 (Sheet 13) M 19.6.3.3-4 M

19.6.3.1-8 (Sheet 14) M 19.6.3.3-5 M

19.6.3.1-8 (Sheet 15) M 19.6.3.3-6 M

19.6.3.1-8 (Sheet 16) M 19.6.3.3-7 M

19.6.3.1-8 (Sheet 17) M 19.6.3.3-8 (Sheet 1) M |
19.6.3.1-8 (Sheet 18) M 19.6.3.3-8 (Sheet 2) M
19.6.3.1-8 (Sheet 19) M 19.6.3.3-8 (Sheet 3) M

19.6.3.1-8 (Sheet 20) M 19.6.3.3-8 (Sheet 4) M

19.6.3.1-8 (Sheet 21) M 19.6.3.3-8 (Sheet 5) M

( 19.6.3.1-8 (Sheet 22) M 19.6.3.3-8 (Sheet 6) M

19.6.3.1-8 (Sheet 23) M 19.6.3.3-8 (Sheet 7) Mi

j 19.6.3.1-8 (Sheet 24) M 19.6.3.3-8 (Sheet 8) M

19.6.3.1-8 (Sheet 25) -M 19.6.3.3-8 (Sheet 9) M'

19.6.3.1-8 (Sheet 26) M 19.6.3.3-8 (Sheet 10) M
19.6.3.1-8 (Sheet 27) M 19.6.3.3-8 (Sheet 11) M

19.6.3.1-8 (Sheet 28) M 19.6.3.3-8 (Sheet 12) M

19.6.3.1-8 (Sheet 29) M 19.6.3.3-8 (Sheet 13) M
,

19.6.3.1-8 (Sheet 30) M 19.6.3.3-8 (Sheet 14) M'

19.6.3.1-8 (Sheet 31) M 19.6.3.3-8 (Sheet 15) M
19.6.3.1-8 (Sheet 32) M 19.6.3.3-8 (Sheet 16) M

| Amendment M
March 15, 1993
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19.6.3.3-8 (Sheet 17) M 19.6.3.4-2 (Sheet 17) M
19.6.3.3-8 (Sheet 18) M 19.6.3.4-2.(Sheet 18) M
19.6.3.3-8 (Sheet 19). M 19.6.3.4-2 (Sheet 19) M j

19.6.3.3-8 (Sheet 20) M 19.6.3.4-2 (Sheet 20). M -

19.6.3.3-8 (Sheet 21) M 19.6.3.6-1 M
19.6.3.3-8 (Sheet 22) M 19.6.3.6-2 M.i

| 19.6.3.3-8 (Sheet 23) M. '19.6.3.6-3 (Sheet 1) M

L 19.6.3.3-8 (Sheet 24) M 19.6.3.6-3 (Sheet 2) M
f 19.6.3.3-8-(Sheet 25). M 19.6.3.6-3 (Sheet 3) M ;

l '19.6.3.3-8 (Sheet 26) M 19.6.3.6-3 (Sheet 4) M
19.6.3.3-9 (Sheet 1) M 19.6.3.6-3 (Sheet 5) M
19.6.3.3-9 (Sheet 2) M 19.6.3.6-3 (Sheet 6) M
19.6.3.3-9 (Sheet 3) M 19.6.3.6-3 (Sheet 7) M
19.6.3.3-9 (Sheet 4) M 19.6.3.6-3 (Sheet.8) M
19.6.3.3-9 (Sheet 5) M 19.6.3.6-3 (Sheet 9) M
19.6.3.3-9 (Sheet 6) M 19.6.3.6-3 (Sheet 10) M
19.6.3.3-9 (Sheet 7) M 19.6.3.6-3 (Sheet 11) M

[ 19.6.3.3-9 (Sheet 8) M 19.6.3.6-4 M
' 19.6.3.3-9 (Sheet'9) M 19.6.3.6-5 (Sheet 1) M
! / ) 19.6.3.3-9 (Sheet 10) M- 19.6.3.6-5 (Sheet 2)' M
i ( ,/ 19.6.3.3-9 (Sheet 11) M 19.6.3.6-5 (Sheet 3) M'
| 19.6.3.3-9 (Sheet 12) M 19.6.3.6-5 (Sheet 4) M '

! 19.6.3.3-9 (Sheet 13) M 19.6.3.6-5 (Sheet 5) M '

! 19.6.3.3-9 (Sheet 14) M 19.6.3.6-5 (Sheet 6) M
! 19.6.3.3-9 (Sheet 15) M 19.6.3.6-5 (Sheet 7) M

19.6.3.3-9 (Sheet 16) M 19.6.3.6-5 (Sheet 8) M '

19.6.3.3-9 (Sheet 17) M 19.6.3.6-5 (Sheet 9) M
19.6.3.3-9 (Sheet 18) M 19.6.3.6-5 (Sheet 10) M
19.6.3.3-9 (Sheet 19) M 19.6.3.6-5 (Sheet 11) M -

19.6.3.3-9 (Sheet 20) M 19.6.3.6-5 (Sheet 12) M
19.6.3.3-9 (Sheet 21) M 19.6.3.6-5 (Sheet-13) M
19.6.3.3-9 (Sheet 22) M 19.6.3.6-5 (Sheet 14) 'M

| 19.6.3.3-9 (Sheet 23) M 19.6.3.6-5 (Sheet 15) M
19.6.3.3-9 (Sheet 24) M 19.6.3.6-5 (Sheet-16) M

, 19.6.3.3-9 (Sheet 25) M 19.6.3.6-5 (Sheet 17) M
' 19.6.3.3-9 (Sheet 26) M 19.6.3.6-5 (Sheet 18) M
i 19.6.3.4-1 M 19.6.3.6-5 (Sheet 19) M

19.6.3.4-2 (Sheet 1) M 19.6.3.6-5 (Sheet 20) M
| 19.6.3.4-2 (Sheet 2) M 19.6.3.6-5 (Sheet 21) M
| 19.6.3.4-2 (Sheet 3) M 19.6.3.6-5 (Sheet 22) M

19.6.3.4-2 (Sheet 4) M 19.6.3.6-5 (Sheet 23) M
19.6.3.4-2 (Sheet 5) M 19.6.3.6-5 (Sheet 24) M
19.6.3.4-2 (Sheet 6) M 19.6.3.6-5 (Sheet 25) M
19.6.3.4-2 (Sheet 7) M 19.6.3.6-5 (Sheet 26) M
19.6.3.4-2 (Sheet 8) M 19.6.3.6-5 (Sheet 27) M
19.6.3.4-2 (Sheet 9) M 19.6.3.6-5 (Sheet 28) M
19.6.3.4-2 (Sheet 10) M 19.6.3.6-5 (Sheet 29) M
19.6.3.4-2 (Sheet 11) M 19.6.3.6-5-(Sheet 30) M
19.6.3.4-2 (Sheet 12) .M 19.6.3.6-5 (Sheet 31) M
19.6.3.4-2 (Sheet 13) M 19.6.3.6-5 (Sheet 32) M
19.6.3.4-2 (Sheet 14) M 19.6.3.6-5 (Sheet 33)' M

s 19.6.3.4-2 (Sheet 15) M 19.6.3.6-5 (Sheet 34) Ms

19.6.3.4-2'(Sheet 16) M 19.6.3.6-5 (Sheet 35) M

Amendment M
March 15, 1993
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19.6.3.6-5 (Sheet 36) M 19.6.3.7-2 (Sheet 2) M

19.6.3.6-6 (Sheet 1) M 19.6.3.7-2 (Sheet 3) M

19.6.3.6-6 (Sheet 2) M 19.6.3.7-2 (Sheet 4) M
19.6.3.6-6 (Sheet 3) M 19.6.3.7-2 (Sheet 5) M

19.6.3.6-6 (Sheet 4) M 19.6.3.7-2 (Sheet 6) M
|

; 19.6.3.6-6 (Sheet 5) M 19.6.3.7-2 (Sheet 7) M
| 19.6.3.6-6 (Sheet 6) M 19.6.3.7-2 (Sheet 8) M
| 19.6.3.6-6 (Sheet 7) M 19.6.3.7-2 (Sheet 9) M
| 19.6.3.6-6 (Sheet 8) M 19.6.3.7-2 (Sheet 10) M
| 19.6.3.6-6 (Sheet 9) M 19.6.3.7-2 (Sheet 11) M
| 19.6.3.6-6 (Sheet 10) M 19.6.3.7-2 (Sheet 12) M
| 19.6.3.6-6 (Sheet 11) M 19.6.3.7-2 (Sheet 13) M
| 19.6.3.6-6 (Sheet 12) M 19.6.3.7-2 (Sheet 14) M
| 19.6.3.6-6 (Sheet 13) M 19.6.3.7-2 (Sheet 15) M
j 19.6.3.6-6 (Sheet 14) M 19.6.3.7-2 (Sheet 16) M

19.6.3.6-5 (Sheet 15) M 19.6.3.7-2 (Sheet 17) M
'

19.6.3.6-6 (Sheet 16) M 19.6.3.7-2 (Sheet 18) M
19.6.3.6-6 (Sheet 17) M 19.6.3.7-2 (Sheet 19) M
19.6.3.6-6 | Sheet 18) M 19.6.3.7-2 (Sheet 20) M
19.6.3.6-6 (Sheet 19) M 19.6.3.7-2 (Sheet 21) M
19.6.3.6-6 (Sheet 20) M 19.6.3.7-2 (Sheet 22) M
19.6.3.6-6 (Sheet 21) M 19.6.3.7-2 (Sheet 23) M

i 19.6.3.6-6 (Sheet 22) M 19.6.3.7-2 (Sheet 24) M
19.6.3.6-6 (Sheet 23) M 19.6.3.7-2 (Sheet 25) M
19.6.3.6-6 (Sheet 24) M 19.6.3.7-2 (Sheet 26) M
19.6.3.6-6 (Sheet 25) M 19.6.3.7-2 (Sheet 27) M
19.6.3.6-7 (Sheet 1) M 19.6.3.7-2 (Sheet 28) M
19.6.3.6-7 (Sheet 2) M 19.6.3.7-2 (Sheet 29) M
19.6.3.6-7 (Sheet 3) M 19.6.3.7-2 (Sheet 30) M
19.6.3.6-7 (Sheet 4) M 19.6.3.7-2 (Sheet 31) M
19.6.3.6-7 (Sheet 5,) M 19.6.3.8-1 P
19.6.3.6-7 (Sheet 6) M. 19.6.3.8-2 (Sheet 1) M
19.6.3.6-7 (Sheet 7) M 19.6.3.8-2 (Sheet 2) M
19.6.3.6-7 (Sheet 8) M 19.6.3.8-2 (Sheet 3) M
19.6.3.6-7 (Sheet 9) M 19.6.3.8-2 (Sheet 4) M
19.6.3.6-7 (Sheet 10) M 19.6.3.8-2 (Sheet 5) M
19.6.3.6-7 (Sheet 11) M 19.6.3.8-2 (Sheet 6) M
19.6.3.6-7 (Sheet 12) M 19.6.3.8-2 (Sheet 7) M
19.6.3.6-7 (Sheet 13) M 19.6.3.8-2 (Sheet 8) M
19.6.3.6-7 (Sheet 14) M 19.6.3.8-2 (Sheet 9) M
19.6.3.6-7 (Sheet 15) M 19.6.3.8-2 (Sheet 10) M
19.6.3.6-7 (Sheet 16) M 19.6.3.8-2 (Sheet 11) M
19.6.3.6-7 (Sheet 17) M 19.6.3.8-2 (Sheet 12) M
19.6.3.6-7 (Sheet 18) M 19.6.3.8-2 (Sheet 13) M
19.6.3.6-7 (Sheet 19) M 19.6.3.8-2 (Sheet 14) M
19.6.3.6-7 (Sheet 20) M 19.6.3.8-2 (Sheet 15) M
19.6.3.6-7 (Sheet 21) M 19.6.3.8-2 (Sheet 16) M
19.6.3.6-7 (Sheet 22) M 19.6.3.9-1 M
19.6.3.6-7 (Sheet 23) M 19.6.3.9-2 (Sheet 1) M
19.6.3.6-7 (Sheet 24) M 19.6.3.9-2 (Sheet 2) M
19.6.3.6-7 (Sheet 25) M 19.6.3.9-2 (Sheet 3) M
19.6.3.7-1 M 19.6.3.9-2 (Sheet 4) M
19.6.3.7-2 (Sheet 1) M 19.6.3.9-2 (Sheet 5) M

Amendment P
June 15, 1993

L



,

""**' " ' '
CESSAREHL m,,

r
EFFECTIVE PAGE LISTING (Cont'd)

CHAPTER 19

Fiqures (Cont'd)

Piqures Amendment' Fiqures Amendment-

19.6.3.9-2 (Sheet 6) M .19.6.3.13-2 (Sheet 14). M

-19.6.3.9-2 (Sheet 7) M- 19.6.3.13-2 (Sheet 15) M

19.6.3'.9-2 (Sheet 8) M 19.6.3.13-2 (Sheet 16). M

19.6.3.9-2 (Sheet 9) M 19.6.3.13-2 (Sheet 17) .M

19.6.3.9-2 (Sheet 10)- M 19.6.3.13-2 (Sheet 18)- M

19.6.3.9-2 (Sheet.11) M 19.6.3.13-2 (Sheet 19) M.

19.6.3.9-2 (Sheet =12) M 19.6.3.13-2 (Sheet 20) M

19.6.3.9-2 (Sheet 13) M 19.6.3.13-2 (Sheet 21) M

19.6.3.9-2 (Sheet 14) M 19.6.3.13-? (Sheet 22) M

19.6.3.9-2 (Sheet 15) M 19.6.3.14-1
'

M

19.6.3.9-2 (Sheet 16) M 19.6.3.14-2- M

19.6.3.9-2 (Sheet 17) M 19.6.3.14-3-(Sheet 1) M

19.6.3.9-2 (Sheet 18) M 19.6.3.14-3-(Sheet 2) M
19.6.3.9-2 (Sheet 19) M 19.6.3.14-3 (Sheet 3) M

19.6.3.9-2 (Sheet 20) M 19.6.3.14-3 (Sheet 4). M

19.6.3.9-2 (Sheet 21) M 19.6.3.14-3 (Sheet-5) M-
19.6.3.9-2 (Sheet 22) M 19.6.3.14-3 (Sheet 6)- M

19.6.3.9-2 (Sheet 23) M 19.6.3.14-3 (Sheet 7)i M
19.6.3.9-2 (Sheet 24) M 19.6.3.14-3.(Sheet 8)- M
19.6.3.9-2 (Sheet 25) M 19.6.3.14-3 (Sheet 9). M

19.6.3.9-2 (Sheet 26) M 19.6.3.14-3 (Sheet 10) M
19.6.3.10-1 M 19.6.3.14-3 (Sheet 11) M-

19.6.3.10-2 (Sh_et 1) M 19.6.3.14-3_(Sheet 12)- M
19.6.3.10-2 (Sheet 2) M 19.6.3.14-3 (Sheet 13) M
19.6.3.10-2 (Sheet 3) M 19.6.3.14-3-(Sheet 14) M
19.6.3.10-2 (Sheet 4) M 19.6.3.14-4 (Sheet 1) M
19.6.3.10-2 (Sheet 5) M 19.6.3.14-4-(Sheet 2) M
19.6.3.11-1 M 19.6.3.14-4 (Sheet 3) M
19.6.3.12-1 M 19.6.3.14-4 (Sheet 4) M
19.6.3.12-2 M 19.6.3.14-4 (Sheet 5) M
19.6.3.12-3 M 19.6.3.14-4 (Sheet 6) M
19.6.3.12-4 M 19.6.3.14-4 (Sheet 7) M
19.6.3.12-5 M 19.6.3.14-4 (Sheet 8) M
19.6.3.12-6 M 19.6.3.14-4 (Sheet 9) M
19.6.3.12-7 M 19.6.3.14-4 (Sheet 10) M
19.6.3.12-8 M 19.6.3.14-4 (Sheet 11) M
19.6.3.12-9 M 19.6.3.14-4 (Sheet 12) M
19.6.3.12-10 M 19.6.3.14-4 (Sheet 13) M
19.6.3.12-11 M 19.6.3.14-4 (Sheet 14) M
19.6.3.13-1 M 19.6.3.14-4 (Sheet 15) M
19.6.3.13-2 (Sheet 1) M 19.6.3.15-1 M
19.6.3.13-2 (Sheet 2) M 19.6.3 15-2 (Sheet 1) M
19.6.3.13-2 (Sheet 3) M 19.6.3.15-2 (Sheet 2) M
19.6.3.13-2 (Sheet 4) M 19.6.3.15-2 (Sheet 3) M
19.6.3.13-2 (Sheet 5) M 19.6.3.16-1 M
19.6.3.13-2 (Sheet 6) M 19.6.3.16-2 M

-19.6.3.13-2 (Sheet 7) M 19.6.3.16-3 (Sheet 1) M
19.6.3.13-2 (Sheet 8) M 19.6.3.16-3 (Sheet 2) .M
19.6.3.13-2 (Sheet 9) M 19.6.3.16-3 (Sheet 3) M
19.6.3.13-2 (Sheet 10) M 19.6.3.16-3 (Sheet 4) M
19.6.3.13-2 (Sheet 11) M 19.6.3.16-3 (Sheet 5) M
19.6.3.13-2 (Sheet 12) M 19.6.3.16-3 (Sheet 6) M
19.6.3.13-2 (Sheet 13) M 19.6.3.16-3 (Sheet 7) M

Amendment M
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19.6.3.16-3 (Sheet 8) M 19.6.4.2-5 (Sheet 1) M

19.6.3.16-3 (Sheet 9) M 19.6.4.2-5 (Sheet 2) M

19.6.3.16-3 (Sheet 10) M 19.6.4.2-5 (Sheet 3) M

19.6.3.16-3 (Sheet 11) M 19.6.4.2-5 (Sheet 4) M

19.6.3.16-3 (Sheet 12) M 19.6.4.2-5 (Sheet 5) M

19.6.3.16-3 (Sheet 13) M 19.6.4.2-5 (Sheet 6) M

19.6.3.16-3 (Sheet 14) M 19.6.4.2-5 (Sheet 7) M
19.6.3.17-1 M 19.6.4.2-5 (Sheet 8) M

19.6.3.17-2 (Sheet 1) M 19.6.4.2-5 (Sheet 9) M

19.6.3.17-2 (Sheet 2) M 19.6.4.2-5 (Sheet 10) M

19.6.3.17-2 (Sheet 3) M 19.6.4.2-5 (Sheet 11) M
19.6.3.17-2 (Sheet 4) M 19.6.4.2-5 (Sheet 12) M

19.6.3.17-2 (Sheet 5) M 19.6.4.2-5 (Sheet 13) M

19.6.3.17-2 (Sheet 6) M 19.6.4.2-5 (Sheet 14) M
19.6.3.17-2 (Sheet 7) M 19.6.4.2-5 (Sheet 15) M
19.6.3.17-2 (Sheet 8) M 19.6.4.2-5 (Sheet 16) M
19.6.4.1-1 M 19.6.4.2-5 (Sheet 17) M
19.6.4.1-2 (Sheet 1) M 19.6.4.2-5 (Sheet 18) M
19.6.4.1-2 (Sheet 2) M 19.6.4.2-5 (Sheet 19) M
19.6.4.1-2 (Sheet 3) M 19.6.4.2-5 (Sheet 20) M
19.6.4.1-2 (Sheet 4) M 19.6.4.2-5 (Sheet 21) M
19.6.4.1-2 (Sheet 5) M 19.6.4.2-5 (Sheet 22) M
19.6.4.1-2 (Sheet 6) M 19.6.4.2-5 (Sheet 23) M
19.6.4.1-2 (Sheet 7) M 19.6.4.2-5 (Sheet 24) M
19.6.4.1-2 (Sheet 8) M 19.6.4.2-5 (Sheet 25) M
19.6.4.1-2 (Sheet 9) M 19.6.4.2-5 (Sheet 26) M
19.6.4.1-2 (Sheet 10) M 19.6.4.2-5 (Sheet 27) M
19.6.4.1-2 (Sheet 11) M 19.6.4.2-5 (Sheet 28) M
19.6.4.1-2 (Sheet 12) M 19.6.4.2-5 (Sheet 29) M
19.6.4.1-2 (Sheet 13) M 19.6.4.4-1 M
19.6.4.1-2 (Sheet 14) M 19.6.4.4-2 (Sheet 1) S

19.6.4.1-2 (Sheet 15) M 19.6.4.4-2 (Sheet 2) S

19.6.4.1-2 (Sheet 16) M 19.6.4.4-2 (Sheet 3) M
19.6.4.1-2 (Sheet 17) M 39.6.4.4-2 (Sheet 4) M
19.6.4.1-2 (Sheet 18) M 19.6.4.4-2 (Sheet 5) M
19.6.4.1-2 (Sheet 19) M 19.6.4.4-2 (Sheet 6) M
19.6.4.1-2 (Sheet 20) M 19.6.4.4-2 (Sheet 7) M
19.6.4.1-2 (Sheet 21) M 19.6.4.4-2 (Sheet 8) M
19.6.4.1-2 (Sheet 22) M 19.6.4.4-2 (Sheet 9) S

19.6.4.1-2 (Sheet 23) M 19.6.4.4-2 (Sheet 10) M
19.6.4.1-2 (Sheet 24) M 19.6.4.4-2 (Sheet 11) M!

f 19.6.4.1-2 (Sheet 25) M 19.6.4.4-2 (Sheet 12) M

| 19.6.4.1-2 (Sheet 26) M 19.6.4.4-2 (Sheet 13) S

19.6.4.1-2 (Sheet 27) M 19.6.4.4-2 (Sheet 14) M
19.6.4.1-2 (Sheet 28) M 19.6.4.4-2 (Sheet 15) M
19.6.4.1-2 (Sheet 29) M 19.6.4.4-2 (Sheet 16) M
19.6.4.1-2 (Sheet 30) M 19.6.4.4-2 (Sheet 17) S

| 19.6.4.1-2 (Sheet 31) M 19.6.4.5-1 M
| 19.6.4.1-2 (Sheet 32) M 19.6.4.5-2 (Sheet 1) S

| 19.6.4.2-1 M 19.6.4.5-2 (Sheet 2) S
19.6.4.2-2 M 19.6.4.5-2 (Sheet 3) S,

! 19.6.4.2-3 M 19.6.4.5-2 (Sheet 4) S
19.6.4.2-4 M 19.6.4.5-2 (Sheet 5) S

Amendment S
September 30, 1993
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19.6.4.5-2 (Sheet 6) S 19.8.5.6-3 (Sheet 2) M
19.6.4.5-2 (Sheet 7) S 19.8.5.6-3 (Sheet 3)- M
19.6.4.5-2 (Sheet 8) S 19.8.5.6-3 (Sheet 4) M
19.6.4.5-2 (Sheet 9) S 19.8.5.6-3 (Sheet 5) M-
19.6.4.5-2 (Sheet 10) S 19.8.5.6-3 (Sheet 6) M
19.6.4.5-2.(Sheet 11) S 19.8.5.6-3.(Sheet 7) M
19.6.4.5-2 (Sheet 12) S 19.8.5.6-3 (Sheet 8) LM
19.6.4.5-2.(Sheet 13) S 19.8.5.6-3 (Sheet 9). M
19.6.4.5-2 (Sheet 14) S 19.8.5.6-3 (Sheet 10) 'M
19.6.4.5-2 (Sheet 15) -S 19.8.5.6-3 (Sheet 11) M
19.6.4,6-1- M - 19.8.5.6-3-(Sheet 12) M
19.6.4.6-2 M 19.8.5.6-3 (Sheet 13) M
19.7.2-1 M- 19.8.5.6-3 (Sheet 14) M
19.7.2-2 M 19.8.5.6-3 (Sheet 15)- .M
19.7.2-3 M 19.8.5.6-3 (Sheet 16)- M
19.7.5.2-1 Q 29.8.5.6-3 (Sheet.17) M
19.7.5.2-2 -Q 15.8.5.6-3 (Sheet 18) M
19.7.5.2-3 Q 19.8.0.6-3 (Sheet 19) M
19.7.5.2-4 Q -- 19.8.5'.6-3 (Sheet 20) M-g
19.7.5.2-5 Q. 19.8.5.6-3 (Sheet 21). MI 19.7.5.2-6 Q 19.8.5.6-3 (Sheet 22)- M
19.7.5.2-7 Q- 19.8.5.6-3 (Sheet.23)' M

,

19.8.4.1-1 M 19.8.5.6-3 (Sheet 24) M i
19.8.4.1-2 M 19.8.5.6-3 (Sheet 25) M !
19.8.4.1-3 M 19.8.5.6-3'(Sheet 26). .M
19.8.4.1-4 M 19.8.5.6-3 (Sheet 27) M
19.8.4.2-1 M . 19.8.5.6-3 (Sheetf28) M
19.8.4.2-2 M 19.8.5.7-1 M
19.8.4.2-3 M 19.8.5.7-2 (Sheet 1) -M
19.8.4.2-4 M 19.8.5.7-2 (Sheet 2) M
19.8.4.3-1 M 19.8.5.7-2 (Sheet 3) M
19.8.4.3-2 M 19.8.5.7-2 (Sheet 4) M
19.8.4.3-3 M 19.8.5.7-2 (Sheet 5) M
19.8.4.3-4 M 19.8.5.7-2 (Sheet 6) M
19.8.5.3-1 M 19.8.5.7-2 (Sheet 7) M

4

19.8.5.6-1 M 19.8.5.7-2 (Sheet 8) M i

19.8.5.6-2 (Sheet 1) M 19.8.5.7-2 (Sheet 9) M !

19.8.5.6-2 (Sheet 2) M 19.8.5.7-2 (Sheet 10) M
| 19.8.5.6-2 (Sheet 3) M 19.8.5.7-2'(Sheet 11) M
| 19.8.5.6-2 (Sheet 4) M 19.8.5.7-2 (Sheet 12) M

19.8.5.6-2 (Sheet 5) M 19.8.5.7-2 (Sheet 13) M
19.8.5.6-2 (Sheet 6) M 19.8.5.7-2 (Sheet 14) M
19.8.5.6-2 (Sheet 7) M 19.8.5.7-2 (Sheet 15)- M
19.8.5.6-2 (Sheet 8) M 19.8.5.7-2 (Sheet 16) M
19.8.5.6-2 (Sheet 9) M 19.8.5.7-2 (Sheet 17) M
19.8.5.6-2 (Sheet 10) M 19.8.5.7-2 (Sheet 18) M
19.8.5.6-2 (Sheet 11) M 19.8.5.7-2 (Sheet 19) M
19.8.5.6-2 (Sheet 12) M 19.8.5.7-2.(Sheet 20) M
19.8.5.6-2 (Sheet 13) M 19.8.5.7-2 (Sheet 21) M
19.8.5.6-2 (Sheet 14) M' 19.8.5.8-1 M
19.8.5.6-2 (Sheet 15) M 19.8.5.8-2 (Sheet.1) M
19.8.5.6-2 (Sheet 16) M 19.8.5.8-2 (Sheet 2) M
19.8.5.6-3 (Sheet 1) M 19.8.5.8-2 (Sheet 3) M

Amendment S
September _30, 1993
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EFFECTIVE PAGE LISTING (Cont'd)

CHAPTER 19

Fiqures (Cont'd)

Floures Amendment Fiqures Amendmont

19.8.5.8-2 (Sheet 4) M 19.8.5.12-2 (Sheet 23) M
19.8.5.8-2 (Sheet 5) M 19.8.5.12-2 (Sheet 24) M

:

| 19.8.5.8-2 (Sheet 6) M 19.8.5.12-2 (Sheet 25) M
| 19.8.5.8-2 (Sheet 7) M 19.8.5.13-1 M

19.8.5.8-2 (Sheet 8) M 19.8.5.13-2 (Sheet 1) M
,

| 19.8.5.8-2 (Sheet 9) M 19.8.5.13-2 (Sheet 2) M
19.8.5.8-2 (Sheet 10) M 19.8.5.13-2 (Sheet 3) M
19.8.5.8-2 (Sheet 11) M 19.8.5.13-2 (Sheet 4) M

; 19.8.5.8-2 (Sheet 12) M 19.8.5.13-2 (Sheet 5) M
! 19.8.5.8-2 (Sheet 13) M 19.8.5.13-2 (Sheet 6) M

19.8.5.8-2 (Sheet 14) M 19.8.5.13-2 (Sheet 7) M
19.8.5.8-2 (Sheet 15) M 19.8.5.13-2 (Sheet 8) M
19.8.5.8-2 (Sheet 16) M 19.8.5.13-2 (Sheet 9) M
19.8.5.8-2 (Sheet 17) M 10.8.5.13-2 (Sheet 10) M
19.8.5.8-2 (Sheet 18) M 19.8.5.13-2 (Sheet 11) M
19.8.5.8-2 (Sheet 19) M 19.8.5.13-2 (Sheet 12) M
19.8.5.8-2 (Sheet 20) M 19.8.5.13-2 (Sheet 13) M
19.8.5.9-1 M 19.8.5.13-2 (Sheet 14) M
19.8.5.9-2 (Sheet 1) M 19.8.5.15-1 M
19.8.5.9-2 (Sheet 2) M 19.8.5.15-2 M
19.8.5.9-2 (Sheet 3) M 19.10-1 M
19.8.5.9-2 (Sheet 4) M 19.10-2 M
19.8.5.9-2 (Sheet 5) M 19.10-3 R
19.8.5.9-2 (Sheet 6) M 19.10-4 R
19.8.5.10-1 M 19.11.3.1-1
19.8.5.10-2 (Sheet 1) M 19.11.3.1-2
19.8.5.10-2 (Sheet 2) M 19.11.3.1-3 U
19.8.5.10-2 (Sheet 3) M 19.11.3.2-1
19.8.5.10-2 (Sheet 4) M 19.11.3.2-2
19.8.5.10-2 (Sheet 5) M 19.11.3.2-3
19.8.5.12-1 M 19.11.3.3-1
19.8.5.12-2 (Sheet 1) M 19.11.3.3-2 R
19.8.5.12-2 (Sheet 2) '.4 19.11.3.3-3 R
19.8.5.12-2 (Sheet 3) M 19.11.3.5-1 i

19.8.5.12-2 (Sheet 4) M 19.11.3.5-2 |
19.8.5.12-2 (Sheet 5) M 19.11.3.6-1 i

19.8.5.12-2 (Sheet 6) M 19.11.3.6-2 |
19.8.5.12-2 (Sheet 7) M 19.11.3.6-3 |19.8.5.12-2 (Sheet 8) M 19.11.3.8-1 i

19.8.5.12-2 (Sheet 9) M 19.11.3.9-1
19.8.5.12-2 (Sheet 10) M 19.11.4.1-2
19.8.5.12-2 (Sheet 11) M 19.11.4.1.1-1
19.8.5.12-2 (Sheet 12) M 19.11.4.1.1-2 R
19.8.5.12-2 (Sheet 13) M 19.11.4.1.1-3
19.8.5.12-2 (Sheet 14) M 19.11.4.1.1-4A
19.8.5.12-2 (Sheet 15) M 19.11.4.1.1-4B
19.8.5.12-2 (Sheet 16) M 19.11.4.1.1-4C i

19.8.5.12-2 (Sheet 17) M 19.11.4.1.2-1 |
19.8.5.12-2 (Sneet 18) M 19.11.4.1.2-2 |19.8.5.12~2 (Sheet 19) M 19.11.4.1.3-1 .

19.8.5.12-2 (Sheet 20) M 19.11.4.1.3-2
19.8.5.12-2 (Sheet 21) M 19.11.4.1.4-1
19.8.5.12-2 (Sheet 22) M 19.11.4.1.4-2

!
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19.11.4.1.4-3 19.12.2.3-1 (Sheet 3) .P
19.11.4.2.2-1 19.12.2.3-1 (Sheet 4) P

19.11.4.2.2-2 19.12.2.3-1.(Sheet 5) P

19.11.4.2.2-3 19.12.2.3-1-(Sheet 6) P

19.11.4.2.2-4 19.12.2.3-1-(Sheet 7) P

19.11.5.4.1.1-1.
19.12.2.3-1 (Sheet 8) P19.11.4.3-1
19.12.2.3-1 (Sheet-9) P

19.11.5.4.1.1-2 19.12.2.3-1 (Sheet'10) P

19.11.5.4.1.1-3 R 19.12.2.3-1 (Sheet 11) P

19.11.5.4.1.1-4 .19.12.2.3-1 (Sheet 12) P
19.11.5.4.1.1-5 19.12.2.3-1 (Sheet 13) P
19.11.5.4.1.2-1 R 19.12.2.3-1 (Sheet 14)' P
19.11.5.4.1.2-2 R 19.12.2.3-1 (Sheet 15) P
19.11.5.4.1.2-3 19.12.2.3-1.(Sheet 16) P
19.11.5.4.1.3-1 19.12.2.3-1 (Sheet 17) P
19.11.5.4.1.3-2 '19.12.2.3-1-(Sheet 18) P
19.11.5.4.1.3-3 19.12.2.3-1 (Sheet 19)- U
19.11.5.4.1.3-4 R 19.12.2.3-1 (Sheet 20)- P

N 19.11.5.4.1.3-5 R 19.12.2.3-1-(Sheet 21) P' '

19.11.5.4.1.3-6 19.12.2.3-2 (Sheet 1) N
\ 19.11.5.4.2.1-1 19.12.2.3-2 (Sheet 2)' N

19.11.5.4.2.1-2 19.12.2.3-2 (Sheet 3) N
19.11.5.4.2.1-3 '19.12.2.3-2 (Sheet 4)- N
19.11.5.4.2.1-4 19.12.2.3-2 (Sheet 3) N
19.11.5.4.2.1-5 19.12.2.3-2 (Sheet 6) N
19.11.5.4.2.1-6 19.12.2.3-2 (Sheet 7) N
19.11.5.4.2.2-1 R 19.12.2.3-2 (Sheet 8) N 1
19.11.5.4.2.2-2 19.12.2.3-2 (Sheet 9) N '

19.11.5.4.2.2-3 19.12.2.3-2 (Sheet 10) N
19.11.5.4.3.1-1 19.12.2.3-2 (Sheet 11) N
19.11.5.4.3.1-2 19.12.2.3-2 (Sheet 12) N
19.11.5.4.3.1-3 19.12.2.3-2 (Sheet.13) N

,

19.11.5.4.3.1-4 19.12.2.3-2 (Sheet 14) N j
19.11.5.4.3.1-5 19.12.2.3-2 (Sheet 15) N
19.11.5.4.3.1-6 19.12.2.3-2 (Sheet 16) N 1
19.11.5.4.3.1-7 19.12.2-1 N '

19.11.5.4.3.2-1 19.12.2-2 N
19.11.5.4.3.2-2 R 19.12.2-3 N I

19.11.5.4.3.2-3 19.12.2-4 N
19.11.5.4.3.2-4 19.12.2-5 N
19.11.5.4.4.1-1 19.12.2-6 N
19.11.5.4.4.2-1 R 19.12.2-7 (Sheet 1) N-
19.11.5.4.5.1-1 19.12.2-7 (Sheet 2) N
19.11.5.4.5.1-2 19.12.2-7 (Sheet 3) N
19.11.5.4.5.1-3 19.12.2-7 (Sheet 4) N
19.11.5.4.5.1-4 R 19.12.2-7 (Sheet 5) N
19.11.5.4.5.1-5 R 19.12.2-7 (Sheet 6) N
19.11.5.4.5.1-6 19.12.2-7 (Sheet 7) N
19.11.5.4.6.1-1 19.12.2-7 (Sheet 8) N

[ } 19.11.5.4.6.1-2 19.12.2-7 (Sheet 9) N
g f 19.12.1-1 N 19.12.2-7 (Sheet 10) N

19.12.2.3-1 (Sheet 1) P 19.12.2-7 (Sheet 11) N
19.12.2.3-1 (Sheet 2) P 19.12.2-7 (Sheet 12) N

Amendment U
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19.12.2-7 (Sheet 13) N 19.13-1 U

19.12.2-7 (Sheet 14) N 19.13-2 U

19.12.2-7 (Sheet 15) N 19.13-3 U

19.12.2-7 (Sheet 16) N 19.13-4 P

19.12.2-7 (Sheet 17) N 19.13-5 P

19.12.2-7 (Sheet 18) N 19.13-6 P

19.12.2-7 (Sheet 19) N 19.13-7 U

19.12.2-8 (Sheet 1) N 19.13-8 U

"9.12.2-8 (Sheet 2) N 19.13-9 P

19.12.2-8 (Sheet 3) N 19.13-10 U

19.12.2-8 (Sheet 4) N 19.13-11 P
;

| 19.12.2-8 (Sheet 5) M 19.13-12 P
| 19.12.2-8 (Sheet 6) N 19.13-13 P

19.12.2-8 (Sheet 7) N 19.13-14 U

19.12.2-8 (Sheet 8) N 19.13-15 U

19.12.2-8 (Sheet 9) N 19.13-16 U

19.12.2-8 (Sheet 10) N 19.13-17 U

19.12.2-8 (Sheet 11) N 19.13-18 U

19.12.2-8 (Sheet 12) N 19.13-19 U

19.12.2-8 (Sheet 13) N 19.13-20 P

19.12.2-8 (Sheet 14) N 19.13-21 P

19.12.2-8 (Sheet 15) N 19.13-22 U

19.12.2-8 (Sheet 16) N 19.13-23 P

19.12.2-8 (Sheet 17) N 19.13-24 U

19.12.2-8 (Sheet 18) N 19.13-25 U

19.12.2-B (Sheet 19) N 19.13-26 P

19.12.2-8 (Sheet 20) N 19.13-27 P

19.12.2-8 (Sheet 21) N 19.13-28 P

19.12.2-8 (Sheet 22) N 19.13-29 P

19.12.2-8 (Sheet 23) U 19.13-30 U

19.12.2-8 (Sheet 24) N 19.13-31 U
i 19.12.2-8 (Sheet 25) N 19.13-32 P

19.12.2-8 ' Sheet 26) N 19.13-33 U

19.12.2-8 (Sheet 27) U 19.13-34 P

19.12.2-9 (Sheet 1) N 19.13-35 P

19.12.2 9 (Sheet 2) N 19.13-36 P

19.12.2-9 (Sheet 3) N 19.13-37 U

19.12.2-9 (Sheet 4) N 19.13-38 U
i 19.12.2-9 (Sheet 5) N 19.13-39 U

| 19.12.2-10 (Sheet 1) N 19.13-40 U

19.12.2-10 (Sheet 2) N 19.13-41 U
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j 19.2.1 PLANT FAMILIARIZATION

This first major task in this analysis was plant familiarization.
i The objective of this task is to collect the information necessary.
4 for identification of appropriate initiating events, determination
| of the success criteria for the systems required to prevent or

mitigate the transients and accidents (the front line systems) andi

; to identify the dependence between the front line systems and the
; support systems which are required for proper functioning of the
; front line systems. This task is primarily an information
j gathering task.
1

j The information collected in this task included design information,

1 operational information and information on plant responses to
i transients. The design information for the systems within the
j scope of the System 80+ Standard Plant design is contained in the
, appropriate sections of CESSAR-DC. The System 80+ Standard Plant
j design includes the standard NSSS systems, the front-line safety
; systems and the BOP and support systems.
;

i The transient analyses in Chapter 15 of CESSAR-DC provided the
basic information on plant responses to accidents and transients.
This information was supplemented with discussions with safety ,

analysts and licensed operators and with information contained in |
'

the report, "Depressurization and Decay _ Heat Removal - Response to
NRC Questions"(0 and its associated supplements pertinent to System
80 plants" 2". Operator actions during plant transients were
evaluated and established based on C-E's Emergency Procedure
Guidelineu2 > and discussions with licensed operators at C-E and at
the Arizona Nuclear Power Project. Surveillance requirements and
operability definitions are defined in the System 80+ Technical
Specifications in chapter 16 of CESSAR-DC. These technical
specifications were derived from C-E's Standard Technical
Specifications"". Maintenance information, where needed, was based
on common industry practices.

The Reactor Safety Study"", several other published PRA
studiesus,u,n,u,u, 2o , the IDCOR IPE Procedures (2u guide, NUREG-
1335(22) and NUREG-1150(" were also reviewed as part of the plant
familiarization task. The objectives of these reviews was to
provide a broad overview of areas to be addressed in this analysis
and to identify potential problem areas.

Amendment M
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19.2.2 ACCIDENT SEQUENCE DEFINITION

The second major task in this analysis was the accident sequence
definition. The objective of this task was to qualitatively
identify those accident sequences which lead to severe core damage.
This was accomplished using event tree analysis. Event tree
analysis involves defining a set of initiating events and
constructing a set of system event trees which relate plant system
responses to each defined initiating event. Each system event tree
represents a distinct set of system accident sequences, each of
which consists of an initiating event and a combination of various
system successes and failures that lead to an identifiable plant
state. Procedures for developing system event trees are described
in the PRA Procedures Guide'" .

For this analysis, the small event tree /large fault tree approach
was used. In this approach, only the front line systems which
respond to mitigate an accident or transient are addressed on the
event tree. The impact of the support systems is addressed within
the fault tree models for the front line systems.

The first step in defining the accident sequences was to select the
initial set of initiating events to be addressed in the analysis.
(Note: initial selection of initiating event is considered to be
part of the plant familiarization task in the PSA Procedures

| Guide'M). A Master Logic Diagram (MLD) was constructed to guide
the selection and grouping of the initiating events. The MLD is
essentially a top level fault tree in which the general conditions
which could lead to the top level event are deductively determined.
For this analysis, the top event on the MLD was defined to be
"offsite release". The bottom level elements on the MLD
established the initial groupings of initiating event types to be
considered.

The next step was to develop an initial list of event initiators.
First, the lists of suggested event initiators were extracted from
the PRA Procedures Guide *, the PSA Procedures Guide *, the IPE
Methodology Manual"" and the lists of event initiators and final
initiating event groups were extracted from the Calvert Clif fs IREP
Study"U, the Zion PRA"", the Oconee PRA"" and the Arkansas IREP
Study"O. These lists of event initiators were then condensed into
a single list. This list was then reviewed to determine if any
event initiators could be eliminated as not applicable because of
plant design features, or if event initiators had to be added to
the list because of new design features. Events j"itiated by
f ailures in the support systems were of particular interest because
of the potential impact on the responding safety systems. The
support system designs were evaluated to determine if there were
potential failures of the support system or one of its trains that
could lead to a reactor trip (i.e. initiate a transient) and at the
same time, disable a portion of one or more of the responding
safety systems. If so, the failure of that support system was

Amendment V
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' probability that a system will not respond when demanded. This

value is used when the system accident sequence element represents
a system function or action which is performed quickly, such as the
reseating of a previously opened safety valve, or if the element
represents a particular condition, .such as offsite power
unavailable at turbine trip. The unreliability is the probability
that a system will fail (at least once) during a given required i

j operating period. This value is typically used when the system |
accident sequence element specifies a required operating period for
a system, such as auxiliary feedwater system fails to deliver i

feedwater for four hours. The unreliability is usually added to ;

the unavailability when the system accident sequence element I

represents the failure of a standby system to actuate and then run ;

for a specified period of time. !
| |
| Two types of human failures are typically included in fault tree

analyses. They are " pre-existing maintenance errors" and failures
of the operator to respond to various demands. Pre-existing
maintenance errors are undetected errors committed since the last
periodic test of a standby system. An example of this type of
error is the failure to reopen a mini-flow valve which was closed
for maintenance. A failure of the operator to respond includes the
failure of the operator to perform a required function at all or to
perform it correctly. An example of this type of error is the

\ failure of the operator to back-up the automatic actuation of a
Q safety system.!

!

, For this PRA, the small event tree /large fault tree approach was i

| selected. The event trees developed for this PRA address the
response of the front line systems, that is, those systems directly

; involved in mitigating the various initiating events. The support
; systems, basically the electrical- distribution and component

cooling water systems, were fully modelled within each of the front
line system models. As discussed in Section 19.2.2, failure of the
support systems have the potential for initiating a transient and,
simultaneously, disabling a portion of one or more front-line
safety systems. Flags representing the occurrence of specific
support system faults were incorporated in the support system fault
tree models. (Note: The support system fault tree models represent
failure of a single train or division or bus.) When a given flag,
such as " loss of CCW train A initiating event", is set "true" to
indicate that the specified initiating event has occurred, the
affected support system models are set to " failed". In turn, the
portions of the frontline system models containing the " failed"
support system are pruned immediately prior to quantification of |
the frontline. system model. !

I
19.2.4 DATA ASSESSMENT |

i

j

Reliability data is needed for the quantification of the system |
j fault trees and the system accident sequences which result in

J
i
!

i
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severe core damage. The data needed for this quantification i

includes: |
A. Initiating event frequencies.

B. Component failure rates (demand and time-dependent).

C. Component repair times and maintenance frequencies.
1

D. Common cause failure rates.

E. Human failure probabilities.

F. Special event probabilities (e.g., restoration of offsite
power).

G. Error factors for the items above.

Generic reliability data was used in this analysis per the guidance
in the PSA Procedures Guide *. The primary source of data used in
this PRA was the "PRA Key Assumptions and Groundrules" (KAG)
document (Appendix A to Chapter 1 of the EPRI ALWR requirements
document ('') . Other industry-accepted generic data sources were
used as needed to supplement the data in the KAG.

The basic initiating event frequencies were extracted from the PSA
Procedure Guide'", EPRI NP-2230:2n and the NREP Generic Data
Base <2" . The initiating event frequencies presented in the Zion
PRA"", the Oconee PRA"" and the Calvert Clif fs IREP Report"U were
also used as guidelines. The appropriate basic initiating event
frequencies were used to calculate the needed initiating event
class frequencies.

The basic component failure rate data and associated error factors
was extracted from the KAG, which contains a compilation of generic
failure rate data from other nuclear sources. This data was
supplemented with data from WASH 1400"", the NREP Data Base (8",
IEEE Std. 500:20 and the NPRDS data base"" as needed. Component
maintenance frequencies and repair times were calculated using the
procedures outlined in the PSA Procedure Guide *.

Common cause failures of components were explicitly modeled in the
system fault trees. The common cause f ailure rates were calculated
using the Beta Factor method or the Multiple Greek Letter (MGL)
method depending upon the degree of redundancy of the modeled
components. The factors for calculating the appropriate common
cause failure rates were taken directly from the KAG or were
quantified using a process equivalent to that outlined in the KAG

oi,32,33,34,3s.3owith data extracted from other data sources as
appropriate.

O
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OV implication for core safety. Some have implications for investment
protection with respect to equipment damage. Others can
potentially lead to a return to normal operation. The procedures
in use today try to mitigate the accident and to do so in a way
that will preserve the plant for a return to normal operation, if
possible, and also to retain certain of the safety systems
undamaged by the accident.

Screening is a very important part_of the HRA process in that it
allows the analysts to reduce the number of human interactions that
are analyzed to those that potentially affect the safety of the
plant. Screening allows the analysts to concentrate their efforts
on the analysis of the key interactions.

The technique that has been chosen is called Judgmental Screening.
This facilitates the introduction of expert judgement of operations
staff early into the HRA process. Expert judgement is used to
identify the actions taken by the operators that will ultimately
lead to, or directly mitigate, core damage. The' introduction of
expert judgement and operator experience at this level of the
analysis, while under the direction of the HR analysts, brings'a ,

'

level of validity to the screening process that would otherwise be
absent if one of the more quantitative methods was employed. That |
is, the mathematical methods may achieve the same or similar
results. However, judgmental screening allows operations staff
experience to evaluate which action would actually be the most
important, and reflect the kinds of trade-offs that actually happen
in a real-life accident situation.

For each of the actions identified in step 2, steps 3 and 4 will be
performed together and provide its own feed-back loop to ensure
that every possible task within that action is addressed.

19.2.5.3.3 HRA Step 3

Once the appropriate human interactions-have been identified, the
break down of these interactions into tasks, and subtasks, affords
the analyst more insight into the contributors of error. Each of
the human interactions is probably, prior to this step, described
in high level terms. For example, the operaters will initiate
safety injection at the ESF panel. This interaction contains a ,

myriad of smaller tasks and subtasks, associated with verifying the I

line up of the safety injection valves, verifying that available
inventory exists, manually actuating the momentary actuation switch
that switch on the pumps and verifying that, after-all of this is
done, safety injection is actually working the way it should be.
In the System 80+ plant control room, most of this may be taken ;

care of by intelligent symbol representations. That is the
intelligence designed into the data processing system will be able
to display an aggregate symbol that will represent the operation of
safety injection within alarm limits. But procedures will
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probably require the operator to back up these indications by
verifying everything with the discrete indicators.
Once the breakdown has been completed, performance shaping factors
can be identified. These are factors that influence the
performance of a human interaction with respect to error. These
factors can be quantified and provide a means to modify the Human
Error Probability (HEP) to produce a number more appropriate for
the particular situation. The performance shaping f actors that are
used for this methodology are:

A. Availability of necessary indication

B. Accuracy of indication

C. Training

D. Workload

E. Annunciated

F. Stress / Arousal

G. Level of Experience

H. Quality / availability of procedures

I. Ergonomic design of display / control

19.2.5.3.4 HRA Step 4

The objective of this step is to select and construct the most
appropriate representation for the tasks and subtasks that were the
output of step 3. Of the various options available to the
analysts, it was decided to use a combination of Operator Actions
Trees (OATS) and Human Reliability Analysis trees (HRA trees) . The
representations should reflect a qualitative logic structure within
which the analysts could identify potentially important successes
and failures. These can be analyzed and quantified for their
impact on the system logic.

Typically it has been difficult to evaluate errors of commission.
It is easy to postulate many possible different actions that could
be performed instead of the correct act but these need to be
justified given the indications and the motivation that the

i
operator may have at a particular time. A by-product of the

' representations is the ability to identify this class of human
| errors known as " acts of commission". These are the alternative
i actions that could be performed given the stimuli and information
' available at the decision-making stage. These can potentially be |

the cause of more errors and have their own class of omission j
errors.
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A technique that has been employed, when appropriate, is theU

" confusion matrix". This method allows the diagnosis portion of
any task to be represented as a matrix. If the available
indications can lead the operator to diagnose the state of the
system as being one state when is it actually another can lead to |
a whole group of actions which may aggravate the situation. For
example a small LOCA, under some conditions, can be mistaken for a
steam line break. The confusion matrix gives a rationale for
representing operator actions which stem from the response to the
wrong accident.

19.2.5.3.5 HRA Step 5

The identification of the human interactions may have new
implications for the system's analysis. At this point in the
procedure, these new impacts are assessed with respect to the
systems analysis. The representations of the previous steps,
especially the OAT, may describe alternate operator actions that
could impact the frequency of core-damage based on the systems
response to the operator actions.

Type 1 human interactions, associated with test and maintenance
errors, are incorporated into the event trees by the PRA engineers,
These errors affect the availability of systems that are eitherpi automatic, and used in the accident mitigation, or manual andgd utilized by the operator. Therefore, they are part of the original
systems analysis.

The output of this step is a revised set of system event and fault
trees. These should incorporate the operator actions and possible
acts of commission that lead alternatively to success and failure.
These may incorporate changes in the assessment of dependencies,
system reliabilities or sequence quantification.

19.2.5.3.6 HRA Step 6
,

I

l
One of the main goals of PRA/HRA is to quantify the probability !
that the operators will fail to perform the critical actions (i.e. j
to determine the human error probability). Literature on the !

subject (Reference 38) suggests that the best source of human error {
frequency data comes from simulator studies on a plant specific |simulator. This is not feasible for design certification for |
System 80+. Therefore generic industry data was used. The data i

sources used include "The Handbook of Human Reliability
'

Analysis""", The NUCLARR database" ' and existing PRAs.

Since the control room is an evolutionary design, i.e.
fundamentally the operating characteristics should be the same as
existing control rooms but the hardware and the "look and feel"

(N have been updated and improved, the types of errors should be the
.

( same. If the types of error are the same then, assuming that this !' error has certain components to it, the components should be same '
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but their magnitude may be different. For example, if the
probability of reading a display incorrectly is 10-3 some,

proportional of this may be attributed to the assumed visual acuity
of the operator, another proportion to the ergonomic design of the
display and the rest to the type of data being monitored. For a
redesigned meter the components will be the same but the magnitude
will be different. There a correctional factor would be used to
make this number appropriate for use with the new display.

This is the argument used to justify the use of correctional
factors to take into account the ergonomic design of the control
room. It is just this approach used for the quantification of
human error for Nuplex 80+ and System 80+.

Each of the branches in the trees that have been developed at Step
4 has an error associated with it. These are modified by the
Performance Shaping Factors that have been identified in step 3,
including those for the improved control room ergonomics. The
various failure paths can then be evaluated and these are then
added to evaluate a total probability of failure (or success).

19.2.6 ACCIDENT SEQUENCE QUANTIFICATION

The basic objective of accident sequence quantification is to
generate the core damage cutsets and calculate the core damage
frequency due to internal events for the System 80+ plant. The
total core damage frequency, due to internal events, is the sum of
the frequencies of the system level accident sequence frequencies
for those accident sequences which result in core damage. As
described in Section 19.2.2, the system level accident sequences
leading to core damage were identified using event tree analysis.
Each system level accident sequence consists of an initiating event
and one or more additional elements, each representing either a
front line system failure or a special event, such as failure to
restore off site power within a given time or the most reactive rod
sticking out of the core following a reactor trip.

The core damage frequencies for the system level accident sequences
were determined using a six step process. The first step was to
develop the accident sequence failure and success logic from the
accident sequence event trees. This was accomplished by converting
the event tree for each initiating event into a set of fault trees,
one for each core damage sequence, and a set of success trees,
again, one for each core damage sequence. The second step was to
calculate the frequencies for the initiating events and the special
events and to load these frequencies into the CAFTA data Base.
(CAFTA " is the computer code used to develop and solve the fault
trees and event trees for this analysis.)

The third step in the process was to integrate the accident
sequence logic developed in the first step with the top logic
models and system fault tree models representing the elements in
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the accident sequences. This step included developing the control-
file for performing the quantification runs, developing the file
which identifies mutually exclusive events, and developing the flag
file which controls the initiating event specific evaluation of
appropriate portions of several system fault tree models.

The next step was_the generation and quantification of the initial
core damage cutsets for each sequence leading to core damage. This
was done by using CAFTAun to perform full fault tree linking to |
solve the front-line system models with the support system models
and to generate the accident sequence core damage cutsets according
to the accident sequence logic model. CAFTA also performed the
delete-term operation to account for the succes logic for each
segunce. This process also yielded an initial point estimate of
the core damage. frequency attributable to each core damage
sequence.

The fifth step in the accident sequence quantification was the
recovery analysis. Recovery analysis was performed for each core
damage sequence with a core damage frequency contribution point
estimate of greater than 1.0E-12. Initial recovery analysis was
performed for core damage cutsets with a core damage frequency
contribution within 3 orders of magnitude of the total point
estimate core damage . frequency for the sequence. First, each
appropriate core damage cutset in the sequence was evaluated to
determine if there were any appropriate recovery actions. The
types of recovery actions that were considered included:

A. Recovery of offsite power.
I

B. Aligning the standby AC source to a vital 4.16KV bus. '

C. Operator actions to realign a system in order to bypass a
failed component.

D. Operator actions to align an alternate system to perform a
safety function.

E. Operator actions to start a system that failed to start
automatically as required.

F. Operator actions to open manual isolation valves in a |
discharge path or to close manual diversion (bypass) valves.

.

G. Repair of failed components where deemed appropriate.

The evaluation of the recovery actions included an assessment of
the time needed to perform the recovery action and - the time i
available to perform the recovery action. When one or more ;

recovery actions were deemed appropriate and _ ef fective for the '

] fault represented by the cutset and it was determined that there
was sufficient time to identify the need for and to perform the
recovery action (s) , a recovery action element for each appropriate
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recovery action was added to the cutset. Each recovery action
element represented failure to perform the indicated recovery
action.

When the initial recovery analysis was completed for a given
sequence, the sequence was requantified. The requantified sequence
cutsets were then examinined to determine if the previously
unrecovered cutsets were now dominant. If any previously
unrecovered cutsets were now dominant and the core damage frequency
estimate for the sequence was still relatively high, a second
recovery analysis was performed for the cutsets not covered by the
first recovery analysis. After requantification of the recovered
sequence, an uncertainty analysis was performed. When the recovery
analyses for all sequences for a given initiating event were
completed, all of the cutsets for all of the sequences were
combined into a single cutset file with all duplicate and non-
minimal cutsets removed. This " initiating event sequence" was
quantified and an uncertainty analysis performed. The result was
the mean core damage frequency contribution for the initiating
event and the associated uncertainty measures.

When the recovery analysis and requantification was completed for
all sequences, all core damage cutsets for all sequences for all
initiating events were combined in a single cutset file which was
then requantified as a single model and an uncertainty analysis was
performed. This unified model was used to identify the dominant
core damage cutsets reguardless of initiating event and to evaluate
component importance measures taking all initiating events into
account.

19.2.7 SENSITIVITY ANALYSIS

In the preformance of the level I analyses, modeling and data
analysis assumptions are made. After the final quantification of
the core damage sequences, a set of sensitivity analyses were

| performed to assess the sensitivity of the results to the
assumptions that were made. For sensitivity analyses related to
data assumptions, a temporary data base was created from the
baseline data base and the appropriate data item values were
modified. The recovered core damage sequence cutsets were then
requantified and the uncertainty analyses were rerun. The results
were then compared to the baseline core damage frequency. For
sensitivity analyses related to modelling assumptions, the logic
models for the sequences affected by the modelling assumption of
concern were modified as appropriate. The cutsets were then
regenerated for the affected sequences and a recovery analysis was
performed. The core damage freguncy estimates for the affected
sequences were then combined with the core dame e frequency
estimates for the unaffected sequences to generate a new overall
estimate for the total core damage frequency, and the new estimate
was then compared to the baseline core damage frequency.

O
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O 19.2.8 EXTERNAL EVENTS ANALYSIS

External events are typically defined as those events that result
in a plant perturbation / transient, but are not initiated by the
plant systems. The definition of external events has evolved over
time. Many external events, such as earthquakes and severe storms
are truly external to the plant. Other events typically included
in the external event class, such as a fire in electrical cabling
or flooding from a ruptured pipe, actually occur inside the plant.
Some of these external events not only initiate a plant transient,
they also introduce complications which may negate mitigation
features and/or-cause additional common cause failures.
Past PRAs which have addressed external eventst 5,26,2o,42) identified
potential plant vulnerabilities to these events which were found to
make significant contributions to overall public risk. Therefore,
external events were addressed as part of the System 80+ PRA. The
external events evaluation was performed in two stages. The first j
stage was a qualitative evaluation of the external events to

'

determine which events would require detailed quantitative
evaluation. The second stage was the quantitative evaluation for
those events identitied in the first stage.

The external events qualitative evaluation involved the following
four steps:

1. External events were identified by reviewing past PRAs<2s,26,2o.42)
and PRA guidance documents such as the PRA Procedures guide (6)
and the PRA: Fundamentals documenti43) prepared by BNL.

2. Events with similar plant effects and consequences were
grouped together.

3. Criteria were established to determine which external events
were insignificant risk contributors and thus could be !

excluded from detailed quantitative evaluation. The screening
criteria were based on design requirements set forth in the 1

EPRI ALWR Utilitly Requirements document (", generally accepted
'

regulatory practices as documented in the NRC Standard Review
Plan (SRP) 44) considerations, siting considerations and
frequency of occurrence.

4. Each external event identified in step 2 above was then
evaluated against the screening criteria established in step
3 to determine whether detailed quantitative analysis was
needed. This evaluation also considered the insights gained
from a review of PRAs for present generation power

us,26,2o,42)plants . Based on the qualitative screening, only two
external events, tornado strikes and earthquakes, were
selected for detailed
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quantitative analysis. Internal fires and floods were also
selected for additional more detailed qualitative analysis as a
precursor to quantitative analysis in later phase of the plant
lifecycle. The primary impact of a tornado strike is an extended,
non-recoverable loss of offsite power. Therefore, the tornado
strike analysis used the standard event tree / fault tree analysis
methodology described in Sections 19.2.2, 19.2.3, and 19.2.5.
Evaluation of the impact of earthquakes on public risk requires
special methodology. The seismic evaluation methodology and
results are described in detail in Section 19.7. The more detailed
qualitative analy the internal fire risk was based on the
FIVE methodology', sis of

'

developed by EPRI. The analysis performed atM

thisg'oint is equivalent to the screening analysis portion of the
FIVE' analyses. A similar screening analysis approach was also
used for the qualitative flood hazards assessment.

19.2.9 SHUTDOWN RISK ASSESSMENT

Until recently, emphasis has been on the safety of power plants
during power operation. This is because the plant is in this
configuration most of the time and the core power, decay heat rate
and fission product inventory are highest at this time. Recently,
people have been investigating the risk of plants during shutdown
and refueling. While the plant has lower decay heat rates and
fission product inventories during these modes of operation, the
plant configuration is not as well defined as during power
operation because of the main'.enance and testing that is performed
while the plant is shut doin. The awareness of risks of plant
operation during refueling and maintenance outages has developed
slowly. Most of the emphaels in the SARs is on power operation and
operational events, and most operator training and emergency
response procedures focus on events occurring during power
operation.

In response to the concerns about the risks during shutdown
conditions, a probabilistic shutdown risk assessment was performed.
This was part of an overall shutdown risk analysis'* which included
probabilistic and deterministic elements.

The first step in the analysis was the identification of the
initiating events of potential interest. This was done by first
defining the plant conditions (in terms of physical parameters such
as temperature, pressure and inventory for the RCS) that will exist i

for different plant evolutions. For each of these operating
conditions, general categories of initiating events were then
defined. These initiating events were small LOCAs, Loss of Decay
Heat Removal (DHR), Loss of AC, and Boron Dilution. The
frequencies of these initiating events were determined from
operating history.
For each plant condition and initiating event, the plant and
operator response was estimated based on advanced instrumentation,
procedures, technical specifications and safety systems employed in .

|

|
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The fifth step in the containment response analysis was defining I
each of the release classes in terms of its isotopic content and
magnitude and the time, duration, location, and energy of the
release. To do this, the row vector of PDS contributions for each
release class whose frequency of occurrence was greater than or
equal to 1.0E-10/ reactor-year was reviewed to identify the dominant
PDS for each release class. The plant conditions as described by
the PDS selected for a given release class was used to set up a
MAAP i24.au case to determine the containment response and to
calculate the source term information to be used for that release
class in the consequence analysis.

19.2.11 CONSEQUENCE ANALYSIS

The large-offsite-release goal adopted by Combustion Engineering
for the System 80+ Standard Design is:

"In the event'of a severe accident, the dose beyond a
one-half mile radius from the reactor shall not exceed 25
rem. The mean frequency of occurrence for higher of fsite
doses shall be less than once per million reactor- ears,
considering both internal and external events. "'''

This goal is consistent with the ALWR large-offsite-release oal
established by EPRI in the ALWR Utility Requirements DocumentgU.

The release classes determined via the containment response
analyses are the primary inputs to the consequence analyses
(calculation of the offsite releases). Each release class is
defined in terms of its isotopic content; its magnitude and energy;
the time, duration and location of the release; and the occurrence
frequency for the release. For each release class with a mean

j occurrence frequency greater than or equal to 1.0E-10 per reactor-
year, the MACCS computer cod e '"4 -"" was used to calculate the
Complementary Cumulative Distribution Function (CCDP) for whole
body dose at a radius of 0.5 miles from the reactor. This CCDF

| curve represents the frequency with which a given whole body dose
'

would be exceeded at a radius of 0.5 miles from the reactor. The
CCDP is generated by a series of dose calculations performed by
MACCS for the specific release class. In each calculation, a i

meteorological scenerio is selected from a set of meteorological
scenerlos, and the downwind whole body dose at a distance of 0.5 I
miles is calculated for a period of 24 hours following the release.
The frequency of obtaining the dose thus determined is calculated!

I by multiplying the conditional probability of the meteorological
scenerio by the occurrence frequency of the release class being
evaluated. The [ dose, frequency) couplet is saved, and after a
large number of equivalent sampled dose calculations are performed
for the release class of concern, the resulting set of [ dose,
frequency) couplets are used to generate the CCDF for the specific
release class.

,
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In performing its dose calculations, MACCS uses 4 data files; the
dose conversion file, the site reference file, the meteorological
reference file, and the input data file. The standard dose
conversion file as described in the MACCS users manual was used in
this analysis. The site reference file basically contains land use
profiles and population distribution data for the plant site. This
file was not used in the dose calculations because only dose at a
fixed distance was calculated. The meteorological reference file
contains hourly weather condition data for the plant site.

{ Meteorological data for a conservative ALWR site was provided in
the EPRI PRA Key Assumptions and Groudrules document, Appendix A to
Volume 2, Chapter 1 of the EPRI ALWR Utility Requirements
Document"'. The input data file contains a number of input
parameters used to define the analysis conditions. The source term
data for the release classes, as generated by MAAP, were input to
the analysis via this file. The ORIGEN code"8' was used to
calculate the core inventory of radioisotopes contained in this
file. The calculation was based on a core with a discharge burnup
of 32,600 MWD /MTU. (The same core inventory data was used in the
MAAP base deck. ) The standard values in the MACCS users manual
were used for most other input parameters in this file.

After the CCDFs were generated for all release classes with an
occurrence frequency greater than or equal to 1.0E-09 events per
reacter year, the CCDFs were numerically summed to generate a total
CCDF. This CCDF presents the total frequency of exceeding a given
whole body dose at a radius of 0.5 miles from the reactor for all
accident sequences.

19.2.12 ANALYSIS GROUNDRULES

Appendix A to chapter 1 of the EPRI Advanced Light Water Reactor
Utility Requirements Document"' contains a set of key assumptions
and groundrules for performing a Probabilistic Risk Assessment for
an advanced light water reactor. The groundrules used for the
System 80+ PRA are:

A. Only events with potential for core damage were addressed.

B. Where needed, realistic, best-estimate assumptions were used
when evaluating plant responses to an initiating event.

C. Core damage was assumed to have occurred if the collapsed
level in the reactor had decreased such that the active fuel
in the core was uncovered and a temperature of 2200*F or
higher was reached in any node of the core as defined in a

best-estimate thermal-hydraulic calculation.

D. The analysis mission time for all sequences was 24 hours, and
the success criteria were:

1. the plant was in cold shutdown with the residual heat
removal system in operation, or

i
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O 2. the plant was in stable hot shutdown with decay heat
,

removal via the secondary side, or |

3. the plant was stable with hot and cold leg recirculation
and recirculation cooling established (LOCAs), or

4. the plant was stable with feed and bleed cooling in
progress and IRWST cooling established.

E. Generic failure rates and initiating event frequencies were
used for quantification.

F. Preliminary analyses indicated that sequences involving |
failure of secondary side heat removal due to failure to |

remove steam did not contribute significantly to core damage |

frequency so steam removal was not explicitly modeled. | |

G. Off-site consequences were calculated using meteorilogical and
demographic data for a reference site. j

1

H. Recovery actions were credited only for prevention of core I

damage. Recovery actions to arrest the progression of a |
severe accident after the onset of core damage are feasible, i

These include actions such as recovery of 4.16 KV power after I

the onset of core damage but before vessel failure. This type !f~s

())
'/ of recovery action was not credited in this analysis. The

only type of severe aaccident recovery action credited in this
analysis was the initiation of a severe accident mitigation i
system such as the Cavity Flood System.

|
19.2.13 DESCRIPTION OF COMPUTER CODES I

I
19.2.13.1 CAFTA i

,

'

The Computer-Aided Fault Tree Analysis (CAFTA) package Version
2.2"" is an integrated PRA sof tware package that provides the user
with the ability to create and evaluate f ault trees and event trees
using a personal computer. Graphical fault tree constructions and
editing is performed by the CAFTA code. The fault tree cutset

,

4

generation and quantification is performed by the CQUANT code
contained in the CAFTA package. The fault tree uncertainty
analysis and fault tree importance analysis is performed by UNCERT,
which is also part of the CAFTA package. The CAFTA package also
provides tools for event tree analysis (via ETA-II) including
accident sequence definition, accident sequence cutset generation
via fault tree linking, quantification of accident sequence cutsets

| and uncertainty analysis for the accident sequences.

19.2.13.2 CESAM

CESAM"O, C-E's version of the SAMPLE code used in the Reactor
p Safety Study"O , is designed to perform uncertainty analysis on any
i /

| v

i
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generalized function equation. The required input consists of a
FORTRAN function subroutine to describe the function of interest,
specification of the type of distributions to be used in modeling
the variables of the function and the parameters used to define the
distributions for each variable. Monte Carlo simulation is

performed by sampling the variable distributions and evaluating the
function numerous times. These trials define the distribution of
the function. CESAM provides various descriptions of this
distribution.

In this analysis, CESAM was used to calculate initiating event
frequencies, special event frequencies and modular / lumped component
failure rates.

CESAM is written in FORTRAN IV and runs on an IBM PC or equivalent.

19.2.13.3 CENTS

2nCombustion Engineering's Nuclear Transient Simulator (CENTS) code
is an interactive computer code for simulation of the Nuclear Steam
Supply System and related systems. It calculates the transient
behavior of a PWR for normal and abnormal conditions including
accidents. It is an adaptation of design codes to provide PWR
simulation capabilities. It is based on detailed first-principles
models for single and two-phase fluids. The use of nonequilibrium,
nonhomogenous models allows representation of a full range of fluid
conditions, including forced circulation, natural circulation and
cooloant voiding. The code provides a comprehensive set of
interactions between the analyst, the reactor control systems and
the reactor. This allows simulation of multiple failures and the
effects of operator actions, including mistakes.

CENTS models most of the nuclear steam supply system and related
systems. Core power is computed using point kinetics. Boiling
curves for convection and pool boiling are used in the multi-node
core heat transfer model. Primary and secondary thermal-hydraulic
behavior is calculated with detailed multi-node and flowpath
models. The main control systems for reactivity, level, pressure,
and steam flow are simulated. Related balance of plant systems for
single-phase fluid are represented.

The CENTS simulation models use detailed design and performance
data to simulate plant responses to transients. Plant-specific
design and performance data is provided via a plant parameter
database for each specific plant modeled. The data for these
parameter databases are extracted from the plant specific input
data decks for C-E's design and safety analysis codes.

For this analysis, CENTS was used to estimate the response of
System 80+ to ATWS transients.

O
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19.3.2 SELECTION OF INITIATING EVENTS:

i
i The master logic diagram (Figure 19.3.1-1) was used to identify a
; set of general conceptual core damage initiators. The next step in
i selecting the initiating events for event tree analysis was to
i identify specific detailed initiating events for each of these
j general initiator classes.
i |

: First, sets of detailed initiating events were extracted from |
1 several reference documents. Table 19.3.2-1 presents the foy7ty-one

(41) PWR initiating events formulated in EPRI NP-2230( 3 and | I
'

j contained in the PSA Procedures Guide (5) Table 19.3.2-2 presents ;.

the initial list of initiating events presented in the Zion PRA(15) |,*

Table 19.3.2-3 p(resents the initial list of initiating events from
'

'

the Oconee PRA 16) and Table 19.3.2-4 presents the list of,

j initiating events from the Calvert Cliffs IREP Study (17). Table
19.3.2-5 contains the initial set of initiating events and their
nominal occurrence frequenc recommended for ALWR PRAs in the EPRI l

: ALWR requirements document (y). Finally, Table 19.3.2-6 presents a
>

; list of initiating events analyzed in Chapters 6 and 15 of CESSAR- !

: DC. The lists of initiating events presented in Tables 19.3.2-1 |
! through 19.3.2-6 were compared and combined into a single
i comprehensive list, grouped by the eight general initiator
j categories on the master logic diagram (Figure 19.3.1-1). This
i list, as presented in Table 19.3.2-7, represents the initial set of
f initiating events for this analysis.

; The initial list of initiating events in Table 19.3.2-7 then went
i through an iterative process of review and evaluation to reduce
i this list to the final set of initiating events for event tree

analysis. First, the events were reviewed to identify events which
could be excluded because they were outside of the scope of,

i analysis or were precluded because of system design features and to
| determine if any events needed to be added because of unique design
! features. Events were considered to be outside the scope of

analysis if they would be handled by normally operating systems
without the need for a reactor trip or the actuation of one or more
safety systems. The base scope of analysis was also restricted to
events occurring at or near 100% power. External events were also
excluded in this review because the external events analysis was
performed separately. (See Section 19.2.8 and Section 19.7 of this
report.)

Based on this review, " Fire Within Plant" (Item 14.1) was
eliminated because it is normally grouped with external events.
"Startup of Inactive RCP" (Item 13.4) was eliminated because C-E |plants operate with all four RCPs running except at very low power
levels. Likewise, " Cold water Addition" (Item 15.5) was eliminated
because there is no credible way to get significant amounts of cold
water into the RCS at operating temperatures and pressures. " Slow
Negative Reactivity Insertion", (Item 10.2), and " Decrease in RCS

O
nventory (Non-LOCA)",I (Item 10.7), were eliminated because these
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events would be adequately handled by normally operating systems )
without the need for reactor trip or safety system actuation.

The next step in the condensation process was to evaluate the
remaining events with respect to the physical process perturbations
involved and the anticipated response of the front line systems.
The objective was to group the events according to similarities in
the process perturbations and the responses of the front line
systems. First, a preliminary event tree was developed for each
remaining main initiating event, (events labeled x.0) , in Table
19.3.2-7 based on the accident and transient analyses in CESSAR-DC
and preliminary success / failure criteria were defined for each
event tree element.

The event trees for the various initiating events were then
compared and where the event trees were the same and all elements
had the same success criteria, the initiating events were combined
into one group with a single event tree. Whenever initiating
events were combined, resulting event tree was reviewed against
the subevents for each of the initiators included in the group to
ensure that the responses needed to mitigate each subevent were in
fact covered by the new event tree. If not, a new initiating event
(or events) containing the appropriate subevent (or subevents) was
formed and an event tree was developed.

Next, the initiating events were evaluated to determine if they had
any unique impact on the safety systems needed for mitigation.
This review was of particular importance for events initiated by
failures in the support systems because they are required for
successful operation of the safety systems. The process
perturbations for this type of event are equivalent to those of
other transient initiators and the success criteria for the safety
systems are the same. However, the ability of the safety systems
to respond is compromised. Thus, separate system fault trees and
event trees were needed for transients caused by faults in the
normally operating support systems which also provide support to
the safety systems. Transients caused by faults in normally
operating support systems which did not also provide support to
safety systems were addressed by the event trees for other
initiating events.

As stated in Section 19. 2. 2, the System 80+ design evolved from the
System 80 design over a period of time. There were three major
design evolution steps:

A. Incorporation of front line system design enhancements,

B. Incorporation of equipment cooling system design enhancements,
and

C. Incorporation of electrical distribution system design changes
and enhancements.

Amendment M
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' At each major design evolution, the set of initiating events and
their associated event trees were re-evaluated to ensure that they
completely and accurately reflected the current state of the
design. First, the list of initiating events was reviewed to
determine if any events could be eliminated or combined with other
events, or if any new events had to be created. Next, the design
changes were reviewed to determine their impact on plant response
and transient progression to see if the event trees needed to be |
modified. Then, as the system models were updated to reflect the
design changes, the impact of the support systems was assessed to
determine if any new special event tree models were needed or if |
existing ones needed to be modified or deleted. These re-
evaluations also included quantification of the event sequences.
Event tree elements which only appeared in sequences with very low
probabilities were tagged for possible truncation. During
preparation of the final set of evant trees, the tagged elements
were reviewed to see if they reflected any unique aspect of the
plant or its response to transients. If not, and if the element
only appeared in low probability sequences (<1.0E-15), the element
was dropped from the event trees.

The final set of initiating event groups and their constituent
initiating events are presented in Table 19.3.2-8. The following |
paragraphs briefly dnscuss the rationale for the individual
grouping.

' The primary system LOCA class break sizes were established based on
design requirements, the needed injection system capacity, the need
for seccndary side heat removal, and the need for hot leg injection
to prevent boron precipitation. The lower end of the Large LOCA
class was defined by the design requirement that a quillotine break
of a direct vessel injection (DVI) line could be mitigated even
with a simultaneous loss of offsite power and the failure of one
diesel generator. This in essence establishes the requirement that
LOCAs with an area less than or equal to that of the DVI line

2(0.50 f t ) can be mitigated with only one injection pump. This
defines the' lower end of the large LOCA class. (Note: the DVI line
is a 12 inch pipe, but the nozzle I.D. is limited so the effective

2
break size for a DVI line is limited to 0.50 f t .) Vessel failure
was removed from the large LOCA class and established as a separate
initiator defined to be "any loss of coolant accident in excess of
the ECCS capacity". Small LOCAs are defined to be LOCAs for which
the break is not large enough to remove the decay heat and
secondary side heat removal is therefore needed. Best Estimage
analysis has shown that for break sizes down to about 0.03 ft,
secondary side heat removal is not needed. Therefore, for this
analysis, small LOCAs are defined to be LOCAs with a break sizes of
0.03 ft and less. Medium LOCAs are defined to be LOCAs with break2

2 2sizes between 0.50 ft and 0.03 ft. To facilitate the level 2
analyses, medium LOCAs were divided into two classes based on
whether in-vessel pressure at the time of core melt was greater

The dividing point corresponded

O
than or less than about 250 psia.
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O)2to a break size of about 0.2 ft , soMedigmLOCA1isdefinedtobe2a LOCA with a break size between 0.50 ft and 0.2 ft, and Medium
2LOCA 2 is defined to be a LOCA with a break size between 0.2 ft

2and 0.03 f t , CEA ejections were included in the small LOCA class.
C-E plants typically operate with all rods out (ARO) or with a few
CEA's slightly inserted when at power, thus, power perturbations,
if any, would be minimal, and the major impact would be the breach
of the primary pressure boundary. Failure of one primary safety
valve (PSV) to rescat following a PSV opening as a consequence of
a transient or the spurious opening of one PSV were included in the

| Medium LOCA 2 class because of the energy relief capability of the
valves given their location. (Note: based on size, one PSV would
fall in the small LOCA class.)
Loss of offsite power / station blackout was removed from the turbine
trip category and established as a separate initiator category
because of the impact of these events on the front line systems.
" Station Blackout" is addressed within the " Loss of Offsite Power"
Event tree via the treatment of in-plant power supply systems in
the system fault tree models. " Total loss of RCS flow" is also
considered to be covered by this category because loss of offsite
power is the most likely means of losing all RCS flow and the
response to a loss of offsite power is bounding with respect to
systems available for mitigation. Loss of RCS flow in one loop was
included in the transient category.

Large steam line breaks, inside or outside of containment, and
large feedwater line breaks downstream of the main feedwater
isolation valves (MFIVs), result in a rapid blowdown of the
secondary system with the attendant rapid cooldown of the primary
system. The response of the front line systems is equivalent for
all of the breaks. Therefore, a single event initiator category,
large secondary side breaks, was established. This category
includes large steam line breaks inside or outside of containment,
main feedwater line breaks downstream of the MFIVs, and spurious
openings of multiple turbine bypass valves, atmospheric dump valves
or main steam safety valves. Small steam losses which do not
result in a significant blowdown of the secondary system were
included in the transient category.

An evaluation of the process perturbations and the front line
system responses for transient initiators with the exception of
loss of offsite power and large steam and feedwater line breaks
indicated that the process perturbations and the needed safety
system responses were similar for all of the transient events.
These events produce process perturbations which result in a
reactor and turbine trip. Main feedwater flow cuts back to 5% and
startup feedwater is initiated if available. If main feedwaterflow and startup feedwater flow is lost on the ramp back or the

| transient was a loss of main feedwater, the emergency feedwater
system actuates. Steam removal following the trip is via the
turbine bypass valves, the atmospheric dump valves or the main

Amendment V
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steam safety valves. Long-term decay heat. removal ie tomplished'

using the SCS system or, if the SCS system is una,'llable, by
maintaining secondary side heat removal. The primary differences !

between the various initiators is their impact on the availability
and capability of the responding safety systems. For example, it
is very unlikely that stattup feedwater will be available to
respond to a transient resulting from a loss of main feedwater
because the two. systems share componente and water supply sources.
Therefore, er.erijency feedwater will have to be provided. On the
other hand, startup feedwater is available to respond to other
transients, and if successful will preclude actuation of the i
emergency feedwater system. !

Therefore, based on their impact on the responding safety systems,
transients were divided into two general transient classes, " Loss
of Feedwater Transients", and "Other Transients", and four special
initiator classes, " Loss of Component Cooling Water Transients", |
" Loss of a 4.16 KV Bus Transients", " Loss of a 125VDC Vital Bus !

I Transients" and " Loss of One Division of HVAC". The Loss of '

Feedwater Transients" class includes all events initiated by a
total loss of main feedwater flow. Startup feedwater is presumed j
to be unavailable for these events, but the other safety systems

I are not directly af fected by the init *,ator. The "Other Transients" |
| class basically includes all transients except those initiated by ,'

a total loss of main feedwater or by the failure of a support
system which also affects the availability of the safety systems..

(/ Startup feedwater is assumed to be available to respond to these '
,

| events and the availability of the other safety systems is not
directly affected by the initiator. The four special initiator

'

event classes involve failure of support systems which induce a i

plant transient and also affect the ability of the responding
safety systems. For example, failure of one division of component
cooling water will result in an equipment protection reactor trip
due to loss of cooling to the RCP seals. This fault also results
the loss of one half of all safety equipment due to the loss of
cooling for one motor-driven emergency feedwater pump, two |

! injection pumps, one SCS pump, one containment spray pump and one
| diesel generator. The impact of the other three special initiators
| is similar. These events are discussed in more detail in Section {
j 19.4.

|
i

Strictly speaking, " Anticipated Transient Without Scram (ATWS)" is
not an initiating event, but rather is a faulted response to an
event requiring CEA insertion for reactivity control. However,

'

because of the significant impact that an ATWS has on plant
i

responses, it in included as a separate initiating event class. !
The initiating event is defined to be the occurrence of a transient
requiring reactor trip for reactivity control coupled with failure
of a trip to occur due either to mechanical failure of the CEAs to
insert or the failure of both the Reactor Protection System (RPS)
and the Alternate Protection System (APS) to generate a trip
signal. Because ATWS is included as a separate event, failure to
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| trip was not addressed in the event trees for the other transient
initiating event classes.

!

O

|

,

O
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TABLE 19.3.2-2 (Cont'd)

(Sheet 3 of 4) :

ZION UNIT 1 AND 2 INITIATING EVENT CATEGORIES * i

.)

10. REACTOR TRIP

I10.1 Reactor Trip
|

10.1.1 Control rod drive mechanism problems and/or rod drop ,

l10.1.2 High or low pressurizer pressure
10.1.3 High pressurizer level >

10.1.4 Spurious automatic trip -- no transient condition- |
10.1.5 Automatic / manual trip -- operator error '

10.1.6 Manual trip due to false signal !

10.1.7 Spurious trip -- cause unknown |
10.1.8 Primary system pressure, temperature, power imbalance
10.1.9 Other reacter trips |

10.2 Reactor Trip Due to Loss of Component Cooling Water
10.3 Reactor Trip Due to Loss of DC or AC Power

11. LOSS OF STEAM INSIDE CONTAINMENT

11.1 Steam Pipe Rupture Inside Containment
11.2 feedwater Pipe Rupture Inside Containment
11.3 Steam Relief Valve or Safety Valves Open Inadvertatly (included with

inside containment group for functional reasons -- leak upstream of
,

MSIVS) |
11.4 Other Steam Losses Inside Containment i

12. LOSS OF STEAM OUTSIDE CONTAINMENT

12.1 Steam Pipe Rupture Outside Containment
12.2 Throttle-Valve Opening / Electrohydraulic Control Problems
12.3 Steam Dump Valves Failing Open :
12.4 Other Steam Losses Outside Containment

O
Amendment-M
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TABLE 19.3.2-2 (Cont'd)

| (Sheet 4 of 4)

ZION UNIT 1 AND 2 INITIATING EVENT CATEGORIES ("

l
.

1

| 13. CORE POWER INCREASE

13.1 Uncontrolled Rod Withdrawal
13.2 Boron Dilution -- Chemical Volume Control System Malfunction I

13.3 Core Inlet Temperature Drop |
13.4 Other Positive Reactivity Addition );

I 1

|
'

1,

| | Note 1: From Zion PRAUD. )
I

i

O

1

|

|

I

|
1

O|
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TABLE 19.3.2-8

(Sheet 1 of 3)

FINAL LIST OF INITIATING EVENTS

Event )
Number Event / Elements

1 LARGE LOCA
2PIPE BREAKS >0.50 ft

2 MEDIUM LOCA 1
a aPIPE BREAKS 10.50ft , >0.20 ft

| MULTIPLE SAFETY VALVE OPENINGS
!

3 . MEDIUM LOCA 2
2 2PIPE BREAKS 10.20 ft , >0.03 ft

SINGLE SAFETY VALVE OPEN'

CONSEQUENTIAL SAFETY VALVE FAILURE
| O SPURIOUS OPENING 0F ONE SAFETY DEPRESSURIZATION.LINE
l ty
; 4 SMALL LOCA

2PIPE BREAKS <0.03 ft
RCP HOUSING SEAL LEAK

5 STEAM GENERATOR TUBE RUPTURE

STEAM GENERATOR TUBE LEAKAGE >l44 GPM

6 LARGE SECONDARY SIDE BREAKS

STEAM LINE BREAK INSIDE CONTAINMENT

STEAM LINE BREAK OUTSIDE CONTAINMENT

FEEDWATER LINE BREAK DOWNSTREAM 0F MFIVS

SPURIOUS OPENING 0F MULTIPLE MSSVS

SPURIOUS OPENING OF MULTIPLE TBVS

SPURIOUS OPENING 0F MULTIPLE ADVS

STEAM GENERATOR SHELL BREACH

Amendment M
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TABLE 19,3.2-8 (Cont'd)

(Sheet 2 of 3)

FINAL LIST OF INITIATING EVENTS

Event
Number Ey_ eat / Elements

7 LOSS OF MAIN FEEDWATER TRANSIENTS

TOTAL LOSS OF FEEDWATER FLOW (ALL LOOPS)

LOSS OF CONDENSATE PUMPS (ALL LOOPS)

LOSS OF CONDENSER VACUUM

LOSS OF CIRCULATING WATER

FEEDWATER LINE BREAK OUTSIDE CONTAINMENT

8 OTHER TRANSIENTS

LOSS OR REDUCTION IN FEEDWATER FLOW (1 LOOP)

REDUCED FEEDWATER FLOW (ALL LOOPS)

LOSS OF CONDENSATE PUMP (1 LOOP)
FEEDWATER INSTABILITY - OPERATOR ERROR

FEEDWATER INSTABILITY - MECHANICAL CAUSES
| INCREASE IN FEEDWATER FLOW (1 LOOP)

INCREASE IN FEEDWATER FLOW (ALL LO';PS)

TURBINE TRIP, THROTTLE VALVE CLOSURE, EHC PROBLEMS

TURBINE TRIP, EQUIPMENT PROTECTION

GENERATOR TRIPS OR GENERATOR CAUSED FAULTS

FULL OR PARTIAL CLOSURE OF MSIV (1 LOOP)
CLOSURE OF ALL MSIV

CONDENSER LEAXAGE

MISCELLANE0US SECONDARY SIDE LEAKAGE

SPURIOUS OPENING OF 1 MSSV

SPURIOUS OPENING OF 1 TBV

SPURIOUS OPENING 0F 1 ADV

CEA/ GROUP DROP|

O
|

| Amendment M
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) 19.3.3 INITIATIUG EVENT FREQUENCY CALCULATION

As stated in Section 19.2 of this report, generic data was used for
the quantification of the models. The primary source of the
generic data used in the analyses was the PRA Key Assumptions and
Groundrules (KAG), Appendix A to Chapter 1 of Volume 2 of Reference
7. The data contained in the KAG is based on other generic data
sources and the latest applicable operating experience. Table
19.3.2-5 presents the preliminary PWR initiating event frequency
data from the KAG. The following subsections describe the
selection or calculation of the final initiating event frequency
for each of the initiating events listed in Table 19.3.2-8. The
initiating event frequencies are summarized in Table 19.3.3-1.

19.3.3.1 LOCA Frecuencies

In the KAG, the LOCA frequencies were calculated based on operating
experience. As stated in Annex A to the KAGW , there have been no
pipe ruptures that constituted LOCAs, but there have been two PWR
operational events equiva2ent in nature to small LOCAs. The small
LOCA frequency of 3.0E-3 was therefore calculated based on 2 events
in 660 years of operating experience. This value was used as the
mean frequency and an error factor of 5.0 was assumed for use in
the uncertainty analyses.

O) There have been no occurrences of events corresponding to large or-

(/ medium LOCAs. In the KAG, the large and medium LOCA frequencies
were estimated based on the X variate at the 50% cumulative2

probability level using the following expression:

@ ( A) =f 2n 1)
Equation 19.3.3-1

which, for n=0, reduces to:

54(A) =. Equation 19.3.3-2

This expression was used to calculate a frequencies for large and
medium LOCAs independently, using zero occurrences in 660 years of
experience yielding a frequency of 3.4E-4/yr for large LOCAs and a
frequency of 3.4E-4/yr for medium LOCAs. The System 80+ PRA has
one large LOCA class and two medium LOCA classes encompassing the
same total break size range as was covered by two LOCA classes in
the KAG. If equation 19.3.3-2 was applied in the same manner as it
was in the KAG, the frequency for LOCAs would increase simply due
to the finer division of the break size ranges. In the limit, it
could be demonstrated that the frequency of LOCAs other than small
LOCAs is 1.0/yr simply by defining a large number of LOCA,

Amendment M
19.3-9 March 15, 1993

- . - - - -. - - - . .



CESSAR E5AL -
.

0>

J classes based on size range. This, however, contradicts the

I operating experience. Therefore, it is C-Es contention that
because there have been no occurrences of LOCAs other than small )

i '

| LOCAs, a single event class entitled "LOCA other than small" should
be defined for the purpose of calculating an occurrence frequency
and that the occurrence frequencies for any finer partitioning of
this event class be determined by partitioning the occurrence
frequency for the event class, "LOCA other than small".
Based on calculations using data in the January, 1992 volume of
NUREG-002 0 ( 52 ) PWRs have accumulated approximately 1087 years of

,

operating experience as of December 31,1991. Applying equation
19.3.3-2 with T=1087 for the event "LOCA other than small" yields
a f requency of 2.09E-4 /yr. "LOCA other than small" was partitioned
into three LOCA classes, large LOCA, Medium LOCA 1, and Medium LOCA
2. These partitions were assumed to be equally likely and thus
have a frequency of 6.97E-5/yr. An error factor of 5.0 was
assigned for use in uncertainty calculations.

Inadvertent opening of Power Operated Relief Valves (PORVs)
resulting in a LOCA was raised as a post-TMI concern in TMI items
14 and 2k32 of 50.34F(51) System 80+ does not have automatically.

actuated PORVs, but it does have two Safety Depressurization System
(SDS) trains. Each SDS train consists of two motor-operated valves
in series, the Safety Depressurization Valve (SDV), and the SDV
block valve. These valves are manually opened from the control
room and do not have an automatic open signal. Inadvertent opening
of one SDS train would result in a medium LOCA with the inventory
discharged to the IRWST. The plant response to this type of medium
LOCA would be the same as for any other medium LOCA.

There are two general ways in which an SDS LOCA might occur,
mechanical failure of the series valves, or the inadvertent opening
of the valves by an operator. As previously stated, each SDS train
consists of two valves in series, the SDV and the SDV block valve.
During normal operation, the SDV is exposed to full RCS pressure
and temperature while the black valve is exposed to lower
temperatures and pressures. There is a pressure detector in the
line between the SDV and the SDV block valve. Thus, should r.ho SDV
" fail open", it would be detectable. Given that the SDV failed
open, it is conservatively assumed that the operators would shut
the plant down and repair the failed valve within 30 days. During
this period, the block valve would be exposed to full system and
pressure and subject to failure. The failure rate for a motor
operated valve spuriously opening, as presented in the NUCLARR
handbookMO) is 7.7E-7 per hour. The exposure time for the SDV is,

8766 hours (1 year), so the probability that the SDV will
spuriously open during a one year period is estimated as:

f Q (7.7E-7/hr) * (8766 hrs) = 6.7E-3 (egn 19.3.3-3)= 7 =
SDV

\

O'
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( ] Given that the SDV has failed, the probability the Block Valve (BV)-

will fail before the plant is shutdown is estimated as:

QaV = Ar (7.7E-7/hr)*(720 hrs) = 5.5E-4 (egn 19.3.3-4)=

Therefore, the probability of a spurious opening of both valves in
one SDS train is estimated as:

Q1T " QSDV *O = 6.7E-3 * 5.5E-4 = 3.7E-6 (egn 19.3.3-5)BV

Because there are two trains, the total probability that a medium
LOCA will occur due to mechanical failure of the SDS valves is:

Q ech = 7. 4E-6/ year. (egn 19.3.3-6)H

The probability that an SDS train would be inadvertently opened by
an operator was estimated using the HRA methodology described in
section 2.5. Two basic scenarios were considered; a) during normal
operation an operator randomly opens the SDV and the SDV block
valve for no apparent reason, and b) the operator erroneously
decides that Feed and Bleed cooling is needed to respond to a
transient. Sabotage was specifically excluded from evaluation.

The scenario that is considered is an inadvertent operation of the
Safety Depressurization System on a System 80+ plant due to the

) inappropriate initiation of Feed and Bleed cooling. Feed and Bleed
f cooling would be used when the operator realizes that he no longer

has any method of decay heat removal. Then he would initiate feed '

and bleed cooling after consulting with the Shif t Supervisor or the
Technical Support Center.

In order for the operator to determine that the initiation of feed
and bleed cooling is necessary, there are some vital indications
that must be observed:

High RCS temperatures
High Steam Generator Pressures
Low or no Steam Generator Level
Loss of primary coolant subcooling
Unexplained rise in pressurizer level (indicative of void
formation in the core).
Unexplained change in pressurizer level not indicative of
pressurizer or reactor coolant system water inventory.

Given these indications, the operator would perform the following
actions (see Figure 19.3.3-1):

A. Identify the need for Feed and Bleed Cooling and consult with
the Shift Supervisor or the Technical Support Center.

B. Ensure all RCPS are tripped.
[OV

Amendment P
19.3-11 June 15, 1993

. __._.-..-_._.- .. - --



CESSAR M5J?lCAT11N

OiC. Verify that the Safety Injection System is lined up for DVI.

| D. Verify that all SI pumps are available and operating.

E. Open Safety Depressurization Block Valves RC-461 and RC-463.

F. Monitor the flow through the Safety Injection System and
ensure that it is operating properly.

Therefore, since it was assumed that there would be no malicious
operation of this system, and since random fiddling is so rare, the
scenario for inadvertent actuation would be:

The operator erroneously identifies that the indications
that indicate total loss of all feed exists and omits to
consult the Technical Support Center before initiating
Feed and Bleed Cooling.

In order to quantify the frequency of this event occurring,
inadvertent actuation of the Safety Depressurization System (SDS),
some assumptions must be made with respect to the initiating event.
Consultation with operations staff indicates that it may be
possible to misdiagncae a Loss of Main Feedwater event and classify
this as a total loss of feedwater. Other more complicated
scenarios could be identified but the combination of equipment
faults and operator errors that would lead to these make their
inclusion infeasible with respect to this analysis.

So the event then becomes the inadvertent actuation of the Safety
Depressurization system when the operator misdiagnoses a Loss of
Main Feedwater as a Total loss of Feedwater. The indications for
a loss of Main Feedwater are similar to the loss of all feed until
emergency feedwater initiates on low-low steam generator level.
Once emergency feedwater initiates then the recovery proceeds as if
there were an uncomplicated reactor trip.

The scenario that is being postulated is one where the operator
sees and acknowledges the low-low steam generator level but fails
to realize that the emergency feedwater system has initiated. Then
the operator would assume that now more than one event is occurring
(i.e. , Loss of Main Feedwater and Loss of Emergency Feedwater) , and
move to the Functional Recovery Procedure, and directly to Success-
path HR-4 Feed and Bleed Cooling. While the procedure would
obviously be utility specific, a reasonable assumption would be
that the operator would need to obtain authorization, or at least

| consult with, the Shif t Supervisor or the Technical Support Center.
The assumption for this analysis is that the operator skips this
step in the procedure and immediately embarks on the steps to
establish Feed and Bleed cooling. This would be an expedited
action because without Feedwater, core uncovery would occur
relatively quickly.

O
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Thus the errors that occur in diagnosis are:

1) Failure to identify the initiation of emergency feedwater:
assume,
a) Emergency feedwater pump indication (non-annunciated)
b) Emergency feedwater flow indication (non-annunciated)
c) Steam Generator Level increasing (non-annunciated)
d) Clearing of Steam Generator Low-Low Level Alarm

(annunciated)

2) Go to Wrong procedure i.e. , Functional recovery and Success-path
HR-4 Feed and Bleed Cooling

.
3) Fail to perform step that requires communication with the Shift

| Supervisor or the Technical Support Center.
.

These items identified above all fall under the classification
! " Operator Erroneously Identifies Need for Feed and Bleed Cooling" in

Figure 19.3.3-1 and are modelled in Figure 19.3.3-2. ,

1

! Therefore, Total HEP for diagnosis
phase P(la)*P(2)*P(3)+=

P(1b)*P(2)*P(3)+
P(1c)*P(2)*P(3)+
P(1d)*P(2)*P(3) (egn 19.3.3-7)
4.26*10- (egn 19.3.3-8)=

| Since the initiating frequency for a Loss of Main Feedwater is given
| as

4.10*10-1/yr=

And assuming the HEP for failing to initiate Feed and Bleed is <10-4
then the frequency of inadvertent actuation of the safety
Depressurization System due to erroneous initiation of Feed and Bleed
Cooling is:

4.26*10-6 * 4.10*10-1/yr '(egn 19.3.3-9)=
,

1.75*10-6 (egn 19. 3. 3-10) |
' =

The total probability of a medium LOCA due to an inadvertent opening
df an SDS train is the sum of the mechanical contribution as given in,

equation 19.3.3-6 and the human error contribution given in equation!

|
19,3.3-10. Therefore, the total probability is given as:

Q otal " Q ech + OHEP = 7.4E-6 + 1.8E-6 = 9.2E-6 (egn 19. 3. 3-11)T M

The value previously calculated value for Medium LOCA 2 is 6.97E-
5/ year. The value for SDS LOCAs as presented in equation 19.3.3-11
was added to the medium LOCA 2 frequency. The total Medium LOCA 2
frequency is therefore calculated to be 7.89E-05/ year.

(Alv
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The calculation of the interfacing systems LOCA frequency is
|

presented in Section 19.4.13 of this report, i

19.3.3.2 Steam Generator Tube Rupture

The KAG recommends an occurrence frequency of 4.5E-3/yr for steam j
generator tube ruptures based on operating experience. This i

frequency was accepted for this analysis. An error factor of 5.0 was )
assigned for use in uncertainty calculations. )
19.3.3.3 Large Secondary Side Breaks

The KAG recommends an occurrence frequency of 1.5E-3/yr for steam i

|line breaks based on operating experience. This frequency was
accepted for this analysis. An error f actor of 10.0 was assigned for'

i

use in uncertainty calculations, l
l

19.3.3.4 Transients

The KAG recommends an occurrence frequency of 0.41/yr for loss of
main feedwater transients and a frequency of 2.8/yr for other
reactor / turbine trip transients. The goal for ALWRs is to have less
than one unplanned trip per year. Based on current operating

'.
experience which indicates that scram frequencies have decreased to
in the range of 1.5 per year, a scram frequency of less than one per
year is believed to be achievable. Therefore, the loss of feedwater
trip frequency of 0.41/ year is used and the frequency for other
transients is set to 1.0 - 0.41, or 0.59/ year. An error factor of
3.0 was assigned to both values for use in uncertainty calculations.
This value for the error factor is twice that derived for the
transient occurrence frequency error factor derived for use in the
System 80 baseline PRA(3) based on EPRI NP-2230(27) data. |

19.3.3.5 Loss of a Vital Bus

The KAG presents an occurrence frequency of 1.5E-3/yr for the
transient, " Loss of a Major AC Power Bus" . This occurrence frequency
was used for the transient class, " Loss of a 4.16KV Vital Bus", and
the transient class, " Loss of a 125VDC Vital Bus". An error factor
of 3.0 was assigned to both frequencies for use in uncertainty
calculations.

19.3.3.6 Loss of Component Cooling Water

The final release of the KAG does not present a value for " loss of |
component cooling water", but the initial draft contained a value of
2.4E-3/yr for loss of equipment cooling. This was apparently based
on EPRI NP-2230 data which includes a value of 1.5E-3/yr for " Loss of
component cooling water" and a value of 1.0E-3/yr for " loss of ;

service water". For System 80+, loss of one division of component |
cooling water and loss of one division of service water have the same |

impact because the service water system only provides cooling for the O
'
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.The next action required by the procedure, to maximize safety
injection flow, would be verified by the operator. Safety. :

'

injection flow rate will' follow pressurizer pressure'according to
plant specific SIS delivery curves. In the case of the large break
LOCA the pressurizer pressure would have~ decreased-so much that
safety injection. system output will already be:at a maximum if all
safety injection pumps were running. If.any safety injection pumps
have'not actuated the operator is instructed to manually _ achieved
this in the control room, for safety injection. |

The next two steps of_the LCCA procedure refer to the RCP operating
strategy. The operator would already have tripped two~of the RCPs.

,

At this point,they would be required to verify that pressurizer
pressure had decreased to.less than 1300 psia following_an'SIAS,
before tripping the rest of the RCPs. This is performed in the

*

| control room. Analyses have shown.that continued operation of the
| RCPs can decrease core cooling capability, in the case of a break
i of this size, because of lost inventory being - flushed out the '

| break.

The next stage of the procedure requires the operator to. isolate ,

potential sources of other leaks of. inventory as a precaution. The
following steps are done in order to achieve this goal: check that

; __
the safety depressurization valves are _ closed, check the head
vents, check that the isolation' of- the letdown system-on SIAS

i happened correctly, and check that all RCS sampling lines.were
'

isolated on SIAS. In the case of the systems that should have
isolated automatically 'on SIAS, the only indication' that these
systems may not have isolated properly will be inherent in the

,

switch position of the isolation valve.

The operators would now be concerned with verifying that the LOCA
is not outside of containment. A LOCA outside of containment would
not challenge any of the containment safety functions and the
operator would be directed to skip all of the procedural actions

[ associated with the containment safety functions. The indications
! that a LOCA has occurred outside of containment are auxiliary

building radiation alarms and unexplained increases in the .

!

t
auxiliary building sumps levels.

The next set of actions that the operators would be required to do s

by the LOCA procedure, are associated with the containment safety
functions. First, the operator would check that CIAS had actuated
on high containment pressure, typically 2.7 psig. If CIAS had,not
actuated correctly, then the operators' task would be to manually
position the containment isolation valves in the control room. |

.

I
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Typically, the highest increases in containment pressure occur with
j a large break LOCA. The next step would be to ensure that since

containment pressure is above 10 psig, that containment spray
actuation has occurred, and at least one spray is working.

l
l The next issue, that the operators are required to address, is

associated with the containment combustible gas control safety
l function. The evaluation associated with this situation is solely

the responsibility of the Plant Technical Support Center. Various
options are available to the PTSC. Decisions and actions taken are
not to be evaluated in this analysis.

The procedure, at this point in the progression of the accident
| recovery, directs the operators to take one of two paths depending
| on whether the break has been isolated or not. This analysis
| pertains to a large un-isolable LOCA.

The actions that the operators would take for the next,
approximately, 20 steps are associated with regaining RCS inventory
control, while maintaining RCS heat removal. The goal of the

| operator is to establish shutdown cooling, if possible, as the
| means of core heat removal. The technique that the procedure

requires makes use of a rapid cooldown via the steam generators.
An aggressive cooldown, while holding the cooldown rate within
Technical Specifications Limitations, improves RCS heat removal by,

| enhancing natural circulation and reflux boiling. For the large
break LOCA, the RCS has depressurized to an equilibrium pressure
with the containment. In this condition, the RCS fluid is at a
lower temperature than that of the steam generators. The steam
generators, therefore, act as a heat source, superheating any steam
in the RCS which may be flowing through the SG to the break. By
cooling down the steam generators, heat input to the RCS is
reduced. For this analysis the condenser and the turbine bypass
system is available.

In order to achieve this " aggressive cooldown", the operator must I

maintain steam generator levels in the normal band (indications and
controllers found on the condensate and feed water panel) . The
operators must also ensure that adequate condensate inventory is I
available by monitoring the condensate storage tank, and I

replenished from the available sources as necessary to continually
provide a secondary heat sink. Examples of alternate sources of
condensate are non-seismic tanks, fire mains, lake water etc.
Plant specific sources should be available and this will be
credited in the analysis.

Since the large LOCA has reduced the RCS pressure to equilibrium
with containment pressure, there would be no need to depressurize
the system, which is the next step indicated by the procedure.
Since the RCPs are not operating, it may be necessary to evaluate
restarting the RCPs. This is unlikely, however, due to the
severity of the large break.

Amendment M
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V The next stage of the procedure requires the operator to isolate

potential sources of other leaks of inventory as a precaution. The
following steps are done in order to achieve this goal: check that
the safety depressurization valves are closed, check the head
vents, check that the isolation of the letdown system'on SIAS-
happened correctly, and check that all RCS sampling lines were
isolated on SIAS. In the case of the systems that should.have

~

isolated automatically on SIAS, the only indication that these
systems may not have . isolated properly will be inherent in the
switch position of the isolation valve.

The operators would now be concerned with verifying that the LOCA
is not outside of containment. A LOCA outside of containment would '
not challenge any of the containment safety functions and the
operator would be directed to ekip all of the procedural actions
associated with the containment safety functions. The indications

| that a LOCA has occurred outside of containment are auxiliary
| building radiation ~ alarms and unexplained increases in the

| auxiliary building sumps levels. The assumptions, for this
| scenario, is that the medium LOCA is occurring inside containment.
|

! The next set of actions, that the operators would be required to do
by the LOCA procedure, is associated with the containment safety
functions. First, the operator would check that CIAS had actuated

p ) on high containment pressure, typically 2.7 psig.
If CIAS had not

actuated correctly, then the operators' task would be to manually*

b position the containment isolation valves to their accident|

j positions. |

The next step would be to ensure that, since containment pressure
is above 10 psig, containment spray actuation has occurred, and at
least one spray is working.

|

The next issue that the operators are required to address, is
! associated with the containment combustible gas control safety

function. The evaluation associated with this situation is solely;

the responsibility of the Plant Technical Support Center. Various'

options are available to the PTSC. Decisions and actions taken are
; not to be evaluated in this analysis.

|

| The procedure, at this point in the progression of the accident i

| recovery directs the operators to take one of two paths depending !
'

on whether the break has been isolated or not. This analysis
pertains to a medium un-isolable LOCA.

The actions that the operator would take for the next,
approximately 20 steps, are associated with regaining RCS inventory
control, while maintaining RCS heat removal. The goal of the
operator is to establish shutdown cooling, if possible, as the
means of core heat removal. In the case of a medium LOCA, Long-

f Term cooling is all that is achievable. The technique that the
( procedure requires makes use of a rapid cooldown via the steam

!
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generators. An aggressive cooldown, while holding the cooldown
rate within Technical Specifications Limitations, improves RCS heat I

removal by enhancing natural circulation and reflux boiling. The ;
RCS is assumed to have depressurized to an equilibrium pressure
with the containment. In this condition, the RCS fluid is at a
lower temperature than that of the steam generators. The steam
generators, therefore, act as a heat source, superheating any steam ;

in the RCS which may be flowing through the SG to the break. By !

cooling down the steam generators, heat input to the RCS is
reduced. For this analysis, the condenser and the turbine bypass
system is available.

In order to achieve this " aggressive cooldown", the operator must
maintain steam generator levels in the normal band (indications and
controllers found on the condensate and feed water panel) . The
operators must also ensure that adequate condensate inventory is
available by monitoring the condensate storage tank, and
replenished from the available sources as necessary to continually
provide a secondary heat sink. Examples of alternate sources of
condensate are non-seismic tanks, fire mains, lake water etc.
Plant specific sources should be available and this will be
credited in the analysis.

Since the RCS pressure is at equilibrium with containment pressure,
there would be no need to depressurize the system, which is the
next step indicated by the procedure. Since the RCPs are not
operating, it may be necessary to evaluate restarting the RCPs.
This is unlikely, however, due to the severity of the break.

Since the conditions for re-start of the RCPs are not met, the
operators would be monitoring for natural circulation conditions in
the RCS. In order to verify that natural circulation was occurring
the operator would be monitoring:

| A. Loop AT (T -Tcc13) less than full power AT.nc,;

B. Hot and Cold leg temperatures (Tnu and Tccia DIAS indicators)

O
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C. RCS subcooling is at least 20 based on average Core Exit
Temperature.

D. No abnormal differences between T RTDs and average Core Exitm
Temperature.

The operators will necessarily be making use of two phase natural
circulation and flow through the break. In order to for this to
maintain heat removal, the following must be verified by the
operator:

A. All available charging pumps are operating and the SIS system
is operating within specified limits.

B. Steam generator steaming and feeding are being properly
controlled.

C. Average Core Exit Temperature is maintained less than
superheated, a superheated condition indicates core uncovery.

The next step that the operators would take would be to initiate
simultaneous hot leg and direct vessel injection. This is achieved
by manually opening the hot leg injection valves. This ensures
that there is no boric acid crystallization at the openings in and

p out of the core and maintains a constant flow through the core.
V)<

At this point the core is now in long term cooling and the LOCA
optimal recovery procedure is exited.

19.4.2.3.2 Modeled Operator Actions

Based on the description above, the following actions were modeled
in the Medium LOCA event trees and associated fault tree models:

A. Failure to verify that the SIAS was generated, and to
manually initiate the SIAS signal at the ESF panel if the
signal was not automatically generated.

B. Failure to verify that the CSAS was generated, and to manually
initiate the CSAS signal at the ESF panel if the signal was
not automatically generated.

C. Failure to initiate simultaneous hot leg and direct vessel
injection. This is achieved at the ESF panel by manipulation
of the valves associated with the line ups and the pumps.

D. Failure to align the CVCS to the IRWST and refill the IRWST
following containment failure due to failure of long term
containment heat removal.

g

|
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( ,/ 19.4.3 SMALL LOCA j

The Small LOCA event tree, Event Tree 3 (Figure 19.4.3-1), applies I
to all Reactor Coolant System (RCS) ruptures inside containment i

which have an effective break area less than approximately |
20.03 ft,

The Small LOCA category encompasses a spectrum of break sizes which
require secondary side heat removal to remove decay heat and safety
injection for RCS inventory control. Simultaneous hot leg and
direct vessel injection is not required for boric acid flushing
during the long term cooling phase. A reactor trip is required for
reactivity control but the failure to trip the reactor results in
an Anticipated Transient without scram (ATWS), which is covered
later in the section.

The systems which may respond to a Small LOCA are the Safety
Injection System, the Emergency Feedwater System, some means of
secondary steam removal, the Shutdown Cooling System, the Safety
Depressurization System, and some means of containment heat
removal.

The following paragraphs describe the individual elements of this
event tree.

r\
(n-) 19.4.3.1 Event Tree 3 Elements

19.4.3.1.1 Small LOCA Initiators

The Small LOCA event tree is initiated by a random RCS b{eak with
an effective break area less than approximately 0.03 ft Small.

LOCAs which create a direct path outside containment are treated as
a separate type of event (Interfacing System LOCA). LOCAs arising
as a consequence of another type of event are evaluated within the
context of that event.

19.4.3.1.2 Safety Injection System Injection

The Safety Injection System (SIS) injects borated water into the
RCS if a break occurs in the RCS boundary to control reactor
coolant inventory. The SIS gets its actuation signal from the
Engineered Safety Features Actuation System (ESFAS) and the In-
Containment Refueling Water Storage Tank (IRWST) supplies water to
the safety injection pumps.

There are four SIS trains and success is defined as one of the four
safety injection pumps injecting water into the reactor vessel from
the IRWST via its train.

If the SIS fails to deliver flow to the RCS following a small LOCA,
/ ,\ the Shutdown Cooling System (SCS) can be actuated to inject water
,

(. ,/ for reactor coolant inventory control if the RCS is depressurized

Amendment M
19.4-23 March 15, 1993



| CESSAR 8EL"lCATICN

|
'

!

sufficiently. Sufficient time is available to remove heat via both '

steam generators using Aggressive Secondary Cooldown. This results
in reduction of the RCS pressure to a point at which the SCS System
can be placed in service. This is described in the following
sections.

I 19.4.3.1.3 Aggressive Secondary Cooldown

For Small LOCAs with a failure of the SIS, the SCS System can be
used to provide injection for the RCS inventory control if the,

'

primary system can be depressurized below the SCS pump shutoff
head before the core is uncovered and core damage begins.
Depressurization of the primary byrtem is achieved by aggressively
cooling the primary system using the secondary system. Analyses
for System 80 plants *2 have shown that if the aggressive2"

cooldown is initiated within approximately 10 minutes of the small
LOCA, the SCS System can successfully provide RCS inventory
control. (NOTE: The Safety Depressurization System Might also be
used for depressurization of the RCS to permit use of the SCS pumps
for injection. That was not credited in this analysis.) A
confirmatory analysis was performed for System 80+. The analysis

2assumed an 0.03 ft break with no HPSI flow and no charging flow.
At 10 minutes, an aggressive cooldown was initiated by opening an
ADV on each steam generator. SIT injection from all four SITS was
credited when the RCS pressure dropped below 600 psi. It was
assumed that the SCS pumps could begin injecting when the RCS
pressure reached 260 psi. As shown on Figure 19.4.3-2, the RCS
pressure reaches 260 psi at about 2500 seconds. As shown on Figure
19.4.3-3, the RCS level inside the vessel at 2500 seconds is 21 ft.
This is just at the top of the core. At this point, SCS injection
can begin and inventory control is restored.

Aggressive Secondary Cooldown is performed by delivering the
emergency feedwater to both steam generators and removing steam
from the steam generators using one of two Atmospheric Dump Valves
(ADVs) on each generator.

The success criteria for Aggressive Secondary Cooldown are that
each Emergency Feedwater System (EFWS) train must deliver the flow
of one of its two pumps to its associated steam generator from its
Emergency Feedwater Storage Tank (EFWST), one ADV on each steam
generator must be available to remove steam, and all four of the ;

safety injection tanks must inject water into the RCS during the ;

primary side depressurization.
,

,

The main feedwater or the startup feedwater may be used for j
Aggressive Secondary Cooldown. However, it is not credited in the
analysis.

Figure 19.4.3-5 presents the top logic for Aggressive Secondary
Cooldown.

Amendment M
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19.4.3.1.4 3 ' ' lown Cooling System Injection

For Small LOCAs witn a failure or the SIS, the SCS System can be
used to provide injection for the RCS inventory control if the
primary system can be depressurized below the SCS pump shutoff head
before the core is uncovered and core damage begins.
Depressurization of the primary system is-achieved by aggressively
cooling the primary system using the secondary system. Analyses
for System 80 plants"'"' have shown that if the aggressive

I cooldown is initiated within approximately 10 minutes of the small
LOCA, the SCS System can successfully provide RCS inventory
control.

To establish SCS injection following a successful aggressive
cooldown, the SCS pumps must be manually aligned to the IRWST, the

| suction and discharge valves must be opened-and the pumps must be
! manually started. The SCS pumps have a shutoff head of

approximately 260 psi, so they can begin injecting when RCS
! pressure drops below 260 psi.

! The success criteria for SCS injection, given a successful

| depressurization via an aggressive cooldown, are that the SCS
j System must be properly aligned to deliver flow, and water must be

delivered from the IRWST to the RCS using one of the two SCS pumps.'

|
t 19.4.3.1.5 Deliver Feedwater

| Following a Small LOCA event, main feedwater will ramp down and the
Startup Feodwater System will automatically be actuated on low

I steam generator level to provide decay heat removal from the RCS.

The success criteria for this element are that the Startup
Feedwater System must be actuated by the Process Component Control
System and feedwater must be delivered from the Condensate Storage
Tank (CST) to a steam generator by the Startup Feedwater pump.

|

| If for any reason, the Startup Feedwater System is unavailable, the
| Emergency Feedwater System (EFWS) may be used to supply feedwater.
| The EFWS is automatically actuated by the ESPAS. It can also be
| manually actuated from the control room.

The success criteria for the EFWS are that it must be actuated and
emergency feedwater must be delivered from the EFWST to a steam
generator by one of the two EFW pumps associated with that steam
generator.

19.4.3.1.6 Long-Term Decay Heat Removal

Decay heat must be continually removed from the RCS following the
initial response to the transient. For the purpose of this

N analysis, it is assumed that the plant will always be brought to
cold shutdown following a transient if it is at all possible.
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Thus, during the initial response to the transient, the plant would
normally be brought down to residual heat removal (or shutdown
cooling) entry conditions using secondary side heat removal. This

,
can be accomplished in about 6 to 8 hours.

|

| The Shutdown Cooling System, which is the preferred means, is then
i used for long-term decay heat removal. If the SCS System is not
| available, secondary side heat removal must be maintained for long-

term decay heat removal by maintaining emergency feedwater flow.
.

In this case, the CST must be aligned to provide additional
I inventory to the EFW System once the EFWSTs empty (nominally
| between 16 to 20 hours after the initiation of the event),
i

Following successful establishment of long-term decay heat removal,
emergency feedwater is normally shut down after the steam

| generators are filled to appropriate levels. If the SCS System
'

later fails during long-term decay heat removal, secondary side
heat removal can be re-established by restarting the EFW System.
Operator has at least one hour to re-establish emergency feedwater
flow because of the low decay heat levels and the inventory in the
steam generators.

The success criteria for this eleme " are that the SCS or the EFW
System must be available for the mi il m time of 24 hours and the
CST must be properly aligned to provide 'dditional inventory to the
EFW System.

19.4.3.1.7 Safety Depressurization (Bleed)

If the long-term decay heat removal fails via either the SCS System
or the secondary heat removal using the EFWS, decay heat removal
can still be provided by the safety injection and safety
depressurization (Feed and Bleed).

If the bleed is initiated on an indication of the RCS
repressurization and before steam generator dryout, 1 safety
injection pump and 1 Safety Depressurization valve will be capable
of maintaining core coolability and, thus, core integrity.
Therefore, the success criterion for this element is that one
Safety Depressurization valve path must be available in conjunction
with one safety injection pump.

19.4.3.1.8 Containment Heat Removal Via IRWBT Cooling

During the plant cooldown following a transient, the core decay
heat is normally transferred to the secondary side inventory via
the steam generator. If main or emergency feedwater flow is lost,
core heat removal can still be accomplished via " Feed and Bleed"
cooling. For this mode of core heat removal, the safety
depressurization valves are opened to depressurize the RCS. The

| safety injection pumps are then used to supply inventory fr >he
IRWST to the core. The core heats up the IRWST inventory veing
delivered to
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(/ the core by the injection pumps. This heated inventory is then
discharged to the IRWST via the safety depressurization valves,
thus transferring the core decay heat energy to the IRWST.
Normally, the Containment Spray System (CSS) is used to transfer
the decay heat energy from the IRWST to the Ultimate Heat Sink.
The CSS pumps take suction f rom the IRWST and discharge back to the
IRWST through the CSS heat exchangers. The containment spray flow
is cooled by the component cooling water flow through the
containment spray heat exchanger, thus transferring the core decay
heat energy to the component cooling water system. This energy is
finally rejected to the Ultimate Heat Sink via the Service Water
System. In the event of a failure in the CSS, the Shutdown Cooling
System (SCS) pumps and/or heat exchangers can be aligned to provide
IRWST cooling.

If containment heat removal via IRWST Cooling is lost, the core
decay heat is retained inside the containment, and the containment
pressure begins to increase. Eventually, the containment pressure
will increase to the point at which the containment will fail due
to overpressure. MAAP analyses show that for a Loss of Feedwater
(LOFW) transient with a loss of emergency feedwater and successful
feed and bleed cooling with no containment heat removal from time
0, the containment will f ail at about 41 hours. At this point, the
steam that was inside containment will be discharged to atmosphere
via the containment breach. Because the SDS valves discharge

,

'/ directly to the IRWST, the contents of the IRWST will be in a hots

saturated equilibrium condition at about 170 psia. When the
containment fails, it is postulated that there will be momentary
flashing in the IRWST as equilibrium is reestablished at
atmospheric pressure. (This will be true if the containment fails
catastrophically. It is slightly conservative if the containment
does not fail catastrophically.) It is assumed that the injection
pumps will cavitate and trip at this point. Once equilibrium has
been reestablished, the operators will have to dispatch an
equipment operator to bleed the injection pumps so that they can be*

restarted. Approximately 33% of the total water inventory inside
containment will be discharged to atmosphere when the containment
fails. With restart of the injection pumps, core heat removal can
still be successfully accomplished using the safety injection flow
from the IRWST to the core. However, as the core decay heat energy
heats up the IRWST inventory, this inventory, in the form of steam,
will be lost directly to the atmosphere. If an alternate supply of
borated water to the IRWST is not established, core heat removal
will eventually be lost due to the loss of IRWST inventory. At
that point, core damage will occur.

The CVCS can provide borated water to the IRWST from the Holdup
tank (HUT) and the Boric Acid Storage Tank (BAST) using the Holdup
pumps (HUPs)or the Boric Acid Makeup pumps (BAMPs) respectively,
The BAST has a maximum capacity of 180,000 gallons and the HUT has

n\ a maximum capacity of 435,000 gallons. The holdup pumps have a/h normal flow of 50 gpm each. The BAMP have a normal flow of 165 gpm
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each. The boilof f rate from the core due to decay heat at 48 hours
is approximately 137 gpm.

Figure 19.4.3-6 presents the top logic for long term containment
cooling via IRWST heat removal. Core damage results if containment
fails due to failure to cool the IRWST inventory and core cooling
is not maintained after containment failure. The success criteria
for IRWST cooling are that at least one CS pump deliver flow from
the IRWST through its containment spray heat exchanger to the
containment spray header and that the decay heat energy be
transferred to the Component Cooling Water System. If the CS
header is not available, the CSS can be aligned to discharge
directly to the IRWST. If the CS pump in one train is not
available, the SCS pump associated with that train may be used as
a backup. The System 80+ design includes a standby containment
spray connection. This consists of a flanged connection to the
Containment spray line just outside containment and a standpipe
that can be connected to a pumping device such as a skid mounted
pump of a fire pump. The standpipe would be connected to the CS
line using a spool piece. If the CSS and SCS sumps are not
available, this backup system could be aligned to provide spray
flow. Heat removal would be via adding large amounts of cold
water. This was treated as a recovery action in this analysis. In
addition, though not credited in this analysis, the containment
purge valves could be opened to provide a controlled
depressurization of containment prior to failure.

19.4.3.2 Maior Degr ndencies

The following major dependencies are important for Event Tree 3:

A. If the IRWST is unavailable, there is no inventory available
for SIF and SCS injection. In addition, the IRWST must be
successfully cooled to prevent containment damage.

B. If emergency or startup feedwater is unavailable, there is no
success path for secondary heat removal and, therefore, decay
heat removal. In addition, insufficient inventory from the
EFWST and/or the CST would result in failure of the EFW
System.

C. If SIS injection fails and Aggressive Secondary Cooldown
cannot be performed successfully, the SCS System can not be
used to provide RCS heat removal and there is no success path
available to remove heat.

|

O
| \

! I
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A. Pressurizer Sprays

1

B. Control of Charging and Letdown

Throughout the cooldown, the operator will be monitoring !
pressurizer pressure to make sure that it is being maintained I

within the Post Accident P-T limits or that the cooldown is less I

than 100oF/hr. If at any point these are violated, the operator
must perform one of the following actions as appropriate:

A. Stop the Cooldown

B. Operate the main or auxiliary spray as necessary to
depressurize the pressurizer pressure to the P-T limits.

C. If overpressurization still exists and is caused by charging
flow, then throttle or stop the pumps and manually control
letdown to restore and maintain pressure limits within the
Post Accident P-T limits.

The operators would be maintaining steam generator levels in the
normal band by using main or emergency feedwater. They would also |
be monitoring the available condensate and replenishing it from
other available sources.

O) The next step, the operator would perform, is boration of the plant(
to maintain shutdown margin within Technical Specifications. Thev

operators would try to borate the whole RCS including the mass in
the pressurizer. If the letdown system were not available, the
operator would borate the RCS to the minimum shutdown margin
corresponding to T . Then during the controlled cooldown phase, asc

RCS shrinkage occurs, the operators would borate until the cold
shutdown margin were reached.

The next actions the operators would take would be to perform the
controlled cooldown within Technical Specifications. The preferred
method of cooling would be to use the turbine bypass system and the
condenser. This is done by maintaining steam generator levels and
making use of the natural circulation, driven by the density
difference between the steam generator and the reactor vessel. The
operators would monitor single phase natural circulation by the ,

following conditions: 1
1

A. Loop AT (Tne,t - T sg) less than full power AT.c

B. Hot and Cold leg temperatures (T and Tccie DIAS indicators)hat

C. RCS subcooling is at least 20*F based on average Core Exit
Temperature.

( ) D. No abnormal dif ferences between Tnct RTDs and average Core Exit
| (/ Temperature.
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19.4-33 April 29, 1994



|

| CESSAR E%Pic 1cn

During th- phase of the recovery the automatic operation of
,

| certain s' guard systems is undesirable. Therefore the operators
would be irrected to manually reset the CIAS, SIAS, CSAS and MSIS
setpoints to lower than the originals, to ensure that these;

engineered safeguards remain available until the RCS is cooled andi

! depressurized.

Entry to shutdown cooling conditions would be evaluated by the
| operators, atsthis point. This evaluation would continue

throughout the depressurization and cooldown until they are met;
l

A. Pressurizer level control should be established (cleared or
clearing RCS pressure control alarms) and verified by a level
greater then 30% and constant or increasing. |

B. RCS subcooling should be at least 20 F
,

i C. RCS pressure should be at or below the shutdown cooling entry
| pressure of 300 psia. |

| D. RCS hot leg temperature should be at or below the shutdown
cooling system entry temperature of 300 F. |

The activity level of the RCS inventory must be determined, in
order to evaluate the dangers associated with routing the fluid
outside containment. |

If these criteria are met, then the operator would align the Safety
Injection system for Direct vessel injection and initiate shutdown |
cooling.

The operator must continually monitor for voids in the RCS. This
is done by monitoring the following parameters:

A. Letdown flow greater than Charging flow. |

B. Pressurizer level increasing significantly more than expected
while operating pressurizer spray. |

C. RVLMS indicating voiding in the Reactor Vessel

D. Unheated thermocouple temperature indicates saturated
conditions in the reactor vessel head.

Assuming voids do not occur, at this point the core is now in
shutdown cooling and the LOCA optimal recovery procedure is exited.

In the case of an un-isolable small LOCA the following actions
would be taken:

The actions that the operator would take for the next,
approximately, 20 steps are associated with regaining RCS inventory
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control while maintaining RCS heat removal. The ' goal of the j
operator is.to establish shutdown cooling, if. possible, as the I

means.of core heat removal,-in the case _of a small LOCA. -The l
'

~!technique that .the' procedure requires is makes use of a . rapid
cooldown via:the steam generators. 'An aggressive cooldown, while

_

holding the cooldown rate within Technical _ Specifications
Limitations, improves RCS heat removal- by. enhancing natural ,

-circulation and reflux boiling. The RCS: is assumed to have |

depressurized to an equilibrium pressure with'the steam generators.
The aggressive cooldown, hastens depressurization and allows for
higher safety injection flow which aids in RCS inventory control.
For.this analysis _the condenser and.the' turbine bypass system are
not available, and the atmospheric dump - valves are utilized
instead.

i

! In order to achieve this " aggressive cooldown",_the operators must
maintain steam generator levels'in the normal band. The operators |
must also ensure that adequate condensate' inventory is' available by
monitoring the_ condensate storage tank,.and. replenished from the 7

available sources as necessary to continually provide a secondary |
9

heat ' sink. Examples of alternate sources of condensate are
Plant specificnon-seismic tanks, fire mains, lake ' water etc.. credited in the ,

(. sources should _ be available .and this will_ be
I analysis.

The next set of actions the operators would be required to perform
\ involve the controlled cooldown and depressurization of the RCS to

'

shutdown cooling entry' conditions. The operators would achieve :

this by using one of the following methods: ,

A. Pressurizer Sprays |

| B. Control of Charging and Letdown .|

C. Throttling Safety Injection |

| Throughout the cooldown, the operator will. be monitoring
| pressurizer pressure to make sure that it is being maintained |
| within the Post Accident P-T limits or.that the.cooldown is less .

| than 100*F/hr. If at any point these are violated, the operator
! must perform one of the following actions as appropriate:
1

A. Stop the Cooldown

B. Operate the main or auxiliary spray as- necessary to-
depressurize the pressurizer pressure to the P-T limits. |

C. If overpressurization still exists _ and is caused by SI flow or
charging flow, then throttle or stop the SI pumps and manual.ly -
control letdown to restore and maintain pressure limits within

-
-

the Post Accident P-T-limits. |
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Assuming the conditions for re-start of the RCPs are not met, the
operators would be monitoring for natural circulation conditions in
the RCS, In order to verify that natural circulation was occurring
the operator would be monitoring:

| A. Loop AT(Tact -T ) less than full power AT.co13

B. Hot and Cold leg temperatures ( Tuct and T DIAS indicators)co13

C. RCS subcooling is at least 20 F based on average Core Exit
1 Temperature.

D. No abnormal dif ferences between T RTDs and average Core Exitnc,;

Temperature.

Since RCS inventory and pressure are being controlled, the
operators will be able to make use of sincle phase natural
circulation. The operators will be using the same heat transport
path as used in forced circulation cooling, . tith the liquid density
between the steam generators and the reactor vessel providing the
driving flow.

At this point, within one hour af ter the start of the accident, the
operators would be realigning the charging pumps from the
concentrated boron source to the IRWST, in order to help limit

| build up of excessive boric acid in the core.

The operators would now begin evaluating the possibility of
entering shutdown cooling conditions. The criteria that need to
met are:

A. Pressurizer level control should be established (cleared or
clearing RCS pressure control alarms) and verified by a level

| greater then 26% and constant or increasing.;

B. RCS subcooling should be at least 20 F

C. RCS pressure should be at or below the shutdown cooling entry
| pressure of 400 psia.

D. RCS hot leg temperature should be at or below the shutdown
| cooling system entry temperature of 350*F. I

The activity level of the RCS inventory must be determined, in
order to evaluate the dangers associated with routing the fluid

| outside containment.

If these criteria are met, then the operator would align the Safety
Injection System for direct vessel injection and initiate shutdown
cooling.

O
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(G Failure ' of
\ i(

safety injection actuation (Loss of RCS Inventory
Control) would be identified _ during the initial phase of the
response to the event, prior to determining whether the event was
a standard Small LOCA or an SGTR. The operator response to Loss of
RCS Inventory Control would be the same as for a Small LOCA because

j at this point in time the operators have-not_ determined.that_an
! SGTR has occurred. The operator responses would therefore be

performed within the same time frame. Thus, ASC would be initiated
within approximately 15 minutes after the initiation of the event.
While performing the ASC, the operators would continue with the

i break identification. Once it is determined that an SGTR has
| occurred and the ruptured generator is identified, the. operators
| would isolate the ruptured generator if the temperature and

pressure conditions were appropriate and the RCS pressure is 50 psi
'

greater than the pressure in. the'' ruptured generator. Once the
ruptured generator is isolated, the operator would continue with
the cooldown using only the good generator. If the . ruptured
generator cannot be isolated, the operators would continue . the
cooldown using both generators until such time as isolation
conditions can be established or shutdown cooling is established
and the transient event is terminated. As was the case for the
Small LOCA, all four SITS were assumed to be available for
injection to provide short term inventory control for an SGTR.

A transient analysis was performed to demonstrate that ASC could be
|

*Y
successfully accomplished for an SGTR. The SGTR occurred at time

! zero, and HPSI failed. At 15 minutes after SI failure, an
! aggressive secondary cooldown was initiated using _ both steam

generators. Each generator received the flow form one EFW pump,
and one ADV on each generator was used for steam removal. Starting
at 30 minutes, conditions in the ruptured steam generator were
monitored to determine if the ruptured generator could be _ isolated.
The ruptured generator was not isolated during the cooldown because -
the RCS pressure was less than 50 psi greater than the pressure in '

the ruptured generator. The low differential' pressure did,'
I

however, minimize the primary to secondary leakage. Consistent-
with the emergency procedures, the operators continued the ASC
using both steam generators. As is shown on Figures 19.4.4-4
through 19.4.4-11, the RCS was successfully cooled ~ and
depressurized using ASC while maintaining core covery and cooling.
These plots indicate that there was no return to power following
the cooldown.

The radioactivity released during the transient was calculated
using the standard Chapter 15 dose calculation methodology and the
conservative assumptions used for the SGTR dose calculation for

! Chapter 15. The calculated 2-hour GIS thyroid dosc was 15 Rem and
the whole body dose was 0.585 Rem. The calculated 2-hour PIS

i thyroid dose was 43.7 Rem and the PIS whole body dose was 0.5 Rem.
| Both of these calculated releases are well within the 10 CFR 100

| limit of 300 Rem.

| V
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The main feedwater or the startup feedwater may be used for
Aggressive Secondary Cooldown. However, it is not credited in the
analysis.

The top logic for the element " Fail to Perform Aggressive Secondary
Cooldown" is presented in Figure 19.4.4-2.

19.4.4.3.4 Shutdown Cooling System Injection

For a SGTR with a failure of the SIS, the SCS System can be used to
provide injection for the RCS inventory control if the primary
system can be depressurized below the SCS pump shutoff head before
the core is uncovered and core damage begins. Depressurization of
the primary system is achieved by aggressively cooling the primary
system using the secondary system. Analyses for System 80
plants .2u have shown that if the aggressive cooldown is initiatedm

within approximately 10 minutes of a SGTR event, the SCS System can
successfully provide RCS inventory control.

To establish SCS injection following a successful aggressive
cooldown, the SCS pumps must be manually aligned to the IRWST, the
suction and discharge valves must be opened and the pumps must be
manually started.

The success criteria for SCS injection, given a successful
depressurization via an aggressive cooldown, are that the SCS
System must be properly aligned to deliver flow, and water must be
delivered from the IRWST to the RCS using one of the two SCS pumps.

19.4.4.3.5 Deliver Feedwater

Following a SGTR event, main feedwater will ramp down and the
Startup Feedwater System will automatically be actuated on low
steam generator level to provide decay heat removal from the RCS.

The success criteria for this element are that the Startup
Feedwater System must be actuated by the Process Component Control
System and feedwater must be delivered from the Condensate Storage
Tank (CST) to the intact steam generator by the Startup Feedwater
pump.

If for any reason, the Startup Feedwater System is unavailable, the
Emergency Feedwater System (EFWS) may be used to supply feedwater.
The EFWS is automatically actuated by the ESFAS. It can also be
manually actuated from the centrol room.

The turbine-driven pump in the EFWS train associated with the
ruptured steam generator is assumed to be unavailable because steam
supply to drive the pump turbine is isolated. However, since the
cross-connect between the two EFWS trains is credited in the
analysis, the motor-driven pump in the affected train can be used.

Amendment M
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Q E. The flow path from the ruptured SG to the turbine driven EFW

pump associated with the ruptured SG is not isolated.

The dominant mechanism of concern for this analysis is a stuck open
MSSV. If the secondary pressure following an SGTR exceeds the nSSV
initial setpoint, the MSSVs will lift to relieve the secondary side
pressure. The probability that an MSSV will fail to reseat after
relieving steam is 7.0E-03 per valve that opened.

As previously discussed, the ruptured steam generator may gradually ,

refill with water due to the primary to secondary leakage. If the-
level in the ruptured SG is not controlled using either the ADVs or
the high capacity blow down system, the steam generator will fill
with water. If the primary system pressure is above the MSSV
setpoint pressure, the MSSVs will lift and pass water. It is
assumed that the MSSVs will fail open if they pass water. To
preclude this failure,.either the level'in the ruptured SG must be

| controlled using the ADVs or the high capacity blowdown system or
RCS must be depressurized below the MSSV setpoint before the

*

ruptured SG fills with water.

As discussed in Appendix SF, the CEPAC computer code was used to |-
perform best estimate evaluations of the potential for an
unisolable leak in the ruptured SG. All normal automatic control
systems were assumed to be initially available. Therefore, .the

Owas26 feet,initial RCS pressure was 2250 psia, the initial: pressurizer level
the initial steam generator level was 40.46 feet and

the initial steam generator pressure was 1000 psia. The initiating
L event was a double ended rupture of a single tube. For the case
'

where the Turbine Bypass Control System (TBCS) was assumed to fail,
these analyses demonstrated that the MSSVs would lift in less thanI

a minute to reduce . secondary side pressure. The first bank of
MSSVs maintained the pressure in the ruptured SG below 1235 psia,
so the second and third banks of MSSVs did not lift. For'the case
where the TBCS functioned to relieve secondary side pressure, the
pressure in the ruptured SG remained below the MSSV setpoint for
greater than 10,000 seconds. SIAS occurred and all four safety |
injection pumps started and ran. MSIS did not occur. For this
case, no operator actions were credited, so the safety injection
pumps were not throttled, the ADVs were not opened, and .the
blowdown system was not actuated. The level in the ruptured SG |
remained below 60% for greater than 10,000 seconds even with no
operator action. Thus, the operators have in excess of 10,000

| seconds to take action to establish RCS pressure control and
| depressurize'the RCS below the MSSV setpoint or to establish level

control in the ruptured generator using either the ADVs or the highl

capacity blowdown system. SG 1evel control can be successfully
achieved if the blowdown system is actuated or the ADVs are opened
before the level in the ruptured SG reaches 90% full wide range.

;
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19.4.4.3.9 Refill the IRWST (RF)
|

With loss of RCS Pressure Control and an Unisolable leak in the I

ruptured SG, the pressure differential between the RCS and the
| ruptured generator will remain relatively high and therefore the

leak rate from the primary side to the secondary side will remain
relatively high. This raises the possibility of depleting the
IRWST inventory before the plant cooldown is completed.

Initially, the tube leak rate is in the critical flow regime and
.

will remain so throughout most of the transient. Therefore the|
| leak rate will be a function of the RCS pressure. Figure
| 15.6.3-34B in CESSAR-DC presents the RCS pressure trace for an SGTR
! with Loss of 0"fsite Power and a stuck open ADV which is equivalent
| to the conditio. , of concern as discussed above. Figure 15.6.3-42B
'

presents a trace of leak rate versus time for the same transient.
As can be see from these two figures, as pressure decreases, the

. tube leak decreases proportionately. For the transient as
! described in Section 15.6.3.3, the operators recover RCS pressure

control and isolate the open ADV at about 8000 seconds (2.2 hours) .
The 3eak rate at about 8000 secs is approximately .55 lbm/sec.
Assuming a density of 60 lbm/ft3 and a specific volume of
.1337ft2/ gal, this is equivalent to a leak rate of 411 gpm. The
total inventory lost to this point, as shown on Figure 15.6.3-43B,
is 360,000 lbm which is equivalent to about 45,000 gallons. The
RCS hot leg temperature at this point in time is about 460*F. For
the transient as described in Section 15.6.3.3 of CESSAR-DC, the

i operators at this point initiate a controlled cooldown at 20*F/ hour
using the intact steam generator.

For the condition where RCS pressure control could not be re-
established, the plant would be cooled down and depressurized using
only secondary side cooling which is a slow process. Assuming an
average cooldown rate of 10 F/ hour, it will take approximately 26
additional hours to cooldown and depressurize from 460*F to about
200 F. As discussed above, the rate of depressurization parallels
the rate of cooldown and the leak rate is a function of pressure.
It is not unreasonable to assume that the average tube leak rate
during the cooldown period is about one half the leak rate at 8000
seconds. Thus the average leak rate during the cooldown was
assumed to be 200 gpm.

The total usable inventory in the IRWST is approximately 500,000
gallons. With 45,000 gallons of inventory lost during the initial
response to the SGTR, the remaining inventory is 455,000 gallons.
At an average leak rate of 200 gpm, the IRWST inventory will be
depleted in approximately 38 hours. Thus, at the above cooldown
rate, there is more than enough inventory in the IRWST to make up
the inventory lost through the leaking tube. On the other hand, if
an average leak rate of 300 gpm is assumed, it will take
approximately 25 hours to deplete the IRWST inventory and the IRWST
inventory would have to be replenished to complete the cooldown.
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\ 7. f it is assumed that the plant _ is cooled down at a rate of

JO*F/ hour from 460*F to 350*F and at an average rate of S*F/ hour
from 350' to 200*, it will take a total of 41 hours to cool down 1

j and depressurize the plant. With an assumed average leak rate of |

200 gpm, the IRWST inventory would be depleted approximately three |
hours before the cooldown was completed. Thus, in this scenario, i

the IRWST inventory would need to be replenished.

The IRWST inventory can be replenished from the Boric Acid Storage
Tank (BAST) using the Boric Acid Makeup Pumps (BAMP). The BAST
nominally contains 156,000 gallons of borated water. The normal

,

|
flow rate of the BAMPs is 165 gpm each. The transfer would require i

| realigning several manual valves and starting the BAMP(s) . However,
this is the normal source for makeup to the IRWST so there are ,

appropriate operational procedures available and the staff will j
have had experience in establishing the proper alignments. Using |
one pump, the entire nominal contents of the BAST can' be

j transferred to the IRWST in about-16 hours.
|

During.the latter part of the cooldown, the tube leak rate will be
much less than the assumed average leak rate of 200 gpm. Thus, a
single BAMP will be able to transfer inventory to the IRWST faster
than it is being lost due to the tube leak. Therefore, the
transfer of inventory from the BAST to the IRWST would not need to

p be initiated until just prior to depletion of the IRWST inventory.,

' For this analysis, is assumed that the transfer must be initiated
at least 1 hour prior to depletion of the IRWST inventory to be
successful. Given the worst case scenario discussed above, the
IRWST inventory would be depleted at about 27 hours after the
initiating event. For this case, transfer should be started at or
before 26 hours. The operating crew would be aware of the
potential need to transfer inventory to the IRWST significantly
prior to this point. However, it is assumed that they would not
begin to refill the IRWST until they received an IRWST low level
alarm. Assuming that the alarm setpoint is at 5% of useable
inventory and that the average leak rate over the last several
hours is 100 gpm, the alarm would occur approximately 4 hours
before the "dryout point". Thus, the operators have three hours in
which to initiate refilling of the IRWST.

The top logic for the element' " Fail to Replenish IRWST Inventory",
is presented in Figure 19.4.4-3.

19.4.4.3.10 Maintain Secondary Heat Removal (MSHR)

If the feedwater is available but the RCS pressure control fails,
the plant may be maintained in a stable condition via continued
secondary heat removal.

The success criteria for this element are that the emergency

[t feedwater must be delivered from the Emergency Feedwater Storage
Tank (EFWST) to the intact steam generator and the additional water

Amendment M
19.4-47 March 15, 1993

. __. - . . . - . . . - . _ _ . - _ - - < - ,



,

| CESSARin hia

inventory must be provided by the CST if the EFWST empties at
between 16 and 20 hours following the event.

! I

19.4.4.3.11 Safety Depressurization (Bleed) |

iIf the long-term decay heat removal fails via either the SCS System
or the secondary heat removal using the EFWS, decay heat removal
can still be provided by the safety injection and safety

| depressurization (Feed and Bleed).

! If the bleed is initiated at lifting of the Primary Safety Valves
! (PSVs), 1 SIS pump and 1 Safety Depressurization valve will be

| capable of maintaining core coolability and, thus, core integrity.
' Therefore, the success criterion for this element is that one

Safety Depressurization valve path must be available in conjunction
with one SIS pump.

j 19.4.4.3.12 Bafety Injection (Feed)
,

! If the long-term decay heat removal fails via either the SCS System
' or the secondary heat removal using the EFWS, decay heat removal

can still be provided by the safety injection and safety
.

depressurization (Feed and Bleed). Safety injection (or Feed)
I provides cooling water to remove decay heat removal.

If the bleed is initiated at lifting of the Primary Safety Valves
(PSVs), 1 SIS pump and 1 Safety Depressurization valve will be
capable of maintaining core coolability and, thus, core integrity.
Therefore, the success criteria for this element are that one SIS
pump must deliver water from the IRWST to the RCS and one Safety
Depressurization valve path must be available.

19.4.4.3.13 Containment Heat Removal Via IRWST Cooling

During the plant cooldown following a Steam Generator Tube Rupture,
the core decay heat is normally transferred to the secondary side
inventory via the steam generator. If main or emergency feedwater
flow is lost, core heat removal can still be accomplished via
" Feed and Bleed" cooling. For this mode of core heat removal, the
safety depressurization valves are opened to depressurize the RCS.

| The safety injection pumps are then used to supply inventory from
the IRWST to the core. The core heats up the IRWST inventory being
delivered to the core by the injection pumps. This heated
inventory is then discharged to the IRWST via the safety
depressurization valves, thus transferring the core decay heat
energy to the IRWST. Normally, the Containment Spray System (CSS)
is used to transfer the decay heat energy from the IRWST to the
Ultimate Heat Sink. The CSS pumps take suction from the IRWST and
discharge back to the IRWST through the CSS heat exchangers. The
containment spray flow is cooled by the component cooling water
flow through the containment spray heat exchanger, thus
transferring the core decay heat energy to the component cooling
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(/ water system. This energy is finally rejected to the Ultimate Heat
Sink via the Service Water System. In the event of a failure in
the CSS, the Shutdown Cooling System (SCS) pumps and/or heat
exchangers can be aligned to provide IRWST cooling.

If containment heat removal via IRWST Cooling is lost, the core
! decay heat is retained inside the containment, and the containment
( pressure begins to increase. Eventually, the containment pressure

will increase to the point at which the containment will fail due|

to overpressure. MAAP analyses show that for a Loss of Feedwater
l (LOFW) transient with a loss of emergency feedwater and successful

feed and bleed cooling with no containment heat removal from time
0, the containment will fail at about 41 hours. At this point, the |
steam that was inside containment will be discharged to atmosphere
via the containment breach. Because the SDS valves discharge
directly to the IRWST, the contents of the IRWST will be in a hot j
saturated equilibrium condition at about 170 psia. When the )
containment fails, it is postulated that there will be momentary |

| flashing in the IRWST as equilibrium is reestablished at I

atmospheric pressure. (This will be true if the containment fails
catastrophically. It is slightly conservative if the containment ,

does not fail catastrophically.) It is assumed that the injection |

pumps will cavitate and trip at this point. Once equilibrium has
'

been reestablished, the operators will have to dispatch an
.

(3 equipment operator to oleed the injection pumps so that they can be |
? ) restarted. Approximately 33% of the total water inventory inside

containment will be discharged to atmosphere when the containment
fails. With restart of the injection pumps, core heat removal can
still be successfully accomplished using the safety injection flow
from the IRWST to the core. However, as the core decay heat energy
heats up the IRWST inventory, this inventory, in the form of steam,
will be lost directly to the atmosphere. If an alternate supply of
borated water to the IRWST is not established, core heat removal
will eventually be lost due to the loss of IRWST inventory. At
that point, core damage will occur.

The CVCS can provide borated water to the IRWST from the Holdup
tank (HUT) and the Boric Acid Storage Tank (BAST) using the Holdup
pumps (HUPs) or the Boric Acid Makeup pumps (BAMPs) respectively.
The BAST has a maximum capacity of 180,000 gallons and the HUT has
a maximum capacity of 435,000 gallons. The holdup pumps have a
normal flow of 50 gpm each. The BAMP have a normal flow of 165 gpm
each. The boilof f rate from the core due to decay heat at 48 hours
is approximately 137 gpm.

The top logic for the element, " Failure of Long Term Containment
Heat Removal Via IRWST Cooling" is presented in Figure 19.4.3-3.
Core damage results if containment f ails due to failure to cool the
IRWST inventory and core cooling is not maintained after

_ containment failure. The success criteria for IRWST cooling are

[- sT that at least one CS pump deliver flow from the IRWST through its

V containment spray heat exchanger to the containment spray header
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and that the decay heat energy be transferred to the Component
Cooling Water System. If the CS header is not available, the CSS
can be aligned to discharge directly to the IRWST. If the CS pump
in one train is not available, the SCS pump associated with that
train may be used as a backup. The System 80+ design includes a
standby containment spray connection. This consists of a flanged
connection to the Containment spray line just outside containment
and a standpipe that can be connected to a pumping device such as
a skid mounted pump of a fire pump. The standpipe would be
connected to the CS line using a spool piece. If the CSS and SCS
pumps are not available, this backup system could be aligned to
provide spray flow. Heat removal would be via adding large amounts
of cold water. This was treated as a recovery action in this
analysis. In addition, though not credited in this analysis, the
containment purge valves could be opened to provide a controlled
depressurization of containment prior to failure.

19.4.4.4 Maior Dependencies!

The following functional dependencies are displayed on Event Tree
4:

A. If Safety Injection System (SIS) is not available and
Aggressive Secondary Cooldown cannot be performed, there is
insufficient time to stabilize the plant before core uncovery
occurs.

B. If the SIS fails, both steam generators must be used for
secondary heat removal in order to depressurize the primary
system to establish residual heat removal entry conditions.
In other words, Aggressive Secondary Cooldown is required to
establish residual heat removal entry conditions.

C. If the RCS is depressurized for SCS injection due to the
unavailability of the SIS, pressurizer spray is not needed for
RCS pressure control because RCS pressure and temperature will
be within residual heat removal entry conditions limits.
(Note: during the cooldown some voiding may occur but the
core will remain covered.)

D. If emergency feedwater is not available or the Long-Term Decay
Heat Removal fails via the SCS System, no success path for
decay heat removal is available, therefore, the Safety
Depressurization (Bleed) must be used to remove heat from the
RCS.

E. When Safety Injection and Safety Depressurization are used,
the IRWST must be available and successfully cooled to prevent
containment damage.

O
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{ parallel with the location and isolation of the affected steam
generator.

Steam generator levels are maintained within the normal band, by
the operators, by using main or emergency feedwater. This is done |
to ensure an adequate heat sink for removing heat from the RCS.

|

The damaged steam generator is located by performing the following
actions:

A. Sampling the steam generators for activity,

B. Monitoring the main steam piping for' activity, and

C. Monitoring the steam generator levels.
i

|

The steam generator with higher activity, higher. radiation levels
or increasing water levels would be isolated. This is an attempt
to re-establish the containment isolation safety. function.
However, should the pressure in 'an isolated . steam generator
approach the lift setpoint for the MSSVs it is desirable from the
perspective of positive operator control that the ADV open first.

,

The operator would accomplish this by raising the ADV manually at ;

950 psia. ,

A l
|

) The operators would isolate the affected steam generator in the(

| following manner:

|
: A. Close the main steam isolation valve.
t

B. Close or verify that closed, the main steam isolation bypass
valve.

:

C. Close the main feedwater isolation valve.

D. Isolate the steam generator. blowdown.

E. Isolate the vents, drains, exhausts, and bleedoffs for the
j steam system.
1

Once this is done, the operators would verify that the correct
steam generator has been isolated by checking radiation
indications, sampling.for' activity and noting any possible increase
in the isolated steam generator level.

The next concern for the operators would be to regain RCS pressure
control. This will provide subcooling to support the core heat
removal processes. Additionally it will minimize the pressure
differential between the steam generator and the RCS which will

| minimize the leakage. The depressurization is achieved by using
i the main pressurizer spray or the Reactor Coolant Gas Vent System.

.The associated cooldown is achieved by using the unaffected steam

|
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generator and the turbine bypass system. If the turbine bypass
system is unavailable the atmospheric dump valves may be utilized.

The potential exists for flow of the reactor coolant via the tube
rupture into the isolated steam generator, as long as the pressure
in the RCS is above that in the steam generator. The steam |
generator steam space may fill, and the main steam piping to the
MSIV may fill. Draining the steam generator via the blowdown
system or steaming the generator to the condenser via the turbine
bypass system will solve this problem.

Throughout the cooldown, the operators will be monitoring
pressurizer pressure to make sure that it is being maintained |
within the Post Accident P-T limits or that the cooldown is less
than 100*F/hr. If at any point these are violated, the operator
must perform one of the following actions as appropriate:

A. Stop the Cooldown

B. Operate the main or auxiliary spray as necessary to
depressurize the pressurizer pressure to the P-T limits. |

C. If overpressurization still exists and is caused by charging
flow, then throttle or stop the pumps and manually control
letdown to restore and maintain pressure limits within the
Post Accident P-T limits. |

The operators would be constantly evaluating, as the cooldown and
depressurization progresses, whether they should stop or throttle
the safety injection pumps. The safety injection oystem could be
stopped if the all of the following were true;

A. RCS subcooling at least 20 F based in average Core Exit
Temperature Pressurizer Level is greater than 30% (i.e.
covering the heaters) and not decreasing

B. At least one steam generator is available for removing heat
from the RCS RVLMS indicates a mininum level at the top of the
hot leg nozzles.

At this point in the accident, the LCS would be sampled for
activity and boron concentration. The operators would determine
the need to borate the RCS in order to achieve the required
shutdown margin, including the mass in the pressurizer, for entry
to shutdown cooling conditions per Technical Specifications. The
operators would try to borate the whole RCS including the mass in
the pressurizer. If the letdown system were not available, the
operator would borate the RCS to the minimum shutdown margin
corresponding to T . Then, during the controlled cooldown phase,c

as RCS shrinkage occurs, the operators would borate until the cold
shutdown margin were reached.
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The available condensate inventory would be monitored by the
operators and replenished, as necessary, from the available
sources. Examples of alternate sources of condensate inventory are
nonseismic tanks, fire mains, lake water supplies, portable tanks,
etc.

The procedures would now require the operators to consider the
cooling and depressurization of the affected steam generator.
Although heat from the RCS is being removed by ' the other steam )
generator, the affected steam generator will remain at high ;

temperature and pressure. This is because of thermal {
stratification of the secondary water because without boiling and
recirculation, the fluid is not well mixed. Since the goal of
depressurization of the RCS is to reach the pressure of the steam
generator, the pressure cannot then. continue to shutdown cooling
entry conditions until the affected steam generator pressure is
reduced. This is achieved by one of the following methods:

A. Feed and Bleed of the steam generator using main or emergency |
feedwater and the blowdown system. This is, however, slow,
and if the leak rate is comparable to or greater than the
blowdown system's flow capacity, this method would not be
effective.

B. Short duration steaming of the isolated steam generator will
rapidly depressurize it. If the ADVs are used this will .

result in. radiological release, however this can be minimized |
by steaming to the condenser, while maintaining the SG level
above the U-tubes.

At this point in the accident the operators would be required to
carry-out some activity surveys for the secondary side to access
the amount of contamination that has occurred. Area that would be
sampled are condensate, and all connecting systems, turbine
building sumps, the turbine building ventilation system, auxiliary
building ventilation system and other applicable radiation
monitors.

During this phase of the recovery the automatic operation of
certain. safeguard systems is undesirable. The operators would be
directed to manually reset the CIAS, SIAS, CSAS and MSIS setpoints
to lower than the originals, to ensure that these engineered
safeguards remain available until the RCS is cooled and I

depressurized.

Entry to shutdown cooling conditions would be evaluated by the
operators, at this point. This evaluation would continue
throughout the depressurization and cooldown until they are met;
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A. Pressurizer level control should be established (cleared or
! clearing RCS pressure control alarms) and verified by a level

| greater then 30% and constant or ' increasing RCS subcooling
should be at least 20 F.

B. RCS pressure should be at or below the shutdown cooling entry
| pressure of 400 psia.i

| C. RCS hot leg temperature should be at or below the shutdown
| cooling system entry temperature of 350*F.

| The activity level of the RCS inventory must be determined, in
order to evaluate the dangers associated with routing the fluid

| | outside containment.
!

! If these criteria are met, then the operator would align the Safety
| Injection system for direct vessel injection (ESF panel) and
( initiate shutdown cooling.

I The operator must continually monitor for voids in the RCS. This
is done by monitoring the following parameters:

:

| A. Letdown flow greater than Charging flow.

B. Pressurizer level increasing significantly more than expected
j while operating pressurizer spray.

f C. RVLMS indicating voiding in the Reactor Vessel

D. Unheated thermocouple temperature indicates saturated
conditions in the reactor vessel head.

Assuming voids do not occur, at this point the core is now in
shutdown cooling and the SGTR optimal recovery procedure is exited.

19.4.4.5.2 Modeled Operator Actions

Based on the description above, the following actions were modeled
in the Steam Generator Tube Rupture event tree and associated fault
tree models:

|

A. Failure to verify that the SIAS was generated, and to manually
initiate the SIAS signal at the ESF panel if the signal was
not automatically generated,

l B. Failure to initiate an aggressive secondary cooldown to
depressurize the RCS so that the SCS pumps could be used for
injection. I

| C. Failure to align the SCS system for injection operation.

D. Failure to throttle SI pumps for RCS pressure control
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(O/ 19.4.5.1.4 Deliver Emergency Feedwater

Following a Large Secondary Side Break event, emergency feedwater*

must be supplied to the unaffected steam generator in order to
remove decay heat from the RCS. Emergency feedwater is
automatically actuated by the ESFAS. It can also be manually
actuated from the control room.

The success criterion for this element is that emergency feedwater
flow must be delivered from the Emergency Feedwater Storage Tank
(EFWST) by one of two Emergency Feedwater (EFW) System pumps
associated with the unaffected steam generator to that steam
generator.

,

19.4.5.1.5 Long-Term Decay Heat Removal

Decay heat must be continually removed from the RCS following the
initial response to the transient. For the purpose of this
analysis, it is assumed that the plant will always be brought to
cold shutdown following a transient if it is at all possible.
Thus, during the initial response to the transient, the plant
would normally be brought down to residual heat removal (or
shutdown cooling) entry conditions using secondary side heat
removal. This can be accomplished in about 6 to 8 hours.

m '
The Shutdown Cooling System (SCS) , which is the preferred means, is
then used for long-term decay heat removal. If the SCS System is
not available, secondary side heat removal must be maintained for
long-term decay heat removal by maintaining emergency feedwater
flow. In this case, the Condensate Storage Tank (CST) must be
aligned to provide additional inventory to the EFW System once the
emergency feedwater stocage tank empty (nominally between 16 to 20
hours after the initiation of the event).
Following successful establishment of long-term decay heat removal,
emergency feedwater is normally shut down af ter the steam generator4

is filled to appropriate levels. If the SCS System later fails
during long-term decay heat removal, secondary side heat removal
can be re-established by restarting the EFW System. Operator has
at least one hour to re-establish emergency feedwater flow because
of the low decay heat levels and the inventory in the steam
generator.

The success criteria for this element are that the SCS or the EFW
System must be available for the mission time of 24 hours and the
CST must be properly aligned to provide additional inventory to the
EFW System.

19.4.5.1.6 Safety Depressurization (Bleed)

If the long-term decay heat removal fails via either the SCS System
\ or the secondary heat removal using the EFWS, decay heat removal
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can still be provided by the safety injection and safety
depressurization (Feed and Bleed).

If the bleed is initiated at lifting of the Primary Safety Valves
(PSVs), 1 SIS pump and 1 Safety Depressurization valve will be
capable of maintaining core coolability and, thus, core integrity.
Therefore, the success criterion for this element is that one
Safety Depressurization valve path must be available in conjunction
with one SIS pump. 1

19.4.5.1.7 Safety Injection (Feed)

If the long-term decay heat removal fails via either the SCS System
or the secondary heat removal using the EFWS, decay heat removal
can still be provided by the safety injection and safety
depressurization (Feed and Bleed). Safety injection (or Feed)
provides cooling water to remove decay heat removal.

If the bleed is initiated at lifting of the Primary Safety Valves
(PSVs), 1 SIS pump and 1 Safety Depressurization valve will be
capable of maintaining core coolability and, thus, core integrity.
Therefore, the success criteria for this element are that one SIS
pump must deliver water from the IRWST to the RCS and one Safety
Depressurization valve path must be available.

19.4.5.1.8 Containment Heat Removal Via IRWST Cooling

During the plant cooldown following a transient, the core decay
heat is normally transferred to the secondary side inventory via
the steam generator. If main or emergency feedwater flow is lost,
core heat removal can still be accomplished via " Feed and Bleed"
cooling. For this mode of core heat removal, the safety
depressurization valves are opened to depressurize the RCS. The

| safety injection pumps are then used to supply inventory from the
IRWST to the core. The core heats up the IRWST inventory being
delivered to the core by the injection pumps. This heated
inventory is then discharged to the IRWST via the safety
depressurization valves, thus transferring the core decay heat
energy to the IRWST. Normally, the Containment Spray System (CSS)
is used to transfer the decay heat energy from the IRWST to the
Ultimate Heat Sink. The CSS pumps take suction from the IRWST and
discharge back to the IRWST through the CSS heat exchangers. The
containment spray flow is cooled by the component cooling water
flow through the containment spray heat exchanger, thus
transferring the core decay heat energy to the component cooling
water system. This energy is finally rejected to the Ultimate Heat
Sink via the Service Water System. In the event of a failure in
the CSS, the Shutdown Cooling System (SCS) pumps and/or heat
exchangers can be aligned to provide IRWST cooling.

If containment heat removal via IRWST Cooling is lost, the core i

decay heat is retained inside the containment, and the containment
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] pressure begins to increase. Eventually, the containment pressure
j will increase to the point at which the containment will fail due |

'

j to overpressure. MAAP analyses show that for a Loss of Feedwater
j (LOFW) transient with a loss of emergency feedwater and successful
; feed and bleed cooling with no containment heat removal from time
] 0, the containment will f ail at about 41 hours. At this point, the |

]
steam that was inside containment will be discharged to atmosphere
via the containment breach. Because the SDS valves discharge

j directly to the IRWST, the contents of the IRWST will be in a hot
! saturated equilibrium condition at about 170 psia. When the
j containment fails, it is postulated that there will be momentary
j flashing in the IRWST as equilibrium is reestablished at
; atmospheric pressure. (This will be true if the containment fails
j catastrophically. It is slightly conservative if the containment
I does not fail catastrophically.) It is assumed that the injection

| pumps will cavitate and trip at this point. Once equilibrium has
. been reestablished, the operators will have to dispatch an

| equipment operator to bleed the injection pumps so that they can be
i restarted. Approximately 33% of the total water inventory inside
i containment will be discharged to atmosphere when the containment
j fails. With restart of the injection pumps, core heat removal can
i still be successfully accomplished using the safety injection flow

| from the IRWST to the core. However, as the core decay heat energy
i heats up the IRWST inventory, this inventory, in the form of steam, l

| will be lost directly to the atmosphere. If an alternate supply of I

] borated water to the IRWST is not established, core heat removal I
,

j will eventually be lost due to the loss of IRWST inventory. At
that point, core damage will occur. ]4

!-

: The CVCS can provide borated water to the IRWST from the Holdup '

| tank (HUT) and the Boric Acid Storage Tank (BAST) using the Holdup ,

{ pumps (HUPs) or the Boric Acid Makeup pumps (BAMPs) respectively. I

: The BAST has a maximum capacity of 180,000 gallons and the HUT has
; a maximum capacity of 435,000 gallons. The holdup pumps have a
i normal flow of 50 gpm each. The BAMP have a normal flow of 165 gpm

{ each.

i

| The boiloff rate from the core due to decay heat at 48 hours is
approximately 137 gpm.4

f

! The top logic for failure to provide long term containment heat
| removal via IRWST cooling is-presented in Figure 19.4.3-3. Core
| damage results if containment fails due to failure to cool the
i IRWST inventory and core cooling is not maintained after
j containment failure. The success criteria for IRWST cooling are

that at least one CS pump deliver flow from the IRWST through its4

1 containment spray heat exchanger to the containment spray header
j and that the decay heat energy be transferred to the component
'

Cooling Water System. If the CS header is not available, the CSS;

can be aligned to discharge directly to the IRWST. If the CS pump
i in one train is not available, the SCS pump associated with that

train may be used as a backup. The System 80+ design includes a
,
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standby containment spray connection. This consists of a flanged
| connection to the Containment spray line just outside containment
| and a standpipe that can be connected to a pumping device such as

a skid mounted pump of a fire pump. The standpipe would be
connected to the CS line using a spool piece. If the CSS and SCS

i pumps are not available, this backup system could be aligned to
'

provide spray flow. Heat removal would be via adding large amounts
of cold water. This was treated as a recovery action in this

| analysis. In addition, though not credited in this analysis, the
' containment purge valves could be opened to provide a controlled
| depressurization of containment prior to failure.

19.4.5.2 Maior Dependencies

The following functional dependencies are displayed on Event Tree
5:

A. If emergency feedwater is not available or the Long-Term Decay
Heat Removal fails, no success path for decay heat removal is
available and, therefore, Safety Depressurization (Bleed) must
be used to remove heat from the RCS.

B. When Safety Injection and Safety Depressurization (Feed and
Bleed) is used, the IRWST must be available and successfully
cooled to prevent containment damage.

19.4.5.3 Operator Actions and Interfaces

19.4.5.3.1 Standard Operator Actions

The large secondary side break, either inside or outside
containment, is characterized as an Excess of Steam Demand Event.
This is any event that leads to an unexpected, rapid increase in
steam generator steam flow or loss of steam generator inventory
that requires and/or results in a reactor trip.

The following parameter changes usually characterize an ESDE:

A. Increased steam flow from the steam generators. |

B. Increasing steam generator pressure and water level. |

C. Decreasing RCS average temperature causing a decrease in
pressurizer pressure and level. |

D. Reactor trip cased by thermal margin, high core power, low l
steam generator level, low pressurizer level, low steam |

generator pressure, or high containment pressure depending in
the size and location of the break. |

E. SIAS may be generated from low pressurizer pressure or high
containment pressure (if the ESDE is within containment). |
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Since the ESDE may reduce the temperature in the RCS by as much as
250*F, and this temperature reduction could bring the reactor back
to criticality, safety injection and charging must be maximize in
order to borate as much~as possible. The boric acid is needed to
mitigate this possibility. The operators would also be monitoring
for the possibility of excess RCS inventory, and would terminate
the SI pumps if-the criteria are met.'

Next the operators would be evaluating the RCP operating strategy.
Given that two RCPs had already been tripped, the operators would
just be verifying the trips. It is important to note that the most
conservative action, tripping all four RCPs, would present
difficulties in performing the normal. plant cooldown. The
operators would'be monitoring the . operating limits of the RCPs
throughout the optimal recovery procedure.

The operators would now move on to determining the affected steam
generator by comparing the following parameters:

A. Steam Generator' pressures,

B. RCS cold leg temperatures,

C. Steam Generator levels.
'

These differences will be more pronounced after MSIS actuation. If
d the break is downstream of-the MSIVs, and MSIS occurs, both steam

generator pressures and loop temperatures should approach
approximately the same values and then start to increase following
MSIV closure.

At this point the operators will be able to evaluate whether the
MSIVs (MSIS) stopped the ESDE, since neither SG will be "affected".
If this is not the case'then the' operators will.be required to
attempt to isolate the affected steam generator. The operators

: would isolate the affected steam generator in the following manner:

| A. Close the main steam isolation valve. |
|

B. Close or verify that closed,.the main steam isolation bypass
valve. |

C. Close the main feedwater isolation valve. . |

D. Isolate the steam generator blowdown. |-

E. Isolate the vents, drains, exhausts, and bleedoffs for the
steam system. |

If these actions cannot be achieved in the control room, they may
be performed locally.
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The un-isolated steam generator's level is maintained, or restoreo,
| to the normal band using main or emergency feedwater. This ensures |
a heat sink for removing heat from the RCS. |

| The next task the operators are required to perform, by the
,

| procedure, is to stabilize the RCS by controlled steaming of the l

unaffected steam generator. This is done before the isolated steam |
'

generator dries out because if this is not done the RCS temperature
will begin to rise. The controlled heat removal is achieved by
dumping the steam through the turbine bypass system if the break is
upstream of the MSIVs. If the break is not upstream of the MSIVs
then the atmospheric dump valves must be used.

The operators would be constantly evaluating whether they should
| stop or throttle the safety injection pumps. The safety injection

system could be stopped if the all of the following were true;
1

| A. RCS subcooling at least 20*F based in average Core Exit
i Temperature Pressurizer Level is greater than 26% (i.e.

covering the heaters) and not decreasing

B. At least one steam generator is available for removing heat
from the RCS RVLMS indicates a minimum level at the top of the
hot leg nozzles

If the above criteria are not maintained at any point then the
operators would restart the appropriate SI pumps and full SIS flow
would be restored.

The operator would now attempt to regain RCS level control by
restoring and maintaining pressurizer level to between 26% and
60%. This also allows the operators to regain RCS pressure control
as the water level of the pressurizer, is above the heaters, 26%,
which gives them the control. A pressurizer level of 26% to 60%
with a saturated bubble will be the goal.

At this point in the recovery the operators should decide if a
cooldown to shutdown cooling entry conditions is necessary. One of
the factors to be considered is existing plant status. If the
continued availability of any systems required for maintenance of
hot standby is in doubt, a cooldown will be performed before the
ability to cooldown is lost.

At this point in the accident, the RCS would be sampled for
activity and boron concentration. The operators would determine
the need to borate the RCS in order to achieve the required
shutdown margin, including the mass in the pressurizer, for entry
to shutdown cooling conditions per Technical Specifications. The
operators would try to borate the whole RCS including the mass in
the pressurizer. If the letdown system were not available, the
operator would borate the RCS to the minimum shutdown margin
corresponding to T. Then, during the controlled cooldown phase,c
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Q as RCS shrinkage occurs, the operators.would borate until the cold
shutdown margin were reached.

The cooldown and depressurization to shutdown cooling entry
conditions would begin at this point. Throughout the cooldown, .the
operators will be' monitoring pressurizer pressure to make sure that | ,

it is being maintained within the Post Accident P-T limits or that i

the cooldown is less than 100*F/hr. If at any. point these are |

violated, the operator must perform one of the following actions as
appropriate:

A. Stop the Cooldown |

B. Operate the main or auxiliary spray as necessary .to
depressurize the pressurizer' pressure to the P-T limits. | )

i

C. If overpressurization still exists and is caused.by charging !

flow, then throttle or stop the pumps and manually control
letdown to restore and maintain pressure limits within the
Post Accident P-T limits. |

The available condensate inventory would be monitored by the
operators and replenished, as necessary, from . the available
sources. Examples of alternate sources of condensate inventory are

o nonseismic tanks, fire mains, lake water supplies, portable tanks, )
f etc. J

During this phase of the recovery, the automatic operation of 4

certain safeguard systems is undesirable. The operators would be )
'directed.to manually reset the CIAS, SIAS, CSAS and MSIS setpoints

to lower than the originals, to ensure that .these engineered
safeguards remain available. until the RCS is cooled and I

depressurized.

Entry to shutdown cooling conditions would be ' evaluated - by the
operators, at this point. This evaluation would continue
throughout the depressurization and cooldown until they are met;

A. Pressurizer level control should be established (cleared or !

clearing RCS pressure control alarms) and verified by a level ;

greater then 26% and constant.or increasing. |

B. RCS subcooling should be at least~20'F

I C. RCS pressure should be at or below the shutdown cooling entry
pressure of 400 psia. |

|
D. RCS_ hot leg temperature should be at or below the shutdown

! cooling system entry temperature of 350 F. |,

O
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| The activity level of the RCS inventory must be determined, in
i order to evaluate the dangers associated with routing the fluid
| | outside containment.

If these criteria are met, then the operator would align the safety
| Injection system for direct vessel injection and initiate shutdown

j cooling.

The operator must continually monitor for voids in the RCS. This
is done by monitoring the following parameters:

| A. Letdown flow greater than Charging flow.

B. Pressurizer level increasing significantly more than expected
| while operating pressurizer spray.

C. RVLMS indicating voiding in the Reactor Vessel

D. Unheated thermocouple temperature indicates saturated
conditions in the reactor vessel head.

Assuming voids do not occur, at this point the core is now in
shutdown cooling and the ESDE optimal recovery procedure is exited.

19.4.5.3.2 Modeled Operator Actions

Based on the description above, the following operator actions were
modeled in the in the Large Secondary Side Break event tree and
associated fault tree models:

A. Failure to verify that the SIAS was generated, and to manually
initiate the SIAS signal at the ESF panel if the signal was
not automatically generated.

B. Failure to verify that the AFAS was generated, and to manually
generate the AFAS signal at the ESF panel if the signal was
not automatically generated.

C. Failure to initiate shutdown cooling.

D. Failure to align the SCS system for long-term cooling.

E. Failure to restart the EFW system for long term cooling (SCS
system unavailable).

F. Failure to align the condensate storage tanks to the emergency
feedwater storage tanks for long term cooling using the
emergency feedwater system.

G. Failure to initiate feed and bleed operation.

O
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| 19.4.6 TRANSIENTS - LOSS OF FEEDWATER ,

l

Loss of Feedwater, Event Tree 6 (Figure 19.4.6-1), are those non- )
LOCA/non-accident events in which a process parameter perturbation 1

leads to a reactor trip. The normal progression for a transient
and the associated responses are as follows:

A. Transient-occurs.

B. Reactor trips (Reactivity Control).

C. Emergency feedwater is actuated on low-low steam generator
level.

D. Turbine bypass valves or atmospheric -dump valves open to
remove steam.

E. Plant is stabilized in hot standby conditions.

As previously discussed, the transient event category includes all
events which do not involve a LOCA (primary side break) or a large
secondary side break and for which the basic plant response is as
described above. Because of significant differences in plant
responses, Loss Of Offsite Power (LOOP) transients (and' transients

'
with a similar response) and Anticipated Transients Without SCRAM
(ATWS) are not included in this category.

19.4.6.1 Event Tree 6 Elements

19.4.6.1.1 Transient. Initiators

Transient Initiators include all non-LOCA, non-secondary side break
initiators for which the basic plant response is a reactor trip
with RCS heat removal satisfied by delivery of emergency feedwater ;

and steam removal via the turbine bypass valves or atmospheric dump
'

valves. These initiators include full or partial loss of main
feedwater. It is assumed that the startup feedwater also becomes
unavailable. Other non-LOCA, non-secondary side break initiators,
such as Turbine or generator protective trips, spurious single MSIV
enclosures, CEA drops, spurious manual or automatic SCRAMS, RCS
flow reductions other than 4 pump loss of-flow events, and RCS
parameter perturbations leading to a trip, are discussed in the
next section (See Section 19.4.7). This event category does not
include loss of offsite power events, ATWS events, consequential
LOCA events or large secondary side breaks.

19.4.6.1.2 Deliver Emergency Feedwater

Following a loss of feedwater flow event, emergency feedwater must
be supplied to the steam generators in order to remove decay heat

O from the RCS.Emergency feedwater is automatically actuated by the
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Engineered Safety Features Actuation System (ESFAS). It can also
be manually actuated from the control room.
The success criterion for this element is that emergency feedwater
flow must be delivered from one of the two Emergency Feedwater
(EFW) System pumps to its associated steam generator.

19.4.6.1.3 Long-Term Decay Heat Removal

Decay heat must be continually removed from the RCS following the
initial response to the transient. For the purpose of thisi

| analysis, it is assumed that the plant will always be brought to
! cold shutdown following a transient if it is at all possible.

Thus, during the initial response to the transient, the plant would|

normally be brought down to residual heat removal (or shutdown
cooling) entry conditions using secondary side heat removal. This

I can be accomplished in about 6 to 8 hours.
|

The Shutdown Cooling System (SCS), which is the preferred means, is
then used for long-term decay heat removal. If the SCS System is

| not available, secondary side heat removal must be maintained for
long-term decay heat removal by maintaining emergency feedwater
flow. In this case, the Condensate Storage Tank (CST) must be
aligned to provide additional inventory to the EFW System once the

| emergency feedwater storage tank empty (nominally between 16 to 20
hours after the initiation of the event).
Following successful establishment of long-term decay heat removal,
emergency feedwater is normally shut down after the steam
generators are filled to appropriate levels. If the SCS System
later fails during long-term decay heat removal, secondary side
heat removal can be re-established by restarting the EFW System.
Operator has at least one hour to re-establish emergency feedwater
flow because of the low decay heat levels and the inventory in the
steam generators.

The success criteria for this element are that the SCS or the EFW
System must be available for the mission time of 24 hours and the
CST must be properly aligned to provide additional inventory to the
EFW System.

19.4.6.1.4 Safety Depressurization (Bleed)

If the long-term decay heat removal f ails via either the SCS System |
| or the secondary heat removal using the EFWS, decay heat removal

can still be provided by the safety injection and safety
depressurization (Feed and Bleed).

If the bleed is initiated at lifting of the Primary Safety Valves
(PSVs), 1 SIS pump and 1 Safety Depressurization valve will be
capable of maintaining core coolability and, thus, core integrity. |
Therefore, the success cr! .m ion for this element is that one

|
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OG Safety Depressurization valve path must be available in conjunction
with one SIS pump. |

|

19.4.6.1.5 Safety Injection (Feed)

If the long-term decay heat removal fails via either the SCS System
or the secondary heat removal using the EFWS, decay heat removal
can still be provided by the safety injection and safety
depressurization (Feed and Bleed). Safety injection _ (or Feed)
provides cooling water to remove decay heat removal.

If the bleed is initiated at lifting of the Primary Safety Valves
(PSVs), 1 SIS pump and 1 Safety Depressurization valve will be
capable of maintaining core coolability and, thus, core integrity.
Therefore, the success criteria for this element are that one SIS
pump must be available in conjunction with one Safety
Depressurization valve path and water supply from the IRWST must be
available to that SIS pump.

19.4.6.1.6 Containment Heat Removal Via IRWST Cooling

During the plant cooldown following a transient, the core decay
heat is normally transferred to the secondary side' inventory via
the steam generator. If main or emergency feedwater flow is lost,

p core heat removal can still be accomplished via " Feed and Bleed"
cooling. For this mode of .; ore heat removal, the safety5

\ depressurization valves are opened to depressurize the RCS. The
safety injection pumps are then used to supply inventory from the |
IRWST to the core. The core heats.up the IRWST inventory being
delivered to the core by the injection pumps. This heated
inventory is then discharged to the IRWST via the safety
depressurization valves, thus transferring the core decay heat
energy to the IRWST. Normally, the Containment Spray System (CSS)

,

is used to transfer the decay heat energy from the IRWST to the '

Ultimate Heat Sink. The CSS pumps take suction from the IRWST and
discharge back to the IRWST through the CSS heat exchangers. The
containment spray flow is cooled by the component cooling water
flow through the containment spray heat exchanger, .thus
transferring the core decay heat energy to the component cooling
water system. This energy is finally rejected to the Ultimate Heat j

Sink via the Service Water System. In the event of a failure in !
'the CSS, the Shutdown Cooling System (SCS) pumps and/or heat

exchangers can be aligned to provide IRWST cooling.

If containment heat removal via IRWST Cooling is lost, the core
decay heat is retained inside the containment, and the containment
pressure begins to increase. Eventually, the containment pressure
will increase to the point at which the containment will fail due
to overpressure. MAAP analyses show that for a Loss of Feedwater
(LOFW) transient with a loss of emergency feedwater and successfulO feed and bleed cooling with no containment heat removal from time

V 0, the containment will fail at about 41 hours. At this point, the
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|

steam that was inside containment will be discharged to atmosphere
via the containment breach. Because the SDS valves discharge

| directly to the IRWST, the contents of the IRWST will be in a hot
j saturated equilibrium condition at about 170 psia. When the
| containment fails, it is postulated that there will be momentary

flashing in the IRWST as equilibrium is reestablished at
atmospheric pressure. (This will be true if the containment fails
catastrophically. It is slightly conservative if the containment
does not fail catastrophically.) It is assumed that the injection

| pumps will cavitate and trip at this point. Once equilibrium has
! been reestablished, the operators will have to dispatch an
i equipment operator to bleed the injection pumps so that they can be

| restarted. Approximately 33% of the total water inventory inside
~

containment will be discharged to atmosphere when the containment
| fails. With restart of the injection pumps, core heat removal can
'

still be successfully accomplished using the safety injection flow
from the IRWST to the core. However, as the core decay heat energy
heats up the IRWST inventory, this inventory, in the form of steam,

| will be lost directly to the atmosphere. If an alternate supply of
! borated water to the IRWST is not established, core heat removal

will eventually be lost due to the loss of IRWST inventory. At
that point, core damage will occur.

The CVCS can provide borated water to the IRWST from the Holdup
tank (HUT) and the Boric Acid Storage Tank (BAST) using the Holdup
pumps (HUPs)or the Boric Acid Makeup pumps (BAMPs) respectively.
The BAST has a maximum capacity of 180,000 gallons and the HUT has
a maximum capacity of 435,000 gallons. The holdup pumps have a
normal flow of 50 gpm each. The BAMP have a normal flow of 165 gpm
each. The boiloff rate from the core due to decay heat at 48 hours
is approximately 137 gpm.

The top logic for failure to provide long term containment heat
removal by cooling the IRWST is presented in figure 4.3-3. Core
damage results if containment fails due to failure to cool the
IRWST inventory and core cooling is not maintained after
containment failure. The success criteria for IRWST cooling are
that at least one CS pump deliver flow from the IRWST through its
containment spray heat exchanger to the containment spray header
and that the decay heat energy be transferred to the Component
Cooling Water System. If the CS header is not available, the CSS
can be aligned to discharge directly to the IRWST. If the CS pump
in one train is not available, the SCS pump associated with that
train may be used as a backup. The System 80+ design includes a
standby containment spray connection. This consists of a flanged
connection to the Containment spray line just outside containment
and a standpipe that can be connected to a pumping device such as
a skid mounted pump of a fire pump. The standpipe would be
connected to the CS line using a spool piece. If the CSS and SCS
pumps are not available, this backup system could be aligned to
provide spray flow. Heat removal would be via adding large amounts |

of cold water. This was treated as a recovery action in this
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L/ nonseismic tanks, fire mains, lake water supplies, portable tanks, )
etc.

During this phase of ' the recovery, the automatic operation of
certain safeguard systems is undesirable. The operators would be i

directed to manually reset the CIAS, SIAS, CSAS and MSIS setpoints
to lower than the originals, to ensure that these engineered
safeguards remain available until the RCS is cooled and i

depressurized.

Entry to shutdown cooling conditions would be evaluated by the
operators, at this point. This evaluation would continue
throughout the depressurization and cooldown until they_are met;

A. Pressurizer level control should be. established (cleared or
clearing RCS pressure control alarms) and verified by a level
greater then 26% and. constant or increasing. |

B. RCS subcooling should be at least 20 F

C. RCS pressure should be at or below the shutdown cooling entry
pressure of 400 psia. |

D. RCS hot leg temperature should be at or below the shutdown
cooling system entry temperature of 350*F. |

The activity level of the RCS inventory must be determined, in
order to evaluate the dangers associated with routing the fluid I
outside containment. | |

.

If these criteria are met, then the operator would align the Safety
Injection system for direct vessel injection and initiate shutdown |
cooling.

The operator must continually monitor for voids in the RCS. This
is done by monitoring the following parameters:

A. Letdown flow greater than charging flow. |

B. Pressurizer level increasing significantly more than expected
while operating pressurizer spray. |

C. RVLMS indicating voiding in the Reactor Vessel

D. Unheated thermocouple temperature indicates saturated
conditions in the reactor vessel head.

Assuming voids do not occur, at this point the core is now in
shutdown cooling.

O
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If long-term decay heat removal fails either by the shutdown
,

cooling system failing or emergency feedwater, "once thorough
| cooling" can be achieved. This is an RCS heat removal success path

that, when deemed necessary, can allow inventory in through the
safety injection system and out thorough the top of the pressurizer
using the safety depressurization valves. This will cause the

,

containment spray system to actuate with the increase in |

| containment temperature and pressure.

The operators would establish this method of heat removal by|

' performing the following actions:

A. Open the steam dump and bypass valves and the atmospheric dump
valves. This is done to utilize any remaining inventory in

! the steam generators to lower RCS pressure to as low as
possible to initiate once through cooling.

B. Trip all RCPs. This is done because with the safety
depressurization valves open the RCS may be in a saturated
condition and this is not desirable for RCP operation.

C. Safety injection pumps aligned for direct vessel injection.

D. Switch on all available charging and safety injection pumps.

The operators must also check that the containment spray has
actuated in high containment pressure. If this is not so then do
it manually. At this point the containment spray pumps will be
circulating the IRWST inventory thorough the CS heat exchangers.
This recirculation would be monitored for any failure in heat
removal from the IRWST, as failure could potentially lead to a
break in containment.

19.4.6.3.2 Modeled Operator Actions

Based on the description above, the following operator actions were
modeled in the Loss of Feedwater event tree and associated fault

,

'

tree models:

A. Failure to verify that the AFAS was generated, and to manually
Jgenerate the AFAS signal at the ESF panel if the signal was

not automatically generated.

B. Failure to initiate shutdown cooling. |

C. Failure to align the SCS system for long-term cooling.

D. Failure to restart the EFW system for long term cooling (SCS
system unavailable).

O
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| V 19.4.7.1.4 Safety Depressurization (Bleed)

| If the long-term decay heat removal f ails via either the SCS System
I or the secondary heat removal using the EFWS, decay heat removal

can still be provided by the safety injection and safety!

depressurization (Feed and Bleed).

If the bleed is initiated at lifting of the Primary Safety Valves )
(PSVs), 1 SIS pump and 1 Safety Depressurization valve will be |

,

capable of maintaining core coolability and, thus, core integrity.
'

|

Therefore, the success criterion for this element is that one
Safety Depressurization valve path must be available in conjunction
with one SIS pump.

|

| 19.4.7.1.5 Safety Injection (Feed)
!

If the long-term decay heat removal fails via either the SCS System
or the secondary heat removal using the EFWS, decay heat removal
can still be provided by the safety injection and safety
depressurization' (Feed and Bleed). Safety injection (or Feed)
provides cooling water to remove decay heat removal.

|

| If the bleed is initiated at lifting of the Primary Safety Valves
| (PSVs), 1 SIS pump and 1 Safety Depressurization valve will be

! 'O capable of maintaining core coolability and, thus, core integrity.

G Therefore, the success criteria for this element are that one SIS
pump must deliver water from the IRWST-to the RCS and one Safety,

j Depressurization valve path must be available.

19.4.7.1.6 Containment Heat Removal Via IRWBT Cooling

During the plant cooldown following a transient, the core decay
heat is normally transferred to the secondary side inventory via I
the steam generator. If main or emergency feedwater flow is lost,

| core heat removal can still be accomplished via " Feed and Bleed"
cooling. For this mode of core heat removal, the safety
depressurization valves are opened to depressurize the RCS. The
safety injection pumps are then used to supply inventory from the |
IRWST to the core. The core heats up the IRWST inventory being
delivered to the core by the injection pumps._ This heated
inventory is then discharged to the IRWST via the -safety
depressurization valves, thus transferring the core decay heat
energy to the IRWST. Normally, the Containment Spray System (CSS)
is used to transfer the decay heat energy from the IRWST to the
Ultimate Heat Sink. The CSS pumps take suction from the IRWST and-
discharge back to the IRWST through the CSS heat exchangers. The
containment spray flow is cooled by the component cooling water
flow through the containment spray heat- exchanger, thus
transferring the core decay heat energy to the component cooling
water system. This energy is finally rejected to the Ultimate Heat

O Sink via the Service Water System. In the event of a failure in
the CSS, the Shutdown Cooling
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System (SCS) pumps and/or heat exchangers can be aligned to provide i
IRWST cooling. '

If containment heat removal via IRWST Cooling is lost, the core
decay heat is retained inside the containment, and the containment
pressure begins to increase. Eventually, the containment pressure
will increase to the point at which the containment will fail due ;

to overpressure. MAAP analyses show that for a Loss of Feedwater
,

(LOFW) transient with a loss of emergency feedwater and successful '

feed and bleed cooling with no containment heat removal from time
| 0, the containment will fail at about 41 hours. At this point, the
steam that was inside containment will be discharged to atmosphere
via the containment breach. Because the SDS valves discharge
directly to the IRWST, the contents of the IRWST will be in a hot
saturated equilibrium condition at about 170 psia. When the
containment fails, it is postulated that there will be momentary
flashing in the IRWST as equilibrium is reestablished at
atmospheric pressure. (This will be true if the containment fails
catastrophically. It is slightly conservative if the containment
does not fail catastrophically.) It is assumed that the injection
pumps will cavitate and trip at this point. Once equilibrium has
been reestablished, the operators will have to dispatch an
equipment operator to bleed the injection pumps so that they can be
restarted. Approximately 33% of the total water inventory inside
containment will be discharged to atmosphere when the containment
fails. With restart of the injection pumps, core heat removal can
still be successfully accomplished using the safety injection flow
from the IRWST to the core. However, as the core decay heat energy
heats u: the IRWST inventory, this inventory, in the form of steam,
will be lost directly to the atmosphere. If an alternate supply of
borated water to the IRWST is not established, core heat removal
will eventually be lost due to the loss of IRWST inventory. At
that point, core damage will occur.

The CVCS can provide borated water to the IRWST from the Holdup
tank (HUT) and the Boric Acid Storage Tank (BAST) using the Holdup
pumps (HUPs) or the Boric Acid Makeup pumps (BAMPs) respectively.
The BAST has a maximum capacity of 180,000 gallons and the HUT has
a maximum capacity of 435,000 gallons. The holdup pumps have a
normal flow of 50 gpm each. The BAMP have a normal flow of 165 gpm
each. The boilof f rate from the core due to decay heat at 48 hours
is approximately 137 gpm.

The top logic for failure to provide long term containment heat
removal by cooling the IRWST is presented in Figure 19.4.3-3. Core
damage results if containment fails due to failure to cool the
IRWST inventory and core cooling is not maintained after
containment failure. The success criteria for IRWST cooling are
that at least one CS pump deliver flow from the IRWST through its
containment spray heat exchanger to the containment spray header

,

and that the decay heat energy be transferred to the Component }
Cooling Water System. If the CS header is not available, the CSS j
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can be aligned to discharge directly to the IRWST. If the CS pump
in one train is not available, the SCS pump associated with that
train may be used as a backup. The System 80+ design includes a
standby containment spray connection. This consists of a flanged
connection to the Containment spray line just outside containment
and a standpipe that can be connected to a pumping device such as
a skid mounted pump of a fire pump. The standpipe would be
connected to the CS line using a spool piece. If the CSS and SCS
pumps are not available, this backup system could be aligned to
provide spray flow. Heat removal would be via adding large amounts
of cold water. This was treated as a recovery action in this
analysis. In addition, though not credited in this analysis, the
containment purge valves could be opened to provide a controlled
depressurization of containment prior to failure.

19.4.7.2 Maior Dependencies

The following functional dependencies are important for Event Tree
3 7:

A. If emergency feedwater is not available, no success path for
steam removal is available, therefore, the Safety
Depressurization (Bleed) must be used to remove heat from the
RCS.

f%

V)( B. When Safety Injection and Safety Depressurization are used,
the IRWST must be available and successfully cooled to prevent
containment damage.

19.4.7.3 Operator Actions and Interfaces

19.4.7.3.1 Standard Operator Actions

Since the transient, as defined, causes a reactor trip, the |

operators will perform Standard Post Trip Actions. The ramping
down of main feedwater will cause the downward trend of steam
generator level till startup feedwater provides a low pressure ,

source of feed on low steam generator level. |
.

No safety functions, that are checked by the Standard Post Trip
Actions, should be challenged. This would lead the operators to |

implement the uncomplicated reactor trip optimal recovery
procedure. The first actions are to verify that an uncomplicated
reactor trip has occurred.

First the operators check that pressurizer level has not decrease
below 10% nor increased above 70%. The pressurizer level control
system should be cor. trolling the pressurizer level and trending up
to 26% to 60%. If this is not the cause then the operator would be
instructed to take control of charging and letdown to control the

/9 pressurizer level to this range.

v)t
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The next issue, for the operators, would be to verify that the
pressurizer heaters and sprays were controlling the pressurizer
pressure within 1905 to 2375 psia. The availability of the heaters i
would be dependent on the pressurizer level being above the heater i
cutoff point of 26%. If there are no other complications then !

pressurizer pressure will be trending to 2225 to 2300 psia. |
Satisfying the post accident pressure temperature limits will |

ensure that brittle fracture limits are not exceeded, RCP NPSH and l

RCS subcooling requirements are not exceeded and the RCS cooldown |

I rate or upper subcooling limit are not exceeded.

RCS T will be controlled at 525*F to 535'F by the turbine bypassm
system. If condenser vacuum is lost, the turbine bypass system is
not available, or the MSIVs have closed then the atmospheric dump
valves must be used to control RCS temperature. This allows the
operators to verify adequate decay heat removal.

If startup feedwater is lost, emergency feedwater would be actuated
by ESFAS. Therefore steam generator levels should be restored and
be maintained in the normal band. Adequate heat removal will be
maintained if at least one steam generator is available for
removing heat.

At this point in the recovery the operators would decide if a
cooldown to shutdown cooling entry conditions is necessary. One of
the factors to be considered is existing plant status. If the
continued availability of any systems required for maintenance of
hot standby is in doubt, a cooldown will be performed before the
ability to cooldown is lost.

The RCS would be sampled for activity and boron concentration. The
operators would determine the need to borate the RCS in order to
achieve the required shutdown margin, including the mass in the
pressurizer, for entry to shutdown cooling conditions per Technical
Specifications. The operators would try to borate the whole RCS
including the mass in the pressurizer. If the letdown system were
not available, the operators would borate the RCS to the minimum

ishutdown margin corresponding to T. Then, during the controlledc 1

cooldown phase, as RCS shrinkage occurs, the operators would borate
until the cold shutdown margin were reached. i

The cooldown and depressurization to shutdown cooling entry 1

conditions would begin at this point. Throughout the cooldown, the
;| operators will be monitoring pressurizer pressure to make sure that |

it is being maintained within the Post Accident P-T limits or that
the cooldown is less than 100'F/hr. If at any point these are
violated, the operator must perform one of the following actions as |
appropriate:

A. Stop the Cooldown

O
Amendment P

19.4-88 June 15, 1993



CESSAR inWicari:n

|
|

( B. Operate the main or auxiliary spray as necessary to
,'

depressurize the pressurizer pressure to the P-T limits. | |
|

C. If overpressurization still exists and is caused by charging
flow, then throttle or stop the pumps and manually control i

letdown to restore and maintain pressure limits within the
Post Accident P-T limits. |

The available condensate inventory would be monitored by the i

operators and replenished, as necessary, from the available
sources. Examples of alternate sources of condensate inventory are I

'

nonseismic tanks, fire mains, lake water supplies, portable tanks,
etc.

During this phase of the recovery, the automatic operation of
certain safeguard systems is undesirable. The operators would be
directed to manually reset the CIAS, SIAS, CSAS and MSIS setpoints
to lower than the originals, to ensure that these engineered
safeguards remain available until the RCS is cooled and
depressurized.

Entry to shutdown cooling conditions would be evaluated by the
operators, at this point. This evaluation would continue
throughout the depressurization and cooldown until they are met; ;

/

( ) A. Pressurizer level control should be established (cleared or |v clearing RCS pressure control alarms) and verified by a level ;

greater then 26% and constant or increasing. |

B. RCS subcooling should be at least 20 F

C. RCS pressure should be at or below the shutdown cooling entry
pressure of 400 psia. |

D. RCS hot leg temperature should be at or below the shutdown
cooling system entry temperature of 350*F. |

The activity level of the RCS inventory must be determined, in
order to evaluate the dangers associated with routing the fluid
outside containment. |

If these criteria are met, then the operator would align the Safety
Injection system for direct vessel injection and initiate shutdown |
cooling.

The operator must continually monitor for voids in the RCS. This
is done by monitoring the following parameters:

A. Letdown flow greater than charging flow. |

n
/ i
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B. Pressurizer level increasing significantly more than expected
| while operating pressurizer spray.

,

1

C. RVLMS indicating voiding in the Reactor Vessel

D. Unheated thermocouple temperature indicates saturated
conditions in the reactor vessel head.

Assuming voids do not occur, at this point the core is now in
shutdown cooling.

If long-term decay heat removal fails either by the shutdown
cooling system failing or emergency feedwater, "once thorough
cooling" can be achieved. This is an RCS heat removal success path
that, when deemed necessary, can allow inventory in through the
safety injection system and out thorough the top of the pressurizer
using the safety depressurization valves. This will cause the
containment spray system to actuate with the increase in
containment temperature and pressure.

The operators would establish this method of heat removal by
performing the following actions:

A. Open the steam dump and bypass valves and the atmospheric dump
valves. This is done to utilize any remaining inventory in
the steam generators to lower RCS pressure to as low as
possible to initiate once through cooling.

B. Trip all RCPs. This is done because with the safety
depressurization valves open the RCS may be in a saturated
condition and this is not desirable for RCP operation.

C. Safety injection pumps aligned for direct vessel injection.

D. Switch on all available charging and safety injection pumps.

The operators must also check that the containment spray has
actuated in high containment pressure. If this is not so then do
it manually. At this point the containment spray pumps will be
circulating the IRWST inventory thorough the CS heat exchangers.
This recirculation would be monitored for any failure in heat
removal from the IRWST, as failure could potentially lead to a
break in containment.

19.4.7.3.2 Modeled Operator Actions
|

| Based on the description above, the following operator actions were
modeled in the Other Transients event tree and associated fault
tree models:

,

|
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y"/ If the bleed is initiated at lifting of the Primary Safety Valves(PSVs), 1 SIS pump and 1 Safety. Depressurization valve will be
capable of maintaining core coolability and, thus, core integrity.
Therefore, ' the success criterion for this element- is that one
Safety Depressurization valve path must be available
in conjunction with one SIS pump.

| 19.4.8.2.1.7 Safety Injection (Feed)
l

If the long-term decay heat removal fails via either the SCS System
or the secondary heat removal using the EFWS, decay heat removal
can- still be provided by the safety injection and safety
depressurization (Feed and Bleed). Safety injection (or Feed)
provides cooling water to' remove decay heat removal.

If the bleed is initiated at lifting of the Primary Safety Valves
(PSVs), 1 SIS pump and 1 Safety Depressurization valve will be
capable of maintaining core coolability and, thus, core integrity.

~

Therefore, the success criteria for this element are that one SIS
pump must deliver water from the IRWST;to.the RCS and ,

one Safety Depressurization valve path must be available.

19.4.8.2.1.8 Containment Heat Removal Via IRWST Cooling

During the plant cooldown following a transient, the core decay

( heat is normally transferred to the secondary side inventory via
the steam generator. If main or emergency feedwater flow is lost,
core heat removal can still be accomplished via " Feed and. Bleed"
cooling. For this mode of core heat removal, the safety- '

depressurization valves are opened to depressurize the RCS. The
safety injection pumps are then used.to supply inventory from the |
IRWST to the core. The core heats up the IRWST' inventory being
delivered to the core by the injection pumps. This heated 1

inventory is then discharged. to the IRWST via the safety R

depressurization valves, thus transferring the core decay heat i

energy to the IRWST. Normally, the Containment Spray System (CSS)
is used to transfer the decay heat energy from the IRWST to the
Ultimate Heat Sink. The CSS pumps take suction from the IRWST and
discharge back to the IRWST through the CSS heat exchangers. .The
containment spray flow is cooled by the component cooling water
flow through the containment spray heat exchanger, thus
transferring the core decay heat energy to the component cooling
water system. This energy is finally rejected to the Ultimate Heat
Sink via the Service Water System. In the. event of a failure in
the CSS, the Shutdown Cooling System (SCS) pumps and/or heat
exchangers can be aligned to provide IRWST cooling.

If containment heat removal via IRWST Cooling is lost, the core
decay heat is retained inside the containment, and the containment
pressure begins to increase. Eventually, the containment pressure

O will increase to'the point at which the containment will fail dueto overpressure. MAAP analyses show that for a Loss of Feedwater
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(LOFW) transient with a loss of emergency feedwater and successful
feed and bleed cooling wi% no containment heat removal from time

| 0, the containment will f ail at about 41 hours. At this point, the
steam that was inside containment will be discharged to atmosphere
vic the containment breach. Because the SDS valves discharge
directly to the IRWST, the contents of the IRWST will be in a hot
saturated equilibrium condition at about 170 psia. When the
containment fails, it is postulated that there will be momentary
flashing in the IRWST as equilibrium is reestablished at
atmospheric pressure. (This will be true if the containment fails
catastrophically. It is slightly conservative if the containment
does not fail catastrophically.) It is assumed that the injection
pumps will cavitate and trip at this point. Once equilibrium has
been reestablished, the operators will have to dispatch an
equipment operator to bloed the injection pumps so that they can be
restarted. Approximately 33% of the total water inventory inside
containment will be discharged to atmosphere when the containment
fails. With restart of the injection pumps, core heat removal can
still be successfully accomplished using the safety injection flow
from the IRWST to the core. However, as the core decay heat energy
heats up the IRWST inventory, this inventory, in the form of steam,
will be lost directly to the atmosphere. If an alternate supply of
borated water to the IRWST is not established, core heat removal
will eventually be lost due to the loss of IRWST inventory. At
that point, core damage will occur.

The CVCS can provide borated water to the IRWST from the Holdup
tank (HUT) and the Boric Acid Storage Tank (BAST) using the Holdup
pumps (HUPs) or the Boric Acid Makeup pumps (BAMPs) respectively.
The BAST has a maximum capacity of 180,000 gallons and the HUT has
a maximum capacity of 435,000 gallons. The holdup pumps have a
normal flow of 50 gpm each. The BAMP have a normal flow of 165 gpm
each. The boiloff rate from the core due to decay heat at 48 hours
is approximately 137 gpm.

The top logic for failure to provide long term containment heat
renoval by cooling the IRWST is presented in Figure 19.4.3-3. Core
damage results if containment fails due to failure to cool the
IRWST inventory and core cooling is not maintained after
containment failure. The success criteria for IRWST cooling are
that at least one CS pump deliver flow from the IRWST through its
conte.inment spray heat exchanger to the containment spray header
and that the decay heat energy be transferred to the Component
Cooling Water System. If the CS header is not available, the CSS,

can be aligned to discharge directly to the IRWST. If the CS pump
in one train is not available, the SCS pump associated with that
train may be used as a backup. The System 80+ design includes a

f standby containment spray connection. This consists of a flanged
f connection to the Containment spray line just outside containment
' and a standpipe that can be connected to a pumping device such as

a skid mounted pump of a fire pump. The standpipe would be
connected to the CS line using a spool piece. If the CSS and SCS
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A. Letdown flow greater than charging flow. |

B. Pressurizer level increasing significantly more than eapected
while operating pressurizer spray. | |

1

C. RVLMS indicating voiding in the Reactor. Vessel ;

I

D. Unheated thermocouple temperature indicates saturated
conditions in the reactor vessel head. ;

. 1

Assuming voids do not occur, at this point the core is now in ,

shutdown cooling. )

If long-term decay heat removal fails either ' by the shutdown
cooling system failing or emergency feedwater, "once thorough

'

|.

cooling" can be achieved. This is an RCS heat removal success path |

that, when deemed necessary, can allow inventory in through the
j safety injection system and out thorough the top of the pressurizer.. |
| using the safety depressurization valves. This will cause the ;

containment spray system to actuate with the increase in |

containment temperature and pressure. |

The operators would establish this method of heat removal by
performing the following actions:

A. Open the steam dump and bypass valves and the atmospheric dump
valves. This is done to utilize any remaining. inventory in
the steam generators to lower RCS pressure to as low as
possible to initiate once through cooling.

'

B. Safety injection pumps aligned for direct vessel injection.

C. Switch on all available charging and safety injection pumps.

The operators must also check that the containment spray has
actuated in high containment pressure. If this is not so then do
it manually. At this point the containment spray pumps will be
circulating the IRWST inventory thorough the CS heat exchangers.
This recirculation would be monitored for any failure in heat
removal from the IRWST, as failure could potentially lead to a
break in containment.

19.4.8.2.3.2 Modeled Operator Actions
|

Based on the description above, the following operator actions were
modeled in the in the Loss Of Offsite Power event tree and
associated fault tree models:

! A. Failure to verify that the AFAS was generated, and to manually
generate the AFAS signal at the ESF panel if the signal was
not automatically generated.

r-

|
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B. Failure to initiate shutdown cooling.
|

| C. Failure to align the SCS system for long-term cooling.
!

D. Failure to restart the EFW system for long term cooling (RR |

system unavailab.le). 1

E. Failure to align the condensate storage tenks to the emergency
feedwater storage tanks for long term cooling using the

; emergency feedwater system.
|

F. Failure to initiate feed and bleed operation.

G. Failure to align the CVCS to the IRWST and refill the IRWST
following containment failure due to failure of long term
containment heat removal.

|

H. Failure to bleed and restart safety injection pumps following
containment failure due to loss of containment heat removal.

I. Pre-existing maintenance errors were included in the system
fault tree models as appropriate.

19.4.8.2.4 Major Recovery Actions

The following major r acovery actions were addressed in the recovery
analysis for the transients discussed above.

A. In the later stages of the LOOP transient, power to the pumps
may be restored by either aligning the standby alternate power
source or restoring the offsite power. Accordingly, power to
the SIS pumps and motor-driven EFW pumps was restored.

B. For sequences in which there was sufficient time available,
manually opening valves for which the valve operators had
failed was credited.

O
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V later fails during long-term decay heat removal, secondary side

heat removal can be re-established by restarting the EFW System.
Operator has at least one hour to re-establish emergency feedwater
flow because of the low decay heat levels and the inventory in the

j
' steam generators.

The success criteria for this element are that the RHR or the EFW
System must be available for the mission time of 24-hours-and the

! CST must be properly. aligned to provide additional inventory to the
EFW System.

!

( 19.4.9.1.4 Safety Depressurization-(Bleed)

If the long-term decay heat removal fails via either the RHR System
| or the secondary heat removal using the EFWS, decay heat removal
l can still be provided by the safety injection- and safety

depressurization (Feed and Bleed).
i

| If the bleed is initiated at lifting of the Primary Safety Valves
| (PSVs), 1 SIS pump and l' Safety . Depressurization valve will be
'

capable of maintaining core coolability and, thus, core integrity.
Therefore, the success criterion for this . element is that one
Safety Depressurization valve path must be available in conjunction
with one SIS pump.

19.4.9.1.5 Bafety Injection (Feed)

! If the long-term decay heat removal fails via either the RHR System
or the secondary heat removal using the EFWS, decay heat removal
can still be provided by the safety injection and safety
depressurization (Feed and Bleed). Safety injection (or Feed)
provides cooling water to remove decay heat removal.

If the bleed is initiated at lifting of the Primary Safety Valves
(PSVs), 1 SIS pump and 1 Safety Depressurization valve will be
capable of maintaining core coolability and, thus, core integrity.
Because of the loss of one component cooling water division, two of
the SIS pumps will not be available. Therefore, the success
criteria for this element are that one of the two unaffected SIS
pumps must deliver water from the IRWST and one Safety
Depressurization valve path must be available to that SIS pump.

19.4.9.1.6 Containment Heat Removal Via IRWST Cooling

During the plant cooldown following a transient, the core decay
heat is normally transferred to the secondary side inventory via
the steam generator. If main or emergency feedwater flow is lost,
core heat removal can still be accomplished via " Feed and Bleed"
cooling. For this mode of core heat removal, the safety
depressurization valves are opened to depressurize the RCS. The

[ safety injection pumps are then used to supply inventory from the |
| \ IRWST to the core. The core heats up the IRWST inventory being

delivered to
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OiIthe core by the injection pumps. This heated inventory is then
discharged to the IRWST via the safety depressurization valves,
thus transferring the core decay heat energy to the IRWST.
Normally, the Containment Spray System (CSS) is used to transfer
the decay heat energy from the IRWST to the Ultimate Heat Sink.
The CSS pumps take suction from the IRWST and discharge back to the
IRWST through the CSS heat exchangers. The containment spray flow
is cooled by the component cooling water flow through the
containment spray heat exchanger, thus transferring the core decay
heat energy to the component cooling water system. This energy is
finally rejected to the Ultimate Heat Sink via the Service Water
System. In the event of a failure in the CSS, the Shutdown Cooling
System (SCS) pumps and/or heat exchangers can be aligned to provide
IRWST cooling.

If containment heat removal via IRWST Cooling is lost, the core
decay heat is retained inside the containment, and the containment
pressure begins to increase. Eventually, the containment pressure
will increase to the point at which the containment will fail due
to overpressure. MAAP analyses show that for a Loss of Feedwater
(LOFW) transient with a loss of emergency feedwater and successful
feed and bleed cooling with no containment heat removal from time

| 0, the containment will fail at about 41 hours. At this point, the
steam that was inside containment will be discharged to atmosphere
via the containment breach. Because the SDS valves discharge
directly to the IRWST, the contents of the IRWST will be in a hot
saturated equilibrium condition at about 170 psia. When the
containment fails, it is postulated that there will be momentary
flashing in the IRWST as equilibrium is reestablished at
atmospheric pressure. (This will be true if the containment fails
catastrophically. It is slightly conservative if the containment
does not fail catastrophically.) It is assumed that the injection
pumps will cavitate and trip at this point. Once equilibrium has
been reestablished, the operators will have to dispatch an
equipment operator to bleed the injection pumps so that they can be
restarted. Approximately 33% of the total water inventory inside
containment will be discharged to atmosphere when the containment
fails. With restart of the injection pumps, core heat removal can
still be successfully accomplished using the safety injection flow
from the IRWST to the core. However, as the core decay heat energy
heats up the IRWST inventory, this inventory, in the form of steam,
will be lost directly to the atmosphere. If an alternate supply of
borated water to the IRWST is not established, core heat removal
will eventually be lost due to the loss of IRWST inventory. At
that point, core damage will occur.

i The CVCS can provide borated water to the IRWST from the Holdup
| tank (HUT) and the Boric Acid Storage Tank (BAST) using the Ho3 dup
| pumps (HUPs) or the Boric Acid Makeup pumps (BAMPs) respectively,

The BAST has a maximum capacity of 180,000 gallons and the HUT has:

| a maximum capacity of 435,000 gallons. The holdup pumps have a
l normal flow of 50 gpm each. The BAMP have a normal flow of 165 gpm
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! ( each. The bolloff rate from the core due to decay heat at 48 hours

is approximately 137 gpm.

The top logic for failure to provide long term containment heat
removal by cooling the ~IRWST is presented in Figure 19.4.3-3. Core
damage results if containment fails due to- failure to cool the
IRWST inventory and core cooling is not maintained after-

containment failure. The success criteria for IRWST cooling are
that at least one CS pump deliver flow from the IRWST through its-
containment spray heat exchanger to the containment spray header
and that the decay heat energy be transferred to the component
Cooling Water System. If the CS header is not available, the CSS
can be aligned to discharge directly to the IRWST.- If the CS pump
in one train is not available,'the SCS pump associated with that |
train may be used as a backup. The System 80+ design includes a
standby containment spray connection. This consists of a flanged i

connection to the Containment spray line just outside containment'
and a standpipe that can be connected to a pumping device such as
a skid mounted pump of a fire pump. The standpipe would be
connected to the CS line using a spool piece. If the CSS and SCS
pumps are not available, this backup system could be aligned to
provide spray flow. Heat removal would be via adding large amounts
of cold water. This was treated as_a recovery ' action in this
analysis. In addition, though not credited in this analysis, the
containment purge valves could be opened to provide a controlled
depressurization of containment prior to failure.

19.4.9.3 Maior Dependencies

The following functional dependencies are important for Event Tree
9*

1

A. If feedwater is not available, no success path for steam
removal is available, therefore, the Safety Depressurization
(Bleed) must be used to remove heat from the RCS.

B. When Safety Injection and Safety Depressurization are used,
the IRWST must be available and successfully cooled to prevent i

'

containment damage.
i

19.4.9.4 Operator Actions and Interfaces

19.4.9.4.1 Standard Operator Actions-

Since the transient, as defined, causes a reactor trip, the-
operators will perform Standard Post Trip Actions. The ramping
down of main feedwater will cause the downward trend of steam
generator level till startup feedwater provides a low pressure
source of feed on low steam generator level,

n$ No safety functions, that are checked by the Standard Post Trip
Actions, should be challenged. This would lead the operators tov

Amendment V
19.4-111 April 29, 1994

. - ~. - - . - - _ . - - - , _ , - . - - . . -- ,



i

CESSAR naincun,,

implement the uncomplicated reactor trip optimal recovery
procedure. The first actions are to verify that an uncomplicated
reactor trip has occurred.

First the operators check that pressurizer level has not decrease
below 10% nor increased above 70%. The pressurizer level control
system should be controlling the pressurizer level and trending up
to 26% to 60%. If this is not the cause then the operator would be
instructed to take control of charging and letdown to control the
pressurizer level to this range.

The next issue, for the operators, would be to verify that the
pressurizer heaters and sprays were controlling the pressurizer >

pressure within 1905 to 2375 psia. The availability of the heaters
would be dependent on the pressurizer level being above the heater
cutoff point of 26%. If there are no other complications then

|
'pressurizer pressure will be trending to 2225 to 2300 psia.

Satisfying the post accident pressure temperature limits will
ensure that brittle fracture limits are not exceeded, RCP NPSH and
RCS subcooling requirements are not exceeded and the RCS cooldown
rate or upper subcooling limit are not exceeded.

RCS T will be controlled at 525 F to 535 F by the turbine bypassm
system. If condenser vacuum is lost, the turbine bypass system is
not available, or the MSIVs have closed then the atmospheric dump
valves must be used to control RCS temperature. This allows the
operators to verify adequate decay heat removal.

If startup feedwater is lost, emergency feedwater would be actuated
by ESFAS. Therefore steam generator levels should be restored and
be maintained in the normal band. Adequate heat removal will be
maintained if at least one steam generator is available for
removing heat.

At this point in the recovery the operators would decide if a
cooldown to shutdown cooling entry conditions is necessary. One of
the factors to be conuidered is existing plant status. If the
continued availability of any systems required for maintenance of
hot standby is in doubt, a cooldown will be performed before the
ability to cooldown is lost.

The RCS would be sampled for activity and boron concentration. The
operators would determine the need to borate the RCS in order to
achieve the required shutdown margin, including the mass in the
pressurizer, for entry to shutdown cooling conditions per Technical
Specifications. The operators would try to borate tha whole RCS
including the mass in the pressurizer. If the letdown system were
not available, the operators would borate the RCS to the minimum
shutdown margin corresponding to T. Then, during the controlledc
cooldown phase, as RCS shrinkage occurs, the operators would borate
until the cold shutdown margin were reached.

;

)
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V The cooldown and depressurization to shutdown cooling entry
conditions would begin at this point. Throughout the cooldown, the
operators will be monitoring pressurizer pressure to make sure that |
it is being maintained within the Post Accident P-T limits or that
the cooldown is less than 100 F/hr. If at any point these are
violated, the operator must perform one of the following actions as
appropriate:

A. Stop the Cooldown

B. Operate the main or auxiliary spray as necessary to
depressurize the pressurizer pressure to the P-T limits. |

|

C. If overpressurization still exists and is caused by charging
flow, then throttle or stop the pumps and manually control
letdown to restore and maintain pressure limits within the
Post Accident P-T limits. |

The available condensate inventory would be monitored by the
operators and replenished, as necessary, from the available
sources. Examples of alternate sources of condensate inventory are
nonseismic tanks, firemains, lake water supplies, portable tanks,
etc.

~] During this phase of the recovery, the automatic operation of

[Q certain safeguard systems is undesirable. The operators would be
directed to manually reset the CIAS, SIAS, CSAS and MSIS setpoints
to lower than the originals, to ensure that these engineered
safeguards remain available until the RCS is cooled and
depressurized.

Entry to shutdown cooling conditions would be evaluated by the
operators, at this point. This evaluation would continue
throughout the depressurization and cooldown until they are met;

A. Pressurizer level control should be established (cleared or
clearing RCS pressure control alarms) and verified by a level
greater then 26% and constant or increasing. |

B. RCS subcooling should be at least 20 F.

C. RCS pressure should be at or below the shutdown cooling entry
pressure of 400 psia. |

D. RCS hot leg temperature should be at or below the shutdown
cooling system entry temperature of 330*F. |

The activity level of the RCS inventory must be determined, in
order to evaluate the dangers associated with routing the fluid
outside containment.

( ,\ |

'
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If these criteria are met, then the operator would align the Safety
| Injection system for direct vessel injection and initiate shutdown
cooling.

The operator must continually monitor for voids in the RCS. This
is done by monitoring the following parameters:

| A. Letdown flow greater than charging flow.

B. Pressurizer level increasing significantly more than expected
| while operating pressurizer spray.

C. RVLMS indicating voiding in the Reactor Vessel

D. Unheated thermocouple temperature indicates saturated
conditions in the reactor vessel head.

Assuming voids do not occur, at this point the core is now in
shutdown cooling.

If long-term decay heat removal fails either by the shutdown
cooling system failing or emergency feedwater, "once thorough
cooling" can be achieved. This is an RCS heat removal success path
that, when deemed necessary, can allow inventory in through the
safety injection system and out thorough the top of the pressurizer
using the safety depressurization valves. This will cause the
containment spray system to actuate with the increase in
containment temperature and pressure.

The operators would establish this method of heat removal by
performing the following actions:

A. Open the steam dump and bypass valves and the atmospheric dump
valves. This is done to utilize any remaining inventory in
the steam generators to lower RCS pressure to as low as
possible to initiate once through cooling. ;

1
B. Trip all RCPs. This is done because with the safety |

depressurization valves open the RCS may be in a saturated I

condition and this is not desirable for RCP operation.

C. Safety injection pumps aligned for direct vessel injection.

D. Switch on all available charging and safety injection pumps. |
1

O
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kj 19.4.10.1.4 Safety Depressurization (Bleed)

If the long-term decay heat removal fails via either the RHR System
or the secondary heat removal using the EFWS, decay heat removal
can still be provided by the safety injection and safety
depressurization (Feed and Bleed).

If the bleed is initiated at lifting of the Primary Safety Valves
(PSVs), 1 SIS pump and 1 Safety Depressurization valve will be
capable of maintaining core coolability and, thus, core integrity.
Since one Bleed path becomes unavailable due to loss of 125 VDC
vital bus, the success criterion for this element is that
unaffected Safety Depressurization valve path must be available in
conjunction with one SIS pump.

19.4.10.1.5 Safety Injection (Feed)

If the long-term decay heat removal fails via either the RHR System
or the secondary heat removal using the EFWS, decay heat removal
can still be provided by the safety injection and safety
depressurization (Feed and Bleed). Safety injection (or Feed)
provides cooling water to remove decay heat removal.

If the bleed is initiated at lifting of the Primary Safety Valves
CN (PSVs), 1 SIS pump and 1 Safety Depressurization valve will be

(") capable of maintaining core coolability and, thus, core integrity.
Therefore, the success criteria for this element are that one
unaffected SIS pump must deliver water from the IRWST to the RCS
and the unaffected Safety Depressurization valve path must be
available.

19.4.10.1.6 Containment Heat Removal Via IRWST Cooling

During the plant cooldown following a transient, the core decay
heat is normally transferred to the secondary side inventory via
the steam generator. If main or emergency feedwater flow is lost,
core heat removal can still be accomplished via " Feed and Bleed"
cooling. For this mode of core heat removal, the safety
depressurization valves are opened to depressurize the RCS. The
safety injection pumps are then used to supply inventory from the |
IRWST to the core. The core heats up the IRWST inventory being
delivered to the core by the injection pumps. This heated
inventory is then discharged to the IRWST via the safety
depressurization valves, thus transferring the core decay heat
energy to the IRWST. Normally, the Containment Spray System (CSS)
is used to transfer the decay heat energy from the IRWST to the
Ultimate Heat Sink. The CSS pumps take suction from the IRWST and
discharge back to the IRWST through the CSS heat exchangers. The
containment spray flow is cooleo by the component cooling water
flow through the containment spray heat exchanger, thus

(n) transferring the core decay heat energy to the component cooling
( ,/ water system. This energy is finally rejected to the Ultimate Heat

dink via the Service Water
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System. In the event of a f ailure in the CSS, the Shutdown Cooling
System (SCS) pumps and/or heat exchangers can be aligned to provide
IRWST cooling.

If containment heat removal via IRWST Cooling is lost, the core
decay heat is retained inside the containment, and the containment
pressure begins to increase. Eventually, the containment pressure
will increase to the point at which the containment will fail due
to overpressure. MAAP analyses show that for a Loss of Feedwater
(LOFW) transient with a loss of emergency feedwater and successful
feed and bleed cooling with no containment heat removal from time

| 0, the containment will f ail at about 41 hours. At this point, the
steam that was inside containment will be discharged to atmosphere
via the containment breach. Because the SDS valves discharge
directly to the IRWST, the contents of the IRWST will be in a hot
saturated equilibrium condition at about 170 psia. When the
containment fails, it is postulated that there will be momentary
flashing in the IRWST as equilibrium is reestablished at
atmospheric pressure. (This will be true if the containment fails
catastrophically. It is slightly conservative if the containment
does not fail catastrophically.) It is assumed that the injection
pumps will cavitate and trip at this point. Once equilibrium has
been reestablished, the operators will have to dispatch an
equipment operator to bleed the injection pumps so that they can be
restarted. Approximately 33% of the total water inventory inside
containment will be discharged to atmosphere when the containment
fails. With restart of the injection pumps, core heat removal can
still be successfully accomplished using the safety injection flow
from the IRWST to the core. However, as the core decay heat energy
heats up the IRWST inventory, this inventory, in the form of steam,
will be lost directly to the atmosphere. If an alternate supply of
borated water to the IRWST is not established, core heat removal
will eventually be lost due to the loss of IRWST inventory. At
that point, core damage will occur.

The CVCS can provide borated water to the IRWST from the Holdup
tank (HUT) and the Boric Acid Storage Tank (BAST) using the Holdup
pumps (HUPs)or the Boric Acid Makeup pumps (BAMPs) respectively.
The BAST has a maximum capacity of 180,000 gallons and the HUT has
a maximum capacity of 435,000 gallons. The holdup pumps have a
normal flow of 50 gpm each. The BAMP have a normal flow of 165 gpm
each.

The boiloff rate from the core due to decay heat at 48 hours is
approximately 137 gpm.

The top logic for failure to provide long term containment heat
removal by cooling the IRW5r is presented in Figure 19.4.3-3. Core
damage results if containment fails due to failure to cool the
IRWST inventory and core cooling is not maintained after
containment failure. The success criteria for IRWST cooling are
that at least one CS pump deliver flow from the IRWST through its
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(~) containment spray heat exchanger to the containment spray header
and that the decay heat energy be transferred to the Component
Cooling Water System. If the CS header is not available, the CSS,

| can be aligned to discharge directly to the IRWST. If the CS pump
i in one train is not available, the RHR pump associated with that

train may be used as a backup. The System 80+ design includes a
standby containment spray connection. This consists of a flanged
connection to the Containment spray line just outside containment
and a standpipe that can be connected to a pumping device such as
a skid mounted pump of a fire pump. The standpipe would be
connected to the CS line using a spool piece. If the CSS and SCS
pumps are not available, this backup system could be aligned to
provide spray flow. Heat removal would be via adding large amounts
of cold water. This was treated as a recovery action in this
analysis. In addition, though not credited in this analysis, the
containment purge valves could be opened to provide a controlled
depressurization of containment prior to failure.

19.4.10.2 Maior Dependencies

The following functional dependencies are important for Event Tree
10:

A. If feedwater is not available, no success path for steam
removal is available, therefore, the Safety Depressurization(q (Bleed) must be used to remove heat from the RCS.

B. When Safety Injection and Safety Depressurization are used,
the IRWST must be available and successfully cooled to prevent
containment damage.

19.4.10.3 Operator Actions and Interfaces

19.4.10.3.1 Standard Operator Actions

Since the transient, as defined, causes a reactor trip, the
operators will perform Standard Post Trip Actions. The ramping
down of main feedwater will cause the downward trend of steam
generator level until startup feedwater provides a low pressure
source of feed on low steam generator level.

No safety functions, that are checked by the Standard Post Trip
Actions, should be challenged. This would lead the operators to
implement the uncomplicated reactor trip optimal recovery
procedure. The first actions are to verify that an uncomplicated
reactor trip has occurred.

First the operators check that pressurizer level has not decrease
below 10% nor increased above 70%. The pressurizer level control
system should be controlling the pressurizer level and trending up
to 26% to 60%. If this is not the cause then the operator would be

(
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instructed to take control of charging and letdown to control the |
pressurizer level to this range.

I
1

The next issue, for the operators, would be to verify that the |
pressurizer heaters and sprays were controlling the pressurizer
pressure within 1905 to 2375 psia. The availability of the heaters
would be dependent on the pressurizer level being above the heater I

cutoff point of 26%. If there are no other complications then i
pressurizer pressure will be trending to 2225 to 2300 psia.
Satisfying the post accident pressure temperature limits will
ensure that brittle fracture limits are not exceeded, RCP NPSH and
RCS subcooling requirements are not exceeded and the RCS cooldown
rate or upper subcooling limit are not exceeded.

RCS T will be controlled at 525 F to 535'F by the turbine bypassm
system. If condenser vacuum is lost, the turbine bypass system is
not available, or the MSIVs have closed then the atmospheric dump
valves must be used to control RCS temperature. This allows the
operators to verify adequate decay heat removal.

If startup feedwater is lost, emergency feedwater would be actuated
by ESFAS. Therefore steam generator levels should be restored and
be maintained in the normal band. Adequate heat removal will be
maintained if at least one steam generator is available for
removing heat.

At this point in the recovery the operators would decide if a
cooldown to shutdown cooling entry conditions is necessary. One of
the factors to be considered is existing plant status. If the
continued availability of any systems required for maintenance of
hot standby is in doubt, a cooldown will be performed before the
ability to cooldown is lost.

The RCS would be sampled for activity and boron concentration. The
operators would determine the need to borate the RCS in order to
achieve the required shutdown margin, including the mass in the
pressurizer, for entry to shutdown cooling conditions per Technical
Specifications. The operators would try to borate the whole RCS
including the mass in the pressurizer. If the letdown system were
not available, the operators would borate the RCS to the minimum
shutdown margin corresponding to T. Then, during the controlledc

cooldown phase, as RCS shrinkage occurs, the operators would borate
until the cold shutdown margin were reached.

| The cooldown and depressurization to shutdown cooling entry
| conditions would begin at this point. Throughout the cooldown, the
| | operators will be monitoring pressurizer pressure to make sure that

it is being maintained within the Post Accident P-T limits or that
the cooldown is less than 100 F/hr. If at any point these are

| violated, the operator must perform one of the following actions as
appropriate:
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A. Stop the Cooldown

B. Operate the main or auxiliary spray as. necessary to |

depressurize the pressurizer pressure to the P-T limits. |

C. If overpressurization still exists and is caused by charging R

flow, then throttle or stop the pumps and manually control !

letdown to restore and maintain pressure limits within the !
'

Post Accident P-T limits. |

The available condensate inventory would be monitored by the
operators _and replenished, as necessary, from the available

,

sources. Examples of alternate sources of condensate inventory are -

nonseismic tanks, firemains, lake water supplies, portable tanks,
etc.

During this phase of the recovery, the automatic operation of
certain safeguard systems is undesirable. The operators would be
directed to manually reset the CIAS, SIAS, CSAS and MSIS setpoints
to lower -than the originals, to ensure that these engineered
safeguards remain available until the 'RCS is cooled and
depressurized.

Entry to shutdown cooling conditions would be evaluated by the
operators, at this point. This evaluation would continue
throughout the depressurization and cooldown until they_are met;

A. Pressurizer level control-should be established (cleared or
clearing RCS pressure control alarms) and verified by a level
greater then 26% and constant or increasing. |

B. RCS subcooling should be at least 20'F

C. RCS pressure should be at or below the shutdown cooling entry
pressure of 400 psia. |

D. RCS hot leg temperature should be at or below the shutdown
cooling system entry temperature of 350*F. |

The activity level of the RCS inventory must be determined, in
order to evaluate the dangers associated with routing the fluid
outside containment. |

If these criteria are met, then the operator would align the Safety
|Injection system for direct vessel injection and initiate shutdown |

cooling.

The operator must continually monitor for voids in the RCS. This .

'is done by monitoring the following parameters:

A. Letdown flow greater than charging flow. j

N/
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B. Pressurizer level increasing significantly more than expected

[ | while operating pressurizer spray.

C. RVLMS indicating voiding in the Reactor Vessel

D. Unheated thermocouple temperature indicates saturated
conditions in the reactor vessel head.

Assuming voids do not occur, at this point the core is now in
shutdown cooling.

|

| If long-term decay heat removal fails either by the shutdown
| cooling system failing or emergency feedwater, "once thorough

cooling" can be achieved. This is an RCS heat removal success path
| that, when deemed necessary, can allow inventory in through the

safety injection system and out thorough the top of the pressurizer
using the safety depressurization valves. This will cause the
containment spray system to actuate with the increase in

! containment temperature and pressure.
!

| The operators would establish this method of heat removal by
performing the following actions:

A. Open the steam dump and bypass valves and the atmospheric dump
valves. This is done to utilize any remaining inventory in
the steam generators to lower RCS pressure to as low as

; possible to initiate once through cooling.
|

B. Trip all RCPs. This is done because with the safety
depressurization valves open the RCS may be in a saturated
condition and this is not desirable for RCP operation.

C. Safety injection pumps aligned for direct vessel injection.

D. Switch on all available charging and safety injection pumps.

The operators must also check that the containment spray has
actuated in high containment pressure. If this is not so then do 1

it manually. At this point the containment spray pumps will be
circulating the IRWST inventory thorough the CS heat exchangers.
This recirculation would be monitored for any failure in heat
removal from the IRWST, as failure could potentially lead to a
break in containment. |

|

|

| |

O
|
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() 19.4.11.1.4 Safety Depressurization (Bleed)

If the long-term decay heat removal f ails via either the RHR System
or the secondary heat removal using the EFWS, decay heat removal
can still be provided by the safety injection and safety
depressurization (Feed and Bleed).

If the bleed is initiated at lifting of the Primary Safety Valves
(PSVs), 1 SIS pump and 1 Safety Depressurization valve will be
capable of maintaining core coolability and, thus, core integrity.
Therefore, the success criterion for this element is that one
Safety Depressurization valve path must be available in conjunction
with one unaffected SIS pump.

19.4.11.1.5 Safety Injection (Feed)

If the long-term decay heat removal f ails via either the RHR System
or the secondary heat removal using the EFWS, decay heat removal
can still be provided by the safety injection and safety
depressurization (Feed and Bleed). Safety injection (or Feed)
provides cooling water to remove decay heat removal.

If the bleed is initiated at lifting of the Primary Safety Valves
(PSVs), 1 SIS pump and 1 Safety Depressurization valve will be
capable of maintaining core coolability and, thus, core integrity.(qV) Since the loss of 4.16 KV bus results in loss of two SIS pumps, the
success criteria for this element are that one of the two
unaffected SIS pumps must deliver water from the IRWST to the RCS
and one Safety Depressurization valve path must be available.

19.4.11.1.6 Containment Heat Removal Via IRWST Cooling

During the plant cooldown following a transient, the core decay
heat is normally transferred to the secondary side inventory via
the steam generator. If main or emergency feedwater flow is lost,
core heat removal can still be accomplished via " Feed and Bleed"
cooling. For this mode of core heat removal, the safety
depressurization valves are opened to depressurize the RCS. The
safety injection pumps are then used to supply inventory from the |
IRWST to the core. The core heats up the IRWST inventory being
delivered to the core by the injection pumps. This heated
inventory is then discharged to the IRWST via the safety
depressuri ation valves, thus transferring the core decay heat
energy to tne IRWST. Normally, the Containment Spray System (CSS)
is used to transfer the decay heat energy from the IRWST to the
Ultimate Heat Sink. The CSS pumps take suction from the IRWST and
discharge back to the IRWST through the CSS heat exchangers. The
containment spray flow is cooled by the component cooling water
flow through the containment spray heat exchanger, thus
transferring the ce decay heat energy to the component cooling

O)
water system. 'Itu:. energy is finally rejected to the Ultimate Heat

\ Sink via the Service Water System. In the event of a failure in
the CSS, the Shutdown Cooling
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System (SCS) pumps and/or heat exchangers can be aligned to provide
j IRWST cooling.

If containment heat removal via IRWST Cooling is lost, the core
decay heat is retained inside the containment, and the containment
pressure begins to increase. Eventually, the containment pressure
will increase to the point at which the containment will fail due
to overpressure. MAAP analyses show that for a Loss of Feedwater
(LOFW) transient with a loss of emergency feedwater and successful
feed and bleed cooling with no containment heat removal from time

| 0, the containment will fail at about 41 hours. At this point, the
steam that was inside containment will be discharged to atmosphere
via the containment breach. Because the SDS valves discharge
directly to the IRWST, the contents of the IRWST will be in a hot-
saturated equilibrium condition at about 170 psia. When the
containment fails, it is postulated tha^ there will be momentary
flashing in the IRWST as equilibriua is reestablished at
atmospheric pressure. (This will be true if the containment fails
catastrophically. It is slightly conservative if the containment
does not fail catastrophically.) It is assumed that the injection
pumps will cavitate and trip at this point. Once equilibrium has
been reestablished, the operators will have to dispatch an
equipment operator to bleed the injection pumps so that they can be
restarted. Approximately 33% of the total water inventory inside
containment will be discharged to atmosphere when the containment
fails. With restart of the injection pumps, core heat removal can
still be successfully accomplished using the safety injection flow
from the IRWST to the core. However, as the core decay heat energy
heats up the IRWST inventory, this inventory, in the form of steam,
will be lost directly to the atmosphere. If an alternate supply of
borated water to the IRWST is not established, core heat removal
will eventually be lost due to the loss of IRWST inventory. At
that point, core damage will occur.

The CVCS can provide borated water to the IRWST from the Holdup
tank (HUT) and the Boric Acid Storage Tank (BAST) using the Holdup
pumps (HUPs) or the Boric Acid Makeup pumps (BAMPs) respectively.
The BAST has a maximum capacity of 180,000 gallons and the HUT has
a maximum capacity of 435,000 gallons. The holdup pumps have a
normal flow of 50 gpm each. The BAMP have a normal flow of 165 gpm
each. The boiloff rate from the core due to decay heat at 48 hours {
is approximately 137 gpm. |

|
The top logic for failure to provide long term containment heat i
removal by cooling the IRWST is presented in Figure 19.4.3-3. Core |damage results if containment fails due to failure to cool the '

IRWST inventory and core cooling is not maintained after
containment failure. The success criteria for IRWST cooling are
that at least one CS pump deliver flow from the IRWST through its
containment spray heat exchanger to the containment spray header |

and that the decay heat energy be transferred to the Component
Cooling Water System. If the CS header is not available, the CSS
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can be aligned to discharge directly to the IRWST. If the CS pump
in one train is not available, the SCS pump associated with that |
train may be used as a backup. The System 80+ design includes a
standby containment spray connection. This consists of a flanged
connection to the Containment spray line just outside containment
and a standpipe that can be connected to a pumping device such as
a skid mounted pump of a fire pump. The standpipe would be
connected to the CS line using a spool piece. If the CSS and SCS
pumps are not available, this backup system could be aligned to
provide spray flow. Heat removal would be via adding large amounts
of cold water. This was treated as a recovery action in this
analysis. In addition, though not credited in this analysis, the
containment purge valves could be opened to provide a controlled
depressurization of containment prior to failure.

! 19.4.11.2 Ma-lor DeDendencies

The following functional dependencies are important for Event Tree
11:

A. If emergency feedwater is not available, no success path for
steam removal is available, therefore, the Safety
Depressurization (Bleed) must be used to remove heat from the
RCS.

B. When Safety Injection and Safety Depressurization are used,
the IRWST must be available and successfully cooled to prevent
containment damage.

19.4.11.3 Operator Actions and Interfaces

19.4.11.3.1 Standard Operator Actions

Since the transient, as defined, causes a reactor trip, the
operators will perform Standard Post Trip Actions. The ramping
down of main feedwater will cause the downward trend of steam
generator level until startup feedwater provides a low pressure
source of feed on low steam generator level.

No safety functions, that are checked by the Standard Post Trip
Actions, should be challenged. This would lead the operators to
implement the uncomplicated reactor trip optimal recovery
procedure. The first actions are to verify that an uncomplicated
reactor trip has occurred.

First the operators check that pressurizer level has not decrease
below 10% nor increased above 70%. The pressurizer level control
system should be controlling the pressurizer level and trending up
to 26% to 60%. If this is not the cause then the operator would be
instructed to take control of charging and letdown to control the

O pressurizer level to this range.
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The next issue, for the operators, would be to verify that the
pressurizer heaters and sprays were controlling the pressurizer
pressure within 1905 to 2375 psia. The availability of the heaters
would be dependent on the pressurizer level being above the heater
cutoff point of 26%. If there are no other complications then
pressurizer pressure will be trending to 2225 to 2300 psia.
Satisfying the post accident pressure temperature limits will
ensure that brittle fracture limits are not exceeded, RCP NPSH and
RCS subcooling requirements are not exceeded and the RCS cooldown
rate or upper subcooling limit are not exceeded.

RCS T will be controlled at 525*F to 535*F by the turbine bypassm
system. If condenser vacuum is lost, the turbine bypass system is
not available, or the MSIVs have closed then the atmospheric dump
valves must be used to control RCS temperature. This allows the
operators to verify adequate decay heat removal.

If startup feedwater is lost, emergency feedwater would be actuated
by ESFAS. Therefore steam generator levels should be restored and
be maintained in the normal band. Adequate heat removal will be
maintained if at least one steam generator is available for
removing heat.

At this point in the recovery the operators would decide if a
cooldown to shutdown cooling entry conditions is necessary. One of
the factors to be considered is existing plant status. If the
continued availability of any systems required for maintenance of
hot standby is in doubt, a cooldown will be performed before the
ability to cooldown is lost.

The RCS would be sampled for activity and boron concentration. The
operators would determine the need to borate the RCS in order to
achieve the required shutdown margin, including the mass in the
pressurizer, for entry to shutdown cooling conditions per Technical
Specifications. The operators would try to borate the whole RCS
including the mass in the pressurizer. If the letdown system were
not available, the operators would borate the RCS to the minimum
shutdown margin corresponding to T . Then, during the controlledc
cooldown phase, as RCS shrinkage ocrurs, the operators would borate
until the cold shutdown margin were reached.

The cooldown and depressurization to shutdown cooling entry
conditions would begin at this point. Throughout the cooldown, the

| operators will be monitoring pressurizer pressure to make sure that
it is being maintained within the Post Accident P-T limits or that
the cooldown is less than 100*F/hr. If at any point these are
violated, the operator must perform one of the following actions as
appropriate:

A. Stop the Cooldown

O
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\ B. Operate the main or auxiliary spray as necessary to
depressurize the pressurizer pressure to the P-T limits. |

C. If overpressurization still exists and is caused by charging
flow, then throttle or stop the pumps and manually control
letdown to restore and maintain pressure limits within the
Post Accident P-T limits. |

'The available condensate inventory would be monitored by the
operators and replenished, as necessary, from the available
sources. Examples of alternate sources of condensate inventory are
nonseismic tanks, firemains, lake water. supplies, portable tanks,
etc.

During this phase of the recovery, the automatic operation of
certain safeguard systems is undesirable. The operators would be
directed to manually reset the CIAS, SIAS, CSAS and MSIS setpoints
to lower than the originals, to ensure that these engineered
safeguards remain available until the RCS is cooled and
depressurized.

Entry to shutdown cooling conditions would be evaluated by the
operators, at this point. This evaluation ;would continue
throughout the depressurization and cooldown until they are met;

~

A. Pressurizer level control should be established (cleared or
clearing RCS pressure control alarms) and' verified by a level
greater then 26% and constant or increasing. |

B. RCS subcooling should be at least 20*F.

C. RCS pressure should be at or below the shutdown cooling entry
pressure of 400 psia. |

D. RCS hot leg temperature should be at or below the shutdown
cooling system entry temperature of 350*F. |

The activity level of the RCS inventory must be determined, in i
'

order to evaluate the dangers associated with routing the fluid
outside containment. |

If these criteria are met, then the operator would align the Safety

| Injection system for direct vessel injection and initiate shutdown |
cooling.'

The operator must continually monitor for voids in the RCS. This
is done by monitoring the following parameters:

O
r

!
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| A. Letdown flow greater than charging flow.

B. Pressurizer level increasing significantly more than expected
| while operating pressurizer spray.

C. RVOIS indicating voiding in the Reactor Vessel
,

|

| D. Unheated thermocouple temperature indicates saturated

| conditions in the reactor vessel head.

Assuming voids do not occur, at this point the core is now in
shutdown cooling.

If long-term decay heat removal fails either by the shutdown
cooling system failing or emergency feedwater, "once thorough
cooling" can be achieved. This is an RCS heat removal success path
that, when deemed necessary, can allow inventory in through the
safety injection system and out thorough the top of the pressurizer,

| using the safety depressurization valves. This will cause the
! containment spray system to actuate with the increase in

| containment temperature and pressure.

The operators would establish this method of heat removal by
performing the following actions:

| A. Open the steam dump and bypass valves and the atmospheric dump
valves. This is done to utilize any remaining inventory in
the steam generators to lower RCS pressure to as low as
possible to initiate once through cooling.

B. Trip all RCPs. This is done because with the safety
I depressurization valves open the RCS may be in a saturated

condition and this is not desirable for RCP operation.

| C. Safety injection pumps aligned for direct vessel injection.

D. Switch on all available charging and safety injection pumps.

The operators must also check that the containment spray has
actuated in high containment pressure. If this is not so then do
it manually. At this point the containment spray pumps will be
circ lating the IRWST inventory thorough the CS heat exchangers.
This recirculation would be monitored for any failure in heat
removal from the IRWST, as failure could potentially lead to a
break in containment.

|

|
I

O|
|
|
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(,' flow because of the low decay heat levels and the inventory in the
steam generators.

The success criteria for this element are that the RHR or the EFW
System must be available for the mission time of 24 hours and the
CST must be properly aligned to provide additional inventory to the
EFW System.

19.4.12.1.4 Safety Depressurization (Bleed)

If the long-term decay heat removal f ails via either the RHR System
or the secondary heat removal using the EFWS, decay heat removal
can still be provided by the safety injection and safety
depressurization (Feed and Bleed).

If the bleed is initiated at lifting of the Primary Safety Valves
(PSVs), 1 SIS pump and 1 Safety Depressurization valve will be
capable of maintaining core coolability and, thus, core integrity.
Therefore, the success criterion for this element is that one
Safety Depressurization valve path must be available in conjunction
with one SIS pump.

19.4.12.1.5 Safety Injection (Feed)

If the long-term decay heat removal f ails via either the RHR System
p ) or the secondary heat removal using the EFWS, decay heat removal(
''' can still be provided by the safety injection and safety

depressurization (Feed and Bleed). Safety injection (or Feed) )
provides cooling water to remove decay heat removal. 1

If the bleed is initiated at lifting of the Primary Safety Valves
(PSVs), 1 SIS pump and 1 Safety Depressurization valve will be

|capable of maintaining core coolability and, thus, core integrity.
|With the loss of one division of HVAC, it is assumed that the

controls for one division of SIS will not be available. Thus, two
of the four SIS pumps will not be available. Therefore, the
success criteria for this element are that one of the two
unaffected SIS pumps must deliver water from the IRWST and one
Safety Depressurization valve path must be available to that SIS
pump.

19.4.12.1.6 Containment Heat Removal Via IRWST Cooling

During the plant cooldown following a transient, the core decay
heat is normally transferred to the secondary side inventory via
the steam generator. If main or emergency feedwater flow is lost,
core heat removal can still be accomplished via " Feed and Bleed"
cooling. For this mode of core heat removal, the safety
depressurization valves are opened to depressurize the RCS. The
safety injection pumps are then used to supply inventory from the |7

| T IRWST to the core. The core heats up the IRWST inventory being
( ,/ delivered to the core by the injection pumps. This heated

,

inventory is then
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discharged to the IRWST via the safety depressurization valves,
thus transferring the core decay heat energy to the IRWST.
Normally, the Containment Spray System (CSS) is used to transfer
the decay heat energy from the IRWST to the Ultimate Heat Sink.
The CSS pumps take suction from the IRWST and discharge back to the
IRWST through the CSS heat exchangers. The containment spray flow |
is cooled by the component cooling water flow through the
containment spray heat exchanger, thus transferring the core decay
heat energy to the component cooling water system. This energy is
finally rejected to the Ultimate Heat Sink via the Service Water
System. In the event of a failure in the CSS, the Shutdown Cooling
System (SCS) pumps and/or heat exchangers can be aligned to provide
IRWST cooling.

If containment heat removal via IRWST Cooling is lost, the core
decay heat is retained inside the containment, and the containment
pressure begins to increase. Eventually, the containment pressure
will increase to the point at which the containment will fail due
to overpressure. MAAP analyses show that for a Loss of Feedwater
(LOFW) transient with a loss of emergency feedwater and successful
feed and bleed cooling with no containment heat removal from time

| 0, the containment will fail at about 41 hours. At this point, the
steam that was inside containment will be discharged to atmosphere
via the containment breach. Because the SDS valves discharge
directly to the IRWST, the contents of the IRWST will be in a hot
saturated equilibrium condition at about 170 psia. When the
containment fails, it is postulated that there will be momentary
flashing in the IRWST as equilibrium is reestablished at
atmospheric pressure. (This will be true if the containment fails
catastrophically. It is slightly conservative if the containment
does not fail catastrophically.) It is assumed that the injection
pumps will cavitate and trip at this point. Once equilibrium has
been reestablished, the operators will have to dispatch an
equipment operator to bleed the injection pumps so that they can be
restarted. Approximately 33% of the total water inventory inside
containment will be discharged to atmosphere when the containment
fails. With restart of the injection pumps, core heat removal can
still be successfully accomplished using the safety injection flow
from the IRWST to the core. However, as the core decay heat energy
heats up the IRWST inventory, this inventory, in the form of steam,
will be lost directly to the atmosphere. If an alternate supply of
borated water to the IRWST is not established, core heat removal i

will eventually be lost due to the loss of IRWST inventory. At
that point, core damage will occur.

The CVCS can provide borated water to the IRWST from the Holdup
tank (HUT) and the Boric Acid Storage Tank (BAST) using the Holdup
pumps (HUPs) or the Boric Acid Makeup pumps (BAMPs) respectively.
The BAST has a maximum capacity of 180,000 gallons and the HUT has
a maximum capacity of 435,000 gallons. The holdup pumps have a
normal flow of 50 gpm each. The BAMP have a normal flow of 165 gpm

!
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| C/' each. The boiloff rate from the core due to decay heat at 48 hours
! is approximately 137 gpm.

, The top logic for failure to provide long term containment heat
! removal by cooling the IRWST is presented in Figure 19.4.3-3. Core

damage results if containment fails due to failure to cool the
|

! IRWST inventory and core cooling is not maintained after
containment failure. The success criteria for IRWST cooling are
that at least one CS pump deliver flow from the IRWST through its
containment spray heat exchanger to the containment spray header
and that the decay heat energy be transferred to the Component
Cooling Water System. If the CS header is not available, the CSS
can be aligned to discharge directly to the IRWST. If the CS pump
in one train is not available, the SCS pump associated with that |
train may be used as a backup. The System 80+ design includes a
standby containment spray connection. This consists of a flanged
connection to the Containment spray line just outside containment

,

| and a standpipe that can be connected to a pumping device such as
a skid mounted pump of a fire pump. The standpipe would be
connected to the CS line using a spool piece. If the CSS and SCS
pumps are not available, this backup system could be aligned to
provide spray flow. Heat removal would be via adding large amounts
of cold w? ;,: . This was treated as a recovery action in this
analysis. In addition, though not credited in this analysis, the

(7 containment purge valves could be opened to provide a controlled
( depressurization of containment prior to failure,
w

19.4.12.2 Maior Dependencies

The following functional dependencies are important for Event Tree
12:

A. If feedwater is not available, no success path for steam
removal is available, therefore, the Safety Depressurization |(Bleed) must be used to remove heat from the RCS. 1

B. When Safety Injection and Safety Depressurization are used,
the IRWST must be available and successfully cooled to prevent
containment damage.

C. It was assumed that once the controls had failed due to !
thermal overstress, the could not be restored. Manual control j
of the affected equipment was not credited, nor was transfer

|
of control to the Emergency Control Panel.

i
,

) .

O, )
G/
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19.4.12.3 Operator Actions and Interfaces

19.4.12.3.1 Standard Operator Actions

Since the transient, as defined, causes a reactor trip, the
operators will perform Standard Post Trip Actions. The ramping
down of main feedwater will cause the downward trend of steam
generator level till startup feedwater provides a low pressure
source of feed on low steam generator level.

No safety functions, that are checked by the Standard Post Trip
Actions, should be challenged. This would lead the operators to
implement the uncomplicated reactor trip optimal recovery
procedure. The first actions are to verify that an uncomplicated
reactor trip has occurred.

First the operators check that pressurizer level has not decrease
below 10% nor increased above 70%. The pressurizer level control
system should be controlling the pressurizer level and trending up
to 26% to 60%. If this is not the case then the operator would be
instructed to take control of charging and letdown to control the
pressurizer level to this range.

The next issue, for the operators, would be to verify that the
pressurizer heaters and sprays were controlling the pressurizer
pressure within 1905 to 2375 psia. The availability of the heaters
would be dependent on the pressurizer level being above the heater
cutoff point of 26%. If there are no other complications then
pressurizer pressure will be trending to 2225 to 2300 psia.
Satisfying the post accident pressure temperature limits will
ensure that brittle fracture limits are not exceeded, RCP NPSH and
RCS subcooling requirements are not exceeded and the RCS cooldown
rate or upper subcooling limit are not exceeded.

RCS T will be controlled at 525 F to 535 F by the turbine bypassm
system. If condenser vacuum is lost, the turbine bypass system is
not available, or the MSIVs have closed then the atmospheric dump
valves must be used to control RCS temperature. This allows the
operators to verify adequate decay heat removal.

If startup feedwater is lost, emergency feedwater would be actuated
by ESFAS. Therefore steam generator levels should be restored and
be maintained in the normal band. Adequate heat removal will be

,

maintained if at least one steam generator is available for
| removing heat. Since the HVAC failure has caused the loss of one

division of all safety systems, one of the two pumps in the
unaffected train must be verified to be operable.

At this point in the recovery the operators would decide if a
cooldown to shutdown cooling entry conditions is necessary. One of
the factors to be considered is existing plant status. If the
continued availability of any systems required for inaintenance of
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hot standby is in doubt,.a cooldown will be performed before the
ability to cooldown is lost.

The RCS would be sampled for activity and boron concentration. The
operators would determine the need to borate the RCS in order to
achieve the required shutdown margin, including the mass in the
pressurizer, for entry to shutdown cooling conditions per Technical
Specifications. The operators would try to borate the whole RCS
including.the mass in the pressurizer. If the letdown system were 4

not available, the operators would. borate the RCS to the minimum-
shutdown margin corresponding to T. Then, during the' controlledi c

' cooldown phase, as RCS shrinkage occurs, the operators would borate
until t.he cold shutdown margin were reached. ,

| The cooldown and depressurization to ' shutdown cooling en'try
conditions would begin at this point. Throughout the cooldown, the
operators'will be monitoring pressurizer pressure to make sure that |
it is being maintained within the Post Accident P-T limits or that
the.cooldown is.less than 100*F/hr. If at any point these are
violated, the operator must perform one of the following actions as
appropriate:

A. Stop the Cooldown

] B.. Operate the main or auxiliary spray as necessary to
depressurize the pressurizer pressure to the P-T limits. j

C. If overpressurization still exists and is caused by charging
flow, then throttle or stop the pumps and manually control
letdown to restore and maintain pressure limits within the

| Post Accident P-T limits. |
| 1'

The available condensate inventory would ~ be monitored by the i

operators and replenished, as necessary, from the available
sources. Examples of alternate sources of condensate inventory are
nonseismic tanks, firemains, lake water supplies, portable tanks,
etc.

During this phase of the recovery, the automatic _ operation of
certain safeguard systems is undesirable. .The operators would be
directed to manually reset the CIAS, SIAS, CSAS and MSIS setpoints
to lower than the originals, to ensure that these engineered
safeguards remain available until the RCS is cooled and
depressurized.

Entry to shutdown cooling conditions would be evaluated by the I

operators, at this point. This evaluation .would continue
throughout the depressurization and cooldown until they are met;

A. Pressurizer level control should be established (cleared
or clearing RCS pressure control alarms) and verified by
a level greater then 26% and constant or increasing. |
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B. RCS subcooling should be at least 20*F

C. RCS pressure should be at or below the shutdown cooling entry I
pressure of 400 psia. |

D. RCS hot leg temperature should be at or below the shutdown
cooling system entry temperature of 350*F. |

The activity level of the RCS inventory must be determined, in I

order to evaluate the dangers associated with routing the fluid
outside containment. |

If these criteria are met, then the operator would align the Safety
Injection dyst.em for direct vessel injection and initiate shutdown |
cooling.

The operator must continually monitor for voids in the RCS. This
is done by monitoring the following parameters:

A. Letdown flow greater than charging flow. |

B. Pressurizer level increasing significantly more than expected
while operating pressurizer spray. |

C. RVLMS indicating voiding in the Reactor Vessel

D. Unheated thermocouple temperature indicates saturated
conditions in the reactor vessel head.

Assuming voids do not occur, at this point the core is now in
shutdown cooling.

If long-term decay heat removal fails either by the shutdown
cooling system fail!.ng or emergency feedwater, "once thorough
cooling" can be achieved. This is an RCS heat removal success path
that, when deemed necessary, can allow inventory in through the
safety injection system and out thorough the top of the pressurizer
using the safety depressurization valves. This will cause the
containment spray system to actuate with the increase in
containment temperature and pressure.

The operators would establish this method of heat removal by
performing the following actions:

O
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A. Open the steam dump and bypass valves and the atmospheric dump
'

valves. This is done to utilize any remaining inventory in'

the steam generators to lower RCS pressure to as low as
possible to initiate once through cooling.

I

B. Trip all RCPs. This is done because with the safety
depressurization valves open the RCS may be in a saturated
condition and this is not desirable for RCP operation.

C. Safety injection pumps aligned for direct vessel injection.
i
.

. Switch on all available charging and safety injection pumps.D.

! The operators must also check that the containment spray has
actuated in high containment pressure. If this is not so then do

: 'it manually. At this point the containment spray pumps will be '

! circulating the IRWST inventory thorough the CS heat exchangers.
| This recirculation would be monitored for any failure in heat

removal from the IRWST, as failure could potentially lead to a
break in containment.

!

19.4.12.3.2 Modeled Operator Actions

| Based on the description above, the following operator actions were
| modeled in the Loss of One Division of HVAC event tree and

associated fault tree models:

| A. Failure to verify that the AFAS was generated, and to manually
| generate the AFAS signal at the ESF panel if the signal was
| not automatically generated.

B. Failure to initiate shutdown cooling.

C. Failure to align the RHR system for long-term cooling.

D. Failure to restart the EFW system for long term cooling (R11R
| system unavailable).
i'

E. Failure to align the condensate storage tanks to the emergency
feedwater storage tanks for long term cooling using the
emergency feedwater system.

F. Failure to initiate feed and bleed operation.

G. Failure to align the CVCS to the 7RWST and refill'the IRWST
following containment failure due to failure of long term
containment' heat removal.

H. Failure to bleed and restart safety injection pumps following
containment failure due to loss of containment heat. removal.

O
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|

I. Pre-existing maintenance errors were included in the system
| fault tree models as appropriate.

i 19.4.12.4 Maior Recovery Actions
|
! The following major recovery actions were addressed in the recovery

analysis for the loss of one division of HVAC sequences:
,

| A. In the later stages of an LHVAC evant, for the sequences
; wherein the power to the pumps has been lost due to loss of
| offsite power and subsequent operating failure of the diesel

generators, power to the pumps may be restored by either
i aligning the standby alternc.ce power source or restoring the

offsite power. Accordingly, power to the SIS pumps and motor-
driven EFW pumps was restored.

| B. For sequences in which there was sufficient time available,
manually opening valves for which the valve operators had
failed was credited.

O

I

O'
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(1 The dominant mechanism of concern for this analysis is a stuck open

MSSV. If the secondary pressure following an SGTR exceeds the MSSV
initial setpoint, the MSSVs will lif t to relieve the secondary side
pressure. The probability that an MSSV will fail to reseat after
relieving steam is 7.0E-03 per valve that opened.

As previously discussed, the ruptured steam generator may gradually
refill with water due to the primary to secondary leakage. If the
level in the ruptured SG is not controlled using either the ADVs or
the high capacity blow down system, the steam generator will fill
with water. If the primary system pressure is above the MSSV
setpoint pressure, the MSSVs will lift and pass water. It is
assumed that the MSSVs will fail open if they pass water. To
preclude this failure, either the level in the ruptured SG must be
controlled using the ADVs or the high capacity blowdown system or
RCS must be depressurized below the MSSV setpoint before the
ruptured SG fills with water.

As discussed in Appendix SF, the CEPAC computer code was used to I

perform best estimate evaluations of the potential for an
unisolable leak in the ruptured SG. All normal automatic control
systems were assumed to be initially available. Therefore, the |
initial RCS pressure was 2250 psia, the initial pressurizer level i

was 26 feet, the initial steam generator level was 40.46 feet and
the initial steam generator preesure was 1000 psia. The initiating

[ event was a double ended rupture of a single tube. For the case JV) where the Turbine Bypass Control System (TBCS) was assumed to f ail,
these analyses demonstrated that the MSSVs would lift in less than
a minute to reduce secondary side pressure. The first bank of
MSSVs maintained the pressure in the ruptured SG below 1235 psia,
so the second and third banks of MSSVs did not lift. For the case
where the TBCS functioned to relieve secondary side pressure, the
pressure in the ruptured SG remained below the MSSV setpoint for
greater than 10,000 seconds. SIAS occurred and all four safety |
injection pumps started and ran. MSIS did not occur. For this j
case, no operator actions were credited, so the safety injection j
pumps were not throttled, the ADVs were not opened, and the j

blowdown system was not actuated. The level in the ruptured SG |
remained below 60% for greater than 10,000 seconds even with no
operator action. Thus, the operators have in excess of 10,000
seconds to take action to establish RCS pressure control and i

depressurize the RCS below the MSSV setpoint or to establish level
control in the ruptured generator using either the ADVs or the high

,

capacity blowdown system. SG level control can be successfully |
achieved if the blowdown system is actuated or the ADVs are opened
before the level in the ruptured SG reaches 90% full wide range.

(D
U
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19.4.13.2.13 Long-Term Decay Heat Removal (No SGTR)

Decay heat must be continually removed from the RCS following the
initial response to the transient. For the purpose of this
analysis, it is assumed that the plant will always be brought to
cold shutdown following a transient if it is at all possible.
Thus, during the initial response to the transient, the plant
would normally be brought down to residual heat removal entry

' conditions using secondary side heat removal. This can be
accomplished in about 6 to 8 hours.

The Shutdown Cooling System (SCS), which is the preferred means, is
then used for long-term decay heat removal. If the SCS System is
net available, secondary side heat removal must be maintained for
long-term decay heat removal by maintaining emergency feedwater
flow. In this case, the Condensate Storage Tank (CST) must be
aligned to provide additional inventory to the EFW System
once the emergency feedwater storage tank empty (nominally between
16 to 20 hours after the initiation of the event).

Following successful establishment of long-term decay heat removal,
emergency feedwater is normally shut down after the steam
generators are filled to appropriate levels. If the SCS System
later fails during long-term decay heat removal, secondary side
heat removal can be re-established by restarting the EFW System.
Operator has at least one hour to re-establish emergency feedwater
flow because of the low decay heat levels and the inventory in the
steam generators.

The success criteria for this element are that the SCS or the EFW
System must be available for the mission time of 24 hours and the
CST must be properly aligned to provide additional inventory to the
EFW System.

19.4.13.2.14 Long-Term Decay Heat Removal (SGTR)

In the case in which a Steam Generator Tube rupture occurred as a
result of the ATWS, decay heat must be continually removed from the

O
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( During the latter part of the cooldown, the tube leak rate will be

much less than the assumed average leak. rate of 200 gpm. Thus, a
single BAMP will be able to transfer inventory to the IRWST faster
than it is being lost due to the tube leak. Therefore, the
transfer of inventory from the BAST to the IRWST would not need to
be initiated until just prior to depletion of the IRWST inventory.
For this analysis, is assumed that the transfer must be initiated
at least 1 hour prior to depletion of the IRWST inventory tq be

I successful. Given the worst case scenario discussed above, the
IRWST inventory would be depleted at about 27 hours after the
initiating event. For this case, transfer should be started at or
before 26 hours. The operating crew would be aware of the
potential need to transfer inventory to the IRWST significantly
prior to this point. However, it is assumed that they would not
begin-to refill the IRWST until they received an-IRWST low level
alarm. Assuming that the alarm setpoint is at 5% of useable
inventory and that - the average leak rate over the last several
hours is 100 gpm, the alarm would occur approximately 4. hours
before the "dryout point". Thus, the operators have three hours in
which to initiate refilling of the IRWST.

The top logic for the element " Fail to Replenish IRWST Inventory
Following an SGTR", is presented in Figure 19.4.4-3.

19.4.13.2.16 Maintain Secondary Heat Removal (M8HR)
I

Q If the feedwater is available but the RCS pressure control fails,
the plant may be maintained in a stable. condition via continued
secondary heat removal. This is accomplished by providing
emergency feedwater to the intact steam generator.

Therefore, the success criteria for this element are that the
emergency feedwater be available and the additional water inventory
must be provided by the CST if the emergency feedwater storage tank
empties at between 16 and 20 hours following the event.

19.4.13 2.17 Containment Heat Removal Via IRWST Cooling

During the plant cooldown following a transient, the core decay
heat is normally transferred to the secondary side inventory via

| the steam generator. If main or emergency feedwater flow is lost,
core heat removal can still be accomplished via " Feed and Bleed"
cooling. For this mode of core heat removal, the safety
depressurization valves are opened to depressurize the RCS. The
safety injection pumps are then used to supply inventory from the |

| IRWST to the core. The core heats up the IRWST inventory being
| delivered to the core by the injection pumps. This- heated
t inventory is then discharged to the IRWST via the safety
, depressurization valves, thus transferring the core decay heat
| energy to the IRWST. Normally, the Containment spray System (CSS)
'

is used to transfer the decay heat energy from the IRWST to the
/ Ultimate Heat Sink. The CSS pumps take suction from the IRWST and
( discharge back to the
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IRWST through the CSS heat exchangers. The containment spray flow
is cooled by the component cooling water flow through the
containment spray heat exchanger, thus transferring the core decay ;

heat energy to the component cooling water system. This energy is |
l finally rejected to the Ultimate Heat Sink via the Service Water |

ISystem. In the event of a failure in the CSS, the Shutdown Cooling
System (SCS) pumps and/or heat exchangers can be aligned to provide
IRWST cooling.

If containment heat removal via IRWST Cooling is lost, the core
decay heat is retained inside the containment, and the containment
pressure begins to increase. Eventually, the containment pressure

;

| will increase to the point at which the containment will fail due
to overpressure. MAAP analyses show that for a Loss of Feedwater
(LOFW) transient with a loss of emergency feedwater and successful
feed and bleed cooling with no containment heat removal from time

| 0, the containment will fail at about 41 hours. At this point, the
steam that was inside containment will be discharged to atmosphere
via the containment breach. Because the SDS valves discharge
directly to the IRWST, the contents of the IRWST will be in a hot
saturated equilibrium condition at about 170 psia. When the
containment fails, it is postulated that there will be momentary
flashing in the IRWST as equilibrium is reestablished at
atmospheric pressure. (This will be true if the containment fails
catastrophically. It is slightly conservative if the containment
does not fail catastrophically.) It is assumed that the injection
pumps will cavitate and trip at this point. Once equilibrium has
been reestablished, the operators will have to dispatch an
equipment operator to bleed the injection pumps so that they can be
restarted. Approximately 33% of the total water inventory inside
containment will be discharged to atmosphere when the containment
fails. With restart of the injection pumps, core heat removal can
still be successfully accomplished using the safety injection flow
from the IRWST to the core. However, as the core decay heat energy
heats up the IRWST inventory, this inventory, in the form of steam,
will be lost directly to the atmospherc. If an alternate supply of
borated water to the IRWST is not established, core heat removal
will eventually be lost due to the loss of IRWST inventory. At
that point, core damage will occur.

The CVCS can provide borated water to the IRWST from the Holdup
tank (HUT) and the Boric Acid Storage Tank (BAST) using the Holdup
pumps (HUPs) or the Boric Acid Makeup pumps (BAMPs) respectively.
The BAST has a maximum capacity of 180,000 gallons and the HUT has
a maximum capacity of 435,000 gallons. The holdup pumps have a
normal flow of 50 gpm each. The BAMP have a normal flow of 165 gpm |
each. The boilof f rate from the core due to decay heat at 48 hours

i

is approximately 137 gpm. |

The top logic for failure to provide long term containment heat
removal by cooling the IRWST is presented in Figure 19.4.3-6. Core
damage results if containment fails due to failure to cool the

Amendment P
19.4-158 June 15, 1993

_ _ _ _ _ _



. - . - . .--

| CESSARiniL -
1

:
1

B. Trip all RCPs. This is done because with the safety
depressurization valves open the RCS may be in a saturated

j condition and this is not desirable for RCP operation.

! C. Safety injection pumps aligned for Direct vessel injection.

D. Switch on all available charging and safety injection pumps.
3

[ The operators must also check that the containment spray has
actuated in high containment pressure. If this is not so then do
it manually. At this point the containment spray pumps will be
circulating the IRWST inventory thorough the CS heat exchangers.

: This recirculation would be . monitored for any failure in heat
removal from the IRWST, as failure could potentially lead to a
break in containment.

; Consequential Steam Generator Tube Rupture
i
1 With the completion of the Standard Post Trip Actions and the

beginning of emergency boration, the operators would move on to the
i diagnostic aid and the Break Identification Chart. The diagnostic
| aid would lead the operators, based on the information gathered

during the Standard Post Trip Actions, to identify a Steam
Generator Tube Rupture (SGTR). The Dreak Identification chart |
wculd ask the following questions, and get the following' answers:3

Pressurizer level changing and Pressurizer pressure rapidly
decreasing? |

YES

Subcooling increasing or one, or both, Steam Generators
indicate pressure LOW? |

1

NO (indicates a primary side break) |

Containment pressure increasing? | |

NO 1

Activii/ in Steam Plant? |

YES (indicates a Steam Generator Tube Rupture)

With the Steam Generator Tube Rupture identified the operators will
select the SGTR optimal recovery procedure. The actions, as i

'

stipulated in the procedures, will occur in the following fashion:

Since the boration of the plant would be of utmost. concern to the
operators, they would be directed to maximize the charging flow and

p SI flow. This is done by starting the charging pump and the safety
injection pumps. The operators would be aware that, in this
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situation, maximization of charging and safety injection can result
in excess RCS inventory and possibly filling the pressurizer to a
solid condition. The operators would be prepared to throttle or
terminate the SIS pumps.

The next concern of the operators would be to evaluate the RCP-
,

| operating strategy. The generic operating strategy for all
depressurization events determined to be LOCAs, is to trip the
remaining two RCPs, but allows the continued operation of two RCPs
(in opposite loops) for diagnosed, non-LOCA, depressurization
events. In the case of the SGTR, if the operators trip the other
two RCPs, through miss diagnosis or some other error, this will not
be a catastrophic error as is the most conservative recovery
action. The operators are required by the procedure to monitor the
RCP operating requirements, and trip any that do not satisfy these
limits.

The operators would now attempt to cool down the RCS to 525'F so
that when the affected steam generator is isolated, the main steam

|
safety valves will not lift. Since the isolated steam generator
will be at essentially Tny, since it will no longer be a heat sink,!

I the RCS must be at a temperature which will not correspond to a
pressure that will lift the main steam safety valves. This
cooldown is achieved by feeding the steam generators with main
feedwater and dumping the steam to the condenser via the turbine
bypass control system. A less desirable, but optional, destination
for the steam is the Atmospheric Dump Valves. This step is
procedurally presented before the location, and isolation, of the
affected steam generator, as it would be necessarily performed then
if natural circulation were being used. If there is forced
circulation, this step is much easier and would be performed in
parallel with the location and isolation of the affected steam
generator. The cooldown would be performed while concurrently
monitoring reactor power and boron concentration.

| Steam generator levels are maintained within the normal band, by
' | the operators, by using main or emergency feedwater. This is done

to ensure an adequate heat sink for removing heat from the RCS.

The damaged steam generator is located by performing the following
actions:

A. Sampling the steam generators for activity,

B. Monitoring the main steam piping for activity, and

C. Monitoring the steam generator levels.

The steam generator with higher activity, higher radiation levels
or increasing water levels would be isolated. This is an attempt
to re-establish the containment isolation safety function.

'

However, should the pressure in an isolated steam generator
approach the lift setpoint for the MSSVs, it is desirable from the
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| (d entry conditions
\

\

until the affected steam generator pressure is
reduced. This is achieve by one of the following methods:

A. Feed and Bleed of the steam generator using main or emergency |
feedwater and the blowdown system. This is, however, slow,
and if the leak rate is comparable to or greater than the
b'owdown system's flow capacity, this method would not be

;

effective.

B. Short duration steaming of the isolated steam generator will
rapidly depressurize it. If the ADVs are used this will
result in radiological release, however this can be minimized
by steaming to the condenser, while maintaining the SG level
above the U-tubes.

At this point in the accident the operators would be required to
carry-out some activity surveys for the secondary side to access
the amount of contamination that has occurred. Area that would be
sampled are condensate, and all connecting systems, turbine

,

I building sumps, the turbine building ventilation system, auxiliary
building ventilation system and other applicable radiation

| monitors.
|

| During this phase of the recovery the automatic operation of
ex certain safeguard systems is undesirable. The operatort would be

(Vl directed to manually reset the CIAS, SIAS, CSAS and MSIS setpoints|

to lower than the originals, to ensure that these engineered
safeguards remain available until the RCS is cooled and
depressurized. j

1

Entry to shutdown cooling conditions would be evaluated by the
operators, at this point. This evaluation would continue
throughout the depressurization and cooldown until they are met;

A. Pressurizer level control should be established (cleared or
clearing RCS pressure control alarms) and verified by a level
greater then 30% and constant or increasing.

B. RCS subcooling should be at least 20 F.

C. RCS pressure should be at or below the shutdown cooling entry
pressure of 400 psia.

D. RCS hot leg temperature should be at or below the shutdown
cooling system entry temperature of 350*F.

The activity level of the RCS inventory must be determined, in
order to evaluate the dangers associated with routing the fluid
outside containment.

(~N If these criteria are met, then the operator would align the Safety
i Injection system for direct vessel injection and initiate shutdown

cooling.
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The operator must continually monitor for voids in the RCS. This
is done by monitoring the following parameters:

| A. Letdown flow greater than Charging flow.

B. Pressurizer level increasing significantly more than expected
| while operating pressurizer spray.

C. RVLMS indicating voiding in the Reactor Vessel

D. Unheated thermocouple temperature indicates saturated
conditions in the reactor vessel head.

Assuming voids do not occur, at this point the core is now in
shutdown cooling.

If long-term decay heat removal fails either by the shutdown
cooling system failing or emergency feedwater, "once through
cooling" can be achieved. This is an RCS heat removal success path
that, when deemed necessary, can allow inventory in through the
safety injection system and out thorough the top of the pressurizer
using the safety depressurization valves. This will cause the
containment spray system to actuate with the increase in
containment temperature and pressure.

The operators would establish this method of heat removal by
performing the following actions:

A. Open the steam dump and bypass valves and the atmospheric dump
valves. This is done to utilize any remaining inventory in
the steam generators to lower RCS pressure to as low as
possible to initiate once through cooling.

B. Trip all RCPs. This is done because with the safety
depressurization valves open the RCS may be in a saturated
condition and this is not desirable for RCP operation.

C. Safety injection pumps aligned for direct vessel injection.

D. Switch on all available charging and safety injection pumps.

The operators must also check that the containment spray has
actuated in high containment pressure. If this is not so then do
it manually. At this point the containment spray pumps will be
circulating the IRWST inventory thorough the CS heat exchangers.
This recirculation would be monitored for any failure in heat
removal from the IRWST, as failure could potentially lead to a
break in containment.

| O
|
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(,/ A . All available charging pumps are operating and the SIS system
| is operating within specified limits.

B. Steam generator steaming and feeding are being properly
controlled.

C. Average Core Exit Temperature is maintained less than

superheated, a superheated condition indicates core uncovery. !

The next step that the operators would take would be to initiate|

! simultaneous hot leg and direct vessel injection. This is achieved
i by manually opening the hot leg injection valves. This ensures
I that there is no boric acid crystallization at the openings in and

out of the core and maintains a constant flow through the core.

At this point the core is now in long term cooling.
If long-term decay heat removal fails either by the shutdown

I cooling system failing or emergency feedwater, "once thorough
cooling" can be achieved. This is an RCS heat removal success path
that, when deemed necessary, can allow inventory in through the
safety injection system and out thorough the top of the pressurizer
using the safety depressurization valves. This will cause the
containment spray system to actuate with the increase in

,- containment temperature and pressure.,

! /
'

U The operators would establish this method of heat removal by
performing the following actions:

A. Open the steam dump and bypass valves and the atmospheric dump
valves. This is done to ut lize any remaining inventory in
the steam generators to lower RCS pressure to as low as
possible to initiate once through cooling.

B. Trip all RCPs. This is done because with the safety
depressurization valves open the RCS may be in a saturated I

Icondition and this is not desirable for RCP operation.

C. Safety injection pumps aligned for direct vessel injection.

D. Switch on all available charging and safety injection pumps.

The operators must also check that the containment spray has
actuated in high containment pressure. If this is not so then do
it manually. At this point the containment spray pumps will be
circulating the IRWST inventory thorough the CS heat exchangers.
This recirculation would be monitored for any failure in heat
removal from the IRWST, as failure could potentially lead to a
break in containment.

A
i %

.Y

Amendment M
19.4-179 March 15, 1993



_ _ _ _

CESSAR sannema

19.4.13.4.2 Modeled Operator Actions

Based on the description above, the following operator actions were
modeled in the ATWS event tree and associated fault tree models:

A. Failure to verify that the AFAS was generated, and to manually
generate the AFAS signal at the ESF panel if the signal was
not automatically generated.

B. Failure to verify that the SIAS was generated, and to manually
initiate the SIAS signal at the ESF panel if the signal was
not automatically generated.

C. Failure to initiate boration via the CVCS.

D. Failure to throttle SI pumps for RCS pressure control (CSGTR) .

E. Failure to actuate pressurizer spray flow for RCS pressure
control (CSGTR).

F. Failure to open the RCGVS valves for RCS pressure control
(CSGTR).

G. Failure to initiate shutdown cooling.

H. Failure to align the RHR system for long-term cooling.

I. Failure to restart the EFW system for long term cooling (RHR
system unavailable).

J. Failure to align the condensate storage tanks to the emergency
feedwater storage tanks for long term cooling using the
emergency feedwater system.

K. Failure to initiate feed and bleed operation.

L. Failure to align the CVCS to the IRWST and refill the IRWST
following containment failure due to failure of long term
containment heat removal.

M. Failure to align CVCS to replenish the IRWST inventory
following a CSGTR.

N. Failure to bleed and restart safety injection pumps following
containment failure due to loss of containment heat removal.

O. Pre-existing maintenance errors were included in the system
fault tree models as appropriate.

P. Operator fails to establish RCS pressure control. (Includes
f ailure to throttle HPSI, failure to actuate pressurizer spray
and failure to open RCGVS valves.)

Q. Operator fails to open the ADVs on the ruptured SG to control
level.

Amendment T
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The total failure probability, Osc3a, is used to derive the failure
rate of the check valve configuration. The failure rate is given
as:

1~hscsR] [19*4~11)*~
sCsR y_

Since Qsesreturn << 1, the above expression reduces to

Ascsa" (Oscsa) iD 4~U]
,

[ \
, i

%/

Substituting equation 19.4-10 into 19.4-12 yields:

=48(A'A Ael
3

c
A 3t'+qc tscsR 24 2

A' A
3

+ 7s U * + 3 7c7s j U * [19.4-13]
lay

2 c s 3+ 3 qc g2,q x y ec s

+ 3 qc qsy2cg,q qsy)2 3

c

Since the time t is arbitrary, an average failure rate is required.
The average is taken over the maximum exposure time, T, and is
given as:

|

<Ascsp> " k dC [19.4-14]scgg

/~'s
k I
t ,<

|
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19.4.14.3 Interfacinq System LOCA Frequency

Equations [19.4-6] and [19.4-15] are used, along with appropriate
failure data to estimate the total frequency of Interfacing System
LOCAs for the Standard System 80+ Design. For this study, is
assumed that the failure rates for all check valves shown in Figure
19.4.14-2 are the same. Also, the failure rates for all motor-
operated valves shown in Figures 19.4.14-1 and 19.4.14-2 are the
same. These failure rates are obtained primarily from NUREG/CR-
5102''6) The failure rate for internal check valve leakage was.

obtained from Appendix A of the EPRI Requirements Document") . The
data needed to calculate the error factors was extracted from the
NUCLARR'* data base. The failure rate calculations are detailed
in the calculation sheets presented in appendix SB. The failure
rates are summarized below:

A. Internal leakage of an MOV (h / As)
Mean = 6.05E-3/ year
Median = 5.73E-4/ year
Error Factor = 35.5

B. Internal leakage of a check valve (h )c
Mean = 8.77E-3/ year
Median = 8.28E-4/ year
Error Factor = 35.5

C. Check valve fails to reseat (qc)
Mean = 2.81E-4/ demand
Median = 2.22E-4/ demand
Error Factor = 3.08

D. Motor-Operated Valve fails to reseat (qs)
Mean = 1.07E-4/ demand |

Median = 7.75E-5/ demand l

Error Factor = 3.75 ,

|
1

O
|
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19.4.15 VESSEL RUPTURE

Vessel rupture is defined as any breach of primary pressure
boundary where the loss of primary coolant exceeds the capacity of
the Safety Injection System (SIS). Vessel ruptures include
catastrophic failure of the vessel shell, the vessel nozzles,.the
vessel head, or a simultaneous rupture of two or more large primary
coolant pipes. Vessel rupture accidents lead directly to core
damage because, by definition, the SIS cannot deliver sufficient
inventory to maintain RCS inventory control or RCS heat removal.

Vessel rupture was originally evaluated for the Reactor Safety
Study, WASH 1400("I, and has traditionally been included in |
subsequent PRAs. Because the mean core damage frequency for this
event (2.7E-7/yr) was generally much lower than the core damage
frequency for other sequences, there was generally little if any

| additional analysis of this event. In 1985, Westinghouse re-
'

evaluated the vessel rupture frequency in conjunction with the PRA
| for their advanced PWR'*. They believed ' that the occurrence |
| frequency for this event should be reduced. However, they

discovered that there was not enough operating experience to
L directly demonstrate a. lower frequency and that other evaluation

techniques were not adequate to justify any significant reduction
in the occurrence frequency for vessel rupture. However, based on;

| the contention that materials technology and vessel fabrication

| techniques had significantly improved, they used a mean occurrence
' frequency of 1.0E-7/ year with an error factor of 10 for their
| analysis. With similar justification, the occurrence frequency of

1.0E-7 with an error factor of 10 was used in the PRA for Systemi

80+. With the enhancements in plant design with respect to safety,
the core damage frequency associated _with vessel rupture is no
longer significantly lower than that calculated for the'other core
damage sequences. This should not be interpreted as a design
weakness. Vessel rupture is still considered to be an unlikely
event.

!

l

|.
l I

|

,

1

I

U

Amendment V
19.4-195 April 29, 1994g

. _. . _- ._- - - _ _ _.



CESSARinL .

(j 19.! D_ALTA ANALYSIS

Fault trees are constructed for all systems that impact the
likelihood of core melt. These trees are logic models that combine
failures or faults which could render a system unavailable or
defeat a necessary function. Systems that impact the likelihood of
core melt are defined by the event tree analysis which is discussed
elsewhere in this report. In order to estimate the frequency of
core melt, fault trees for systems that are included in the core
melt accident sequences must be properly linked and quantified.
This section presents the data for the various components (or
elements) of the fault tree models used in this analysis. These
components include:

Component hardware failures*

Common cause failures*

Maintenance unavailabilities*

* Human errors
Failures of special events*

The data for recovery actions that are applied to sequence cut sets
to prevent core melt are also presented in this section.

Other types of data such as initiating event frequencies used in
n the event tree analysis and component fragility curves used in the

(v) seismic analysis are presented elsewhere in this report.
I

A rigorous task to develop component failure rates based on plant
operating experience was not possible for this analysis. Instead,
generic data from industry generic sources was used. For those
instances where special failure rates are used, the approach used
to estimate these rates are outlined in this report.

The Advanced Light Water Reactor (ALWR) Requirements Document data
basem is the primary source of generic data used in this report.
The data base presented Reference 7 provides mean failure rates but
does not provide error factors. The median and upper bound
information in volume 5 of the NUCLARR data base (* was used to
calculate error factors. Other sources such as WASH-14 0 0 '2 0 ,
NREP(2o , I EEE-5 0 0 (2" , CEN-327 * , and NUREG/CR-4550(* are used when |
component data could not be obtained from References 7 and 40. The
SHARP * approach as described in Sections 19.2.5 and 19.5.5 was
used to determine human error probabilities.

The CAFTA"2' computer code is used in this study to quantify the
fault tree models as well as the accident sequences. Failure data
required to perform these quantifications are entered and stored in
the CAFTA data bases. The .TC file contains the generic component

| failure rate information. The .BE file contains the failure rate
i information for specific components. The data is assumed to be
i (O lognormally distributed and is represented by appropriate

\ parameters (mean values and error factors). These parameters

| Amendment V
j 19.5-1 April 29, 1994
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facilitate point estimate calculations as well as the propagation
of uncertainties through the models. Data obtained from the
primary source, ALWR data base *, and NUREG/CR-4 550"" are already
in the form of mean values and error factors. However, the data
obtained from the other sources are not expressed in this manner
and required conversic'n to the desired parameters.

Failure data is presented in terms of low values, recommended
values, and high values in Reference 29. This data is assumed to
be lognormally distributed and the low and high values represent
the 5th and 95th percentiles of the distribution. Using these
assumptions, mean values and error factors of the failure rate
distributions for independent component hardware are estimated.
Other generic data which are not presented in terms of mean values
and error factors are converted to the appropriate form.
Expressions presented in Section 5.5.2.2.8 of the PRA Procedures
Guide'O are used to perform t?e conversions.

Generic data that are assigned as hardware failures for specific
components used in this study are presented in Table 19.5-1. A
description, demand failure probability or failure rate, error
factor and applicable reference are presented in this table for
each appropriate f ailure mode. This table represents the CAFTA .TC
file used for quantifying the fault trees and event trees.
Appendix 19.5A presents a set of component failure calculation
sheets which document the failure rate source and error factor
calculation for each generic component f ailure mode in the .TC data
file.

19.5.1 COMPONENT HARDWARE FAILURE RATES

Component hardware failures are included in the fault tree models
as one of the various elements that contribute to system
unavailabilities. Therefore, failure rates for component hardware
are determined in order to estimate system unavailabilities or
failure probabilities. Hardware failure rates used in this study
are primarily obtained from References 7 and 40. References 14,
28, and 29 were used to supplement the data in References 7 and 40
on an as needed basis.

Two types of failures for component hardware are included in the
fault tree models. They are failure of the component to change
state on demand (demand failure) and failure to continue operating
given that the component has started successfully (operating
failure).

Failure to change state is applicable to components which are
required to change state in order to perform their desired
functions successfully. Typical examples include failure of a pump
to start, failure of a valve to open or close, and failure of a
relay contact to close or open. In the above examples, the
component may have failed prior to the demand and the failure

Amendment M
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1.56 based on the error factor of the independent failure of a
motor-operated valve. [ Note; This common cause failure is HVMXD-
SET 1 in the fault tree models.]
19.5.3.3 Common Cause Event Probabilities

Table 19.5-3 contains the failure probability, error factor, code
designator, and description of each common cause event in the fault
tree models. Appendix 19.5C presents the component common cause
failure rate calculation sheets for all common cause events in the
fault tree models. These calculation sheets document the
calculation of the common cause failure rates and associated error
factors.

19.5.4 MAINTENANCE UNAVAILABILITIES

Maintenance and testing activities which remove components from
service and alter the normal system configuration can contribute to

'system unavailability. Testing is performed on standby systems to
ensure that they will respond when demanded. These systems of the
System 80+ Design are designed so that they can be tested without

,

being taken out of service. For example, no realignment of the |

emergency feedwater system is required in order to periodically |

test the emergency feedwater pumps. Although a test may be in
progress, the system will respond to a demand. Therefore,
unavailability due to testing of' components is not a contributor to
system unavailability. This section describes the method used to

I estimate component unavailability due to maintenance.

Maintenance is performed on components which are operating outside
the limits of the technical specification requirements or which
have failed catastrophically. A component cannot respond to a
demand while maintenance is being performed. Therefore,
unavailability due to maintenance is considered as a contributor to
system unavailability. Once a component is observed to be outside

| the limits of the technical specification requirements, it is
' isolated and removed from service for maintenance. For fluid

system components, isolation is accomplished by closing manual
valves upstream and downstream of the component. To restore the
component to service these valven are reopened. Failure to
reposition the valves is considered as separate event and is not
included as part of the maintenance unavailability. Failure to

| reposition a manual valve after maintenance activities is treated
| as a type of operator error. These events are discussed in Section

19.5. This section describes the method used to estimate component
unavailability due to maintenance.

I Component unavailability due to maintenance was estimated for
)components which are usually in a standby state. Typically, these i

,
' are components of the engineered safety features systems which are '

required to respond to plant disturbances such as transients or
loss of coolant accidents. The operability of these components

I

Amendment M
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will be governed by the plant's technical specifications which are
based on the standard technical specifications for Combustion
Engineering pressurized water reactors'* . The limiting conditions
of operation of the technical specifications do not allow
components in redundant trains to be in maintenance at the same
time. Maintenance is performed when a component is tested and
found to be in a failed state or outside its operating limits.
Therefore, only unscheduled maintenance contributions to system
unavailability are considered in this study.

The KAG provides suggested maintenance unavailabilities for
selected subsystems and components. These values were used to the
extent possible. For those cases where the KAG did not provide
maintenance unavailabilities, a method to estimate component
unavailability due to maintenance consistent with the approach

Noutlined in the Probabilistic Safety Analysis Procedures Guide
was used. The approach taken in this guide is that the frequency
of unscheduled maintenance actions is ten times the f ailure rate of
the component. This implies that maintenance actions due to
incipient failures have a frequency of occurrence which is an order
of magnitude higher than the catastrophic failure rate.

The following expression is used to estimate maintenance
unavailability:

Q, F, T, [19.5-9]=

where,

Q" unavailability due to maintenance=

frequency of unscheduled maintenanceF =

T" allowed outage time due to maintenance=

To estimate maintenance unavailabilities using equation [19.5-9],
the frequency of unscheduled maintenance and allowed outage time
must be specified. The frequency of unscheduled maintenance is ten
times the baseline failure rate which is specified in Table 19.5-1
or Table 19.5-2.

Allowed outage times are extracted from Reference 30 and
supplemented as needed by generic data used in other PRAs such as
the Oconee PRA * . The inoperability time limit for all major

| components of the engineered safety features systems is 72 hours.
| This limit dictates that major maintenance and repair of the

following components are performed during cold shutdowns:

Emergency feedwater (turbine and motor) pumps
,

*

Safety injection pumps |*

| Containment spray pumps*

| | Shutdown cooling pumps*

Component cooling water pumps!
*

Station service water pumps|
*

,

| | Shutdown cooling system heat exchangers*

i
!

| Amendment V
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Containment spray system heat exchangers j*
,

Component cooling water system heat exchangers*

Diesel generators*

only minor repairs can be performed with duration (including
Iremoval, testing, and return to service activities) of less than 6

hours. Therefore, unscheduled maintenance and repairs will be
performed between 6 and 72 hours, given that the component must be
returned to service in 72 hours. Using these two limits as the 5th

| and 95 percentiles, the distribution parameters for maintenance
'th

duration was estimated. The values for these parameters are:

th5 percentile - 6 )
median- - 20.8
95th percentile 72-

error factor - 3.46

| The following example illustrates how maintenance unavailability ,

!
| for a CCW heat exchanger .was estimated. The mean component
| maintenance frequency, as extracted from Reference 16 is 2.75E- |
' 05/ hour with an error factor of 1.41. The mean outage duration is

20.9 hours with an error factor of 1.44. The appropriate
. parameters of the failure distribution and those for the
maintenance duration are input to CESAM which derives a

|
distribution for maintenance unavailability. The results obtained

'

from CESAM are:

5.71E-4mean -

j
median 5.47E-4-

; 4

Ierror factor 1,64-

[ Note; This maintenance unavailability is CHWVHX1B in the fault
tree models.]

Component unavailabilities due to maintenance are presented in
Table 19.5-4. Appendix 19.5D presents the component. maintenance
unavailability calculation sheets for all maintenance' '

| unavailability events in the fault tree models. These calculation
! sheets document the calculation of the maintenance unavailabilities
j and associated error factors,
l

N
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19.5.5 HUMAN ERROR PROBABILITIES

Human errors can also contribute to system unavailability. These
| errors may exist prior to a demand for the system, or they may
| occur while the operator is responding to an event. Four types of
I human error are addressed in this study. They include:

pre-existing maintenance error,*

Failure to perform relatively simple tasks,*

Failure to perform complex or multi-step tasks,*

Failure to perform recovery actions as appropriate*

| Recovery actions are defined and discussed in Section 19.5.7. Each
; of the other types of human error is discussed in the following

paragraphs.
t

The first type of human error includes faults due to operator'

| actions that exist prior to a demand for the system. To perform
| maintenance, certain components such as a safety injection pump

must be isolated. Manual valves in the flow path are closed to
isolate the component. Usually, such activities change the
configuration of the subsystem. These components are then returned
to their normal configurations af ter the maintenance activities are
completed by reopening the manual valves. Failure of the operator
to reopen the valves will prevent the component from performing its
function even though it has been properly repaired. This type of
operator error can occur and not be detected until the component is
required to operate. Hence, they are regarded as pre-existing
operator errors.

The second type of human error includes failure of the operator to
perform relatively simple tasks during a transient. Such tasks
include manual actuation of ESFAS if required and opening of an
atmospheric dump valve. Signals of the ESFAS are initiated
automatically when plant parameters exceed their safe operating
limits. These signals can also be initiated manually by the plant
operator. In this study the operator is credited for manually
initiating the ESFAS signals, except where noted, if they are not
initiated automatically. The operator must recognized the need for
the signal and perform the necessary actions to initiate a signal.
Although the signals of the ESFAS are initiated in response to
plant disturbances, the stress level and actions of the operator I
may vary from signal to signal. To take these variations into l
consideration, the human error probability for each signal is '

treated separately, i

l
The third type of human error includes failure of the operator to
perform complex or multi-step tasks during plant disturbances such

,

as transients or loss of coolant accidents. These are mitigating I

tasks that are performed as the accident progresses. Examples of
such task include initiation of hot leg injection and opening of
the containment isolation valves of the blowdown system.

Amendment M
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i I The failure of two or more primary safety valves can occur as a ,

j result of random failures or. common cause failures. Thus, the ;
tprobability of failure can be expressed as:

.

j P(SE-PSVFTO) = Q ,,n3o, + Qeommon coue. [19.5-13]
;

I For the. random failure of 2 or more valves of a set of 4 valves,

[ there are 5 combinations of failure of two valves, 4 combinations
| of the failure of 3 valves and one combination of the failure of
3 all 4 valves. Therefore, the random failure element can be
: expressed as:
.

) Qrandom = S*Qr + 4 * Qr' ' + - Or . (19.5-14]2 4

)
| The basic demand probability for failure of safety valves to open

]
on demand 1s:

| Q, = 1. 0E-3/ demand, with an error f actor of 4. 22 ~
j (see calculation' sheet VRA in Appendix 19.5A)

The common mode failure element-is quantified using the Multiple
Greek Letter (MGL) method described in Reference 68. The common |

i cause factor for the failure of 2 of 4 components.is given as:
i

C = 1/3#*(1-7) (19.5-15]2

The common cause factor for failure of 3 of 4 components is given !

i as:
1

i C =: 1/3$7*(1-6) (19.5-16]3

| The common cause factor for failure of 4 of 4 components is given
as:

C, = Sy 6 [19.5-17]

The common mode failure element can now be expressed as:
I

| Qcommoncou,, (SC + 4C + C ) *Q (19.5-18]=
2 3 4 7

i
i The parameter values are taken from Reference 7. These values are:
!

$ = 5.7E-02 |
j- y = 0.5
j 6 = 0.9
i

! The value for $ is based on the BWR relief valve parameters. The
other parameter values are generic common cause factor values.4

provided in Reference 7. Reference 7 does not. provide error factor
1 values for the parameters -or a methodology for .' calculating the

for the common cause failure rate. Therefore, theJerrorfactor
i

Amendment V
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error factor for the basic safety valve failure rate is used for
the common cause failure rate.

The common cause failure rate is:

| Qcom,an cou,,
[5*(.33*5.7E-02*{1-0.5}) + 4*(.33*5.7E-2*0.5*{1-0.9})=

+ 5.7E-02*0.5*0.9) * 1.0E-03

(4.70E-02 + 3.76E-03 + 2.57E-02) * 1.0E-03Qcommoncou,, =

Qecenoncou,, = 7.64E-05 with an error factor of 4.22

The random failure element can be approximated using only the first
term of the equation, yielding:

Qronaam = 5 * Q,2 [19.5-19]

5*(1.OE-03)2Qronan, =

Q, n#.3, = 5.0E-06 with an error factor of 4.22

The total failure rate is now calculated as:

P(SE-PSVFTO) = Q ,,nac. + Qc , mon com,, = 7.64E-05 + 5.OE-06 [19.5-20]

8.14E-05 with an assigned error factor of 4.22.P(SE-PSVFTO) =

19.5.6.6 MTC Between -0.3 and -0.42 and One PSV Fails to Open

Best estimate thermo-hydraulic analyses have shown that for an ATWS
with an MTC of between -0.30 and -0.42, the peak RCS pressure will
remain below 3200 psia if all four PSVs open. This element is
defined as "MTC is between -0. 30 and -0.42 AND one of four PSVs
fails to open". The probability of occurrence for this event can
be expressed as:

P(SE-MTC1) P(-0.30 > MTC < -0.42)*P(1 of 4 PSVs fails to=

open)

As can be seen from Figure 19.5-2, System 80+ will have an MTC in
the range of -0.30 to -0.42 approximately 1% of the time. An error
factor of 3 is assumed.

There are four ways in which one of four PSVs can fail to open.
Thus,

P(1 of 4 PSVs fails to open) = 4*P(one PSV fails to open)

O
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TA8LE 19.5-3 (Sheet 1 of 3)
CDeeDN CAUSE FAILURE RATES

Name Prob. Description

ABDXEFWP102-104 3.00E-05 COMMON CAUSE FAILURE OF EFW PUMP BREAKERS
APAXDEFWP102-104 2.37E-04 COMMON CAUSE DEMAND FAILURE OF EFW MOTOR PUMPS
APAXREFWP102-104 6.12E-05 COMMON CAUSE OPERATING FAILURE OF EFW MOTOR PUMPS

,

APTXDP101-103- 1.19E-03 COMMON CAUSE DEMAND FAILURE OF EFW TURBINE PUMPS
APTXRP101-103 1.22E-04 COMMON CAUSE OPERATING FAILURE OF EFW TURBINE PUMPS
AVCXDIST 2.81E-05 COMMON CAUSE FAILURE OF DISTRIBUTION LINE CHECK VALVES
AVCXEFWP 2.81E-05 COMMON CAUSE FAILURE OF EFW PUMP DISCHARGE CHECK VALVES
AVDXEF108-109 2.60E-04 COMMON CAUSE FAILURE OF STEAM SUPPLY VALVES EF-108 & EF-109 !

AVDXEF112-113 2.60E-04 COMMON CAUSE FAILURE OF STEAM EQ. VALVES EF-112 & EF-113
AVMXEF102-103 2.00E-04 COMMON CAUSE FAILURE OF EFW DIST. AC VALVES EF-102 & EF-103
AVNXEF218-219 3.88E-05 COMMON CAUSE FAILURE OF EFW STORAGE TANK INLET VALVES TO OPEN
AVSXEF100-101 2.00E-04 COMMON CAUSE FAILURE OF EFW DIST. DC VALVES EF-100 & EF-101
CBDXDCCWP1A-2A 3.00E-05 COMMON CAUSE DEMAND FAILURE OF CCWP 1A AND 2A BREAKERS
CBDXDCCWP18-28 3.00E-05 COMMON CAUSE DEMAND FAILURE OF CCWP 1B AND 2B BREAKERS'

CBDXDSSWP1A-2A 3.00E-05 COMMON CAUSE DEMAND FAILURE OF SSWP 1A AND 2A BREAKERS
CBDXDSSWP18-28 3.00E-05 COMMON CAUSE DEMAND FAILURE OF SSWP 1B AND 28 BREAKERS
CILXTRNA-B 6.20E-07 COMMON CAUSE FA! LURE OF CCW SURGE TANK LEVEL SIGNAL
CPBXDCCWP1A-2A 1.30E-04 COMMON CAUSE DEMAND FAILURE OF CCWPs 1A AND 2A
CPBXDCCWP1B-28 1.30E-04 COMMON CAUSE DEMAND FAILURE OF CCWPs 18 AND 2B
CPBXRCCWP1A-2A 2.76E-06 ' COMMON CAUSE OPERATING FAILURE OF CCWPs 1A AND 2A
CPBXRCCWP18-28 2.76E-06 COMMON CAUSE OPERATING FAILU'tE OF CCWPs 18 AND 28
CPWXDSSWP1A-2A 2.40E-04 COMMON CAUSE DEMAND F AILURE OF SSWPs 1A AND 2A
CPWXDSSWP18-2B 2.40E-04 COMMON CAUSE DEMAND FAILURE OF SSWPs 1B AND 28
CPWXRSSWD1A-2A 1.77E-05 COMMON CAUSE OPERATING FAILURE OF SSWps 1A AND 2A

CPWXRSSWP18-28 1.77E-05 COMMON CAUSE OPERATING FAILURE OF SSWPs 1B AND 2B
CVCXCC1302-2302 3.60E-05 COMMON CAUSE FAILURE OF CCWP CHECK VALVES CC-1302 AND CC-2302
CVCXCC1303-2303 3.60E-05 COMMON CAUSE FAILURE OF CCVP CHECK VALVES CC-1303 AND CC-2303 >

CVCXSW1302-2302 3.60E-05 COMMON CAUSE FAILURE OF SSWP CHECK VALVES SW-1302 AND SW-2302
CVCXSW1303-2303 3.60E-05 COMMON CAUSE FAILURE OF CHECK VALVES SW-1303 AND SW-2303
CVDXCC S2-202 1.36E-04 COMMON CAUSE FAILURE OF NON-ESSENTIAL COMPONENT CCW SUPPLY ISOLATION VALVES
CVMXCC-111/211 2.00E-04 COMMON CAUSE FAILURE OF SCS/CCW VALVES CC-111/CC-211 TO OPEN
CVMXCC107-207 2.00E-04 COMMON CAUSE FAILURE OF Hn ISOLATION VALVES CC-107, CC-207, CC-109, CC-209
CVMXSW121-221 2.00E-04 COMMON CAUSE FAILURE OF Hx ISOLATION VALVES SW-121 SW-221 SW-123 SW-223
DVMXHV002-004 2.21E-04 COMMON CAUSE FAILURE OF BLOWDOWN STOP VALVES TO CL6SE, HV-002 AND ltV-004 |,

DVMXD-2ADVS 4.00E-04 COMMON CAUSE FAILURE OF 2 ADVs ON A SG TO OPEN
DVMXD-ADVSG1 2.00E-04 COMMON CAUSE FAILURE OF 2 ADVs ON STEAM GENERATOR 1 TO OPEN
DVMXD-ADVSG2 2.00E-04 COMMON CAUSE FAILURE OF 2 ADVs ON STEAM GENERATOR 2 TO OPEN'

DVMXD-RECLOSEADV 4.42E-04 COMMON CAUSE FAILURE OF ATMOSPHERIC DUMP / BLOCK VALVES TO RECLOSE
. DVDXUV006-008 1.36E-04 COMMON CAUSE FAILURE OF BLOWDOWN CTMT ISOLATION VALVES TO CLOSE, UV-006 AND UV-008

i EBDXDDG201 1.35E-05 COMMON CAUSE FAILURE OF DG SUPPLY BREAKERS TO 4.16 KV ESF BUSES (NON-LLOCA)
EBDXDDG201LL 1.55E-05 COMMON CAUSE FAILURE OF DG SUPPLY BKRS TO 4.16 KV ESF BUSES FOLLOWING LLOCA
ESDXRATPNS 3.00E-05 COMMON CAUSE FAILURE OF PNS BREAKERS FROM RATS
ECBX125C1E 9.90E-07 COMMON CAUSE FAILURE OF CLASS 1E BATTERIES
EC8X125CN1E 1.81E-06 COMMON CAUSE FA! LURE OF NON-CLASS 1E BATTERIES
ECCXCHG1E 3.78E-06 COMMON CAUSE FAILURE OF CLASS 1E BATTERT CHARGERS
ECCXCHGNIE 8.40E-06 COMMON CAUSE FAILURE OF NON-CLASS 1E BATTERY CHARGERS

i EDDXDDGA-B 2.80E-04 COMMON CAUSE DEMAND FAILURE OF DGs
~

EDDXRDGA-B 4.20E-03 COMMON CAUSE OPERATING FAILURE OF DGs
EJEXDGRM 1. 37E- 04 COMMON CAUSE FAILURE OF DG ROOM DAMPERS

,

J

,
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TABLE 19.5-3 (Sheet 2 of 3)
COP 990N CAUSE FAILURI' RATES

Name Prob. Description

ELBX416ESF 1.08E-07 COMMON CAUSE FAILURE OF 4.16 KV ESF BUSES
ELBX416PNS 2.40E-07 COMMON CAUSE FAILURE OF 4.16 KV PNS BUSES
ELCX125C1E 1.0SE-07 COMMON CAUSE FAILURE OF 125 VDC CLASS 1E BUS
ELCX125CN1E 2.40E-07 COMMON CAUSE FAILURE OF 125 VDC NON-CLASS 1E BUS
ELLXESF 1.08E-07 COMMON CAUSE FAILURE OF 480 V ESF LOAD CENTERS
ELLXNESF 1.08E-07 COMMON CAUSE FAILURE OF 480 V NON-ESF LOAD CENTERS
ELMX4CC1E 1.08E-07 COMMON CAUSE FAILURE OF 480 V ESF MCCs
ELMXMCCNIE 1.08E-07 COMMON CAUSE FAILURE OF 480 V NON-ESF MCCs
ESXXSEC 2.25E-04 COMMON CAUSE FAILURE OF DG LOAD SEQUENCERS
EWFXDDGRM 2.70E-05 CCMMON CAUSE DEMAND FAILURE OF DG ROOM FANS
EWFXRDGRM 5.99E-06 COMMON CAUSE OPER ATING FAILURE OF DG ROOM F ANS
EXLXESF 3.78E-07 COMMON CAUSE FAILURE OF 480 V LC ESF TRANSFORMERS
EXLXNESF 3.78E-07 COMMON CAUSE FAILURE OF 480 V LC NON-ESF TRANSFDRMERS
EXRXRATX-Y 1.44E-06 COMMON CAUSE FAILURE OF RESERVE AUX!LIARY TRANSFORMERS
EXUXUATX-Y 1.44E-06 COMMON CAUSE FAILURE OF UNIT AUXILIARY TRANSFORMERS
FSAXCSAS 3.02E-03 COMMON CAUSE FAILURE OF CONTAINMENT SPRAY ACTUATION SIGNAL
FSEW"EFAS 2.79E-03 COMMON CAUSE FAILURE OF EMERGENCY FEEDWATER ACTUATION SIGNAL
FS;XSIAS 3.02E-03 COMMON CAUSE FAILURE OF SAFETY INJECTION ACTUATION SIGNALS
FSXX-INTERLOCKS 2.30E-06 COMMON CAUSE FAILURE OF INTERLOCKS (P-103/106) FOR SCS VALVES (SI-651/654)
GBCXFANSREAKERS 1.00E-04 COMMON CAUSE FAILURE OF AVS FAN 480 V BREAKERS TO CLOSE
GBDXD-SET 1 3.00E-05 COMMON CAUSE FAILURE OF CSS PUMP BREAKERS TO CLOSE
GFAXFILTERS 3.85E-06 COMMON CAUSE FAILURE OF ANNULUS VENTILATION SYSTEM FILTERS TO OPERATE
GHSXRCSS 1.20E-06 COMMON CAUSE OPERATING FAILURE OF CSS HEAT EXCHANGERS
GIPXPTRANSMITTER 1. 73E -06 COMMON CAUSE OPERATING FAILURE OF AVS PRESSURE TR ANSMITTERS
CJPXBDAMPERS 2.95E-05 COMMON CAUSE DEMAND F AILURE OF AVS BALANCING DAMPERS TO DPERATE
GJPXVDAMPERS 3.05E-04 COMMON CAUSE DEMAND F AILURE OF AVS UNIT VENT DAMPERS TO OPEN
GPCXDCSS 1.30E-04 COMMON CAUSE FAILURE OF CSS PUMPS TO START
GPCXRCSS 8.04E-05 COMMON CAUSE FAILURE OF CSS PUMPS TO RUN
GVCXSI-100/101 3.60E-05 CCF OF IRWST PETURN CHECK VALVES SI-100/101 TO OPEN
GVCXSI-157/158 3.60E-05 COMMON CAUSE DEMAND FAILURE OF CHECK VALVES SI-157/158
GVCXSI-164/165 3.60E-05 COMMON CAUSE DEMAND FAILURE OF CHECK VALVES SI-164/165
GVCXSI-485/484 3.60E-05 COMMON CAUSE DEMAND FAILURE OF CHECK VALVES SI-485/484
GVMXCC-114/214 2.00E-04 COMMON CAUSE DEMAND FAILURE OF CSS HX OUTLET CCW MOVs
GVMXHVT 1.14E-03 COMMON CAUSE FAILURE OF HVT SPILLWAY MOVs (4)
GVMXRCAVITY 2.00E-04 COMMON CAUSE FAILURE OF REACTOR CAVITY SPILLWAY MOVs (2)
GVMXSI-300/301 2.00E-04 COMMON CAUSE FAILURE OF IRWST RETURN MOVs SI-300/301 TO DPEN
GVMXSI-672/671 2.00E-04 COMMON CAUSE DEMAND FAILURE OF CTMT ISOL. MOVs S1-672/671
GWFXDFANS 6.00E-05 COMMON CAUSE FAILURE OF ANNULUS VENTILATION SYSTEM FANS TO START
GWFXRFANS 4.00E-05 COMMON CAUSE FAILURE OF ANNULUS VENTILATION SYSTEM FANS TO OPERATE
HBDXD-SET 1 1.55E-05 COMMON CAUSE FAILURE OF 3 OR MORE St PUMP BREAKERS TO CLOSE
HSDXD-SET 2 1.35E-05 COMMON CAUSE FAILURE OF ALL 4 SI PUMP BREAKERS TO CLOSE
HPSXD-SEi1 6.46E-05 COMMON CAUSE FAILURE OF 3 OR MORE St PUMPS TO START
HPSXD-SET 2 3.49E-05 COMMON CAUSE FAILURE OF ALL 4 SI PUMPS TO START
HPSXR-SET 1 7.31E-05 COMMON CAUSE FAILURE OF 3 OR MORE St PUMPS TO RUN
HPSXR-SET 2 5.80E-05 COMMON CAUSE FAILURE OF ALL 4 51 PUMPS TO RUN
HVCXD-SET 1 3.42E-05 COMMON CAUSE FAILURE OF 3 OR MORE St CHECK VALVES TO OPEN
HVCXD-SET 2 3.42E-05 COMMON CAUSE FAILURE OF 3 OR MORE St PUMP DISCHARGE LEG CHECK VALVES TO OPEN
HVCXD-SET 3 6.10E-04 COMMON CAUSE FAILURE OF 3 OR MORE St LINE CHECK VALVES TO OPEN
HVCXD- SET 4 1.44E-04 COMMON CAUSE FAILURE OF HOT LEG CHECK VALVES

Amendment v
April 29, 1994
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BASIC EVENT PROBABILITY i

CALCULATION WORKSHEET
:

SUMMARY
Date: 5/26/92
Page 1 of 2

Basic Event ID: EBGPLOOP1 Revision: 0

Basic Event Description: LOSS OF OFFSITE POWER FROM BUS 1

Plant / Study: System 80 + PRA Tag Number:

Modells): PEBN01X1 .PEBN01Y1 , ,

Event Type (check one):
Reidom - operating _j(_; Random-demand _;
CCF - operating _; CCF - demand _;
Developed Event - operating _; Developed Event - demand _;
Developed Event - operating CCF _; Developed Event - demand-CCF _;
Human Error Initiating Event _;_,

Test / Maintenance Unavailability Spu. sal Event - _;_,

C} Other (describe below) _;
I /v

CODES
System: __.E_., ELECTRICAL DISTRIBUTION SYSTEM
Component Type: BG , ELECTRICAL GRID SYSTEM i

'

Failure Mode: _ P,,, LOSS OF OFFSITE POWER FROM BUS 1
Location: _ _ ,

PROBABILITY CALCULATION SUMMARY

Mean : 6.28E-06/hr (1.51E-04)*
Median:

.__

5th Percentile:
95th Percentile:
Error Factor: 5.00

REFERENCES

1) EPRI ALWR Utility Reauirements Document, Volume 11, ALWR Evolutionary Plant, Chapter 1,

Appendix A, "PRA Key Assumptions and Groundrules", Rev 3,11/91,

2) NUREG/CR-4639, " Nuclear Computerized Library for Assessina Reactor Reliability", Vol. 5, Rev.
3, " Data Manual, Part 3: Hardware Component Failure Data (HCFD)", December,1990.

3) IEEE Std 500-1984
4) EGG-EA-5887 JUNE,1982 (NREP Database)

/n) A mission time of 24 hours is assumed.*

N/

Amendment M
19.5B-7 March 15, 1993
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BASIC EVENT PROBABILITY
CALCULATION WORKSHEET

CALCULATION

Date: 5/26/92
Page 2 of 2

Basic Event ID: EBGPBLOOP1 Revision: O
Plant / Study System 80 + PRA-

CALCULATION (use additional sheets if needed):

The f ailure rate of loss of offsite power from preferred bus 1 (source 1) was taken directly from the Key
| Assumptions and Groundrules (KAG) docuement, Reference 1. This failure rate is 0.055 per year (or

6.28E-06 per hour). KAG does not provide an associated error factor for this failure rate, therefore an
error factor of 5.0 is assumed and used in this analysis.

For a mission time of 24 hours, the failure probability becomes 1.51E-04.

O

O
|
|

Amendment V
19.5B-8 April 29, 1994 j

I
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\d BASIC EVENT PROBABILITY

CALCULATION WORKSHEET
|

SUMMARY
Date: 5/26/92
Page 1 of 2

Basic Event ID: EBGPLOOP2 Revision: 0

Basic Event Description: LOSS OF OFFSITE POWER FROM BUS 2

Plant /St cy: System 80 + PRA Tag Number:

Model(s;: P, EBJ01 X1 .PEBN01Y1 .

Event Type (check one):
Random - operating _X_; Random-demand _;
CCF - operating _; CCF - demand __;
Developed Event - operating _; Developed Event - demand _;
Developed Event - operating-CCF Developed Event - demand-CCF _;_,

Human Error _; initiating Event _;
Test / Maintenance Unavailability _; Special Event _;

p Other (describe below) _;

\

!

CODES ,

System: E, ELECTRICAL DISTRIBUTION SYSTEM l
Component Type: BG , ELECTRICAL GRID SYSTEM j
Failure Mode: _P_, LOSS OF OFFSITE POWER FROM BUS 2 )
Location: _ , , ,

PROBABILITY CALCULATION SUMMARY

Mean : 6.28E-06/hr (1.51E-04)*
Median:
5th Percentile:
95th Percentile:
Error Factor: 5,00

REFERENCES

1) EPRI ALWR Utility Requirements Document, Volume II, ALWR Evolutionary Plant, Chapter 1.
Appendix A. "PRA Key Assumptions and Groundrules". Rev 3,11/91.

2) NUREG/CR-4639 " Nuclear Computerized Library for Assessina Reactor Reliability" Vol. 5, Reya
3, " Data Manual, Part 3: Hardware Component Failure Data (HCFD)". December.1990.

3) IEEE Std 500 1984
4) EGG-EA-5887, JUNE,1982 (NREP Databasel

i A mission time of 24 hours is assumed.*

Amendment M
19.5B-9 March 15, 1993

- - - . . - . . . .
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BASIC EVENT PROBABILITY
CALCULATION WORKSHEET

CALCULATION'

4

Date: 5/20/92
d Page 2 bf 2

Basic Event ID: EBGPLOOP2 Revision: O
Plant / Study : System 80 + PRA

CALCULATION (use additional sheets if needed):
.

The f ailure rite of loss of offsite power from preferred bus 2 (source 2) was taken directly from the Key
| Assumptions and Groundrules (KAG) docuement, Reference 1. This failure rate is 0.055 per year (or

6.28E-06 per hour). KAG does not provide an associated error factor for this f ailure rate, therefore an
error factor of 5.0 is assumed and used in this analysis.

For a mission time of 24 hours, the failure probability becomes 1.51E-04.

; G
,

d

i

i

: i

|
l
'

,

;

I

O
'

Amendment V
19.5B-10 April 29, 1994
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BASIC EVENT PROBABILITY |! t
. j
| CALCULATION WORKSHEET |

| !

SUMMARY
Date: 7 / 21/ 92

Page lof 2

Basic Event ID: DVMXD-RECLOSEADV Revision: 0,

!
|

Basic Event Description: COMMON CAUSE FAILURE OF ATMOSPHERIC DUMP / BLOCK VALVES
,

ON THE RUPTURED STEAM GENERATOR TO RECLOSE'

Plant / Study: System 80 + PRA Tag Number:

Model(s): PDLXO1BX , ,

|

| Event Type (check one):
| Random - operating _; Random-demand _;

CCF - operating __; CCF - demand .2L;
| Developed Event - operating _; Developed Event - demand _;

Developed Event - operating CCF _; Developed Event - demand-CCF _;
Human Error __; Initiating Event _;
Test / Maintenance Unavailability _; Special Event _;

/] Other (describe below) _;
'

.

CODES
System: _a_, Main Steam - AtmosDheric Dump Valve _s

_

Component Type: VM, Motor-Operated Valve

Failure Mode: X Common Cause Failure to Rectose
Location: _ , ,

PROBABILITY CALCULATION SUMMARY

Mean : 4.42E-04
Median:

I5th Percentile:
95th Percentile:
Error Factor: 3.75 j

i

REFERENCES

1) EPRI ALWR Utility Reauirements Document, Volume ll, ALWR Evolutionary Plant, Chapter 1.

Appendix A, "PRA Key Assumptions and Groundrules", Rev 3,11/91.

2) NUREG/CR-4639, " Nuclear Computerized Library for Assessina Reactor Reliability", Vol. 5. Rev.

3, " Data Manual, Part 3: Hardware Component Failure Data (HCFD)", December,1990.

3) IEEE Std 500-1984.
4) EGG-EA-5887. JUNE,1982 (NREP Database),

5) NUREG/CR-4550, " Analysis of Core Damaae Freauency: Internal Events Methodoloav", Vol.1.

Rev.1 January,1990.

(

Amendment P
19.5C-71 June 15, 1993
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hBASIC EVENT PROBABILITY
CALCULATION WORKSHEET

CALCULATION

Date: 7 / 21/ 92
Page _2_of 2

Basic Event ID: DVMXD-RECLOSEADV Revision: O

Plant / Study : System 80+ PRA

CALCULATION (use additional sheets if needed):

The mean failure rate (per hour or per demand) was calculated using the " multiple greek letter (MGL)"
methodology with the values for those parameters taken directly from the EPRI Key Assumptions and
Groundrules Document (KAG), Reference 1. Also, the KAG and MGL methodology do not provide for
calculating the error factor and, therefore, the error factor used was that associated with the basic event
" Failure of Motor-Operated Valve to Close" The equations used are as follows :

The common cause failure of two valves with a specific number (set of components) of failures can be
represented as '

CCF Factor = S

The value of the # for the 2 motor-operated valve system is = 5.0E-02

| The failure of motor-operated valve to close is given to be 4.42E-03/ demand
i

Hence, the mean probability of common cause failure of Atmospheric Dump / Block valves on the ruptured
steam generator failing to reclose is

mean = CCF Factor x Basic Event failure rate = 5.00E-02 x 4.42E-03 = 2.21E-04 ;

However, there are two ADV paths on the ruptured steam generator involved in the basic event. i

'erefore, the CCF of Atmospheric Dump / Block valves on the ruptured steam geneiator failing to reclose )
is e x 2.21 E-04 = 4.42E-04. '

The error factor used is 3.75

.

I!
l
l

|

|
i

| Amendment V
! 19.5C-72 April 29, 1994

|
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(j BASIC EVENT PROBABILITY
' CALCULATION WORKSHEET

SUMMARY l

! Date: 2/17/94 )
Page .1_of 2 )

I

| Basic Event ID: DVMXHV002-004 Revision: 1

Basic Event Description: COMMON CAUSE FAILURE OF BLOWDOWN STOP VALVES HV-002 AND i

HV-004 I

Plant / Study: System 80 + PRA Tag Number: HV-002 HV-004m

Model(s): PDLXO1BX |, ,

Event Type (check one): |
Random - operating _; Random-demand _; j
CCF - operating ,_; CCF - demand X:
Developed Event - operating _; Developed Event - demand _;

;

Developed Event - operating-CCF _; Developed Event - demand-CCF _; '

Human Error _; initiating Event _; !

Test / Maintenance Unavailability _; Special Event _;
,

Other (describe below) _;

v}
CODES

System: _D _, BLOWOWN SYSTEM
Component Type: VM, BLOWDOWN STOP VALVES
Failure Mode: ,_X_ , COMMON CAU'.iE DEMAND FAILURE
Location: _ _ ,

PROBABILITY CALCULATION SUMMARY

| Mean : 2.21 E-04/d
Median:
5th Percentile:
95th Percentile:
Error Factor: 1.56

REFERENCES

i

! 1) EPRI ALWR Utility Reauire_ments Document. Volume 11, ALWR Evolutionary Plant, Chapter 1,
Appendix A, "PRA Kev A',sumptions and Groundrules". Rev 3,11/91.

2) NUREG/CR-4639, "Nuc; iar Computerized Librarv for Assessina Reactor Reliability". Vol. 5, Rev.
3, " Data Manual. Pt.rt 3: Hardware Component Failure Data (HCFD)" December 1990,

3) IEEE Std 500-1984.
4) EGG-EA-5887, JUNE.1982 (NREP Database),

p

l
l
, Amendment V
| 19.5C-72a April 29, 1994
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gBASIC EVENT PROBABILITY
CALCULATION WORKSHEET

CALCULATION

| Date: 2/17/94
Page lof 2

| Basic Event ID: DVMXHV002-004 Revision: 1

Plant / Study: System 80+ PRA

CALCULATION (use additional sheets if needed):

The Multiple Greek Letter method is used to estimate the common cause demand f ailure probability of the
blowdown stop valves. There are two blowdown motor operated valves per steam generator. If
blowdown is not terminated by the containment isolation valves, both blowdown stop valves may be
closed to terminate blowdown flow from the ruptured or most affected steam generator. This calculation
addresses common cause failure of the blowdown stop valves to close.

The expression used to estimate the common cause failure probability is:

O ,o #A, [egn 1.]=
cc

where,

O ,, Common cause failure probability of the blowdown stop valves to close=
cc

Common cause beta factor (5.0E-02)p =

A Independent demand failure probability of a motor operated valve to close=
o

(4.42E-03/d)

The mean failure rate (per hour or per demand) and beta factor were taken directly from the EPRI Key
Assumptions and Groundrules Document (KAG), Reference 1. By substituting the above values in Equation
1, the common cause failure probability becomes:

| O ,, (5.0E-02)(4.42E 03)=
cc

| 2.21 E-04=

1
The KAG does not provide error factors. Therefore, the error factor used for independent failure of the i

motor operated valve is also used for the common cause failure probability. (See calculation sheet VMA.)

O|
|

Amendment V |

19.5C-72b April 29, 1994
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19.6.3 SYSTEMS ANALYSES DOCUMENTATION

I

| 19.6.3.1 Electrical Distribution System

19.6.3.1.1 System Description

l19.6.3.1.1.1 System Function
l
' The electrical distribution system is designed to provide AC power

and DC power necessary for normal operation and mitigation of any
abnormal events. These events may affect systems which are used to
shutdown the reactor, remove decay heat from the reactor, and
prevent the release of ' radioactivity to the environment. The
electrical distribution system also provides power for
instrumentation needed for monitoring plant parameters and for
input to the reactor trip and engineering safety features trip
logic.

19.6.3.1.1.2 System Success Criteria

The electrical distribution system (EDS) is divided into two
portions, a non-safety class portion and a. safety class portion.
The non-safety class portion of the EDS provides power to equipment

g that are not required to operate for plant safe shutdown while the,

! i safety class portion provides power to equipment that are required |

| (V to operate in order to shutdown the plant and maintain it in a safe
state. Both the safety and non-safety class portions of the EDS
provide AC and DC power. AC power is divided into divisions I and i

II for the safety class portion and divisions X and Y for the non-
shfety class portion. Each division provides power, as
appropriate, for the normally operating or mitigating systems of
the plant. Similar to the non-safety class AC portion, the non-
safety DC portion of the EDS is divided into divisions X and Y.
Each division supplies power to one non-safety DC bus and its
associated instrument invertor. The safety related DC portion of
the EDS is divided into two divisions. Each division contains
three channels of DC power sources which provide ' control and
instrument power for one train of the mitigating systems. The
other three channels provide power for the other train of the
mitigating systems.

Although power from both divisions of the safety-related class lE
portion of the EDS is preferred for plant shutdown, either division

; of the EDS can provide the required power to specific trains of
| Engineered Safety Feature (ESP) systems for plant shutdown. |

Following a large Loss of Coolant Accident (LOCA) and if offsite
power is available, at least two of the four safety-related class
1E AC buses are required to remain operable. The three 125 VDC
class 1E buses whose battery chargers are powered indirectly from

V

Amendment V
19.6-13 April 29, 1994
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|||I|the available AC bus must also be operable. Following a large LOCA I

and coincident loss of offsite power, at least one of the two
;

emergency diesel generators must be available to power the '

associated two safety-related class 1E AC buses. Three 125 VDC
class 1E buses are also required to be operable.

For transients or non-large LOCA events with offsite power
available, at least one of the four safety-related class 1E AC
buses is required to remain operable. If there is a coincident
loss of offsite power following these events, then at least one of
the two emergency diesel generators must be available to provide
power to one of the two safety-related class 1E AC buses associated
with the diesel generator. The success criteria for DC buses are
the same as above when offsite power is available.

19.6.3.1.1.3 System Configuration

The onsite electrical distribution system has two separate sources
of offsite power. Each offsite power source (circuit) terminates
at a separate switchyard. The switchyards are physically separate
and electrically independent. The lines of the offsite power
circuits are routed, to the extent practicable, such that the like-
lihood of losing both circuits due to a single event is minimized.

| The onsite electrical distribution system, as shown in Figures
19.6.3.1-la&b, 2, and 3 consists of the following power systems:

Main power system*

13.8 KV power system*

4.16 KV non-class 1E power system*

4.16 KV class 1E power system*

480 VAC non-class 1E power system*

480 VAC class 1E power system*

208/120 VAC non-class 1E power system*

120 VAC class 1E power system*

125/250 VDC non-class 1E power system*

125 VDC class 1E power system*

19.6.3.1.1.3.1 Main Power System

The main power system consists of the main generator, associated
isolated phase bus, generator circuit breaker, three unit step-up
transformers, two unit auxiliary transformers, and two reserve

,

| auxiliary transformers. The primary function of this system is to
generate and transmit power to the transmission system while
simultaneously supplying power to the unit auxiliaries. In the

| event that the main generator is act in service, this system is
| used to supply power from the switchyard or grid system to the unit
! auxiliaries.

Amendment U
19.6-14 December 31, 1993
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o
" motors such as the reactor coolant pump motors and condensate pump

motors.

Each load group is designed to isolate faulty equipment from the
rest of the system, to miniraize the effect of the fault, and to
maximize availability of the remaining equipment.

19.6.3.1.1.3.3 4.16 KV Non-class 1E Power System

The 4.16 KV non-class 1E power system consists of four switchgear
load groups and a non-class 1E alternate AC source. The first and
second switchgear load groups are designated as non-safety
switchgears for divisions X and Y, respectively. These switchgears
are connected to the dual unit auxiliary transformers and provide
power to non-safety loads such the containment purge fans and the |
turbine building component cooling water pumps.

The third and fourth switchgear load groups are designated as the
X and Y permanent non-safety switchgears, respectively. These |
switchgears are normally supplied from the unit auxiliary
transformers and provide power to auxiliary and service loads which
are not required for plant shutdown, but which are usually required
to remain operational during plant outages and other plant
operating conditions. These loads include components such as the

[] charging pumps, instrument air compressors, and building air supply
(#

,

/ fans. In the event that the normal power supply to any of thase ;
'

switchgears is lost, the affected switchgear may be connected to !

the reserve auxiliary transformer or the alternate LC source, An
'

interlock is provided between the power supply breakers of these
alternate sources to prevent them from being closed at the same
time.

The alternate AC 4.16 KV power source is provided to help mitigate
the effects of loss of offsite power and station blackout events.
The alternate AC power source is sized with sufficient capacity to
accommodate either of the following load configurations:

Both sets of X and Y permanent, ncn-safety loads, or*

* one set of permanent non-safety loads and one set of
safety division loads.

For the above configurations, the permanent non-safety loads and
the safety loads must be in the same division.

| 19.6.3.1.1.3.4 480 VAC Non-class 1E Power System

The 480 VAC non-class 1E power system consists of 480 VAC load
centers, motor control centers, and service transformers. The 480
VAC non-class 1E power system is powered from the 4.16 KV non-class
1E power system via service transformers. These transformers

I [] convert the incoming power from 4.16 KV to the 480 V level. The
| \v/ 4 80 VAC non-class 1E power system provides power to small loads

!

| Amendment V
( 19.6-15 April 29, 1994
.
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|

O1which are usually operating but are not required for plant I
shutdown. '

l

19.6.3.1.1.3.5 208/120 VAC Non-class 1E Power System

The 208/120 VAC non-class 1E power system consists of invertors,
| static and manual bypass transfer switches, and distribution

centers. The system is divided into two trains. Each train
supplies non-interruptible 120 volt AC power to the non-class 1E
instrumentation and controls, 208/120 volt AC power to the data
processing system and security lighting system. The 208/120 VAC
non-class 1E power system is powered from the non-class 1E 125 VDC
power system via 120 volt invertors. These invertors convert the

| 125 VDC power to the 208/120 voltage level. Backup power is
'

available for each invertor from an associated non-class 1E 480
volt regulated distribution center.

| 19.6.3.1.1.3.6 125 VDC Non-class 1E Power System

The 125 VDC non-class 1E power system consists of two 125 VDC
batteries, two battery chargers, and two 125 VDC distribution
centers. The system is divided into two trains. Each train
supplies power to the non-class 1E instrumentation and controls,
data processing system, and the 120 volt invertors. Each train is
powered from the 480 VAC non-class 1E power system via its
associated battery charger. The chargers are designed to recharge
and maintain the charge on the batteries.

19.6.3.1.1.3.7 250 VDC Non-class 1E Power System

The 250 VDC non-class 1E power system consists of two 250 volt
batteries, two battery chargers, and two distribution centers. The
250 VDC non-class 1E power system supplies power to high inrush DC
loads that generally serve as backup to AC loads. The 250 VDC non-
class power system is divided into two trains. Each train is
powered from the 480 VAC non-class 1E power system via its
associated battery charger.

19.6.3.1.1.3.8 4.16 KV Class 1E Power System

The 4.16 KV class 1E power system consists of four switchgear load
groups and two standby emergency power sources. The 4.16 KV class
1E power system is divided into two division I and division II.
Each division is normally powered from the corresponding division
of the 4.16 KV permanent non-safety switchgear. If power is
unavailable from any of the permanent non-safety switchgear, the
affected 4.16 KV class 1E switchgears are automatically transferred !
to its emergency power source. Emergency power is supplied by the i
emergency diesel generators. |

The 4.16 KV class 1E power system supplies power to all engineered
safety features (ESP) equipment in the plant. These equipment

1
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\ The starting air receiver tanks also supply air at reduced pressure

to the engine control panel instrumentation. Air enters the engine
control panel where it is filtered and a self-contained pressure
regulator maintains constant pressure for the diesel automatic j

safety shutdown system. i

19.6.3.1.1.3.8.3 Lube Oil system

Each diesel generator unit utilizes the " dry sump" lube oil system.
In this system, the supply of lubricating oil for the engine is
stored in a separate sump tank, independent of, and set at a lower
elevation than the engine crankcase. As oil accumulates in the
crankcase, it drains by gravity into the sump tank. Additions of
clean oil are made to the sump tank from a storage tank located
underground and outside the diesel generator building, and used oil
is removed from the sump tank via a transfer pump to a used oil
storage tank.

The engine-driven lube oil pump picks up oil from the sump tank i

through a built-in suction pipe with foot valve and delivers the
oil in sequence from the pump discharge first to the oil pressure i

regulating valves which limit the maximum pressure on the pump i

discharge, and then in series through the lube oil cooler, the |

full-flow lube oil filter and finally to the full-flow lube oil |
strainer. From the strainer, the oil enters the engine internal l

i circulation system. j

During engine standby, the motor-driven prelube oil pump operates
continuously to ensure complete filling of the lube oil system.
Oil which is circulated by the prelube oil pump passes over a set
of thermostatically controlled electric heating elements before
leaving the sump tank to maintain the engine in a warmed state.
From the prelube oil pump, the oil passes in series through the
prelube oil filter, the prelube oil strainer and enters the engine i
internal circulation system. A separate drip lube system provides !
a continuous, metered flow of oil to the turbocharger bearings
during engine standby to ensure adequate bearing lubrication for
startup.

19.6.3.1.1.3.8.4 Fuel Oil Storage System

A separate and complete fuel oil storage and transfer system is
provided for each diesel generator engine. Two underground storage

; tanks provide fuel oil for each engine, which is sufficient to
'

operate at full load for a period of time no less than seven days
plus e. margin to allow periodic testing.

Fuel oil is transferred by gravity from the storage tanks to the j
day tank which is located within retaining walls inside the diesel
generator building. The day tank has a sufficient capacity of fuel

"N oil to operate the diesel generator engine in excess of 60 minutes
at full load. A set of level switches located withing the day tank

Amendment V
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| control the operation of the fuel oil transfer valve. The switches
start the transfer pump on a low day tank level and stop the pump
on a high day tank level. High and low level alarms are also I

,

provided on both the storage tank and day tank. On low level the
valve opens to allow fuel to flow to the day tank and on high level
the switch closes the transfer valve to shut off the supply of
fuel. Therefore, a low level alarm would allow the operator
suf ficient time to take corrective action if a transfer valve fails
in the closed position. In the event that a transfer valve fails
to close, an overflow line is provided on the day tank to direct
the excess fuel oil to the day tank containment.

Fuel oil is pumped from the day tank to the engine by the engine-
driven fuel oil pump. The motor-driven fuel oil booster pump is
normally isolated both electrically and mechanically, but may be
operated if required during maintenance. The day tank provides
sufficient positive suction to both the motor-driven fuel oil
booster pump and the engine-driven fuel oil pump.

Each pump is provided with a duplex suction strainer and a
discharge pressure relief valve, and an engine-mounted dual element
fuel oil filter is provided on the common discharge header.
Pressure gauges are located on the inlet and outlet sides of both
strainers for local indication and an alarm is provided with each
strainer to alert the operator of high differential pressure.
Differential pressure indication and a high differential pressure
alarm are also provided with the fuel oil filter.

Two fuel oil drip headers, one located on each bank of the diesel
generator engine, contain unburned fuel leakage within the engine.
The unburned fuel is removed from the drip headers through a
piloted valve and ejector driven by the pressurized fuel oil return
from the bypass headers to the day tank. The main circulation
headers are fitted with a relief valve which prevents the engine
fuel oil pressure from exceeding a certain maximum and which
discharges back to the day tank.

The day tank is surrounded by a fire wall which serves as a
containment in the event of leaks or ruptures. The containment
dra in line is isolated by a normally closed, solenoid-operated
valve. A high 3evel signal from a level transmitter located within
the containment opens this valve, allowing the oil to drain to the
suction side of the lube oil transfer pump which is simultaneously
activated and delivers the oil to a waste oil storage tank.

19.6.3.1.1.3.8.5 Engine Cooling Water System

A separate and complete closed-loop cooling water system is
provided for each diesel generator engine, receiving makeup water
from the demineralized water system and uses as its sink the
component cooling water system. A surge tank, the jacket water
standpipe located in the diesel generator building, provides
positive suction pressure for the circulation pump and for the keep

Amendment V
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TABLE 19.6.3.1-1

(Sheet.1 of 7)

PGER ASSIGSENTS FOR SYSTEM 80+ EQUIPOENT

SYSTEM Co r0NENT' 4.16 KV 480 V LC 480 V MCC 125 VOC 120 VAC

{ $1 Pung:
SA0801+$1P101 (Purnp 1) SAS201 - - -

580801+SIP 201 (Pwp 2) SBS201 -- -

$1P301 (Pwp 3) SCS201 - - SC0801+- -

S00801+SIP 401 (Pwp 4) SDS201 -- -

|
SC Pung:

SA0801+ -SCSP1 (Pw p 1) SAS201 - -
;

5B0801+! SCSP2 (Pump 2) SBS201 -- -

CTMT Spray Pw p:
SC0801+ -CSSP1 (Pw p 1) SCS201 - -

SD0801+ -CSSP2 (Pw p 2) SDS201 - -

CCW Punp:
SA0801+CCWP 1A (Olv 1). SAS201 -- -

,

' CCWP 1B (Div 1) SCS201 - - SC0801+ -

! CCWP 2A (Div 2) 58S201 - - SB0801+ -

| CCWP 2B (Div 2) SDS201 - - SD0801+ -

A
- f

SSWS Pwp:
$$WP 1A (Div 1) SAS201 - - SA0801+ -

s
N

, SSWP 1B (Div 1) SCS201 - - SC0801+ -

| SSWP 2A (Div 2) SBS201 - - 580801+ -

i SSWP 28 (Div 2) SDS201 - - S00801+ -

EFW Pwp:
EFWP-102 (Motor A) SCS201 SC0801+ -- -

EFWP-104 (Motor B) SDS201 - - S00801+ -

EFWP 101 (Turbine A) SA0801 -- - -

EFWP-103 (Turbine B) - - - 580801 -

Startup FW Punp:
SFWP-101 PXS201 PX0801+- - -

PY0801+PYS201 - - -

CVCS Pwp:
,

CHGP1 (Pwp 1) PXS201 - - PX0801+' -

CHGP2 (Pw p 2) PYS201 - - PY0801+ -

Boric Acid Makeup
Pwp:

BAMP1 (Pwp 1) - PXL302 - PX0801+ -

PY0801+BAMP2 (Pump 2) - PYL302 - -

St Pwp Bypass Valve:
- - SAM 30351-603 - -

SI 602 - - SBM303 - -

i See the footnotes on the test page.

+ Control power for pwp breaker

.

%

Amendment V
April 29, 1994
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TABLE 19.6.3.1-1 (Cent'd),

(Sheet 2 of 7)

POLKR ASSIGNMENTS FOR SYSTEN 80+ EQUIP 4 NT

SYSTEM COMPONENT' 4.16 KV 480 V LC 480 V MCC 125 VDC 120 VAC

St Ptmp Suction CTMT
! sol Valve

$1-304 - - SAM 301 - -

SI-305 - - SBM301 - -

$1 308 - - SCM301 - -

SOM301SI-309 - - - -

SI Valve:
,

SI-646 - - SAM 302 - -

SI-626 - - SBM302 - -

SI 636 - - SCM302 - -

$1-616 - - SOM302 - -

$1 Pump Mini flow
Valve:

S1 302 - - SAM 302 - -

51 303 - - SBM302 - -

St Hot Leg In] Valve
SI-604 - - SCM301 - -

$1-609 - - SOM301 - -

$1-321 - - SCM302 - -

SI 331 - - SOM302 -

SC Motor Valve:
SI-651 - - SAM 302 - -

SI-653 - - SAM 302 - -

SI-655 - - SAM 302 - -

S! 310 - - SAM 303 - -

SI-601 - - SAM 303 - -

$1-652 - - 58M302 - -

S1-654 - - SBM302 - -

SI 656 - - SBM302 - -

$1-311 - - SBM303 - -

$1-600 - - SBM303 - -

- - SAM 303 - - |SI 312
SI-313 - - SBM303 - -

CTMT Spray Valve:
SI-672 - - SCH301 - -

$1+671 - - SDM301 - -

SIT Discharge Iso.
Valve

SI-644 - - SAM 301 - -

SI-624 - - SSM301 - -

SI-634 - - SCM301 - -

SI-614 - - SDM301 - -
|
|

6 See the footnotes on the last page.

O
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March 15, 1993
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19.6.3.2 Station Service Water Systes

19.6.3.2.1 System Description

19.6.3.2.1.1 System Function

The station service water system (SSWS) is an open loop system that
takes suction from the ultimate heat sink and provides cooling
water to remove the heat released from plant systems, structures i

and components. The SSWS then returns the heated water to the i

ultimate heat sink. The SSWS provides cooling water to the
component cooling water heater exchangers which in turn remove heat
from safety-related and non-safety-related reactor auxiliary loads.

19.6.3.2.1.2 System Configuration

Refer to Figure 19.6.3.3-7 in Section 19.6.3.3 " Component Cooling
Water System" for the simplified schematic for the station service !

water system (SSWS). The SSWS consists of two separate, redundant,
open loop safety-related divisions. Each division consists of two
pumps, valves, piping, controls and instrumentation. Each pump is
capable of taking suction from a pump structure, located inside the
ultimate heat sink, and delivering flow through the component
cooling water heat exchanger and then back to the ultimate heat

O sink.

v The pumps are of the vertical centrifugal motor-driven type. The !
pump motors are powered from the 4.16 KV class 1E buses. The pumps |

in Division 1 are powered from Division 1 of the 4.16 KV class 1E | |
buses. Similarly, the pumps in Division 2 are powered from
Division 2 of the 4.16 KV Class 1E buses.

|

Piping and valves to and from the component cooling water heat
exchangers are made of corrosion resistant materials. The supply
and return lines in one division are completely separated from the
supply and return lines in the other redundant division.

19.6.3.2.1.3 Support and Interfacing Systems

In order for the station service water system to perform its
functions it depends on various support systems to operate. These
support systems include:

4.16 KV Class 1E power system*

480 VAC Class 1E power system*

125 VDC Class 1E power system*

Ultimate Heat Sink*

The 4.16 KV Class 1E power system provides motive power to operate
the SSWS pumps. The 125 VDC Class 1E power system provides control

O power for the pump control circuitries which close and trip the
/ pump breakers when required. The valves in the SSWS are aligned |

Amendment V
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in the desired position to ensure that only the pumps are required
to operate in order for the system to perform its function. For
this study, power assignments for the SSWS pumps are assumed to be

| as follows:

| System Component 4.16 KV bus 125 VDC bus
SSWP 1A (Div. 1) SAS201 SA0801
SSWP 1B (Div. 1) SCS201 SC0801
SSWP 2A (Div. 2) SBS201 SB0801
SSWP 2B (Div. 2) SDS201 SD0801

The 480 VAC class 1E power system provides motive power to
reposition (i.e. open and close) the SSW motor operated valves.

| 480 VAC class 1E power is also provided to operate the travelling
| screen and SSW strainer backwash valves. The power assignments for
the SSW motor operated valves modeled in the PRA are as follows:

System Component 480 VAC MCC
SW-121 SCM301
SW-123 SCM301
SW-221 SDM301
SW-223 SDM301

The ultimate heat sink is regarded as a large body of water which
can accommodate the heat removed from the reactor auxiliary
components. The type of heat sink is site specific and may include
an ocean, lake, river, or spray ponds with cooling towers.

The SSWS interfaces with the component cooling water system. It
accepts the heat which is removed by the component cooling water
heat exchangers.

19.6.3.2.1.4 System Operation

During normal plant operation, one pump in each of the two
divisions of the SSWS takes suction from the ultimate heat sink and
delivers the cooled water to the associated component cooling water
heat exchanger. The heat exchanger removes heat from the reactor
auxiliary components and in doing so heats up the cooling water of
the SSWS. The heated water of the SSWS is then returned to the
ultimate heat sink. This on going process enables the heat that is
generated by reactor auxiliary components, such as the reactor
coolant pumps, to be removed.

The standby pump in each division of the SSHS starts automatically
on a low discharge pressure condition. During a loss of offsite
power event the operating SSWS pumps trip and are restarted in
accordance with the diesel generator load sequencing.

Manual starting and stopping of the pumps is provided from the
control room to override the automatic actuation mode of operation.
This feature enables the operator to remove a division or pump from

Amendment V
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j service after automatic actuation if it is not required. Valves in j
j the SSWS are aligned in their desired positions so that only | |

j actuation of the pumps are required to place a division in service. |

| The SSWS has two redundant and separate divisions. Each division
: has 100% heat dissipation capacity for a safe shutdown. Although
i a normal reactor shutdown can be accomplished by the operation of

both SSWS divisions, a single division can be used to shutdown the-

plant over a 36 hour period during emergency conditions.:

1

The SSWS operates continuously to provide cooling for reactor4

1 auxiliary components such as the reactor coolant pumps (RCP). Loss
of cooling for the seals of an RCP will result in tripping of the
affected RCP. This in turn will result in a plant trip on low

i reactor coolant flow. Loss of any division of the SSWS during
i normal operation will result in the tripping of two RCPs and
j eventually a plant trip. Also, loss of any division of the SSWS
; will result in loss of cooling to all appropriate ESF components in

the affected division. Therefore, loss of one division of the SSWS;

is selected as a common initiating event because it initiates an
abnormal event and renders one division of ESF components
inoperable.

.

! 19.6.3.2.1.5 System Success Criteria

The station service water system is used during normal plant
j operations as well as during emergency operations. During normal
i plant operation, only one SSWS pump per division is required to
I operate in order for the system to perform its function. There are
; two divisions of station service water. The SSWS pumps circulate
i cooling water through the component cooling water heat exchangers
: which remove heat the non-safety-related reactor auxiliary
; components.
i

! During a normal reactor shutdown of twenty four hours, successful
J operation of the SSWS requires all four station service water pumps
3 and four component cooling water heat exchangers to operate. With |
4 all pumps and heat exchangers operating, a cooldown rate of 75
! degrees per hour is maintained for the reactor coolant system to
1 reach a temperature of 140 degrees within the 24 hours.
I
j During emergency conditions, one pump of one SSWS division is
; capable of cooling down the plant. However, the cooldown will be
' extend beyond 36 hours. Successful operation of the SSWS during
i emergency conditions is of importance in this study. This success
; criterion for emergency conditions is used to develop the fault

tree models for cooling water systeus.

; Successful operation of the SSWS is contingent upon successful
#

operation of its support systems. These systems include the 4.16O KV class 1E power system, and the 125 VDC class 1E power system.,

i V Support systems and their success criteria are described in other
; sections of this report.

:

Amendment V
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19.6.3.2.1.6 Technical Specifications

The Technical Specifications (Chapter 16) require that two Station
Service Water System (SSWS) divisions shall be operable for modes
1, 2, 3, and 4. If one SSWS division is inoperable, the inoperable
SSWS division must be restored to operable status within 72 hours,
and, any inoperable safety-related system must also be restored to
operability in the operable SSWS division within 4 hours. If these
conditions are not met, the plant must be placed in mode 3, and
possibly mo.ie 5.

If two SSWS divisions are inoperable, the plant must be placed in
mode 4 within 12 hours, and, action must also be initiated to place
the unit in mode 5 with an adequate complement of SSWS components
immediately if one SSWS division cannot be restored within the
specified 12 hours.

The most frequent surveillance requirement for the SSWS is to
verify that each SSWS manual, power-operated or automatic valve in
the flowpath servicing essential equipment, that is not locked,
sealed, or otherwise secured in position, is in its correct
position. This test is performed every 31 days.

Additionally, there is a surveillance requirement that every 18
months it must be demonstrated that each SSWS pump starts on an
actual or simulated actuation signal.

19.6.3.2.2 System Logic Models

The small event tree large fault tree approach is used in this
study to quantify event sequences. By choosing the large fault
tree approach, all support systems are developed and then-

integrated with the front-line or mitigating systems as
appropriate. The SSWS is one of the support systems addressed in
this study.

19.6.3.2.2.1 Analysis Assumptions

In developing the fault tree model for SSWS, the following
assumptions were made:

1. One SSWS pump is required to operate in order for the system
| to perform its safety function successfully.i

2. The support systems for SSWS such as electrical distribution
system and actuation signal are similar to those addressed in
the front-line systems that indirectly or directly depend on
station service water. Therefore, the duplication of these
support systems in the fault tree model for SSWS is not
warranted.

|

|
'Amendment V
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3. Each division of the SSWS consists of two motor-driven pumps
and two component cooling _ water heat exchangers. The
discharge piping of the pumps is crossed tied so that they can
circulate flow through either heat exchanger. Although each
division consists of two heat exchangers, only one of the heat
exchangers is in operation. The other is regarded as an
installed spare. It is valved in and used only when the
normally operating heat exchanger becomes inoperable.

4. The technical specifications do not allow both standby station
service water pumps to be in maintenance at the same time.

5. The ultimate heat sink is assumed to be available. Therefore,
it is not included in the fault tree models for SSWS.

Figures 19.6.3.2-1 and 19.6.3.2-2 provide the fault tree models
developed for the SSWS, divisions 1 and 2, respectively.

19.6.3.2.2.2 Interface with Event Trees

As mentioned in Section 19.6.3.2.1.4.1, loss of one division of the
SSWS is treated as an initiating event. Other than an initiating
event, loss of SSWS does not appear as an element on the event
trees. This is a support system which interfaces directly with the

s) component cooling water system. The component cooling water system
,

,

.
s_ ,/ removes heat from safety-related and reactor auxiliary components.

'

Safety-related system fault trees interface directly with j
appropriate event trees. The specific event trees are identified
in the system descriptions for the safety related systems.

,

19.6.3.2.3 System Quantification

The SSWS is treated as a support system. It interfaces directly|

with the Component Cooling Water System. Therefore, the fault tree
models for SSWS are developed and integrated, as appropriate, into!

! the models for the Component Cooling Water System. Because the
| SSWS models are integrated into other systems, no quantification is

performed for the SSWS models. |

|

!

n
U

|
|

I

| Amendment V
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| 19.6.3.3 ComDonent Coolina Water System

19.6.3.3.1 System Description

19.6.3.3.1.1 System Function

| The Component Cooling Water System (CCWS) is a closed loop system
'

that provides cooling water flow to remove heat released from plant
systems, structures and-components. The CCWS functions to cool the
safety-related and non-safety-related reactor auxiliary loads.
Heat transferred by these components to the CCWS is rejected by the
Station Service Water System (SSWS) via the CCWS heat exchangers.

19.6.3.3.1.2 System Configuration

The CCWS, as shown in Figures 19.6.3.3-1 through 19.6.3.3-6,
consists of two physically separated, redundant, closed loop
safety-related divisions. Each division of the CCWS consists of
two pumps, two heat exchangers, valves, piping, controls and
instrumentation. Either division of the CCWS.or a single pump in-
each division is capable of supporting 100% of the cooling
functions required'for a safe reactor shutdown. For post-Loss-Of-
Coolant-Accident (LOCA) cooling, only one of the four pumps is
required after the cooling-supply to the non-safety loads and to
the fuel pool cooling heat exchangers is isolated.

\
| The component cooling water (CCW) pumps are or the vertical
| centrifugal motor-driven type. The pump motors are powered from

the 4.16 KV class 1E buses. The pumps in division 1 are powered
'

from division 1 of the 4.16 KV class 1E buses. Similarly, the
pumps in division 2 are powered from division 2 of the 4.16 KV
class 1E buses.

|

Piping and valves to and from the component cooling water (CCW)
heat exchangers are made of corrosion resistant materials. The
supply and return lines to and from components in a division are
completely separated from the supply and return lines in the

| redundant division.
.

)
I !19.6.3.3.1.3 Support and Interfacing Systems ;

l
: In order for the CCWS to perform its functions it depends on |
| various support systems to operate. These support systems include: |

4.16 KV class 1E power system*

125 VDC class 1E power system*
i
'480 VAC class 1E power system*

Engineering Safety Features Actuation System| *

! * Station Service Water System

O The 4.16 KV class 1E power system provides motive power to operate,

( the CCW pumps. The 125 VDC class 1E power system provides control|

\ power for the pump control circuitries which close and trip the

!
| Amendment V
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pump breakers when required. The valves in the supply and return
lines are locked in the desired position such that only the pumps
are required to operate in order for the system to perform its
function. For this study, power assignments for the CCW pumps are
assumed to be as follows:

System Component 4.16 KV bus 125 VDC bug
CCWP 1A (Div. 1) SAS201 SA0801
CCWP IB (Div. 1) SCS201 SC0801
CCWP 2A (Div. 2) SBS201 SB0801
CCWP 2B (Div. 2) SDS201 SD0801

The 480 VAC class 1E power system provides mot)Ne power to
reposition (i.e. open and close) 480 VAC motor operi.ted valves.
The power assignment for the CCW motor operated valves modeled in
the PRA are as follows:

System Component 480 V MCC
CC-207 SDM301
CC-209 SDM301
CC-107 SCM301
CC-109 SCM301

The Engineered Safety Features Actuation System signals isolate the
non-safety related portion of the CCWS following an accident
condition.

The CCWS interfaces with the Station Service Water System (SSWS).
The SSWS accepts the heat rejected by the component cooling water
heat exchangers.

19.6.3.3.1.4 System Operation

The CCWS provides cooling water to safety-related and non-safety-
related components. Heat rejected by these components is then
rejected to the SSWS via the CCW heat exchangers. The heated water
of the SSWS is then raturned to the ultimate sink. This on-going
process enables the heat that is generated by reactor auxiliary
equipment such as the Reactor Coolant Pumps (RCPs) to be removed
from the equipment.

During emergency conditions, the equipment in the Engineered Safety
Features (ESF) systems are actuated to mitigate the transient or a
LOCA. The CCWS provides cooling to safety equipment and
components. During a loss of offsite power event, the pumps stop
and are restarted in accordance with the diesel generator load
sequencing.

Manual start and stop actuation is provided from the control room
| to override the automatic actuation of the pumps. This feature
enables the operator to remove a division or pump from service
after automatic actuation if it is not required. Valves in the

Amendment V
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O suppiy and return lines are locked in their open positions so that
only actuation of the pumps are required to place a division in i

service.

The CCWS has two redundant and separate divisions. Each division |

has 100% heat dissipation capacity _for a safe shutdown. Although,
a normal reactor shutdown is accomplished by operation of both CCWS
divisions, emergency cooldown over a 36 hour period may be
accomplished using a single division.

19.6.3.3.1.4.1 Potential for Initiating Events

The CCWS operates continuously to provide cooling for reactor
auxiliary equipment such as the RCPs. Failure of one division of
the CCWS during normal operation will-result in a loss of heat
removal from two RCPs and one division of ESF components. Loss of
heat removal from the RCP will result in a plant trip on an
" equipment protection" parameter. Therefore, loss of one division
of the CCWS is selected as an initiating event.

19.6.3.3.1.5 System Success Criteria

The CCWS is used during normal plant operations as well as during
emergency operations. During normal plant operation, one CCW pump
per division is required to operate in order for the system toV) perform its function. The pumps circulate cooling water through
the component cooling water heat exchangers in order to transfer
the heat rejected by the non-safety-related auxiliary loads to the
Station Service Water System.

During normal reactor shutdown of twenty four hours, successful
operation of the CCWS requires all four CCW pumps and four CCW heat |exchangers to operate in order to reach a RCS temperature of 140
degrees. The cooldown rate will not exceed the administrative
limit of 75 degrees per hour.

Successful operation of the CCWS during emergency conditions
requires the operation of at least one station service water pump.

Successful operation of the CCWS is contingent upon successful
operation of its support systems. These systems include 4.16 KV
motive power, 125 VDC control power, Engineering Safety Features
Actuation System, and the SSWS. These support systems and their
success criteria are described in other sections of this report.
19.6.3.3.1.6 Technical Specifications

The' Technical Specifications (Chapter 16) require that two
Component Cooling Water (CCW) divisions shall be operable in modes

O 1, 2, 3, and 4. If one CCW division is inoperable, the inoperable-

division must be restored to operable status within 72 hours, and,
any inoperable Essential Systems must also be restored to operable '

Amendment V i
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status in the operating CCW division within 4 hours. If these
conditions are not satisfied, the plant must be placed in mode 3,

j and possibly mode 5.

! If two CCW divisions are inoperable, the plant must be placed in
| mode 4 within 12 hours, and, action must also be initiated to place
! the unit in mode 5 with an adequate complement of CCW components
'

immediately if one CCW division can not be restored to operable
status within the specified 12 hours.

| The most frequent surveillance requirement for the CCWS is to
verify that each CCW manual, power-operated or automatic valve in
the flowpath servicing essential equipment, that is not locked,
sealed, or otherwise secured in position, is in its correct
position. This test is performed every 31 days.

| Additionally, there is a surveillance requirement that every 18
months it must be demons' crated that each CCW automatic valve
actuates and each CCW pump starts on an actual or simulated
actuation signal.

19.6.3.3.2 System Logic Models

| The small event tree large fault tree approach is used in this
study to quantify event sequences. By choosing the large fault
tree approach, all support systems are developed and then

! integrated with the front-line or mitigating systems as
; appn griate. The CCWS is one of the support systems addressed in
| th. itudy.

19 . t.3.2.1 Analysis Assumptions

In developing the fault tree model for CCWS, the following
assumptions were made:

1. One CCWS pump is required to operate in order for the system
to perform its function successfully.

2. The support systems for CCWS such as electrical distribution
system and actuation signal are similar to those addressed in
the front-line systems that directly depend on the component
cooling water. Therefute, the duplication of these support
systems in the fault tree model for CCWS is not warranted.

3. Each division of the CCWS consists of two motor-driven pumps
and two heat exchangers. The discharge piping of the pumps is
crossed tied so that they can circulate flow through either
heat exchanger. Although each division consists of two heat
exchangers, only one of the heat exchangers is in operation.
The other is regarded as an installed spare. It is valved in
and used only when the normally operating heat exchanger
becomes inoperable.

Amendment M
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'U 19.6.3.4 Instrument Air System

19.6.3.4.1 System Description

19.6.3.4.1.1 System Function;

The instrument air system along with the station air system and i
'

breathing air system provide compressed air, in various forms, at
i the plant. For this study only the instrument air system is

considered.

i The instrument air system supplies clean, oil free, dried air to l
al1 air operated valves and instruments at the plant. A loss of |

~

instrument air during an accident or plant blackout will cause all:
air operated valves in the plant to fail in.the safe position.
Therefore, instrument air is not relied upon for any safe shutdown

,

or accident mitigation function.i
'

l
19.6.3.4.1.2 System Configuration

,

The instrument air system, as shown in Figure 19.6.3.4-1, consists
of four 100% capacity air compressors, coolers and water,

j separators, receivers, and filters. The air compressor intake is
p from an area free of corrosive contaminants and hazardous gases.
v As the intake air passes through the compressor it is compressed
\ and it also heats up. The hot compressed air then flows through an

aftercooler and water separator where it is cooled. Water |
'

condensed during the cooling procecs is removed before the air is !

discharged to the air receiver. From the air receivers, the air is
discharged to the filter / dryer train. Large particles are removed

,
by the prefilter before the air passes through a dryer which dries

j the air to an acceptable dew point. The air then passes through
another filter which removes remaining particles larger than 1

'

micron before it is discharged into the air header. The instrument
air header then supplies air throughout the plant.

,.

I

Power to each of the four compressors is supplied by the 4.16 KV
'

permanent non-safety power system. The motors of compressors C-1A
and C-1B are powered from 4.16 KV permanent non-safety switchgear

.
PXS201. Similoj1' the motors of compressors C-2A and C-2B are

' powered from 4.16 KV permanent non-safety switchgear PYS201.
1 Cooling water for the compressors and aftercoolers is provided by

the Component Cooling Water System.

Four air receivers are provided. Each receiver is sized to ensure
that instrument air requirements are met until the standby
compressor is brought on line in the event of a compressor trip.
The storage provided is adequate to meet the requirement without
the supply air pressure decaying below a preset value.

C/ Downstream of the air receivers, the instrument air passes through
an instrument air dryer before being distributed to the instrument

;
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air piping system. Each air dryer assembly is equipped with a
,

coalescing pre-filter, an air dryer, and an after-filter connected
in series. Each dryer is capable of drying the compressed air to2

a dewpoint of -40 degrees Fahrenheit. The filters are designed to
ensure that the instrument air will be free of particles larger
than 1 micron.

.

19.6.3.4.1.3 Support and Interfacing Systems |
|

Successful operation of the instrument air system is contingent I
upon successful operation of its support systems. These support
systems include:'

4.16 KV non-class 1E power system*
.

* 125 VDC non-class 1E power system
Component Cooling Water System*

The 4.16 KV non-class 1E power system provides motive power for the
compressor motors. The 125 VDC non-class 1E power system provides
control power for the compressor motors. Control power is used to
trip and close the breakers for air compressor motors. For this

'

study, assignment of power to instrument air equipment is assumed
to be as follows:

System Component 4.16 KV bus 125 VDC bus
Air compressor C-1A PXS201 PX0801
Air compressor C-1B PXS201 PX0801
Air compressor C-2A PYS201 PY0801,

Air compressor C-2B PYS201 PY0801

The component cooling water system circulates water through the air
compressors and aftercoolers to remove heat from the motors and
heat generated during the compression process. Intake air for the
air compressors is assumed to be always available.

Tne instrument air system interfaces with all systems which contain
air operated valves or air operated instruments. These systems
include ESF and control systems such as emergency core cooling
system, containment isolation valves, pressurizer spray system and
turbine bypass system. Although the instrument air system
interfaces with ESF systems, they do not rely on instrument air for
plant shutdown or accident mitigation. Loss of instrument air
causes all air operated valves to fail in a safe position.

19.6.3.4.1.4 System Operation

During normal operation one of the four compressors supplies all
instrument air requirements while the other compressors are on
standby. In the event of loss of the operating compressor or a low
pressure condition, the standby compressors start automatically.
As soon as the immediate demand for instrument air is satisfied,

Amendment M
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U
the standby compressor stops automatically after running unloaded
for a specified time period.

To equalize wear on the compressors, a standby instrument air train
is periodically brought on line and the operating train placed in
the standby mode. This arrangement allows plant technicians to
perform preventive maintenance and inspection on the instrument air
train without affecting the supply of instrument air.

The compressor motors are powered form the 4.16 KV permanent non-
safety power system. This system has three sources of power,
offsite power via the unit auxiliary and reserve auxiliary
transformers and the alternate AC system. Note that offsite power
via the unit and reserve transformers are regarded as separate
sources of power. Offsite power via the unit auxiliary
transformers is the preferred source of power for the permanent
non-safety power system. Paring a loss of offsite power event,
power to the compressors is also lost. Power is restored once the
alternate AC system starts and the operator manually aligns it to
the permanent non-safety power system.

Manual starting and stopping of each compressor can be accomplished
from inside the control room.

(p) 19.6.3.4.1.5 System Success Criteria
v

The instrument air system is used during normal plant operation and
during periods after the plant has been shutdown. Instrument air
is not required to achieve safe plant shutdown. As previously
mentioned, the instrument air system interfaces with components in
the ESF and control systems. Any air operated ESF component which
must operate for safe plant shutdown is provided with a dedicated
accumulator. These accumulators serve as backup to instrument air.

I
For this study, the success criterion of the instrument air system
is defined as the delivery of air to the distribution header by one |
of the four compressors and the associated filter train.

19.6.3.4.1.6 Technical Specifications

The instrument air system is an non-safety related system. As
such, its conditions for operation are not governed by the
technical specifications. No testing frequency is defined by the
technical specifications for the instrument air system. It is a
normally operating system. Therefore, failures are readily
annunciated or observed.

Maintenance is performed on an as needed basis for repairs.

g
k )
%/
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19.6.3.4.2 System Logic Models

The small event tree large fault tree approach is used in this
study to quantify event sequences. By choosing the large fault
tree approach, all support systems are developed and then
integrated with the frontline or mitigating systems as appropriate. -

The instrument air system is one of the support systems addressed |
in this study. |

1

19.6.3.4.2.1 Analysis Assumptions

In developing the fault tree model for instrument air, the
following assumptions were made:

1. One compressor train and one filter / dryer train are required
to operate successfully in order for the instrument air system
to perform its function.

2. The standby compressors start automatically when the
instrument air header pressure decreases below a preset value.

3. For this study, compressor C-1A is modeled as normally
operating while the other compressors are in the standby mode.
Similarly, filter / dryer train AD-1A is aligned for normal
operation while the other trains are in standby.

4. Control power for compressor motors C-1A and C-1B is obtained
from 125 VDC non-class 1E bus PX0801. Similarly, for
compressor motors C-2A and C-2B, control power is obtained
from 125 VDC non-safety class 1E bus PY0801.

5. Each instrument air compressor consists of a low pressure )
stage, an intercooler, a high pressure stage, and an after-
cooler in series. These components are considered as integral
parts of the compressor, and are therefore not modeled
separately.

6. Each dryer assembly consists of a pre-filter, an air dryer,
and an after-filter in series. These components are also
considered as integral parts of the dryer assembly, and are
therefore not modeled separately.

7. Inadvertent opening of the instrument air receiver relief
valve results in a breach of the pressure boundary for the
affected train and renders the train inoperable.

The fault tree model developed for instrument air is included in
Figure 19.6.3.4-2.

O
Amendment M
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|'
19.6.3.4.2.2 Interface with Event Trees

The instrument air system does not directly interface with any
initiating event tree. .The instrument air system is a support
system . which interfaces with certain ESF systems. These ESF !
systems, including the emergency core cooling system, the component i

cooling water system, and containment isolation valves interface
with appropriate event. trees.

19.6.3.4.3 System Quantification

The instrument air system is treated .as a support system.
Therefore, tha f ault tree models which are developed for instrument
air are integrated, as appropriate, into the models for frontline
or mitigating systems. Because the models for instrument air.are
integrated into other systems, no quantification.is performed-for
these models. Nonetheless, the fault tree developed f or . the |

instrument air system is presented in Figure 19.6.3.4-2.

|

O
V

l
1

J
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EFW Control Valves:
EF-104 SC0801
EF-106 SAM 304
EF-105 SD0801
EF-107 SBM304

19.6.3.7.1.4 System Operation

During normal plant operation, the EFWS is in standby mode.
During the emergency conditions, the EFWS supplies emergency
feedwater to the steam generator (s) for any event that results in
loss of main feedwater and requires heat removal through the steam
generator (s).

The EFWS can either be manually actuated or. automatically actuated
by the ESFAS or the APS. At the low steam generator water level
setpoint, the ESFAS associated with that steam generator or the APS
will actuate the EFW system as follows:

1. Starts the associated motor-driven pump.
.

2. Deenergizes the solenoid to open associated turbine steam
supply bypass valve.

[ 3. Starts associated turbine-driven pump by deenergizing the

(- solenoid to open the associated turbine steam supply
valve.

4. Opens the associated steam generator isolation valves.

5. Assures that turbine governor speed control is at full

|
rated speed. |

| 19.6.3.7.1.5 System Success Criteria

For a-postulated Loss of normal Feedwater event (with or without
,

Loss of Off-site Power), successful operation of EFWS is defined to!

! be the actuation of at least one pump and opening of associated
valves in that subtrain, and the delivery of at least 500 gpm of
feedwater to either steam generator.

For the postulated Loss of normal Feedwater event given a Station
Blackout, the success is defined as startup of one of the two
turbine-driven pumps and opening of associated valves since power-
is not available to the motor-driven pumps. Availability of the
motor-driven pumps is based on the availability of the safety-
related 4.16 KV buses. Also, since the alternate AC power source
is treated as a recovery action, it is not modeled in the analysis.'

| G
|

|

|
|
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For the postulated event under the Large Secondary Side Break
l (LSSB) or the Steam Generator Tube Rupture (SGTR) condition, EFWS
| success is defined as startup of one pump and opening of associated
| valves, and delivery of flow to the intact or unaffected steam

generator with the crossover between the two EFWS trains credited.
Only the motor-driven pump subtrain in the affected train is
available since there is no steam supply to drive the turbine- i
driven p".mp in the affected train.

| For the postulated event of Loss of one Component Cooling Water
System (CCWS) division or Loss of one 4.16 KV vital bus, EFWS
success is defined as startup of one pump and opening of associated .

! valves, and delivery of flow to the steam generator in the !
' unaffected train. No credit is taken for the crossover between the

two EFWS trains.

For the postulated event of Loss of one 125 VDC vital bus, EFWS i

success is defined as startup of one of the remaining three pumps |
and opening of associated valves, and delivery of flow to one of f

the steam generators. Only one of the pump trains would become
unavailable upon loss of a 125 VDC vital bus.

For the events that require long term cooling, the success of the
EFWS is defined to be the actuation and operation of at least one
EFW pump and opening of associated valves with the non-safety
source of condensate being credited to feed the Emergency Feedwater
Storage Tank, when it is depleted.

19.6.3.7.1.6 Technical Specifications j

The unavailability of the EFWS components due to reaintenance is
determined based on the limiting conditions for operation and the 1

surveillance intervals as specified by the Technical Specifications i
|

(Chapter 16). The unavailability and surveillance intervals for j
the EFWS are summarized below. '

a. During modes 1, 2, 3 and 4, two EFW pumps for each steam
generator are required to be operable. The following !

combinations of EFW pump inoperability are considered.

If one EFW pump is inoperable, 72 hours are allowed to I
*

| restore the EFW pump to operable status.

If this required action is not satisfied, the plant must i*

be brought in mode 3 and, possibly, mode 5.

b. During modes 1, 2, 3 and 4 (except during cooldown procedure)
level in each of the two Emergency Feedwater Storage Tanks
(EFWSTs) must be 2 350,000 gallons. The following combinations
of EFWST inoperability are considered.

O
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' * If - one EFWST is inoperable, 4 hours are allowed to

restore the EFWST to operable status or verify
; operability of the other EFWST and 12 hours are allowed
| to restore the EFWST to operable status.

If this required action is not satisfied, the plant must*

i be brought in mode 3 and, if applicable, in mode 4.

Periodic surveillance is performed to demonstrate that the EFWS
components are operable. The more frequent surveillance
requirements are as follows:

1

a. The following surveillances on the EFW pump are considered. )
,

Every 31 days verify that each EFWS manual, power*

| operated, or automatic valve in the flow path is in its
; correct position.

Every 31 days on a staggered test basis demonstrate that*

each EFW pump's developed head at'the flow test point is
2 the required developed head.

Every 18 months verify that each EFWS automatic valve in*
,

i the flow path actuates to its correct position and that I

l /' N each EFW pump starts automatically on an actuation
i signal.

b. The following surveillances on the EFWST are considered.

| Every 12 hours verify that level in each'EFWST is within*
| its limit.

19.6.3.7.2 System Logic Models

The small event tree large fault tree approach is used in this
| study to quantify event sequences. By choosing the large fault

tree approach, all support systems are developed and then,

| integrated with the front-line or mitigating systems as
appropriate. The EFWS is one of the mitigating system used in the
event sequences.

I
! 19.6.3.7.2.1 Analysis Assumptions

1. For all of the cases considered in the analysis, the success
of EFWS is assumed to be its operation until the Shutdown
Cooling System is actuated or the plant is brought to a stable
condition. The analysis assumed a mission time of 24 hours as
a bounding case.

'

O
,

| Amendment V
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| 2. The EFW pumps are tested after major repair prior to being
declared operable. The mispositioned manual suction valve
and/or the CCWS interface valves would be detected during the
test and corrective actions taken. Therefore, mispositioning
of the EFW pump suction and CCWS interface valves are not
included in the fault tree model.

3. Failure to reclose the EFW pump recirculation valves (EF-224
and EF-232, EF-226 and EF-234, EF-225 and EF-233, and EF-227
and EF-235) will result in diversion of significant amount of
emergency feedwater when demanded. Therefore, mispositioning
of the recirculation valves is included in the fault tree
model.

4. Both recirculation valves associated with an EFW pump must
open in order for flow diversion to occur. Transfer opening
of both valves is a low probability event and is, therefore,
not included in the fault tree model.

5. In order to open the steam supply valves, the pressure on
either side of the valve must be equalized. An equalization
valve is provided to accomplish this function. Failure of the
equalization valve to open will inhibit the opening of the
affected steam supply valve. Once the steam supply valve
opens, transfer closure of the equalization valve will not
affect steam supply to the turbine-driven pump. Therefore,
transfer closure of the steam equalization valve (s) is not
modeled.

6. Although the steam supply valve and steam supply equalization
valve are air-operated valves, they differ in size and
function. Hence, two basic events are used to represent
common cause failures of these valves.

1

7. For a LSSB or SGTR event, it is assumed that operator will
isolate the affected s, team generator. This action involves

1not only verifying closing of the Main Steam Isolation Valves |
(MSIVs), but also isolating the steam supply to the i

turbine-driven pump in the subtrain containing the affected |
steam generator. Implication of this assumption is that only
the motor-driven pump in the affected train is available if
the cross-connection is required to be used.

8. For a LSSB or SGTR, the Emergency Procedure Guidelines
| instruct the operator to maintain the level of the intact
'

steam generator within the normal range. This action is
performed on a continuous basis. Therefore, the probability
that the operator fails to maintain the level of the intact
steam generator is considered to be negligible and hence
failure of this operator action is not explicitly modeled.

O
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9. The valves in the cross-connection between two EFWS subtrains'

are modeled as normally locked closed valves. If the
. motor-driven pump in the affected train is required to feed
*

the unaffected steam generator, it is assumed that the ,

Ioperator will manually align the cross-connection line by
opening appropriate cross-connect valves. In addition, it is
assumed that opening of the cross-connect valves is a tightly J
coupled operator action, i.e. , operator would open both valves ;

or would not open any valve at all. Therefore, a single basic )
event is used to model failure of the operator to open the
cross-connect valves.

10. Power supplies for the steam generator motor-driven isolation
valves in the turbine-driven pump subtrains are assumed to be
125 VDC clacs 1E busses.

11. For the Loss of (normal) Feedwater flow events, the failure of
-the EFW system is modeled in the analysis as inability to
deliver flow to either steam generator. For the LSSB or SGTR
event, the failure is modeled as inability to deliver
emergency feedwater to the unaffected steam generator _ from
either the unaffected EFWS train or the motor-driven subtrain
in the affected line via the cross-connection.

[/) 12. For the events that require long term cooling and the EFWS, it i

\_- is assumed that the EFWST will be depleted prior to
stabilizing the plant operation. For this scenario, the CST
is credited to gravity feed the depleted tank. The operator |
action assumed in this case is the alignment of the non-safety '

source to the depleted EFWST by opening appropriate locked
closed manual valves.

13. The inventory of the Emergency Feedwater Tanks is normally
verified every shift (approximately 8-12 hours) to
demonstrate that emergency feedwater is within its proper 4

level. There will be some sort of annunciation if the level I
is below the minimum limit. The frequent surveillance

'

prevents the EFWSTs from being unavailable for an extended ,

period of time. The unavailability of the EFWSTs is
'

considered to be small and is, therefore, not included in the
fault tree model for the EFWS.

14. The -air supply solenoid valves are included within the
boundary of the steam supply valves [EF-108 & EF-109) and the
steam supply bypass valves (EF-112 & EF-113). Hence, the air
supply solenoid valves are not modeled separately in the fault
tree.

N
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15. The trip and throttle valves and the governor valves are

supplied with the EFWP turbines and are included within the
3

,
boundary of the turbines. Hence, tne trip and throttle valves

j or the governor valves from the EFWP turbines are not modeled
- separately in the fault tree,
i

; The fault tree model for the . Emergency -Feedwater System is
presented in Figure 19.6.3.7-2.*

] 19.6.3.7.2.2 Interface with Event Trees

| The EFWS addressed in this section appears as an element in the
j following event trees:

} * Loss of normal Feedwater flow
i Loss Of Offsite Power (and Station Blackout)*

Large Secondary Side Break*

.

|

4

5h
: V
,

)

!
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i
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Steam Generator Tube Rupture*

* Small Loss-Of-Coolant-Accident (LOCA)
Other Transients (Non-Accident /Non-Loss of main Feedwater*

Flow),

| Loss of one Component Cooling Water division*

* Loss of one 4.16 KV vital bus
Loss of one 125 VDC vital bus*

Anticipated Transient Without Scram (ATWS)*

19.6.3.7.3 System Quantification

In order to estimate the frequency of core damage for those
sequences which include failure of the EFWS, the fault tree models
presented in Figure 19.6.3.7-2 was quantified. The CAFTA 2.2(41)
computer code was used to perform the quantification. The data
used in the quantification is discussed in Section 19.5. |

This section presents the results of the EFWS quantification in
terms of the system failure probability or unavailability and the

| dominant ways in which the system may fail.

19.6.3.7.3.1 System Unavailability

The fault tree model presented in Figure 19.6.3.7-2 was used to
determine the unavailability of the EFWS for two cases, one case
was the failure of the EFWS to deliver flow to either steam
generator and the second case was the failure of EFWS to deliver
flow to the intact SG. The model for second case was obtained by
the use of a flag which prunes out the appropriate part of the
basic model. The result for each case is presented as a
distribution which is represented by the mean and the error factor.
Based on these models, the mean unavailability for the EFWS to
deliver flow to either steam generator is 5.86E-05 with an error
factor of 2.37 and that for the EFWS to deliver flow to the intact
SG is 1.37E-04 with an error factor of 2.18. The total system
unavailability is also presented in Tables 19.6.3.7-1 and
19.6.3.7-2, respectively and is referred to as the "Mincut Upper !

Bound". This value is regarded as a point estimate. It is used to l

determine the relative percent contribution of the individual
cutsets.

19.6.3.7.3.2 Dominant Contributors to System Unavailability

A list of the dominant cut sets for each case presented in Tables
19.6.3.7-1 and 19.6.3.7-2, respectively. The cut set that
contributes the most to system unavailability is listed first
followed by the next dominant and so forth. In addition, the
information presented in these tables for each cut set includes:

* the probability of the cut set, and

* the element or elements of the cut set.
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. Each RCGVS valve2 is powered from the 125 VDC class 1E power

system via its own dedicated inverter.

j In developing the fault tree model for the Rapid Depressurization
*

function of the SDS, the following assumptions were made:

| 1. Failure of the system is defined as the loss of both vent flow
; paths from the pressurizer to the IRWST; i.e., the failure of
'

one of two bleed valves in path A and the failure of one of
two bleed valves in path B.

2. Each bleed valve is also powered from the 125 VDC class 1E

|
power system via its own dedicated inverter.

The fault tree model for the Bleed System is presented in Figure
19.6.3.10-2.

1
~

19.6.3.10.2.2 Interface with Event Trees

1 The SDS interfaces with the following Event Trees:
!

* Small Loss-Of-Coolant-Accident (LOCA)
; Steam Generator Tube Rupture*
'

* Large Secondary Side Break

f )\
; * Loss of Feedwater'

s, Other transients (Non-accident /Non-Loss of Feedwater Flow*
m

i and Non-Large Secondary Side Break)
Loss of one component cooling Water division*

Loss of one 4.16 KV vital bus*

* Loss of one 125 VDC vital busj
i * Loss of Offsite Power

Anticipated Transients Without Scram (ATWS)*

19.6.3.10.3 System Quantification

| The quantification for the RCGVS is a part of quantification for
i the special function, Reactor Coolant System (RCS) Pressure
| Control, presented in Section 19.6.4.4. The quantification for the

Rapid Depressurization System or Bleed System is presented below.

I In order to estimate the frequency of core damage for those
sequences which include failure of the Bleed System, the fault treei

3 model presented in Figure 19.6.3.10-2 was quantified. The CAFTA(41)
] computer code was used to perform the'quantification. The data

.' used in the quantification is discussed in Section 19.5.
|

This section presents the results of the Bleed System
quantificatior, in terms of the system failure probability or
unavailability and the dominant ways in which the system may fail.-

'

s_/
,
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19.6.3.10.3.1 System Unavailability

The fault tree model presented in Figure 19.6.3.10-2 was used to
| determine the unavailability of the Bleed System. The result of
the unavailability quantification is presented in Table
19.6.3.10-1. The dominant cutsets and their relative contribution
to system unavailability are given in the table, along with the
point estimate for system unavailability.

The mean value for the Bleed System unavailability is 1.59E-02,
with an error factor of 2.93.

19.6.3.10.3.2 Dominant Contributors to System Unavailability

A list of the dominant cutsets for the Bleed System is provided in
Table 19.6.3.10-1. The cutset that contributes the most to system
unavailability is listed first followed by the next dominant and so
forth.

The total system unavailability presented in Table 19.6.3.10-1 is
referred to as the "Mincut Upper Bound". This value is regarded as
a point estimate. The point estimate value is used to determine
the percent contribution of the individual cutsets. In addition to
the system unavailability, the information presented in the table
for each cutset includes the probability of the cutset, and the
element or elements of the cutset.

The results of the analysis indicate that the most dominant
antributor to overall Bleed System unavailability is human errors

| (operator fails to initiate bleed) . This cutset contributes 55.8%
of the total system unavailability.

The next most dominant cutset is the common cause failure of the
bleed valves. This cutset contributes 29.3% of the total system
unavailability. The third most dominant category of cutsets

|

|
l

|

O
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TABLE 1/.6.3.10-1

(Sheet 1 of 2)

DOMINANT QJTSETS FOR FAILURE OF THE SAFETY DEPRESSURIZATION (BLEED) SYSTEM

FAULT TREE- PVBB01BX

B.E. MOD./CS.
MODULE / EVENT NAME DESCRIPTION RA E EXPOSURE PROB. PROB.

1) PVBB01BX FAILURE OF SAFETY DEPRESCURIZATION BLEED SYSTEM *1.64E-02
1) VHFFFEE0 BLEED OPERATOR FAILS TO INITIATE FEED & BLEED SYSTEM 9.15E-03 9.15E-03 9.15E-03
2) VVMXBLDV COMMON CAUSE FAILURE OF BLEED VALVES 4.80E-03 4.80E-03 4.80E-03
3) VVMARC-406 MOV RC-406 FAILS TO OPEN 2.40E-02 2.40E-02 5.76E-04

VVMARC-407 MOV RC-407 FAILS TO OPEN 2.40E-02 2.40E-02
4) VVMARC-406 MOV RC-406 FAILS TO OPEN 2.40E-02 2.40E-Oc 5.76E-04

VVMARC-409 MOV RC-409 FAILS TO OPEN 2.40E-02 2.40E-02
5) VVMARC-407 MOV RC-407 FAILS TO OPEN 2.40E-02 2.40E-02 5.76E-04

VVMARC-408 MOV RC-408 FAILS TO OPEN 2.40E-02 2.40E-02
6) VVMARC-408 MOV RC-408 FAILS TO OPEN 2.40E-02 2.40E-02 5.76E-04

VVMARC-409 MOV RC-409 FAILS TO OPEN 2.40E-02 2.40E-02
7) VCIXBLDV GMMON CAUSE FAILURE OF BLEED VALVE INVERTERS 9.60E-05 9.60E-05 9.60E-05
8) VCIPRC-406 BLEC VALVE INVERTER RC-406 FAILS TO PROVIDE ADEQUATE OUTPUT 2.00E-05 24 4.80E-04 1.15E-05

VVMARC-409 Mov RC-409 FAILS TO OPEN 2.40E-02 2.40E-02
9) VCIPRC-406 BLEED VALVE INVERTER RC-406 FAILS TO PROVIDE ADEQUATE OUTPUT 2.00E-05 24 4.80E-04 1.15E-05

VVMARC-407 MOV RC-407 FAILS TO OPEN 2.40E-02 2.40E-02
10) VCIPRC-407 BLEED VALVE INVERTER RC-407 FAILS TO PROVIDE ADEQUATE OUTPUT 2.00E-05 24 4.80E-U4 1.15E-05

VVMARC-408 MOV RC-408 FAILS TO OPEN 2.40E-02 2.40E-02
11) VCIPRC-407 BLEED VALVE INVERTER RC-407 FAILS TO PROVIDE ADEQUATE OUTPUT 2.00E-05 24 4.80E-04 1.15E-05

VVMARC-406 MOV RC-406 FAILS TO OPEN 2.40E-02 2.40E-02
; 12) VCIPRC-408 BLEED VALVE INVERTER RC-408 FAILS TO PROVIDE ADEQUATE OUTPUT 2.00E-05 24 4.80E-04 1.15E-05

VVMARC-407 MOV RC-407 FAILS TO OPEN 2.40E-02 2.40E-02
13) VCIPRC-408 BLEED VALVE INVERTER RC-408 FAILS TO PROVIDE ADEQUATE OUTPUT 2.00E-05 24 4.80E-04 1.15E-05

VVMARC-409 MOV RC-409 FAILS TO OPEN 2.40E-02 2.40E-02
,

14) VCIPRC-409 BLEED VALVE INVERTER RU-409 FA!LS TO PROVIDE ADEQUATE OUTPUT 2.00E-05 24 4.80E-04 1.15E-05
VvMARC-406 MOV RC-406 FAILS TO OPEN 2.40E-02 2.40E-02

15) VCIPRC-409 BLEED VALVE INVERTER RC-409 FAILS TO PROVIDE ADEQUATE OUTPUT 2.00E-05 24 4.80E-04 1.15E-05
VVMARC-408 MOV RC-408 FAILS TO OPEN 2.40E-02 2.40E-02

16) EBBQSA0801S 125 VDC CIRCUIT BREAKER SA0801S OPENS SPURIOUSLY 5.00E-07 24 1.20E-05 2.88E-07
VVMARC-408 MOV RC-408 FAILS TO OPEN 2.40E-02 P.40E-02

17) EBBQSA0801S 125 VDC CIRCUIT BREAKER SA0801S OPENS SPURIOUSLY 5.00E-07 24 1.20E-05 2.88E-07
VVMARC-406 MOV RC-406 FAILS TO OPEN 2.40E-02 2.ME-02

18) EBBQSB0801S 125 VDC CIRCUIT BREAKER SB0801S OPENS SPURIOUSLY 5.00E-07 24 1.20c-05 2.88E-07
VVMARC-409 MOV RC-409 FAILS TO OPEN 2.40E-02 2 've-02

19) EBBQSB0801S 125 VDC CIRCUIT BREAKER SB0801S OPENS SPURIOUSLY 5.00E-07 24 1.20E-05 2.88E-07
VVMARC-407 MOV RC-407 FAILS TO OPEN 2.40E-02 2.40E-02

20) EBBQSC0801S 125 VDC CIRCUIT BREAKER SCOS01S OPENS SPURIOUSLY 5.00E-07 24 1.20E-05 2.88E-07
VVMARC-408 MOV RC-408 FAILS TO OPEN 2.40E-02 2.40E-02

21) EBBQSC0801S 125 VDC CIRCUIT BREAKER SC0801S OPENS SPURIOUSLY 5.00E-07 24 1.20E-05 2.88E-07
VVMARC-406 MOV RC-406 FAILS TO OPEN 2.40E-02 2.40E-02

*

22) EBBQS00801S 125 VDC CIRCUIT BREAKER SD0801S OPENS SPURIOUSLY 5.00E-07 24 1.20E-05 2.88E-07
VVMARC-409 MOV RC-409 FAILS TO OPEN 2.40E-02 2.40E-02
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' TABLE 19.6.3.10-1

! (Sheet 2 of 2)

DOMINANT QJTSETS FOR FAILURE OF THE SAFETY DEPRESSURIZATION (BLEED) SYSTEM

FAULT TREE: PvB801BX

8.E. MG)./CS.
MCOULE/ EVENT NAME DESCRIPTION RATE EXPOSURE PROS. PROS.

23) EBBQSD0801S 125 VDC CIRCUIT BREAKER S00801S OPENS SPURIOUSLY 5.00E-07 24 1.20E-05 2.88E-07
VVMARC-407 MOV RC-407 FAILS TO OPEN 2.40E-02 2.40E-02

24) VOIPRC-406 BLEED VALVE INVERTER RC-406 FAILS TO PROVIDE ADEQUATE OUTPUT 2.00E-05 24 4.80E-04 2.30E-07
VCIPRC-409 BLEED VALVE INVERTER RC-409 FAILS TO PROVIDE ADEQUATE OUTP'JT 2.00E-05 24 4.80E-04

25) VOIPRC-406 BLEED YALVC INVERTER RC-406 FAILS TO PROVIDE ADEQUATE OUTPUT 2.00E-05 24 4.80E-04 2.30E-07
VCIPRC-407 BLEED VALVE INVERTER dC-407 FAILS TO PROVIDE ADEOUATE OUTPUT 2.00E-05 24 4.80E-O'.

26) VCIPRC-407 BLEED VALVE INVERTFi RC-407 FAILS TO PROVIDE ADEQUATE OUTPUT 2.00E-05 24 4.80E-04 2.30E-07
VCIPRC-408 BLEED VALVE IC.C iER RC-408 FAILS TO PROVIDE ADEQUATE OUTPUT 2.00E-05 24 4.80E-04

27) VCIPRC-408 BLEED VALVE INVERTER RC-408 FAILS TO PROVIDE ADEQUATE OUTPUT 2.00E-05 24 4.80E-04 2.30E-E7
VCIPRC-409 BLEED VALVE INVERTER RC-409 FAILS TO PROVIDE ADEQUATE OUTPUT 2.00E-05 24 4.80E-04

28) ELCPSA0801 BUS FAULT ON 125 VDC BUS SA0801. 2.00E-07 24 4.80E-06 1.15E-07
VVMARC-406 MOV RC-406 FAILS TO OPEN 2.401-02 2.40E-02

29) :PSA0801 BUS FAULT ON 125 VDC BUS SA0801. 2.00E-07 24 4.80E-06 1.15E-07
VVMARC-408 MOV '.C-408 FAILS TO OPEN 2.40E-02 2.40E-02

30) ELCPSB0801 BUS FAULT ON 125 VDC BUS S80801. 2.00E-07 24 4.80E-06 1.15E-07
WMARC-409 MOV RC-409 FAILS TO OPEN 2.40E-02 2.40E-02

31) ELCPSB0801 BUS FAULT ON 125 VDC BUS SB0801. 2.00E-07 24 4.80E-06 1.15E-07
VVMARC-407 MOV RC-407 FAILS TO OPEN 2.40E-02 2.40E-02

32) ELCPSC0801 BUS FAULT ON 125 VDC BUS SC0801. 2.00E-07 24 4.80E-06 1.15E-07
VVMARC-406 MOV RC-406 FAILS TO OPEN 2.40E-02 2.40E-02

33) ELCPSC0801 BUS FAULT ON 125 VDC BUS SC0801. 2.00E-07 24 4.80E-06 1.15E-07
VVMARC-408 MOV RC-408 FAILS TO OPEN 2.40E-02 2.40E-02

34) ELCPSD0801 BUS FAULT ON 125 VDC BUS SD0801. 2.00E-07 24 4.80E-06 1.15E-07
VVMARC-409 MOV RC-409 FAILS TO OPEN 2.40E-02 2.40E-02

35) ELCPSDG801 BUS FAULT ON 125 VDC BUS S00801. 2.00E-07 24 4.80E-06 1.15E-07
VVMARC-407 MOV RC-407 FAILS TO OPEN 2.40E-02 2.40E-02

36) ELCX125C1E COMMON CAUSE FAILURE OF 125 VDC CLASS 1E BUS 1.08E-07 1.08E-07 1.08E-07
37) VVMARC-406 MOV RC-406 FAILS TO OPEN 2.40E-02 2.40E-02 8.06E-08

VVMDRC-407 MOV RC-407 FAILS TO REMAIN OPEN 1.40E-07 24 3.36E-06
38) VVMARC-406 MOV RC-406 FAILS TO OPEN 2.40E-02 2.40E-02 8.06E-08

VVMDRC-409 MOV RC-409 FAILS TO REMAIN OPEN 1.40E-07 24 3.36E-06
39) VVMARC-407 MOV RC-407 FAILS TO OPEN 2.40E-02 2.40E-02 8.06E-08

VVMDRC-406 MOV RC-406 FAILS TO REMAIN OPEN 1.40E-07 24 3.36E-06
40) VVMARC-407 MOV RC-407 FAILS TO OPEN 2.40E-02 2.40E-02 8.06E-08

VVMDRC-408 MOV RC-408 FAILS TO REMAIN OPEN 1.40E-07 24 3.36E-06
41) VVMARC-408 Mov RC-408 FAILS TO OPEN 2.40E-02 2.40E-02 8.06E-08

VVMDRC-409 MOV RC-409 FAILS TO REMAIN OPEN 1.40E-07 24 3.36E-06
42) VVMARC-408 MOV RC-408 FAILS TO OPEN 2.40E-02 2.40E-02 8.06E-08

VVMDRC-407 MOV RC-407 FAILS TO REMAIN OPEN 1.40E-07 24 3.36E-06
43) VVMARC-409 MOV RC-409 FAILS TO OPEN 2.40E-02 2.40E-02 8.06E-08

VVMDRC-408 MOV RC-408 FAILS TO REMAIN OPEN 1.40E-07 24 3.36E-06
44) VVMARC-409 MOV RC-409 FAILS TO OPEN 2.40E-02 2.40E-02 8.06E-08

VVMDRC-406 MOV RC-406 FAILS TO REMAIN OPEN 1.40E-07 24 3.36E-06
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TABLE 19.6.3.13-1
i

r(Sheet 1 of 16)

DWi!NANT nlTSETS FOR FAILLNtE OF (XNITAIIBENT SPRAY SYSTEM I
!

FAULT TREE: PGDB01BK |
|

1

B.E. pWB./CS.

BEEULE/ EVENT NAME DESCRIPTICII RATE EXPOSURE PROB. PROB.

1) PG0801BX FAILURE OF CONTAINMENT SPRAY SYSTEM' *6.86E-04

1) GVMXCC-114/214 COMMON CAUSE DEMAND FAILURE OF CSS HX OUTLET CCW MOVs 2.00E-04 2.00E-04 2.00E-04
2) GVMXSI-672/671 COMMON CAUSE DEMAND FAILURE OF CTMT ISOL. MOVs SI-672/671 2.00E-04 2.00E-04 2.00E-04 '|

!

3) GVCXSI-157/158 COMMON CAUSE DEMAND FAILURE OF CHECK VALVES SI-157/158 3.60E-05 3.60E-05 3.60E-05
4) GVCXSI-164/165 COMMON CAUSE DEMAND FAILURE OF CHECK VALVES SI-164/165 3.60E-05 3.60E-05 3.60E-05
5) GS0XD-SET 1 COMMON CAUSE FAILUR.E OF CSS PUMP BREAKERS TO CLOSE . 3.00E-05 3.00E-05 3.00E-05

*

6) GVMACC-114 MOV CC-114 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05
GVMAS!-671 MOV SI-671 FAILS TO OPEN 4.00E-03 1 4.00E-03

7) GVMACC-114 MOV CC-114 FAILS TO OPEN. 4.00E-03 1 4.00E-03 1.60E-05 i

*

GVMACC-214 MOV CC-214 FAILS TO OPEN 4.00E-03 1 4.00E-03
8) GVMACC-214 MOV CC-214 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05 o

GVMASI-672 MOV SI-672 FAILS TO OPEN 4.00E-03 1 4.00E-03
9) G%MASI-671 MOV SI-671 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05

GVMASI-672 MOV SI-672 FAILS TO OPEN 4.00E-03 1 4.00E-03
10) FHFFCSAS OPERATOR FAILS TO GENERATE CONTAINMENT SPRAY ACTUATION SIGNAL 4.6E-03 4.60E-03 1.39E-05

FSAXCSAS COMMON CAUSE FAILURE OF CONTAINMENT SPRAY ACTUATION $1GNAL 3.02E-03 3.02E-03 ,

11) GPC C.SP1 CONTAINMENT SPRAY PUMP CSSP1 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03 7.00E-06
'

GVMASI-671 MOV SI-671 FAILS'TO OPEN 4.00E-03 1 4.00E-03.
12) GPCVCSSP1 CONTAINMENT SPRAY PUMP CSSP1 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03 7.00E-06

CVMACC-214 MOV CC-214 FAILS TO OPEN .
4.00E-03 1 4.00E-03

13) GPCVCSSP2. CONTAINMENT SPRAY PUMP CSSP2 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03 7.00E-06 i

GVMACC-114 MOV CC-114 FAILS TO OPEN 4.00E-03 1 4.00E-03
14) GPCVCSSP2 CONTAINMENT SPRAY. PUMP CSSP2 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03 7.00E-06

GVMASI-672 MOV SI-672 FAILS TO OPEN 4.00E-03' 1 4.00E-03 .

'

15) GVMACC-114 MOV CC-114' FAILS TO OPEN 4.00E-03 1 4.00E-03 3.63E-06-
HVMOSI-305 St LINE 2 IRWST ISO VALVE SI-305 FAILS TO REMAIN OPEN 1.40E-07 18 ' 9.07E-04

16) GVMACC-214 MOV CC-214 FAILS TO OPEN 4.00E-03 1 4.00E-03 3.63E-06 ,

HVMDSI-304 SI LINE 1 IRWST ISO VALVE SI-304' FAILS TO REMAIN OPEN- 1.40E-07 18 9.07E-04 .

17) GVMASI-671 MOV SI-671 FAILS TO OPEN 4.00E-03 1 4.00E-03 3.63E-06
HVMDSI-304 SI LINE 1 IRWST ISO VALVE SI-304 FAILS TO REMAIN OPEN 1.40E-07 18 9.07E-04-

18) GVMASI-672 MOV SI-672 FAILS TO OPEN 4.00E-03 1 4.00E-03 3.63E-06
HVMDSI-305 SI LINE'2 IRWST ISO VALVE SI-305 FAILS TO REMAIN OPEN 1.40E-07 18 9.07E-04

19) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 3.36E-06
EDDXRDGA-B COMMON CAUSE OPERATING FAILURE OF DGs ~4.20E-03 4.20E-03 ,

20) GVMACC-114 MOV CC-114 FAILS TO OPEN 4.00E-03 1 4.00E-03 '3.24E-06 ;
'

GvNDSI-104 MANUAL VALVE S1-104 FAILS TO REMAIN OPEN 1.25E-07 18 8.10E-04
21) GvMACC-214 MOV CC-214 FAILS TO OPEN 4.00E-03 1 4.00E-03 3.24E-06 5

GVNDSI-105 MANUAL VALVE SI-105 FAILS TO REMAIN OPEN 1.25E-07: 18 8.10E-04
22) GVMASI-671 .MOV SI-671 FAILS TO OPEN 4.00E-03 1 4.00E-03 3.24E-06

GVNDSI-105 MANUAL VALVE SI-105 FAILS TO REMAIN OPEN 1.25E-07 18 8.10E-04 i

,
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DOtINANT CUTSETS FOR FAltURE OF CONTAINMENT SPRAY SYSTEM

FAULT TREE: PCOB01BX

B.E. MG)./CS.
MG)ULE/ EVENT KAME DESCRIPTION RA]] EXPOSURE PROB. PROB.

_

23) GVMASI-672 MOV SI-672 FAILS TO OPEN 4.00E-03 1 4.00E-03 3.24E-06
GVNDSI-104 MANUAL VALVE SI-104 FAILS TO REMAIN OPEN 1.25E-07 18 8.10E-04

| 24) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 2.65E-06
EDDKDGA EMERGENCY DIESEL GENERATOR DG A FAILS TO RUN 2.40E-03 24 5.76E-02
EDDKDGB EMERGENCY DIESEL GENERATOR DG B FAILS TO RUN 2.40E-03 24 5.76E-02

25) GHSVCSSHX1 CSS HX 1 UNAVAILABLE DUE TO MAINTENANCE 5.71E-04 5.71E-04 2.28E-06
GVMASI-671 MOV SI-671 FAILS TO OPEN 4.00E-03 1 4.00E-03

26) GHSVCSSHX1 CSS HX 1 UNAVAILABLE DUE TO MAINTENANCE 5.71E-04 5.71E-04 2.2SE-06
CVMACC-214 MOV CC-214 FAILS TO OPEN 4.00E-03 1 4.00E-03

27) GHSVCSSHX2 CSS HX 2 UNAVAILABLE DUE TO MAINTENANCE 5.71E-04 5.71E-04 2.28E-06
GVNASI-672 MOV SI-672 FAILS TO OPEN 4.00E-03 1 4.00E-03

28) GHSVCSSHx2 CSS HX 2 UNAVAILABLE DUE TO MAINTENANCE 5.71E-04 5.71E-04 2.28E-06
GVMALC-114 MOV CC-114 FAILS TO OPEN 4.00E-03 1 4.00E-03

29) GPCVCESP1 CONTAINMENT SPRAY PUMP CSSP1 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03 1.59E-06
HVMDS.-305 SI LINE 2 IRWST ISO VALVE SI-305 FAILS TO REMAIN OPEN 1.40E-07 18 9.07E-04

30) GPCVCSSP2 CONTAINMENT SPRAY PUMP CSSP2 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03 1.59E-06
M'. M I-304 SI LINE 1 IRWST ISO VALVE SI-304 FAILS TO REMAIN OPEN 1.40E-07 18 9.07E-04

31) GhtXRCSS COMMON CAUSE OPERATING FAILURE OF CSS HEAT EXCHANGERS 1.20E-06 1.20E-06 1.20E-06
32) GHSh.sinX1 CSS HX 1 UNAVAILABLE DUE TO MAINTENANCE 5.71E-04 5.71E-04 9.99E-07

GPCVCSSP2 CONTAINMENT SPRAY PUMP CSSP2 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03
33) GHSVCSSHX2 CSS HX 2 UNAVAILABLE DUE TO MAINTENANCE 5.71E-04 5.71E-04 9.09E-07

GPCVCSSP1 CONTAINMENT SPRAY PUMP CSSP1 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03
34) HVHDSI-304 SI LINE 1 IRWST ISO VALVE SI-304 FAILS TO REMAIN OPEN 1.40E-07 18 9.07E-04 8.23E-07

HVMDSI-305 SI LINE 2 IRWST ISO VALVE SI-305 FAILS TO REMA!N OPEN 1.40E-07 18 9.07E-04
35) GVCASI-15/ CHECK VALVE SI-157 FAILS TO OPEN 2.00E-04 1 2.00E-04 8.00E-07

GVMACC-214 MOV CC-214 FAILS TO OPEN 4.00E-03 1 4.00E-03
36) GVCASI-157 CHECK VALVE SI-157 FAILS TO OPEN 2.00E-04 1 2.00E-04 8.00E-07

GVMASI-671 MOV SI-671 FAILS TO OPEN 4.00E-03 1 4.00E-03
37) GVCASI-158 CHECK VALVE SI-158 FAILS TO OPEN 2.00E-04 1 2.00E-04 8.00E-07

GVMACC-114 MOV CC-114 FAILS TO OPEN 4.00E-03 1 4.00E-03
38) GVCASI-158 CHECK VALVE SI-158 FAILS TO OPEN 2.00E-04 1 2.00E-04 8.00E-07

GVMASI-672 MOY SI-672 FAILS TO OPEN 4.00E-03 1 4.00E-03
39) GVCASI-164 CHECK VALVE SI-164 FAILS TO OPEN 2.00E-04 1 2.00E-04 8.00E-07

GVMACC-214 MOV CC-214 FAILS TO OPEN 4.00E-03 1 4.00E-03
40) GVCASI-164 CHECK VALVE SI-164 FAILS TO OPEN 2.00E-04 1 2.00E-04 8.00E-07

GVMASI-671 MOV S1-671 FAILS TO OPEN 4.00E-03 1 4.00E-03
41) GVCASI-165 CHECK VALVE SI-165 FA!LS TO OPEN 2.00E-04 1 2.00E-04 8.00E-07

GVMASI-672 MOV SI-672 FAILS TO OPEN 4.00E-03 1 4.00E-03
42) GVCASI-165 CHECK VALVE SI-165 FAILS TO OPEN 2.00E-04 1 2.00E-04 8.00E-07

GVMACC-114 MOV CC-114 FAILS TO OPEN 4.00E-03 1 4.00E-03

G G Amendment V
April 29, 1994
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DOMINANT CUTSETS FOR FAILURE OF CONTAINMENT SPRAY SYSTEM

FAULT TREE- PGEs01BX

B.E. MCD./CS.
MTULE/ EVENT NAME DESCRIPTION RATE EXPOSURE PROS. PROB.

43) GHFMBYPASS1 CSS /lRWST RETURN LINE 1 MOVs MISPOSITIONED AFTER TEST 1.87E-04 1.87E-04 7.48E-07
GVMACC-214 Mov CC-214 FAILS TO OPEN 4.00E-03 1 4.00E-03

44) GHFMBYPASS1 CSS /IRWST RETURN LINE 1 MOVs MISPOSITIONED AFTER TEST 1.87E-04 1.87E -04 7.48E-07
GVMASI-671 MOV SI-671 FAILS TO OPEN 4.00E-03 1 4.00E-03

45) GMFMBYPASS2 CSS /IRWST RETURN LINE 2 MOVs MISPOSITIONED AFTER TEST 1.87E- 04 1.87E-04 7.48E-07
GVMACC-114 MOV CC-114 FAILS TO OPEN 4.00E-03 1 4.00E-03

46) GHFMBTPASS2 CSS /IRWST RETURN LINE 2 Movs MISPOSITIONED AFTER TEST 1.87E-04 1.87E-04 7.48E-07
GVMASI-672 MOV SI-672 FAILS TO CPEN 4.00E-03 1 4.00E-03

47) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 6.45E-07
EDDJDGB EMERGENCY DIESEL GENERATOR DG B FAILS TO START & LOAD 1.40E-02 1 1.40E-02
EDDKDGA EMERGENCY DIESEL CENERATOR DG A FAliS TO RUN 2.40E-03 24 5.76E-02

48) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 6.45E-07
EDDJDGA EMERGENCY DIESEL GENERATOR DG A FAILS TO START & LOAD 1.40E-02 1 1.40E-02
EDDKDGB EMERGENCY DIESEL GENERATOR DG B FAILS TO RUN 2.40E-03 24 5.76E-02

49) GHSVCSSHX1 CSS HX 1 UNAVAILABLE DUE TO MAINTENANCE 5.71E-04 5.71E-04 5.18E-07
HVMDSI-305 SI LINE 2 IRWST ISO VALVE SI-305 FAILS TO REMAIN OPEN 1.40E-07 18 9.07E-04

50) GHSVCSSHX2 CSS HX 2 UNAVAILABLE DUE TO MAINTENANCE 5.71E-04 5.71E-04 5.18E-07
HVMDSI-304 SI LINE 1 IRWST ISO VALVE SI-304 FAILS TO REMAIN CPEN 1.40E-07 18 9.07E-04

51) EXLXESF COMMON CAUSE FAILURE OF 480 V LC ESF TRANSFORMERS 3.78E-07 3.78E-07 3.78E-07
52) GPCVCSSP1 CONTAINMENT SPRAY PUMP CSSP1 UNAVAILASLE DUE TO MAINTENANCE 1. 75E-03 1.75E-03 3.50E-07

GVCASI-158 CHECK VALVE SI-158 FAILS TO CPEN 2.00E-04 1 2.00E-04
53) GPCVCSSP1 CONTAINMENT SPRAY PUMP CSSP1 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03 3.50E-07

GVCAS!-165 CHECK VALVE SI-165 FAILS TO OPEN 2.00E-04 1 2.00E-04
54) GPCVCSSP2 CONTA!kMENT SPRAY PUMP CSSP2 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03 3.50E-07

GVCASI-157 CHECK VALVE SI-157 FAILS TO OPEN 2.00E-04 1 2.00E-04
55) GPCVCSSP2 CONTAINMENT SPRAY PUMP CSSP2 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03 3.50E-07

GVCASI-164 CH5CK VALVE SI-164 FAILS TO OPEN- 2.00E-04 1 2.00E-04
56) GHFMBYPASS1 CSS /IRWST RETURN LINE 1 MOVs MISPOSITIONED AFTER TEST 1.87E-04 1.87E-04 3.27E-07

GPCVCSSP2 CONTAINMENT SPRAY PUMP CSSP2 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03
57) GHFMBYPASS2 CSS /IRWST RETURN LINE 2 Movs MISPOSITIONED AFTER TEST 1.87E-04 1.87E -04 3.27E-07

GPCVCSSP1 CONTAINMENT SPRAY PUMP CSSP1 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03
58) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 2.76E-07 |

EDDKDGA EMERGENCY DIESEL GENERATOR DG A FAILS TO RUN 2.40E-03 24 5.76E-02
EDDVDGB DG B UNAVAILABLE DUE TO MAlkTENANCE 6.00E-03 6.00E-03

59) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 2.76E-07
EDDKDGB EMERGENCY DIESEL GENERATOR DG B FAILS TO RUN 2.40E-03 24 5.76E-02
EDDVDGA DG A UNAVAILABLE DOE TO MA!NTENANCE 6.00E-03 6.00E-03

Amendment V
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60) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 2.24E-07
EDDXDDGA-B COMMON CAUSE DEMAND FAILURE OF DGs 2.80E-04 2.80E-04

61) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 2.04E-07
EDDKDGS EMERGENCY DIESEL GENERATOR DG B FAILS TO RUN 2.40E-03 24 5.76E-02
ESXRDGA DG A LOAD SEQUENCER FAILS TO OPERATE 1.23E-05 1 4.43E-03

62) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.COE-04 2.04E-07
EDDKDGA EMERGENCY DIESEL GENERATOR DG A FAILS TO RUN 2.40E-03 24 5.76E-02
ESXRDGB DG B LOAD SEQUENCER FAILS TO OPERATE 1.23E-05 1 4.43E-03

63) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 1.84E-07
EDDKDGB EMERGENCY DIESEL GENERATOR DG B FAILS TO RUN 2.40E-03 24 5.76E-02
GVMASI-672 MOV SI-672 FAILS TO OPEN 4.00E-03 1 4.00E-03

64) ESGPTT GRID COLLAPSE ON TUR5INE TRIP 8.00E-04 8.00E-04 1.84E-07
EDDKDGA EMERGENCY DIESEL GENERATOR DG A FAILS TO RUN 2.40E-03 24 5.76E-02
GVMASI-671 MOV SI-671 FAILS TO OPEN 4.00E-03 1 4.00E-03

65) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 1.84E-07
EDDKDGB EMERGENCY DIESEL GENERATOR DG 5 FAILS TO RUN 2.40E-03 24 5.76E-02
GVMACC-114 MOV CC-114 FAILS TO OPEN 4.00E-03 1 4.00E-03

66) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 1.84E-07
EDDKDGA EMERGENCY DIESEL GENERATOR OG A FAILS TO RUN 2.40E-03 24 5.76E-02
GVMACC-214 MOV CC-214 FAILS TO OPEN 4.00E-03 1 4.00E-03

67) GVCASI-157 CHECK VALVE SI-157 FAILS TO OPEN 2.00E-04 1 2.00E-04 1.81E-07
HVMDS!-305 $1 LINE 2 IRWST ISO VALVE SI-305 FAILS TO REMAIN OPEN 1.40E-07 18 9.07E-04

68) GVCASI-158 CHECK VALVE SI-158 FAILS TO OPEN 2.00E-04 1 2.00E-04 1.81E-07
HvMDSI-304 SI LINE 1 IRWST ISO VALVE SI-304 FAILS TO REMAIN OPEN 1.40E-07 18 9.07E-04

69) GVCASI-164 CHECK VALVE SI-164 FAILS TO OPEN 2.00E-04 1 2.00E-04 1.81E-07
HVMDSI-305 SI LINE 2 IRWST ISO VALVE SI-305 FAILS TO REMAIN OPEN 1.40E-07 18 9.07E-04

70) GVCASI-165 CHECK VALVE S1-165 FAILS TO OPEN 2.00E-04 1 2.00E-04 1.81E-07
HVMDSI-304 SI LINE 1 IRWST ISO VALVE SI-304 FAILS TO REMAIN OPEN 1.40E-07 18 9.07E-04

71) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 1.80E-07
ESXXSEO COMMON CAUSE FAILURE OF DG LOAD SEQUENCERS 2.25E-04 2.25E-04

72) GHFMBYPASS1 CSS /IRWST RETURN LINE 1 MOVs MISPOSITIONED AFTER TEST 1.87E-04 1.87E-04 1.70E-07
HVMDSI-305 SI LINE 2 IRWST ISO VALVE SI-305 FAILS TO REMAIN OPEN 1.40E-07 18 9.07E-04

73) GHFMBYPASS2 CSS /IRWST RETURN LINE 2 MOVs MISPOSITIONED AFTER TEST 1.87E-04 1.87E-04 1.70E-07
HVMDSI-304 SI LINE 1 IRWST ISO VALVE SI-304 FAILS TO REMAIN OPEN 1.40E-07 18 9.07E-04

74) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 1.57E-07
EDDJDGA EMERGENCY DIESEL GENERATOR DG A FAILS TO START & LOAD 1.40E-02 1 1.40E-02
EDDJDGB EMERGENCY DIESEL GENERATOR DG B FAILS TO START & LOAD 1.40E-02 1 1.40E-02

75) GHSVCSSHX1 CSS HX 1 UNAVAILABLE DUE TO MAINTENANCE 5.71E-04 5.71E-04 1.14E-07
GVCASI-165 CHECK VALVE SI-165 FAILS TO OPEN 2.00E-04 1 2.00E-04

76) GHSVCSSMX1 CSS MX 1 UNAVAILABLE DUE TO MAINTENANCE 5.71E-04 5.71E-04 1.14E-07
GVCASI-158 CHECK VALVE SI-158 FAILS TO OPEN 2.00E-04 1 2.00E-04

77) GHSVCSSHX2 CSS HX 2 UNAVAILABLE DUE TO MAINTENANCE 5.71E-04 5.71E-04 1.14E-07
GVCASI-164 CHECK VALVE SI-164 FAILS TO OPEN 2.00E-04 1 2.00E-04

G G Amendment M
March 15, 1993
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78) GHSVCSSHX2 CSS HX 2 UNAVAILABLE DUE TO MAINTENANCE 5.71E-04 5.71E-04 1.14E-07
GVCASI-157 CHECK VALVE SI-157 FAILS TO OPEN 2.00E-04 1 2.00E-04

79) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 1.10E-07
EJEXDGRM COMMON CAUSE FAILURE OF DG R00h DAMPERS 1.37E-04 1.37E-04

80) ELBX416ESF COMMON CAUSE FAILURE OF 4.16 KV ESF BUSES 1.08E-07 1.08E-07 1.08E-07
81) ELCX125C1E COMMON CAUSE FAILURE OF 125 VDC CLASS 1E BUS 1.08E-07 1.08E-07 1.08E-07
82) ELLXESF COMMON CAUSE. FAILURE OF 480 V ESF LOAD CENTERS 1.08E-07 1.08E-07 1.08E-07
83) ELMXMCC1E COMMON CAUSE FAILURE OF 480 V ESF MCCs 1.08E-07 1.08E-07 1.0BE-07
84) GHFMBYPASS1 CSS /IRWST RETURN LINE 1 MOVs MISPOSITIONED AFTER TEST -1.87E-04 1.87E-04 1.07E-07 i

GHSVCSSHX2 CSS HX 2 UNAVAILABLE DUE TO MAINTENANCE 5.71E-04 5.71E-04 ;

85) GHFMBYPASS2 CSS /IRWST RETURN LINE 2 MOVs MISPOSITIONED AFTER TEST 1.87E-04 1.87E-04 1.07E-07
GHSVCSSHX1 . CSS HX 1 UNAVAILABLE DUE TO MAINTENANCE 5.71E-04 5.71E-04 '

86) GHSECSSHX1 CONTAINMENT SPRAY Hx CSS HX1 FAILS UHILE OPERATING 1.00E-06 24 2.40E-05 9.60E-08
GVMACC-214 MOV CC-214 FAILS TO OPEN 4.00E-03 1 4.00E-03

87) GHSECSSHX1 CONTAINMENT SPRAY Hx CSS HX1 FAILS WHILE OPERATING 1.00E-06 24 2.40E-05 C.60E-08 *

GVMASI-671 MOV SI-671 FAILS TO OPEN 4.00E-03 1- 4.00E-03
88) GHSECSSHX2 CONTAINMENT SPRAY Hx CSS HX2 FAILS WHILE OPERATING 1.00E-06 24 2.40E-05 9.60E-08

GVMASI-672 Mov SI-677 FAILS TO OPEN 4.00E-03 1 4.00E-03
89) GHSECSSHX2 CONTAINMENT SPRAY Hx CSS HX2 FAILS WHILE OPERATING 1.00E-06 24 2.40E-05 9.60E-08

GVMACC-114 MOV CC-114 FAILS TO OPEN 4.00E-03 1
90) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 ~ 4.00E-03 "

8.00E-04 8.06E-08
EDDKDGA EMERGENCY DIESEL GENERATOR DG A FAILS TO RUN 2.40E-03 24 5.76E-02
GPCVCSSP2 CONTAINMENT SPRAY PUMP CSSP2 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03 '

91) ESGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04. 8.00E-04- 8.06E-08 ,

EDDKDGB EMERGENCY DIESEL GENERATOR DG B FAILS TO RUN 2.40E-03 24 5.76E-02
GPCVCSSP1 CONTAINMENT SPRAY PUMP CSSP1 UNAVAILABLE DUE TO MAIN 1ENANCE . 1.75E-03 1.75E-03

92) GPCJCSSP1 CONTAINMENT SPRAY PUMP CSSP1 FAILS TO START 5.00E-03-1 5.00E-03 6.80E-08
CVMASI-671 MOV SI-671 FAILS TO OPEN 4.00E-03 1 4.00E-03 +

'
JHFLSIXCON1 OPERATOR FAILS TO ALIGN SCS PUMP 1 FOR BACKUP TO CSS PUMP 1 3.40E-03 3.40E-03

93) GPCJCSSP1 CONTAINMENT SPRAY PUMP CSSP1 FAILS TO START 5.00E-03 1 5.00E-03 6.80E-08
GVMACC-214 MOV CC-214 FAILS TO OPEN 4.00E-03 1 4.00E-03
JHFLSIXCON1 OPERATOR FAILS TO ALIGN SCS PUMP 1 FOR BACKUP TO CSS PUMP 1 3.40E-03 3.40E-03

94) GPCJCSSP2 CONTAINMENT SPRAY PUMP CSSP2 FAILS TO START - 5.00E-03 1 5.00E-03 6.80E-08
GVMASI-672 MOV SI-672 FAILS TO OPEN 4.00E-03 1 4.00E-03
JHFLSIXCON2 ' OPERATOR FAILS TO ALIGN SCS PUMP 2 FOR BACKUP TO CSS PUMP 2 3.40E-03 3.40E-03

95) GPCJCSSP2 CONTAINMENT SPRAY PUMP CSSP2 FAILS TO START 5.00E-03 1 5.00E-03 6.80E-08
GVMACC-114 MOV CC-114 FAILS TO OPEN 4.00E-03 1 4.00E-03 [
JHFLSIXCON2 OPERATOR FAILS TO ALIGN SCS PUMP 2 FOR BACKUP TO CSS PUMP 2 3.40E-03 3.40E-03 ,

96) EXLPSCT201 LOAD CENTER TRANSFORMER SCT201 FAILS TO PROVIDE OUTPUT 7.00E-07 24 1.68E-05 6.72E-08
GVMACC-214 MOV CC-214 FAILS TO OPEN '4.00E-03 1 4.00E-03 '

97) EXLPSCT201 LCAD CENTER TRAN5FORMER SCT201 FAILS TO PROVIDE OUTPUT 7.00E-07 '24 1.68E-05 6.72E-08
GVMASI-671 MOV SI-671 FAILS TO OPEN 4.00E-03' 1 4.00E-03 |

98) EXLPSDT201 LOAD CENTER TRANSFORMER SOT 201 FAILS TO PROVIDE OUTPUT 7.00E-07 24 1.68E-05 6.72E-08
GVMASI-672 MOV SI-672 FAILS TO OPEN 4.00E-03 1 '4.00E-03' .;

i
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99) EXLPSDT201 LOAD CENTER TRANSFORMER SDT201 FAILS TO PROVIDE OUTPUT 7.00E-07 24 1.68E-05 6.72E-08
GVMACC-114 MOV CC-114 FAILS TO OPEN 4.00E-03 1 4.00E-03

100) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 6.72E-08
EDDJDGB EMERGENCY DIESEL GENERATOR DG B FAILS TO START & LDAD 1.40E-02 1 1.40E-02
EDDVDGA DG A UNAVAILABLE DUE TO MAINTENANCE 6.00E-03 6.00E-03

101) EBGPTT GRID COLLAPSE CN TURBINE TRIP 8.00E-04 8.00E-04 6.72E-08
EDDJDGA EMERGENCY DIESEL GENERATOR DG A FAILS TO START & LOAD 1.40E-02 1 1.40E-02
EDDVDGB DG B UNAVAILABLE DUE TO MAINTEN*NCE 6.00E-03 6.00E-03

102) GVCDSI-157 CHECK VALVE SI-157 FAILS TO REMAIN OPEN (SPUR. CLOSURL) 6.84E-07 24 1.64E-05 6.5 7E -08
GVMASI-671 MOV SI-671 FAILS TO OPEN 4.00E-03 1 4.00E-03

103) GVCDSI-157 CHECK VALVE SI-157 FAILS TO REMAIN OPEN (SPUR. CLOSURE) 6.84E-07 24 1.64E-05 6.57E-08
GVMACC-214 MOV CC-214 FAILS TO OPEN 4.00E-03 1 4.00E-03

104) GVCDSI-158 CHECK VALVE SI-158 FAILS TO REMAIN OPEN (SPUR. CLOSURE) 6.84E-07 24 1.64E-05 6.57E-08
GVMASI-672 MOV SI-672 FAILS TO OPEN 4.00E-03 1 4.00E-03

105) GVCDSI-158 CHECK VALVE SI-158 FAILS TO REMAIN OPEN (SPUR. CLOSURE) 6.84E-07 24 1.64E-05 6.57E-08
GVMACC-114 MOV CC-114 FAILS TO OPEN 4.00E-03 1 4.00E-03

106) GVCDSI-164 CHECK VALVE SI-164 FAILS TO REMAIN OPEN (SPUR. CLOSURE) 6.84E-07 24 1.64E-05 6.57E-08
GVMASI-671 MOV SI-671 FAILS TO OPEN 4.00E-03 1 4.00E-03

107) GVCDSI-164 CHECK VALVE SI-164 FAILS TO REMAIN OPEN (SPUR. CLOSURE) 6.84E-07 24 1.64E-05 6.57E-08
GVMACC-214 MOV CC-214 FAILS TO OPEN 4.00E-03 1 4.00E-03

108) GVCDS!-165 CHECK VALVE SI-165 FAILS TO REMAIN OPEN (SPUR. CLOSURE) 6.84E-07 24 1.64E-05 6.57E-08
GVMASI-672 MOV SI-672 FAILS TO OPEN 4.00E-03 1 4.00E-03

109) GVCDSI-165 CHECK VALVE SI-165 FAILS TO REMAIN OPEN (SPUR. CLOSURE) 6.84E-07 24 1.64E-05 6.57E-08
GVMACC-114 MOV CC-114 FAILS TO OPEN 4.00E-03 1 4.00E-03

110) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 4.96E-08
EDDJDGB EMERGENCY DIESEL GENERATOR DG B FAILS TO START & LOAD 1.40E-02 1 1.40E-02
ESXRDGA DG A LOAD SEQUENCER FAILS TO OPERATE 1.23E-05 1 4.43E-03

111) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 4.96E-08
EDDJDGA EMERGENCY DIESEL GENERATOR DG A FAILS TO START & LOAD 1.40E-02 1 1.40E-02
ESXRDGB DG B LOAD SEQUENCER FAILS TO OPERATE 1.23E-05 1 4.43E-03

112) EBBQSC0801S 125 VDC CIRCUIT BREAKER SC0801S OPENS SPURIOUSLY 5.00E-07 24 1.20E-05 4.80E-08
GVMACC-214 MOV CC-214 FAILS TO OPEN 4.00E-03 1 4.00E-03

113) EBBQSC0801S 125 VDC CIRCUIT BREAKER SC0801S OPENS SPURIOUSLY 5.00E-07 24 1.20E-05 4.80E-08
GVMASI-671 MOV SI-671 FAILS TO OPEN 4.00E-03 1 4.00E-03

114) EBBQSD0801S 125 VDC CIRCUIT BREAKER SD0801S OPENS SPURIOUSLY 5.00E-07 24 1.20E-05 4.80E-08
GVMACC-114 MOV CC-114 FA!LS TO OPEN 4.00E-03 1 4.00E-03

115) EBBQSD0801S 125 VDC CIRCUIT BREAKER SD0801S OPENS SPURIOUSLY 5.00E-07 24 1.20E-05 4.80E-08
GVMASI-672 MOV SI-672 FAILS TO OPEN 4.00E-03 1 4.00E-03

116) EBCQSCM301 480 V MCC SCM301 SUPPLY BREAKER SCM301 TRIPS SPURIOUSLY 5.00E-07 24 1.20E-05 4.80E-08
GVMACC-214 MOV CC-214 FAILS TO OPEN 4.00E-03 1 4.00E-03

117) EBCQSCM301 480 V MCC SCM301 SUPPLY BREAKER SCM301 TRIPS SPURIOUSLY 5.00E-07 24 1.20E-05 4.80E-08
GVMASI-671 MOV SI-671 FAILS TO OPEN 4.00E-03 1 4.00E-03
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DGIINANT DJTSETS FOR FAlltstE OF CONTAIIBENT SPRAY SYSTEM

FAULT TREE: PGOs01aK

.
8.E. DEB./CS.

,

MGMJLE/ EVENT NAME DESCRIPTION RA_K EXPOSLRE PIITMI. PRGB.4

i

118) EBCQSCT201F 480 V LC SCL301 TRANSFORMER FEED BREAKER SCT201F TRIPS SPURIOUSLY- 5.00E-07 24 1.20E-05 4.80E-08
GVMAS!-671 MOV SI-671 FAILS TO OPEN 4.00E-03 1 4.00E-03

119) EBCOSCT201F 480 V LC SCL301 TRANSFORMER FEED BREAKER SCT201F TRIPS SPURIOUSLY 5.00E-07 - 24 1.20E-05 4.80E-08 ;i

GVMACC-214 MOV CC-214 FAILS TO OPEN 4.00E-03 1 4.00E-03.
.

. 120) EBCOSCT201S 480 V LC SCL301 TRANSFORMER SUPPLY BREAKER SCT201 TRIPS SPURIOUSLY 5.00E-07.24 1.20E-05 4.80E-08
'

GWASI-671 MOV SI-671 FAILS TO OPEN 4.00E-03 1 _4.00E-03 -i
121) EBCQSCT201S 480 V LC SCL301 TRANSFORMER SUPPLY BREAKER SCT201 TRIPS SPUR!OUSLY 5.00E-07 24 1.20E-05 4.80E-08

GVMACC-214 MOV CC-214 FAILS TO OPEN 4.00E-03 1 4.00E-03
122) EBCCSDM301 480 V MCC SDM301 SUPPLY BREAKER SDM301 TRIPS SPdRIOUSLY 5.00E-07 24 1.20E-05 4.80E-08

GVMASI-672 MOV SI-672 FAILS TO OPEN 4.00E-03 1- 4.00E-03 ,

'
123) EBCQSDM301 480 V MCC SDM301 SUPPLY BREAKER SDM301 TRIPS SPURIOUSLY 5.00E-07 24 1.20E-05 4.80E-08

. GVMACC-114 ftCV CC-114 FAILS TO OPEN 4.00E-03 1 4.00E-03
! 124) EBCOSDT201F 480 V LC SDL301 TRANSFORMER FEED BREAKER SDT201F TRIPS SPURIOUSLY 5.00E-07 24 1.20E-05 4.80E-08

GVMASI-672 MOV SI-672 FAILS TO OPEN 4.00E-03 1 4.00E-03
125) EBCQSDT201F 480 V LC SDL301 TRANSFORMER FEED BREAKER SDT201F TRIPS SPURIOUSLY 5.00E-07 24 1.20E-05 4.80E-08

GVMACC-114 MOV CC-114 FAILS TO OPEN 4.00E-03 1 4.00E-03
'

126) EBCOSDT201S 480 V LC SDL301 TRANSFORMER SUPPLY BREAKER SDT2015 TRIP SPURIOUSLY 5.00E-07 24 1.20E-05 4.80E-08
' .GVMASI-672 MOV SI-672 FAILS TO OPEN. 4.00E-03 1 4.00E-03
I 127) EBCQSDT201S 480 V LC SDL301 TRANSFORMER SUPPLY BREAKER SDT201S TRIP SPURIOUSLY 5.00E-07 24 1.20E-05 4.80E-OS .

! GVMACC-114 MOV CC-114 FAILS TO OPEN 4.00E-03 1 4.00E-03
'

+ 128) EBGPTT GRID COLLAPSE ON TURBINE TRIP 3.00E-04 8.00E-04 4.61E-08
[ ECBYS18801 BATTERY S18801 UNAVAILABLE DUE TO MAINTENANCE 1.00E-03 1.00E-03
i EDDKDGB EMERGENCY DIESEL GENERATOR DG B FAILS TO RUN 2.40E-03 24 5.76E-02
: 129) EBGPTT IRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 4.61E-08
| ECBVS28801 IATTERY S28801 UNAVAILABLE DUE TO MAINTENANCE 1.00E-03 1.00E-03

EDDKDGA iMERGENCY DIESEL GENERATOR DG A FAILS TO RUN 2.40E-03- 24 5.76E-02
. 130) GPCJCSSP1 CONTA!NMENT SPRAY PUMP CSSP1 FAILS TO START 5.00E-03 1 5.00E-03 4.60E-08
l GVMASI-671 >0V SI-671 FAILS TO OPEN 4.00E-03 1 4.00E-03

JPRJSCSP1 SHUTDOWN COOLING SYSTEM PUMP 1 FAILS TO START' 2.30E-03 1 2.30E-03 i

i 131) GPCJCSSP1 CONTAINMENT SPRAY PUMP CSSP1 FAILS TO START 5.00E-03 1 5.00E-03 4.60E-08
: GVMACC-214 MOV CC-214 FAILS TO OPEN 4.00E-03 1 4.00E-03

JPRJSCSP1 SHUTDOWN COOLING SYSTEM PUMP 1 FAILS TO START 2.30E-03 1 2.30E-03
132) GPCJCSSP2 CONTAINMENT SPRAY PUMP CSSP2 FAILS TO START. 5.00E-03 1 5.00E-03 4.60E-08 i

GVMACC-114 MOV CC-114 FAILS TO OPEN 4.00E-03 1 4.00E-03 a
,

. JPRJSCSP2 SHUTDOWN COOLING SYSTEM PUMP 2 FAILS TO START '2.30E-03 1 2.30E-03
1 133) GPCJCSSP2 CONTAINMENT SPRAY PUMP CSSP2 FAILS TO START 5.002-03 1 5.00E-03 4.60E-08
i GVMASI-672 MOV SI-672 FAILS TO OPEN 4.00i-03 1 4.00E-03

JPRJSCSP2 SHUTDOWN COOLING SYSTEM PUMP 2 FAILS TO START 2.30E-03 1 2.30E-03
134) EBCPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 4.48E-083 i

I EDDJDGB EMERGENCY DIESEL GENERATOR DG B FAILS TO START & LOAD 1.40E-02 1 1.40E-02 '

I GVMACC-114 MOV CC-114 FAILS TO OPEN 4.00E-03 1: 4.00E-03-
1

i
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D W INANT CUTSETS FOR FAILURE OF CONTAINMENT SPRAY SYSTEM

FAULT TREE: PGOB01BX

B.E. MOD./CS.
MmULE/ EVENT NAME DESCRIPTION RATE EXPOSURE PROB. PROB.

135) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 4.48E-08
EDDJDGA EMERGENCY DIESEL GENERATOR DG A ? AILS TO START & LOAD 1 40E-02 1 1.40E-02
GVNASI-671 MOV SI-671 FAILS TO O/EN 4.00E-03 1 4.00E-03

136) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 4.48E-08
EDDJDGB EMERGENCY DIESEL GENERATOR DG B FAILS TO START & LOAD 1.40E-02 1 1.40E-02
GWASI-672 MOV SI-672 FAILS TO OPEN 4.00E-03 1 4.00E-03

137) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 4.48E-08
EDDJDGA EMERGENCY DIESEL CENERATOR DG A FAILS TO START & LOAD 1.40E-02 1 1.40E-02
GVMACC-214 Nov CC-214 FAILS TO 5N 4.00E-03 1 4.00E-03

138) ESGPTT GRID COLLAPSE ON TURu.NE TRIP 8.00E-04 8.00E-04 4.31E-08
ECSPS28801 BATTERY S28801 FAILS TO PROVIDE ADEQUATE OUTPUT 2.60E-06 1 9.36E-04
EDDKDGA EMERGENCY DIESEL GENERATOR DG A FAILS TO RUN 2.40E-03 24 5.76E-02

139) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 4.31E-08
ECBPS18801 BATTERY S18801 FAILS TO PROVIDE ADECUATE OUTPUT 2.60E-06 1 9.36E-04
EDDKDGB tMERGENCY DIESEL GENERATOR DG B FAILS TO RUN 2.40E-03 24 5.76E-02

140) GHSECSSHX1 CONTAINMENT SPRAY Hx CSS HX1 F Alls WHILE OPEFATING 1.00E-06 24 2.40E-05 4.20E-08
GPCVCSSP2 CONTAINMENT SPRAY PUMP CSSP2 t' !LABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03

141) GHC TSHX2 CONTAINMENT SPRAY Hx CSS M2 MILE OPEk? TING 1.00E-06 24 2.4CE-05 4.20E-08
GPC) .SP1 CONTAINMENT SPRAY PUMP CSSPI ASLE DUE 'O MAINTENr.NCE 1.75E-03 1.75E-03

142) GPCXDCSS COMMON CAUSE DEMAND FAl'.URE CF n PUMPS 1.30E-04 1.30E-04 4.19E-08
JPRXDSCS COMMON CAUSE DEMAND FAILURE OF SCS PUMPS 3.22E-04 3.22E-04

143) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.006 04 4.18E-08
EDDKDGA EMER0ENCY DIESEL GENERATOR DC A FAILS TO RUN 2.40E-03 R4 5.76E-0?
HVMDSI-305 SI LINE 2 IRWST ISO VALVE 91-305 FAILS TO REMAIN OPEM 1.400-07 T. 9.07E-04

144) EBGPTT GRID COLLAPSE ON TURBINE RIP 8.00E-04 8.00E-04 4.18E-08
EDDKDG8 EMERGENCY DIESEL GENERATOR DG B FAILS TO RUN 2.40r 03 24 .i.76E-02
HVMDSI-304 SI LINE 1 IRWST ISO VALVE SI-304 FAILS TO REMA N OPEN 1 GE-07 18 9.07E-04

145) GPCJCSSP1 CONTAINMENT SPRAY PUMP CSSP1 FAILS TO START 5.00E-03 1 5.00E-03 4.00E-08
GVMASI-671 MOV SI-671 FAILS TO OPEN 4.0CE-03 1 4.00E-03
JPRVSCSP1 SHUTDOWN COOLING SYSTEM PUMP 1 UNAVAILABLE DUE TO TESTING /MAINikNA 2.00E-03 2.00E-03

146) GPCJCSSP1 CONTAINMENT SPRAY PUMP CSSP1 FAILS TO START 5.00E-03 1 5.00E-03 4.00E-08
GVMACC-214 MO. CC-214 FAILS TO OPEN 4.00E-03 1 4.00E-03
JPRVSLSP1 SHUTDOWN COOLING SYSTEM PUMP 1 UNAVAILABLE DUE TO TESTING /MAINTENA 2.00E-03 2.00E-03

147) GPCJCSSP2 CONTAINMENT SPRAY PUMP CSSP2 falls TO START 5.00E-03 1 5.00E-03 4.00E-08
GVMASI-672 MOV St-672 FAILS TO OPEN 4.00E-03 1 4.00E-03
JPRVSCSP2 SHUTDOWN COOLING SYSTEM PUMP 2 UNAVAILABLE DUE TO TESTING /MAINTENA 2.00E-03 2.00E-03

148) GPCJCSSP2 CONTAINMENT SPRAY PUMP CSSP2 FAILS TO START 5.00E-03 1 5.00E-03 4.00E-08
GVMACC-114 MOV CC-114 FAILS TO OPEN 4.00E-03 1 4.00E-03
JPRVSCSP2 SHUTDOWN COOLING SYSTEM PUMP 2 UNAVAILABLE DUE TO TESTING /MAINTENA 2.00E-03 2.00E-03

149) GvCASI-157 CHECK VALVE SI-157 FAILS TO OPEN 2.00E-04 1 2.00E-04 4.00E-08
GVCASI-158 CHECK VALVE SI-158 FAILS TO OPEN 2.00E-04 1 2.00E-04

150) GVCASI-157 CHECK VALVE SI-157 FAILS TO OPEN 2.00E-04 1 2.00E-04 4.00E-08
GVCASI-165 CHECK VALVE S!-165 FAILS TO OPEN 2.00E-04 1 2.00E-04
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DOMINANT DJTSETS FOR FAILURE OF CONTAINENT SPRAY SYSTEM

FAULT TREE: PGOB01BX
i

'

j

i B.E. IED./CS. i

! MODULE / EVENT NAME DESCRIPTION RA_TE EXPOSURE PROB. PROB.

i
'

151) GVCASI-158 CHECK VALVE SI-158 FAILS TO CPEN 2.00E-04 1 2.00E-04 4.00E-08
GVCASI 164 CHECK VALVE S1-164 FAILS TO OPEN 2.00E-04 1 2.00E-04

152) GVCASI-164 CHECK VALVE SI-164 FAILS TO OPEN 2.00E-04 1 2.00E-04 4.00E-08
i GVCASI-165 CHECK VALVE St-165 FAILS TO OPEN 2.00E-04 1 2.00E-04

153) GPCJCSSP1 CONTAINMENT SPRAY PUMP CSSP1 FAILS TO START 5.00E-03 1 5.00E-03 3.87E-05
GPCJCSSP2 CONTAINMENT SPRAY PUMP CSSP2 FAILS TO START 5.00E-03. 1 5.00E-03 |

* JVNXXCONN CCF OF CSS-TO-SCS CROSS-CONNECT MANUAL VALVES TO OPEN 1.55E-03 1.55E-03
154) CHFMBYPASS1 CSS /lRWST RETURN LINE 1 MOVs MISPOSITIONED AFTER TEST 1.87E-04 1.87E-04 3.74E-08.

GVCASI-158 CHECK VALVE SI-158 FAILS TO OPEN 2.00E-04 1 2.00E-04
155) GHFMBYPASS1 CSS /IRWST RETURN LINE 1 MOVs MISPOSITIONED AFTER TEST 1.87E-04 1.87E-04 3.74E-08 i

Gi he.-165 CHECK VALVE S1-165 FAILS TO OPEN 2.00E-04 1- 2.00E-04 '

156) GK.*.fPASS2 CSS /IRWST RETURN LINE 2 MOVs MISPOSITIONED AFTER TEST 1.87E-04 1.87E-04 3.74E-08
i- GVCASI-164 CHECK VALVE SI-164 FAILS To op R 2.00E-04 1 2.00E-04

157) GHFMBYPASS2 CSS /IRWST RETURN LINE 2 % M PJSITIONED AFTER TEST 1.87E-04 1.87E-04' 3.74E-08
GVCASI-157 CHECK VALVE St-157 FAILS ; 4 - 2.00E-04 1 2.00E-04

158) GHFMBYPASSI CSS /IRWST RETURN LINE 1 P4 1SPOSITIONED AFTER TEST '1.87E-04 1.87E-04 3.50E-08
GHFMBYPASS2 CSS /IRWST RETURN LINE 2 Mo n MISPOSITIONED AFTER TEST 1.87E-04 1.87E-04

159) GPCJCSSP1 CONTAINMENT SPRAY PUMP CSSP1 FAILS TO STARi 5.00E-03 1 5.00E-03 3.10E-08
! GVMASI-671 MOV SI-671 FAILS TO OPEN 4.00E-03 1- 4.00E-03
- JVNXXCONN CCF OF CSS-TO-SCS CROSS-CONNECT MANUAL VALVES TO OPEN 1.55E-03 1.55E-03
3 160) GPCJCSSP1 CONTAINMENT SPRAY PUMP CSSP1 FAILS TO START 5.00E-03 1 5.00E-03 3.10E-08
s GVMACC-214 MOV CC-214 FAILS TO OPEN 4.00E-03 1 :4.00E-03

JVNXXCONN CCF OF CSS-TO-SCS CROSS-CONNECT MANUAL VALVES TO OPEN 1.55E-03 1.55E-03
161) GPCJCSSP2 CONTAINMENT SPRAY PUMP CSSP2 FAILS TO START 5.00E-03 1 5.00E-03 3.10E-08,

4 GVMACC-114 MOV CC-114 FAILS TO OPEN 4.00E-03 1 4.00E-03-
JVNXXCONN CCF OF CSS-TO-SCS CROSS-CONNECT MANUAL VALVES TO OPEN 1.55E-03 1.55E-03*

162) GPCJCSSP2 CONTAINMENT SPRAY PUMP CSSP2 FAILS TO START 5.00E-03 1 5.00E-03 3.10E-08<

| GVMASI-672 MOV SI-672 FAILS TO OPEN 4.00E-03 1 4.00E-03
JVNXXCONN CCF OF CSS-TO-SCS CROSS-CONNECT MANUAL VALVES TO OPEN 1.55E-03 1.55E-034

i 163) GPCJCSSP1 CONTAINMENT SPRAY PUMP CSSP1 FA!LS TO START b.00E-03 1 . 5.00E-03 2.9EE-08~ |

GPCVCESP2 CONTAINMENT SPRAY PUMP CSSP2 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03
i JHFLS!XCON1 OPERATOR FAILS TO ALIGN SCS PUMP 1 FOR BACKUP TO CSS PUMP 1 3.40E-03 3.40E-03
'

164) GPCJCSSP2 CONTAINMENT SPRAY PUMP CSSP2 FAILS TO START 5.00E-03 1 5.00E-03 2.98E-08
GPCVCSSP1 CONTAINMENT SPRAY PUMP CSSP1 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03'

JHFLSIXCON2 OPERATOR FAILS TO ALIGN SCS PUMP 2 FOR BACKUP TO CSS PUMP 2 3.40E-03' 3.40E-03 >

7

j 165) EXLPSCT201 LOAD CENTER TRANSFURMER SCT201 FAILS TO PROVIDE OUTPUT 7.00E-07 24 1.68E-05 2.94E-08
GPCVCSSP2 CONTAINMENT SPRAY PUMP CSSP2 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03

j 166) EXLPSCT201 LOAD CENTEk TRANSFORMER SDT201 FAILS TO PROVIDE OUTPUT 7.00E-07 24 1.68E-05 2.94E-08
GPCVCSSP1 CONTAINMENT SPRAY PUMP CSSP1 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03*

p 1 <
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DOMINANT CUISETS FOR FAILUiE OF CONTAINMENT SPRAY SYSTEM

FAULT TREE: PGOB01BX

B.E. MG)./CS.
M @ ULE/ EVENT NAME DESCRIPil0N RATE EXPOSURE PROB. PROB.

167) GPCVCSSP1 CONTAINMENT SPRAY PUMP CSSP1 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 ' 750-03 2.87E-08
GVCDSI-165 CHECK VAL %E SI-165 FAtLS TO REMAIN OPEN (SPUR. CLOSURE) 6.84E-07 24 1.64E-05

168) GPCVCSSP1 CONTAINMENT SPRAY PUMP CSSP1 UNAVAllABLE DUE To MAINTENANCE 1.75E-03 1.75E-03 2.87E-08
GVCDSI-158 CHECK VALVE SI-158 FAILS TO REMAIN CPEN (SPUR. CLOSURE) 6.84E-07 24 1.64E-05

169) GPCVCSSP2 CONTAINMENT SPRAY PUMP CSSP2 UNAVAILABLE DUE TO MA!NTENANCE 1.75E-03 1.75E-03 2.87E-08
GVCDSI-164 CHECK VALVE SI-164 FAILS TO REMAIN OPEN (SPUR. CLOSURE) 6.84E-07 24 1.64E-05

170) GPCVCSSP2 CONTAINMENT SPRAY PUMP CSSP2 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03 2.87E-08
GVCDSI-157 CHECK VALVE SI-157 FAILS TO REMAIN OPEN (SPUR. CLOSURE) 6.84E-07 24 1.64E-05

171) CVDXCC102-202 COMMON CAUSE FAILURE OF NON-ESSENTIAL COMPONENT CCW SUPPLY ISOLATI 1.36E-04 1.36E-04 2.72E-08
CVMXSW121-221 COMMON CAUSE FAILURE OF Hx ISOLATION VALVES SW-121, SW-221, SW-123 2.00E-04 2.00E-04

172) CVDXCC102-202 COMMON CAUSE FAILURE OF NON-ESSENTIAL COMPONENT CCW SUPPLY ISOLATI 1.36E-04 1.36E-04 2.72E-08
CVMXCC107-207 COMMON CAUSE FAILURE OF Nx ISOLATION VALVES CC-107, CC-207, CC-109 2.00E-04 2.00E-04

173) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 2.63E-08
EDDKDGA EMERGENCY DIESEL GENERATOR DG A FAILS TO RUN 2.40E-03 24 5.76E-02
GHSVCSSHX2 CSS HX 2 UNAVAILABLE DUE TO MAINTENANCE 5.71E-04 5.71E-04

174) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 2.63E-08
EDDKDGP EMERGENCY DIESEL GENERATOR DG B FAILS TO RUN 2.40E-03 24 5.76E-C2
GHSVCSSdX1 CSS HX 1 UNAVAILABLE DUE TO MAINTENANCE 5.71E-04 5.71E-04

175) GPCXRCSS COMMON CAUSE OPERATING FAILURE OF CSS PUMPS 8.04E-05 8.04E-05 2.59E-08
JPRXDSCS COMMON CAUSE DEMAND FAILURE OF SCS PUMPS 3.22E-04 3.22E-04

176) GHSECSSHX1 CONTAINMENT SPRAY Hx CSS HX1 FAILS WHILE OPERATING 1.00E-06 24 2.40E-05 2.18E-08
HVMDS!-305 St LINE 2 IRWST ISO VALVE SI-305 FAILS TO REMAIN OPEN 1.40E-07 18 9.07E-04

177) GHSECSSHX2 CONTAINMENT SPRAY Hx CSS HX2 FAILS WHILE OPERATING 1.00E-06 24 2.40E-05 2.18E-08
HVMDSI-304 St LINE 1 IRWST ISO VALVE SI-304 FAILS TO REMAIN OPEN 1.40E-07 18 9.07E-04

178) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 2.16E-08
EWFXDDGRM COMMOM CAUSE DEMAND FAILURE OF DG ROOM FANS 2.70E-05 2.7GE-05

179) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 2.13E-08
EDOVDGA DG A UNAVAILABLE DUE TO MAINTENANCE 6.00E-03 6.0PE-03
ESXRDGB DG B LOAD SEQUENCER FAILS TO OPERATE 1.23E-05 1 4.43E-03

180) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 2.13E-08
EDDVDGB DG B UNAVAILABLE DUE TO MAINTENANCE 6.00E-03 6.00E-03
ESXRDGA DG A LOAN SEQUENCER FAILS TO OPERATE 1.23E-05 1 4.43E-03

181) EBBQSC08015 125 VDC CIRt.u!T BREAKER SC0801S OPENS SPURIOUSLY 5.00E-07 24 1.20E-05 2.10E-08
GPCVCSSP2 CONTAINMENT SPRAY PUMP CSSP2 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03

182) EBBQSD08015 125 VDC CIRCUIT BREAKER SD0801S OPENS SPURIOUSLY 5.00E-07 24 1.20E-05 2.10E-08
GPCVCSSP1 CONTAINMENT SPRAY PUMP CSSP1 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03

183) EBCQSCM301 480 V MCC SCM301 SUPPLY BREAKER SCM301 TRIPS SPURIOUSLV 5.00E-07 24 1.20E-05 2.10E-08
GPCVCSSP2 CONTAINMENT SPRAY PUMP CSSP2 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03

184) EBCQSCT201F 480 V LC SCL301 TRANSFORMER FEED BREAKER SCT201F TRIPS E ?!OUSLY 5.00E-07 24 1.20E-05 2.10E-08
GPCYCSSP2 CONTAINMENT SPRAY PUMP CSSP2 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03

185) EBCCSCT201S 480 V LC SCL301 TRANSFORMER SUPPLY BREAKER SCT201 TRIPS SPURIOUSLY 5.00E-07 24 1.20E-05 2.10E-08
GPCVCSSP2 CONTAINMENT SPRAY PUMP CSSP2 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03
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TABLE 14.6.3.13-1

(Sheet 11 of 16)

DOMINANT CUTSETS FOR FAILURE OF CONTAttBENT SPRAY SYSTEM
'!

FAULT TREE: PGOB01BK
,

B.E. IKB./CS.
MW ULE/ EVENT NAME DESCRIPTION RA,TE EXPOSURE PROB. PROB.T 1

-!
,

186) EBCQSDM301 480 V MCC SDM301 SUPPLY BREAKER SDM301 TRIPS SPURIOUSLY 5.00E-07 24' 1.20E-05 2.10E-08 !

GPCVCSSP1 CONTAINMENT SPRAY PUMP CSSP1 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03,

187) EBCCSDT201F 480 V LC SDL301 TRANSFORMER FEED BREAKER SDT201F TRIPS SPURIOUSLY 5.00E-07 24 1.20E-05 2.10E-08
GPCVCSSP1 CONTAINMENT SPRAY PUMP CSSP1 UNAVAILABLE DUE TO MAINTENANCE . 1.75E-03 1.75E-03

188) EBCCSDT2015 480 V LC SDL301 TRANSFORMER SUPPLY BREAKER SDT201S TRIP SPURIOUSLY 5.00E-07 24 1.20E-05_ 2.10E-08
:. GPCYCSSP1 CONTAINMENT. SPRAY PUMP CSSP1 UNAVAILABLE DUE TO MAINTENANCE ~ 1.75E-03 '1.75E-03

.

{
189) GPCJCSSP1 CONTAINMENT SPRAY PUMP CSSP1 FAILS TO START 5.00E-03 1 5.00E-03 2.01E-08' r

GPCVCSSP2 CONTAINMENT SPRAY PUMP CSSP2 UNAVAILABLE DUE TO MAINTENANCE-- 1.75E-03 1.75E-03
JPRJSCSP1 SHUTDOWN COOLING SYSTEM PUMP 1 FAILS TO START .2.30E-03 1 2.30E-03

190) GPCJCSSP2 CCNTAINMENT SPRAY PUMP CSSP2 FAILS TO START 5.00E-03 1 5.00E-03 2.01E 08 ?

'
GPCVCSSP1 CONTAINMENT SPRAY PUMP CSSP1 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 .1.75E-03
JPRJSCSP2 SHUTDOWN COOLING SYSTEM PUMP 2 FAILS TO START 2.30E-03 1 2.30E-03 !

.! 191) EBGPTT GRID COLLAPSE ON TURBINE TRIP
't.40E-02 1 .. 1.40E-02

8.00E-04 8.00E-04 1.96E-08
3 EDDJDGA EMERGENCY DIESEL GENERATOR DG A FAILS TO START & LOAD

GPCVCSSP2 CONTAINMENT SPRAY PUMP CSSP2 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03' 1.75E-03
192) EBGPTT GRID COLLAPSE ON TU;BINE TRIP . 8.00E 04 8.00E-04 '1.96E-08

EDDJDGB EMERGENCY DIESEL GENERATOR DG.B FAILS TO START & LOAD 1.40E-02 1 1.40E-02 1

GPCVCSSP1 CONTAINMENT SPRAY PUMP CSSP1 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03
.

;

2.00E-07 24 4.80E-06 1.92E-08 |193) ELBPSCS201 BUS FAULT ON 4.16 Kv SWGR SCS201.
_ 4.00E-03 1 4.00E-03CVMACC-214' MOV CC-214 FAILS TO OPEN *

194) ELBPSCS201* BUS FAULT ON 4.16 Kv SWGR SCS201. - 2.00E-07 24 4.80E-06 .1.92E-08 ?

, .

.

4.00E-03 1 4.00E-03 IGVMAS!-671. MOV SI-671-FAILS TO OPEN

| 195) ELBPSDS201 . BUS FAULT ON 4.16 Kv SWGR SDS201. 2.00E-07 24 4.80E-06 1.92E-08 +

! GVMACC-114 MOV CC-114 FAILS TO OPEN 4.00E*03 1 4.00E-03
196) ELBPSDS2C BUS FAULT ON 4.16 Ky SWGR SDS201. 2.00E-07 24' -4.80E-06 1.92E*08

I*
GVNASI-67. MCV SI-672 FAILS TO OPEN 4.00E-03 1. 4.00E-03

| 197) ELCPSC080' BUS FAULT ON 125 VDC BUS SC0801. .2.00E-07 24 - 4.80E-06--1.92E-08
i GVMASI-671 MCV SI-671 FAILS TO OPEN 4.00E-03 1 -4.00E-03 1

198) ELCPSC0801 BUS FAULT ON 125 VDC BUS SC0801. 2.00E-07 24 4.80E-06 1.92E-08-
GVMACC-214 MOV CC-214 FAILS TO OPEN 4.00E-03 1 . . 4.00E-03 ..

! 199) ELCPS00801 BUS FAULT ON 125 VDC BUS S00801. 2.00E-07 24 ~4.80E-06 1.92E-08
3 '

GVMACC-114: MOV CC-114 FAILS TO OPEN - 4.00E-03 .1 4.00E-03
! 200) ELCPSD0801 EOS FAULT ON 125 VDC BUS SD0801. 2.00E-07 24 4.80E-06 1.92E-08
i GVMASI-672 MOV SI-672 FAILS TO OPEN 4.00E-03' 1 4.00E-03-
j 201) ELLPSCL301 BUS FAULT ON 480 V BUS SCL301- 2.00E-07 24 4.80E-06'1.92E-08
i GVMACC-214' MOV CC-214 FAILS TO OPEN 4.00E-03. 1 4.00E-03 +

i 202) ELLPSCL301 BUS FAULT ON 480 V BUS SCL301. 2.00E-07.24 4.80E-06I1.92E-08
|- GVMASI-671 MOV SI-671 FAILS TO OPEN 4.00E-03 1- 4.00E-03
- 203) ELLPSDL301 - BUS FAULT ON 480 V BUS SDL301. 2.00E-07 24 4.80E-06 1.92E-08
} GVMASI-672 - MOV SI-672 FAILS TO OPEN 4.00E-03' 1 4.00E-03 >

204) ELLPSDL301 BUS FAULT ON 480 V BUS SDt301. 2.00E-07 24 ' 4.80E-06 '1.92E-08 i
j GVMACC-114 MOV CC-114 FAILS TO OPEN 4.00E-03 1 4.00E-03 !

4
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TABLE 19.6.3.13-1

(Sheet 12 of 16)

DOMINANT CUTSETS FOR FAILURE OF CONTAINMENT SPRAY SYSTEM

FAULT TREE: PGOB01BX

B.E. M(D./CS.
MCDULE/ EVENT NAME DESCRIPTION M EXPOSURE PROB. PROB.

205) ELMPSCM301 BUS FAULT ON 480 V MCC SCM301. 2.00E-07 24 4.80E-06 1.92E-08
GVMASI-671 MOV St-671 FAILS TO OPEN 4.00E-03 1 4.00E-03

206) ELMPSCM301 BUS FAULT ON 480 V MCC SCM301. 2.00E-07 24 4.80E-06 1.92E-08
GVMACC-214 MOV CC-214 FAILS TO OPEN 4.00E-03 1 4.00E-03

207) ELMPSDM301 SUS FAULT ON 480 V MCC SDM301. 2.00E-07 24 4.80E-06 1.92E-08
GVMASI-672 MOV SI-672 FAILS TO OPEN 4.00E-03 1 4.00E-03

208) ELMPSDM301 BUS FAULT ON 480 V MCC SDM301. 2.00E-07 24 4.80E-06 1.92E-08
GVMACC-114 MOV CC-114 FAILS 10 OPEN 4.00E-03 1 4.00E-03

209) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 1.92E-08
EDDVDGA DG A UNAVAILABLE DUE TO MAINTENANCE 6.00E-03 6.00E-03
GVMACC-214 MOV CC-214 FAILS TO OPEN 4.00E-03 1 4.00E-03

210) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 1.92E-08
ECDVDGB DG B UNAVAILABLE CUE TO MAINTENANCE 6.00E-03 6.00E-03
GVMACC-114 MOV CC-114 FAILS TO OPEN 4.00E-03 1 4.00E-03

211) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 1.92E-08
EDDVDCB DG B UNAVAILABLE DUE TO MAINTENANCE 6.00E-03 6.00E-03
GVMASI-672 MOV SI-672 FAILS TO OPEN 4.00E-03 1 4.00E-03

212) EBGPTT CR!D CottAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 1.92E-08
EDDVDGA DG A UNAVAILASLE DUE TO MAINTENANCE 6.00E-03 6.00E-03
GVMASI-671 MOV SI-671 FAILS TO OPEN 4.00E-03 1 t. 00E-03

213) CPBXDCCVPIB-28 COMMON CAUSE DEMAND FAILURE OF CCWPs 1B AND 28 1 W -04 1.30E-04 1.77E-08
CVDXCC102-202 COMMON CAUSE FAILURE OF NON-ESSENTIAL rEMPONENT CCW SUPPLY ISOLATI 1.} E-04 1.36E-04

214) GPCJCSSP1 CONTAINMENT SPRAY PUMP CSSP1 FAILS TO START 5.00E-03 1 5.00E-03 1.75E-08
GPCVCSSP2 CONTAINMENT SPRAY PUMP CSSP2 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03
JPRVSCSP1 SHUTDOWN COOLING SYSTEM PUMP 1 UNAVAILABLE DUE TO TESTING /MAINTENA 2.00E-03 2.00E-03

215) GPCJCSSP2 CONTAINMENT SPRAY PUMP CSSP2 FAILS TO START 5.00E-03 1 5.00E-03 1.75E-08
GPCYCSSP1 CONTAINMENT SPRAY PUMP CSSP1 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03
JPRVSCSP2 SHUTDOWN COOLING SYSTEM PUMP 2 UNAVAILABLE DUE TO TESTING /MAINTENA 2.00E-03 2.00E-03

216) GPCKCSSP1 CONTAINMENT SPRAY PUMP CSSP1 FAILS TO RUN 5.00E-05 24 1.20E-03 1.63E-08
GVMACC-214 MOV CC-214 FAILS TO OPEN 4.00E-03 1 4.00E-03
JHFLSIXCON1 OPERATOR FAILS TO ALIGN SCS PUMP 1 FOR BACKUP TO CSS PUMP 1 3.40E-03 3.40E-03

217) GPCKCSSP1 CONTAINMENT SPRAY PUMP CSSP1 FAILS TO RUN 5.00E-05 24 1.20E-03 1.63E-08
GVMASI-671 MOV SI-671 FAILS TO OPEN 4.00E-03 1 4.00E-03
JHFLSIXCON1 OPERATOR FAILS TO ALIGN SCS PUMP 1 FOR BACKUP TO CSS PUMP 1 3.40E-03 3.40E-03

218) GPCKCSSP2 CONTAINMENT SPRAY PUMP CSSP2 FAILS TO RUN 5.00E-05 24 1.20E-03 1.63E-08
GVNASI-672 MOV SI-672 FAILS TO OPEN 4.00E-03 1 4.00E-03
JHFLSIXCON2 OPERATOR FAILS TO ALIGN SCS PUMP 2 FOR BACKUP TO CSS PUMP 2 3.40E-03 3.40E-03

219) GPCKCSSP2 CONTAINMENT SPRAY PUMP CSSP2 FAILS TO RUN 5.00E-05 24 1.20E-03 1.63E-08
GVMACC-114 MOV CC-114 FAILS TO OPEN 4.00E-03 1 4.00E-03
JHFLSIXCON2 OPERATOR FAILS TO ALIGN SCS PUMP 2 FOR BACKUP TO CSS PUMP 2 3.40E-03 3.40E-03

220) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 1.57E-08
ESXRDGA DG A LOAD SEQUENCER FAILS TO OPERATE 1.23E-05 1 4.43E-03
ESXRDGB DG B LOAD SEQUENCER FAILS TO OPERATE 1.23E-05 1 4.43E-03
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TABL 1 3.13-1

(Sheet 13 of 16)

DOMINANT EUTSETS FOR FAILURE OF CCNTAINMENT SPRAY SYSTEM

FAULT TREE: PGOB01BX

B.E. pKD./CS.

PEDULE/ EVENT NAME DESCRIPTION RAE EXPOSURE PROB. PROB.

221) GPCJCSSP1 CONTAINMENT SPRAY PUMP CSSP1 FAILS TO START 5.00E-03 1 5.00E-03 1.54E-08
HVMDSI-305 SI LINE 2 IRWST ISO VALVE SI-305 FAILS TO REMAIN OPEN 1.40E-07 18 9.07E-04
JHFLSIXCON1 OPERATOR FAILS TO ALIGN SCS PUMP 1 FOR BACKUP TO CSS PUMP 1 3.40E-03 3.40E-03

222) GPCJCSSP2 CONTAINMENT SPRAY PUMP CSSP2 FAILS TO START 5.00E-03 1 5.00E-03 1.54E-08
HVMDSI-304 St LINE 1 IRWST ISO VALVE SI-304 FAILS TO REMAIN OPEN 1.40E-07 18 9.07E-04
JHFLSIXCON2 OPERATOR FAILS TO IGN SCS PUMP 2 FOR BACKUP TO CSS PUMP 2 3.40E-03 3.40E-03

223) EXLPSCT201 LOAD CENTER TRANSFORMER SCT201 FAILS TO PROVICE OUTPUT 7.00E-07 24 1.68E-05 1.52E-08
HVMDSI-305 SI LINE 2 IRWST 150 VALVE SI-305 FAILS TO REMAIN OPEN 1.40E-07 18 9.07E-04

224) EXLPSDT201 LOAD CENTER TRANSFORMER SOT 201 FAILS TO PROVIDE OUTPUT 7.00E-07 24 1.68E-05 1.52E-08
HVMDS!-304 St LINE 1 IRWST ISO VALVE SI-304 FAILS TO REMAIN OPEN 1.40E-07 18 9.07E-04

225) GVr0SI-157 CHECK VALVE S1-157 FAILS TO REMAIN OPEN (SPUR. CLOSURE) 6.84E-07 24 1.64E-05 1.49E-08
HVMDS!-305 SI LINE 2 IRWST ISO VALVE SI-305 FAILS TO REMAIN OPEN 1.40E-07 18 9.07E-04

226) GVCDSI-158 CHECK VALVE SI-158 FAILS TO REMAIN OPEN (SPUR. CLOSURE) 6.84E-07 24 1.64E-05 1.49E-08
HVMDSI-304 SI LINE 1 IRWST ISO VALVE SI-304 FAILS TC REMAIN OPEN 1.40E-07 18 9.07E -04

227) GVCDSI-164 CHECK VALVE SI-164 FAILS TO REMAIN OPEN (SPUR. CLOSURE) 6.84E-07 24 1.64E-05 1.49E-08
HVMDSI-305 SI LINE 2 IRWST 150 VALVE SI-305 FAILS TO REMAIN OPEN 1.40E-07 18 9.07E-04

228) GVCDSI-165 CHECK VALVE $1-165 FAILS TO REMAIN OPEN (SPUR. CLOSURE) 6.84E-07 24 1.64E-05 1.49E-08
HVMDSI-304 SI LINE 1 IRWST ISO VALVE SI-304 FAILS TO REMAIN OPEN 1.40E-07 18 9.07E-04

229) EBGPTT GRID CCLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 1.42E-08
ESXRDGA DG A LOAD SEQUENCER FAILS TO OPERATE 1.23E-05 1 4.43E-03
GVMASI-671 MOV SI-671 FAILS TO OPEN 4.00E-03 1 4.00E-03

230) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 1.42E-08
ESXRDGA DG A LOAD SEQUENCER FAILS TO OPERATE 1.23E-05 1 4.43E-03
GVMACC-214 McV CC-214 FAILS TO OPEN 4.00E-03 1 4.00E-03

231) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 1.42E-08
ESXRDGB DG B LOAD SEQUENCER FAILS TO OPERAT'' 1.23E-05 1 4.43E-03
GVMACC-114 MOV CC-114 FAILS TO OPEN 4.00E-03 1 4.00E-03

232) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 1.42E-08
ESXRDGB DG B LOAD SEQUENCER FAILS TO CPERATE 1.23E-05 1 4.43E-03
GVMASI-672 Mov St-672 FAILS TO OPEN 4.00E-03 1 4.00E-03

233) EBDAPNSSCS2011 4.16 Kv CIRCUIT BREAKER PNSSCS2011 FAILS TO OPEN 3.00E-04 1 3.00E-04 1.38E-08
EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-Ci 8.00E-04
EDDKDGB EMERGENCY DIESEL GENERATOR DG B FAILS TO RUN 2.40E-03 24 5.76E-02

234) EBDAPNSSDS2011 4.16 Kv CIRCUIT BREAKER PNSSDS2011 FAILS TO OPEN 3.00E-04 1 3.00E-04 1.38E-08
EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04
EDDKDGA EMERGENCY DIESEL GENERATOR DG t. FAILS TO RUN 2.40E-03 24 5.76E-02

235) EBDBDGSCS201 4.16 Kv CIRCUIT BREAKER DGSCS201 FAILS TO CLOSE 3.00E-04 1 3.00E-04 1.38E-08
EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04
EDDKDGB EMERGENCY DIESEL CENERATOR DG B FAILS TO RUN 2.40E-03 24 5.76E-02

236) EBDBDGSDS201 4.16 Kv CIRCUIT BREAKER DGSDS201 FAILS TO CLOSE 3.00E-04 1 3.00E-04 1.38E-08
EBGPTT GRID COLLAPSE ON TURBINC TRIP 8.00E-04 8.00E-04
EDDKDGA EMERGENCY DIESEL GENERATCn DG A FAILS TO RUN 2.40E-03 24 5.76E-02
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TABLE 19.6.3.13-1

(Sheet 14 of 16)

DOMINANT CUTSETS FOR FAILURE OF CONTAINMENT SPRAY SYSTEM

FAULT TREE: PGOB01BX

B.E. ED./CS.

MCDULE/ EVENT NAME DESCRIPTION RA_TE EXPOSURE PROB. PROB.
_

237) CHSECSSHX1 CONTAINMENT SPRAY Hx CSS HX1 FAILS WHILE OPERATING 1.00E-06 24 2.40E-05 1.37E-08
GHSVCSSHX2 CSS HX 2 UNAVAILASLE DUE TO MAINTENANCE 5.71E-04 5.71E-04

238) GHSECSSHX2 CONTAINMENT SPRAY Hx CSS HX2 FAILS WHILE OPERATING 1.00E-06 24' N.40E-05 1.37E- 08
CHSVCSSHX1 CSS HX 1 UNAVAILABLE DUE TO MAINTENANCE 5.71E-04 S.71E-04

219) GPCJCSSP1 CONTAINMENT SPRAY PUMP CSSP1 FAILS TO START 5.00E-03 1 5.00E-03 1.36E-08
GPCVCSSP2 CONTAINMENT SPRAY PUMP CSSP2 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03
JVNXXCONN CCF OF CSS-TO-SCS CROSS-CONNECT MANUAL VALVES TO OPEN 1.55E-03 1.55E-03

240) GPCJCSSP2 CONTAINMENT SPRAY PUMP CSSP2 FAILS TO START 5.00E-03 1 5.00E-03 1.36E-08
GPCVCSSP1 CONTAINMENT SPRAY PUMP CSSP1 UNAVAILABLE DUE TO mas N NANCE 1.75E-03 1.75E-03
JVNXXCONN CCF OF CSS-TO-SCS CROSS-CONNECT MANUAL VALVES TO OPEN 1.55E-03 1.55E-03

241) GVMACC-114 MOV CC-114 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.34E-08
GVMDSI-695 MOV SI-695 FAILS TO REMAIN OPEN 1.40E-07 24 3.36E-06

242) GVMACC 114 MOV CC-114 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.34E-08
GVMDSI-671 MOV SI-671 FAILS TO REMAIN OPEN/ CLOSED 1.40E-07 24 3.36E-06

243) GVMACC-114 MOV CC-114 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.34E-08
GVMDCC-214 MOV CC-214 FAILS TO REMAIN OPEN 1.40E-07 24 3.36E-06

244) GVMACC-214 MOV CC-214 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.34E-08
GVMDSI-687 MOV $1-687 FAILS TO REMAIN OPEN 1.40E-07 24 3 36E-06

245) GVMACC-214 MOV CC-214 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.34E-08
GVMDCC-114 MOV CC-114 FAILS TO REMAIN OPEN 1.40E-07 24 3.36E-06

246) GVMA T-214 MOV CC-214 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.34E-08
GVMDi' 472 MOV SI-672 FAILS TO REMAIN OPEN/ CLOSED 1.40E-07 24 3.36E-06

247) GVMAst '1 MOV S!-671 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.34E-08
GVMDSI-687 MOV SI-687 FAILS TO REMAIN OPEN 1.40E-07 24 3.36E-06

248) GVMASI-671 MOV SI-671 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.34E-08
GVMDSI-672 MOV SI-672 FAILS TO REMAIN OPEN/ CLOSED 1.40E-07 24 3.36E-06

249) GVMASI-671 MOV SI-671 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.34E-08
GVMDCC-114 MOV CC-114 : AILS TO REMAIN OPEN 1.40E-07 24 3.36E-06

250) GVMASI-672 Mov SI-672 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.34E-08
GVMDS!-671 MOV SI-671 FAILS TO REMAIN OPEN/ CLOSED 1.40E-07 24 3.36E-06

251) GVMAs!-672 MOV SI-672 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.34E-08
GVMDSI-695 MOV SI-695 FAILS TO REMAIN OPEN 1.40E-07 24 3.36E-06

252) GVMASI-672 MOV SI-672 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.34E-08
GVMDCC-214 MOV CC-214 FAILS TO REMAIN OPEN 1.40E-07 24 3.36E-06

253) EBOXDDG201LL COMMON CAUSE FAILURE OF DG SUPPLY BKRS TO 4.16 KV ESF BUSES FOLLOW 1.55E-05 1.55E-05 1.24E-08
EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04

254) CYNDCC-1316 MANUAL VALVE CC-1316 FAILS TO REMAIN OPEN 1.25E-C7 24 3.00E-06 1.20E-08
GVMASI-671 MOV SI-671 FAILf. TO OPEN 4.00E-03 1 4.00E-03

255) CVNDCC-1316 MANUAL VALVE CC-1316 FAILS TO REMAIN OPEN 1.25E-07 24 3.00E-06 * 20E-08.

GVMACC-214 MOV CC-214 FAILS TO OPEN 4.00E-03 1 4.00E-03
256) CVNDCC-2316 MANUAL VALVE CC-2316 FAILS TO REMAIN OPEN 1.25E-07 24 3.00E-06 1.20E-08

GVMASt-672 MOV SI-672 FAILS TO OPEN 4.00E-03 1 4.00E-03

9 9 AmendInent M
March 15, 1993
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TABLE 19.A.3.13-1

(Sheet 15 of 16)
,

DOMINANT CUTSETS FOR FAILURE OF CONTA!1SENT SPRAY SYSTEM

FAULT TREE: PGOB01BX

->

B.E. M(B./CS.
MODULE / EVENT MAME DESCRIPTION M EXPOS _URE PROS. PROB.

,

257) CVNDCC-2316 MANUAL VALVE CL-2316 FAILS TO REMAIN OPEN 1.25E-07 24 3.00E-06 .1.20E-08
1

GVMACC-114 MOV CC-114 FAILS TO OPEN 4.00E-03 1 4.00E-03,

255) GVNACC-114 ' MOV CC-114 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.20E-08 !

GVNDCC-2389 MANUAL VALVE CC-2389 FAILS TO REMAIN OPEN 1.25E-07 24 '3.00E-06
259) GVMACC-114 MOV CC-114 FAILS TO OPEN 4.00E-03' 1 4.00E-03 1.20E-08

GVNDCC-2393 MANUAL VALVE CC-2393 FAILS TO REMAIN OPEN 1.25E-07 24 3.00E-D6
260) GVMACC-214 MOV CC-214 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.20E-08

GVNDCC-1393 MANUAL VALVE CC-1393 FAILS TO REMAIN OPEN 1.25E-07 24 3.00E-06 .;

261) GVMACC-214 MOV CC-214 FAILS TO OPEN 4.00E-03 1- 4.00E-03 1.20E-08 ,

GVNDCC-1389 MANUAL VALVE CC-1389 FAILS TO REMAIN OPEN 1.25E-07 24 3.00E-06
262) GVMASI-671 MOV SI-671 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.20E-08

GVNDCC-1393 MANUAL VALVE CC-1393 FAILS TO REMAIN OPEN 1.25E-07 . 24 3.00E-06
263) GVMASI-671 MOV SI-671 FAILS TO OPEN ~4.00E-03 1 . 4.00E-03 1.20E-08

GVNDCC-1389 MANUAL VALVE CC-1389 FAILS TO REMAIN OPEN 1.25E-07 24 3.00E-06 ,

264) GVMASI-672 MOV SI-672 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.20E-08 1

GVNDCC-2393 MANUAL VALVE CC-2393 FAILS TO REMAIN OPEN 1.25E-07 24 3.00E-06
4

265) GVMASI-672 MOV SI-672 FAILS To OPEN 4.00E-03' 1 4.00E-03 1.20E-08
.

GVNDCC-2389 MANUAL VALVE CC-2389 FAILS TO REMAIN OCEN 1.25E-07 .24 ~ 3.00E-06
j 266) GVCXSI-485/484 COMMON CAUSE DEMAND FAILURE OF CHECK VALVES SI-485/484' _3.60E-05 3.60E-05 1.16E-08 ~

j JPRXDSCS COMMON CAUSE DEMAND FAILURE OF SCS PUMPS 3.22E-04 3.22E+04
267) EBGPTT GRID COLLAPSE ON TURBINE TRIP .

8.00E-04 8.00E-04 1.12E-08*

l ECBVS18801 BATTERY S18801 UNAVAILASLE DUE TO MAINTENANCE 1.00E-03 1.00E-03
-EDDJDCB EMERGENCY DIESEL GENERATOR DG B FAILS TO START & LOAD 1.40E-02 1 .1.40E-02

268) EBGPTT . GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 1.12E-08
,

ECSVS28801 BATTERY S28801 UNAVAILABLE DUE TO MAINTENANCE 1.00E-03 1.00E-03
EDDJDGA EMERGENCY DIESEL GENERATOR DG A FAILS TO START & LOAD 1.40E-02 1 1.40E-02

,

j 269) GPCKCSSP1 CONTAINMENT SPRAY PUMP CSSP1 FAILS TO RUN . 5.00E-05 24 1.20E-03 .1.10E-08
j GVMASI-671 MOV SI-671 FAILS TO OPEN 4.00E-03 1 4.00E-03

i JPRJSCSP1 SHUTDOWN COOLING SYSTEM PUMP 1 FAILS TO START 2.30E-03 1 2.30E-03

i 270) GPCKCSSP1 CONTAINMENT SPRAY PUMP CSSP1 FAILS TO RUN 5.00E-05 24 1.20E-03 x1.10E-08
'

GVMACC-214 MOV CC-214 FAILS TO OPEN 4.00E-03 J1 4.00E-03-
JPRJSCSP1 SHUTDOWN COOLING SYSTEM PUMP.1 FAILS TO START 2.30E-03 1 2.30E-03

'
271) GPCKCSSP2 CONTAINMENT SPRAY PUMP CSSP2 FAILS TO RUN- 5.00E-05 24 ' 1.20E-03 1.10E-08i

GVMACC-114 MOV CC-114 FAILS TO OPEN 4.00E-03 1 4.00E-03 ,

{ JPRJSCSP2 SHUTDOWN COOLING SYSTEM PUMP 2 FAILS TO START 2.30E-03 -1 2.30E-03 |

272) GPCKCSSP2 CONTAINMENT SPRAY PUMP CSSP2 FAILS TO RUN 5.00t-05 24 1.20E-03 1.10E-08-
GVMASI-672 MOV SI-672 FAILS TO OPEN '4.00E-03 1 -4.00E-03

;
- JPRJSCSP2 SHUTDOWN COOLING SYSTEM PUMP 2 FAILS TO START 2.30E-03 '1 , 2.30E-03 .
; 273) EBBcSC0801S 125 VDC CIRCUIT BREAKER SC0801S OPENS SPURIOUSLY 5.00E-07 24 1.20E-05_._1.09E-08

HVMDSI-305 SI LINE 2 IRWST ISO VALVE SI-305 FAILS TO REMAIN OPEN 1.40E-07 18 9.07E-04
274) EBBCSD0801S 125 VDC CIRCUIT BREAKER SD0801S OPENS SPURICUSLY 5.00E-07 24 1.20E-05 1.09E-08

HVMDSI-304 St LINE 1 IRWST ISO VALVE SI-304 FAILS TO REMAIN OPEN 1.40E-07 18 9.07E-04'

,

1 . . .

'
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TABLE 19.6.3.13-1

(Sheet 16 of 16)
_

DOMINANT WTSETS FOR FAILURE OF CONTAINMENT SPRAY SYSTEM

FAULT TREE: P00B01BX

B.E. MCD./CS.
MODULE / EVENT NAME DESCRIPTION M EXPOSURE PROB. PROB.

275) EBCCSCM301 480 V MCC SCM301 SUPPLY BREAKER SCM301 TRIPS SPURIOUSLY 5.00E-07 24 1.20E-05 1.09E-08
HVMDSI-305 SI LINE 2 IRWST ISO VALVE SI-305 FAILS TO REEAIN OPEN 1.40E-07 18 9.07E-04

276) EBCCSCT201F 480 V LC SCL301 TRANSFORMER FEED BREAKER SCT201F TRIPS SPURIOUSLY 5.00E-07 24 1.20E-05 1.09E-08
HVMDSI-305 SI LINE 2 IRWST ISO VALVE SI-305 FAILS TO REMAIN OPEN 1.40E-07 18 9.07E-04

277) EBCQSCT2015 480 V LC SCL301 TRANSFORMER SUPPLY BREAKER SCT201 TRIPS SPURIOUSLY 5.00E-07 24 1.20E-05 1.G9E-08
HvMOSI-305 SI LINE 2 IRWST ISO VALVE SI-305 FAILS TO REMAIN OPEN 1.40E 07 18 9.07E-04

278) EBCQSDM301 480 V MCC SDM301 SUPPLY BREAKER SDM301 TRIPS SPURIOUSLY 5.00E-07 24 1.20E-05 1.09E-08
HVMDSI-304 SI LINE 1 IRWST ISO VALVE SI-304 FAILS TO REMAIN OPEN 1.40E-07 18 9.07E-04

279) EBCQSDT201F 480 V LC SDL301 TRANSFORMER FEED BREAKER SDT201F TRIPS SPURIOUSLY 5.00E-07 24 1.20E-05 1.09E-08
HVMDSI-304 SI LINE 1 IRWST ISO VALVE SI-304 FAILS TO REMAIN OPEN 1.40E-07 18 9.07E-04

280) EBCOSDT201S 480 V LC SOL 301 TRANSFORMER SUPPLY BREAKER SDT2019 TRIP SPURIOUSLY 5.00E-07 24 1.20E-05 1.09E-08
HV;iDSI-304 SI LINE 1 IRWST ISO VALVE SI-304 FAILS TO REMAIN OPEN 1.40E-07 18 9.07E-04

281) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 1.05E-08
ECSPS28801 BATTERY S28801 FAILS TO PROVIDE ADEQUATE OUTPUT 2.60E-06 1 9.36E-04
EDDJDGA EMERGENCY DIESEL GENERATOR DG A FAILS TO START & LOAD 1.40E-02 .1 1.40E-02

282) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 1.05E-08
ECBPS18801 BATTERY S18801 FAILS TO PROVIDE ADEQUATE OUTPUT 2.60E-06 1 9.36E-04
EDDJDGB EMERGENCY DIESEL GENERATOR DG B FAILS TO START & LOAD 1.40E-02 1 1.40E-02

283) GPCJCSSP1 CONTAINMENT SPRAY PUMP CSSP1 FAILS TO START 5.00E-03 1 5.00E-03 1.04E-08
HVMDSI-305 SI LINE 2 IRWST 150 VALVE SI-305 FAILS TO REMAIN OPEN 1.40E-07 18 9.07E-04
JPRJSCSP1 SHUTDOWN COOLING SYSTEM PUMP 1 FAILS TO START 2.30E-03 1 2.30E-03

284) GPCJCSSP2 CONTAINMENT SPRAY PUMP CSSP2 FAILS TO START 5.00E-03 1 5.00E-03 1.04E-08
HVMDSI-304 SI LINE 1 IRWST ISO VALVE SI-304 FAILS TO REMAIN OPEN 1.40E-07 18 9.07E-04
JPRJSCSP2 SHUTDCWN COOLING SYSTEM PUMP 2 FAILS TO START 2.30E-03 1 2.30E-03

285) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 1.02E-08
EDDJDGB EMERGENCY DIESEL GENERATOR DG B FAILS TO START & LOAD 1.40E-02 1 1.40E-02
HVMDSI-304 SI LINE 1 IRWST ISO VALVE $1-304 FAILS TO REMAIN OPEN 1.40E-07 18 9.07E-04

286) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 1.02E-08
EDDJDGA EMERGENCY DIESEL GENERATOR DG A FAILS TO START & LOAD 1.40E-02 1 1.40E-02
HVMDSI-305 SI LINE 2 IRWST ISO VALVE SI-305 FAILS TO REMAIN OPEN 1.40E-07 18 9.07E-04

G G Amendment M
March 15, 1993
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19.6.3.14 Chemical and Volume Control System

19.6.3.14.1 System Description

19.6.3.14.1.1 System Function

The Chemical and Volume control System (CVCS) is classified as a
non-safety system. The CVCS, as addressed in this analysis, may be
used to provide two non-safety functions for accident mitigation in
the unlikely event of an accident.

The first function of the CVCS used in this analysis is to provide
an independent non-safety-related means of supplying borated water
to the Reactor Coolant System (RCS) for reactivity control
following'an ATWS when the Safety Injection System (SIS) is not
available. Reactivity control is accomplished via boration. This
is done by delivering the contents of the boric acid storage tank
via one charging pump.to the RCS.

The second function of the CVCS used in this analysis is to
replenish the inventory in the 'In-Containment Refueling Water Tank
(IRWST) in the event that the SIS is not available. This is done
by delivering the contents of the boric acid storage tank to the

(~% IRWST.

19.6.3.14.1.2 System Configuration

The simplified schematics of the Chemical and Volume Control System
(CVCS), as used for the functions of borating the RCS and
replenishing the IRWST, are shown in Figure 19.6.3.14-1 and Figure
19.6.3.14-2, respectively.

The CVCS consists of two charging pump paths, two boric acid makeup
pump paths, a Boric Acid Storage Tank (BAST), a boric acid filter,
Volume Control Tank (VCT), Regenerative Heat Exchanger, valves, and
instrumentation. Boric acid solution stored in the BAST is
supplied via the Boric Acid Makeup Pumps (BAMPs) to the VCT or
directly into the charging pump suction header via the Volume
Control Tank Bypass valve at a preset rate. The charging pump
takes suction from the VCT and delivers the flow through the
Regenerative Heat Exchanger to the RCS.

The flow path from the BAST to the VCT consists of two parallel
BAMP paths, one locked-open manual on each side of the boric acid
filter, a boric acid filter, a boric acid filter bypass path, and
a locked-open manual valve on the suction side of the VCT. Each of
the BAMP paths contains a locked-open manual valve in the suction
leg of the BAMP, one Boric Acid Makeup Pump, and one check valve
and one locked-open manual valve in the discharge leg of the BAMP.

O The boric acid filter bypass path contains a locked-close manual
Q valve.

Amendment M
19.6-121 June 15, 1993
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OThe VCT bypass path to the charging pump suction header contains a
i

normally closed motor-operated valve and a check valve. A parallel |

path contains a locked-close manual valve. The discharge leg of
the VCT contains a normally open motor-operated valve.

One charging pump is normally operating during normal plant
operation. Other charging pump is in standby mode. The suction
line of each charging pump path contains a locked-open manual valve
and the discharge line from the each charging pump contains a check
valve and a locked-open manual valve. Since one charging pump is
normally operating, it is assumed that no pre-existing failures for
these valves have occurred in that path. Therefore, the valves in
the operating charging pump path are not shown.

The flow path from the Regenerative Heat Exchanger to the RCS
contains one normally open motor-operated valve.

Each flow path from the BAST to the IRWST contains one BAST
discharge valve, (air-operated in Train 1 and motor-operated in
Train 2) , one manual BAMP suction valve, a BAMP, one BAMP dischargej
check valve and manual valve. These flow paths join to a common
header which contains two manual valves and a boric acid filter.;

A flow path coming off this header goes directly to the IRWST and
contains an air-operated valve and a check valve.

19.6.3.14.1.3 Support and Interfacing Systems

| To perform its functions, the CVCS depends on various support
| systems. These systems are the Component Cooling Water System,
Electrical Power Distribution Systems, and the Control Systems that
provide signals and/or alarms for out-of-normal-range pressure and
level.

The Electrical power for the CVCS is supplied by the 4.16 KV non-
Class 1E, 125 VDC non-Class 1E, and 480 VAC non-Class 1E power;

I systems. The 4.16 KV non-class 1E power system provides the motive
power to operate the charging pumps. The 480 V non-class 1E Load
Center (LC) provides the motive power to operate the Boric Acid
Makeup Pumps. The 480 VAC MCC system provides the motive power to
operate the AC motor-operated valves. The 125 VDC non-class 1E
power system provides control power for the charging pumps and
valve circuitries which close and trip the breakers when required.
For this analysis, assignment of power are as follows:

|

|

|

O
|

Amendment V
i

19.6-122 April 29, 1994 '
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System ComDonent 4.16 KV bus 125 VDC non-1E bus 480 V MCC 480 VAC LC

Charging Purgs
CHGP1 PXS201 PX0801
CHGP2 PYS201 PY0801

BAMPs

BAMP1 PX0801 PXL302
BAMP2 PY0801 PYL302

CVCS Valves:
CH-208 PXM305

CH-501 PXM305

CH-504 PYM305
CH-514 PYM305

CH-530 PXM305
CH-534 PXM305
CH-536 PYM305

19.'6.3.14.1.4 System Operation

For the function of using the Chemical and Volume Control System to
deliver borated water to the RCS during emergency conditions when
the SIS is not available to provide reactivity control via
boration, the operator must manually initiate the process.

Delivery of borated water, thus boron, to the RC,S is manually
initiated by the operator in the following manner:

'

1. The operating charging pump is confirmed to be running.
\/ Otherwise,the standby charging pump is started.

2. The VCT discharge me, tor-operated valve is confirmed open. |
Otherwise, suction of the charging pump is switched to the
BAST and the.BAMP flow path from the BAST to the charging pump
suction is established. This involves starting the BAMP, and
opening appropriate valve (s). !

3. The solenoid valve in the line to RCS Loop 2A must be
confirmed to be open or opened.

Delivery of CVCS inventory to the IRWST in the event the SIS is
unavailable is manually initiated by the operator in the following
manner:

1. The operating charging pump is confirmed to . be running.
Otherwise, the standby charging pump is started.

2. The VCT discharge motor-operated valve is - confirmed open.
Otherwise, suction of the charging pump is switched to the
BAST and the BAMP flow path from the BAST to the charging pump
suction is established. This involves starting the BAMP, and
opening appropriate valve (s).

3. Appropriate motor-operated valves in the line to the IRWST

Cs must be opened.

Amendment V
19.6-123 April 29, 1994
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19.6.3.14.1.5 System Success Criteria

For the postulated accident and transients where the delivery of
boron via the charging pump is credited in this analysis,
successful operation of-the CVCS is defined as the delivery of
borated water from the VCT or BAST to the RCS by the charging pump
via the Regenerative Heat Exchanger.

I 19.6.3.14.2.6 Technical Specifications

The Technical Specifications (Chapter 16) require that the IRWST
shall be operable for modes 1, 2, 3, 4, 5 and mode 6 with RCS level
less than or equal to 120 feet. The limiting condition for,

! operation applicable to the function of replenishing the IRWST
! requires that if the IRWST borated water volume is not within
! limit, the IRWST must be restored to operable status within 1 hour.

If this condition is not met, then the plant must be place in mode
, 3 and possibly in mode 5. The IRWST borated water volume is i

| Verified every 7 days.

:

I

!

k

Amendment M
19.6-123b June 15, 1993
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There are currently no technical specifications that govern the
Chemical and Volume Control System.

19.6.3.14.2 System Logic Models

The small event tree large fault tree approach is used in this
study to quantify event sequences. By choosing the large fault
tree approach, all support systems are developed and then
integrated with the front-line or mitigating systems as
appropriate. The CVCS is the mitigating system for the transients
in which the SIS is unavailable for reactivity control.

19.6.3.14.2.1 Analysis Assumptions

FUNCTION 1: RCS BORATION VIA ONE CHARGING PUMP

1. For the function of RCS boration via one charging pump, boron
delivery to the RCS is manually initiated by the operator.
This involves confirming that the normally operating charging
pump is running and that a source of borated water is aligned
to the suction of the charging pump. If the normally
operating pump is not operating, it is assumed that the
operator will start the standby charging pump and align a
source of borated water to that pump.

2. Following ATWS, boron delivery is credited as being successful
if borated water is delivered from the BAST to the RCS by the
charging pump via the Regenerative Heat Exchanger until the
Residual Heat Removal system is actuated or the plant is
brought to a stable condition. The analysis assumed a mission
time of 24 hours as a bounding case.

3. The suction line of each charging pump path contains a locked-
open manual valve and the discharge line from the each !
charging pump contains a check valve and a locked-open manual I
valve. Since one charging pump is normally operating, it is i

assumed that these valves are open and no operating failures I
or maintenance errors would occur for these valves. For this
analysis, charging pump 1 was assumed to be normally
operating.

|
4. A partially successful performance of any active or passive |

component was not credited. Each component and each operator
action was assumed to be either completely successful or
failed.

5. Low suction pressure is assumed to stop the charging pump.

6. Failure of the VCT discharge valves (CH-501 and CH-504) to
close is assumed to result in function failure as air would be
sucked into the charging pump and, consequently, would damage
tne charging pump.

Amendment M
19.6-124 June 15, 1993
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TABLE 19.6.3.14-2 ,

(Sheet 1 of 7) *

hDOMINANT CUTSETS FOR FAILURE TO REPLENISN IRWST VIA CVCS

FAULT TREE: PUIA018X

,

B.E. Nim./CS. i
'

MODULE / EVENT NAME DESCRIPTION RATE EXPOSURE PROB. PROS.

4

1) PUTA01BX CVCS UNABLE TO REPLENISH IRWST INVENTORY. *2.95E-03
1) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 8.00E-04

'
2) UVNACH-649 MANUAL VALVE CH-649 FAILS TO OPEN 3.88E-04 1 3.88E-04 3.88E-04
3) UVNACH 126 MANUAL VALVE CH-126 FAILS TO OPEN 3.88E-04 1 3.88E-04 3.88E-04

,

4) UFLTBAFILTER BORIC ACID FILTER PLUGGED 1.00E-05.24 2.40E-04 2.40E-04'
5) UVCACH-668 CHECK VALVE CH-668 FAILS TO OPEN 2.00E-04 1

. 2.00E-04 2.00E-04
6) GVMXSI-300/301 CCHMON CAUSE FAILURE OF IRWST RETURN MOVs SI-300/301 TO OPEN 2.00E-04.2.00E-04 2.00E-04

*

7) UPMXDBAMP COMMON CAUSE DEMAND FAILURE OF BORIC ACID MAKEUP PUMPS 1.30E-04 ~ 1.30E-04 1.30E-044

8) UICQMKUPCONTROL COMPUTATION MODULE MAKEUP CONTROLLER ACTUATES SPUR 10USLY 5.30E-06 24 1.27E-04< 1.27E-04'

| 9) UPMXRBAMP COMMON CAUSE OPERATING FAILURE OF BORIC ACID MAKEUP PUMPS 8.04E-05 8.04E-05 8.04E-05 ,

10) UVNXSI-588/589 CCF OF 1RWST RETURN i!NE MANUAL VALVES TO OPEN 3.88E-05 3.88E-05 3.88E-C5
11) UVDDCH-510 PNEUM. DIAPHRAGM VALVE CH-510 CPERATES SPUR 10USLY 1.60E-06 24 3.84E-05 3.84E-05
12) UVDOCH-512 PNEUM.-DIAPHRAGM VALVE CH-512 OPERATES SPURIOUSLY .1.60E-06 24 3.84E-05 3.84E-05
13) UVDDCH-532 PNEUM. DIAPHRAGM VALVE CH-532 OPERATES SPURIOUSLY 1.60E-06 24 3.84E-05. 3.84E-05
14) UVDDCH-210Y PNEUM. DIAPHRAGM VALVE CH-210Y OPERATES SPURIOUSLY 1.60E-06 24 3.84E-05 3.84E-05,

15) GVCXSI-100/101 CCF OF IRWST RETURN CHECK VALVES S!-100/101 TO OPEN' 3.60E-05 3.60E-05 3.60E-05 *

16) UVCXCH-154/155 COMMON CAUSE FAILURE OF BAMP DISCHARGE CHECK VALVES TO OPEN 3.60E-05 3.60E-05 3.60E-05*

'3.00E-05 3.00E-05 3.00E-05; 17) UBDXD-SET 1 COMMON CAUSE FAILURE OF BORIC ACID MAKEUP PUMP BREAKERS TO CLOSE
.6.84E-07 24 1.64E-05 1.64E-0518) UVCDCH-668 CHECK VALVE CH-668 FAILS TO REMAIN OPEN (SPUR. CLOSURE)'

*

19) GVMASI-300 MOV SI-300 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05
t GVMASI-301 MOV SI-301 FAILS TO OPEN

.

4.00E-03 1 4.00E-03
20) UPMJBAMP1 BORIC ACID MAKEUP PUMP BAMP1 FAILS TO START'(ALL TYPES) 2.00E-03 1 2.00E-03 4.00E-06

UPMJBAMP2 BORIC ACID MAKEUP PUMP BAMP2 FAILS TO START'(ALL TYPES) 2.00E-03 1 2.00E-03
21) UPMJBAMP1 BORIC ACID MAKEUP PUMP BAMP1 FAILS TO START (ALL TYPES) 2.00E-03 1 2.00E-03 3.50E-06=

i UFMVBAMP2 BORIC ACID MAKEUP PUMP 2 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03 i

22) UPMJBAMP2 BORIC ACID MAKEUP PUMP BAMP2 FAILS TO START (ALL-TYPES) 2.00E-03 1 2.00E-03 3.50E-06
,

i UPMVBAMP1 BORIC ACID MAKEUP PUMP 1 UNAVAILABLE DUE TO-TEST / MAINTENANCE 1.75E-03 1.75E-03
.

23) UVMQCH-536 MOV CH-536 FAILS TO REMAIN CLOSED 1.40E-07 24 3.36E-06 3.36E-06
t 24) UVMQCH-534 MOV CH-534 FAILS TO REMAIN CLOSED 1.40E-07 ' 24 3.36E-06. 3.36E-06.
I 25) U N CH-514 MOV CH-514 FAILS TO REMAIN CLO'ED 1.40E-07 24 , 3.36E-06 3.36E-06

|26) UVNDCH-124 MANUAL VALVE CH-124 FAILS TO REMAIN CLOSED. 1.25E-07 24 3.00E-06 3.00E-06
27) UVNDCH-166 MANUAL VALVE CH-166 FAILS TO REMAIN OPEN 1.25E-07 24 3.00E-06 3.00E-06,

i 28) UVNDCH-161 MANUAL VALVE CH-161 FAILS TO REMAIN OPEN.
I 29) UVNDCH-174 MANUAL VALVE CH-174 FAILS TO REMAIN CLOSED

~1.25E-07 24 3.00E-06 3.00E-06
1.25E-07. 24 3.00E-06 3.00E-06

30) UVNDCH-653 MANUAL VALVE CH-653 FAILS TO REMAIN OPEN 1.25E-07 24 -3.00E-06 3.00E-06
31) UVNDCH-172 MANUAL VALVE CH-172 FAILS TO REMAIN OPEN 1.25E-07 .24' .3.00E-06 3.00E-06

; 32) UVNDCH-649 MANUAL VALVL rH-649 FAILS TO REMAIN OPEN 1.25E-07 24 3.00E-06 3.00E-06

:
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TABLE 19.6.3.14-2

(Sheet 2 of 7)

DOMINANT QJTSETS FOR FAILURE TO REPLENISH IRVST VIA CVCS

FAULT TREE: PUIA01BX

B.E. PKB./CS.
MODULE / EVENT NAME DESCRIPTION RATE EXPOSURE PROS. PROB.

33) UVNDCH-126 MANUAL VALVE CH-126 FAILS TO REMAIN OPEN 1.25E-07 24 3.00E-06 3.00E-06
34) UTXEBAST BORIC ACID STORAGE TANK UNAVAILABLE (EXTERNAL LEAKAGE) 1.00E-07 24 2.40E-06 2.40E-06
35) UHFLCH-153 BORIC ACID MAKEUP PUMP 2 DISCHARGE VALVE CH-153 UNAVAILABLE DOE TO 8.73E-04 8.73E-04 1.75E-06

UPMJBAMP1 BORIC ACID MAKEUP PUMP BAMP1 FAILS TO START (ALL TYPES) 2.00E-03 1 2.00E-03
36) UHFLCH-152 BORIC ACID MAKEUP PUMP 1 DISCHARGE VALVE CH-152 UNAVAILABLE DUE TO 8.73E-04 8.73E-04 1.75E-06

UPMJBAMP2 BORIC ACID MAKEUP PUMP BAMP2 FAILS TO START (ALL TYPES) 2.00E-03 1 2.005-03
37) GVMASI-300 MOV SI-300 FAILS TO OPEN 4.00E-93 1 4.00E-03 1.55E-06

UVNASI-589 MANUAL VALVE SI-589 FAILS TO OPEN 3.88E-b 1 3.88E-04
38) GVMASI-301 Mov SI-301 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.55E-06

UtNASI-588 MANUAL VALVE S1-588 FAILS TO OPEN 3.88E-04 1 3.88E-04
39) UHFLCH-153 BORIC ACID MAKEUP PUMP 2 DISCHARGE VALVE CH-153 UNAVAILABLE DUE TO 8.73E-04 8.73E-04 1.53E-06

UPMVBAMPi BORIC ACID MAKEUP PUMP 1 UNAVAILABLE DUE TO TEST / MAINTENANCE 1.75E-03 1.75E-03
40) UHFLCH-152 BORIC ACID MAKEUP PUMP 1 DISCHARGE VALVE CH-152 UNAVAILABLE DUE TO 8.73E-04 8.73E-04 1.53E-06

UPMVBA*4P2 BORIC ACID MAKEUP PUMP 2 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03
41) UPMJBAMP1 BORIC ACID MAKEUP PUMP BAMP1 FAILS TO START (ALL TYPES) 2.00E-03 1 2.00E-03 1.20E-06

UPMKBAMP2 BORIC ACID MAKEUP PUMP BAMP2 FAILS TO RUN (ALL TYPES) 2.50E-05 24 6.00E-04
42) UPMJBAMP2 BORIC ACID MAKEUP PUMP BAMP2 FAILS TO START (ALL TYPES) 2.00E-03 1 2.00E-03 1.20E-06

UPMKBAMP1 BORIC ACID MAKEUP PUMP BAMP1 FAILS TO RUN (ALL TYPES) 2.50E-05 24 6.00E-04
43) UPMKBAMP1 BORIC ACID MAKEUP PUMP BAMP1 FAILS TO RUN (ALL TYPES) 2.50E-05 24 6.00E-04 1.05E-06

UPMVBAMP2 BORIC ACID MAKEUP DUMP 2 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03
44) UPMKBAMP2 BORIC ACID MAKEUP PUMP BAMP2 FAILS To RUN (ALL TYPES) 2.50E-05 24 6.00E-04 1.05E-06

UPMVBAMP1 BORIC ACID MAKEUP PUMP 1 UNAVAILABLE DUE TO TEST / MAINTENANCE 1.75E-03 1.75E-03
45) GVCASI-101 CHECK VALVE SI-101 FAILS TO OPEN 2.00E-04 1 2.00E-04 8.00E-07

GVMASI-300 MOV SI-300 FAILS TO OPEN 4.00E-03 1 4.00E-03
46) GVCASI-100 CHECK VALVE SI-100 FAILS TO OPEN 2.00E-04 1 2.00E-04 8.00E-07

GVMASI-301 MOV SI-301 FAILS TO OPEN 4.00E-03 1 4.00E-03
*

47) UHFLCH-152 BORIC ACID MAKEUP PUMP 1 DISCHARGE VALVE CH-152 UNAVAILABLE DUC TO 8.73E-04 8.73E-04 7.62E-07
UHFLCH-153 BORIC ACIC MAKEUP PUMP 2 DISCHARGE VALVE CH-153 UNAVAILABLE DUE TO 8.73E-04 8.73E-04

| 48) UBDB3 AMP 1 CIRCUIT BREAKER BAMP 1 FAILS TO CLOSE 3.00E-04 1 3.00E-04 6.00E-07
UPMJBAMP2 BORIC ACID MAKEUP PUMP BAMP2 FAILS TO START (ALL TYPES) 2.00E-03 1 2.00E-03

| 49) USDBBAMP2 CIRCUIT BREAKER BAMP 2 FAILS TO CLOSE 3.00E-04 1 3.00E-04 6.00E-07
UPMJBAMP1 BORIC ACID MAKEUP PUMP BAMP1 FAILS TO START (ALL TYPES) 2.00E-03 1 2.00E-03

| 50) UBDBBAMP2 CIRCUIT BREAKER BAMP 2 FAILS TO CLOSE 3.00E-04 1 3.00E-04 5.25E-07
UPMVBAMP1 BORIC ACID MAKEUP PUMP 1 UNAVAILABLE DUF TO TEST / MAINTENANCE 1.75E-03 1.75E-03

| 51) USDBBAMP1 CIRCUIT BREAKER BAMP 1 FAILS TO CLOSE 3.00E-04 1 3.00E-04 5.25E-07
UPMVBAMP2 BORIC ACID MAKEUP PUMP 2 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03

52) UHFLCH-152 BORIC ACID MAKEUP PUMP 1 DISCHARGE VALVE CH-152 UNAVAILABLE DUE TO 8.73E-04 8.73E-04 5.24E-07
UPMKBAMP2 BORIC ACID MAKEUP PUMP BAMP2 FAILS TO RUN (ALL TYPES) 2.50E-05 24 6.00E-04

53) UHFLCH-153 BORIC ACID MAKEUP PUMP 2 DISCHARGE VALVE CH-153 UNAVAILABLE DUE TO 8.73E-04 8.73E-04 5.24E-07
UPMKBAMP1 BORIC ACID MAKEUP PUMP BAMP1 FAILS TO RUN (ALL TYPES) 2.50E-05 24 6.00E-04
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DOMINANT CJTSETS FOR FAILURE TO REPLENISH IRUST VIA CVCS

FAULT TREE: FUIA01BX

8.E. MCD./CS.
MODULEIEVEmT NAME DESCRIPTION M EXPOSURE PROB. PROB.

54) UPMJBAM?2 BORIC ACID MAKEUP PUMP BAMP2 FAILS TO START (ALL TYPES) 2.00E-03 1 2.00E-03 4.00E-07
UVCACH-154 CHECK VALVE CH-154 FAILS TO OPEN 2.00E-04 1 2.00E-04

55) UPMJBAMP1 BORIC ACID MAKEUD PUMP BAMP1 FAILS TO START (ALL TYPES) 2.00E-03 1 2.00E-03 4.00E-07
UVCACH-155 CHECK VALVE CH-155 FAILS TO OPEN 2.00E-04 1 2.00E-04

56) EXLXNESF COMMON CAUSE FAILURE OF 480 V LC NON-ESF TRANSFORMERS 3.78E-07 3.78E-07 3.78E-07
57) EXLXESF COMMON CAUSE FAILURE OF 480 V LC ESF TRANSFORMERS 3.78E-07 3.78E-07 3.72E-07
58) UPMKBAMP1 BORIC ACID MAKEUP PUMP BAMP1 FAILS TO RUN (ALL TYPES) 2.50E-05 24 6.00E-04 3.60E-07

UPMKSAMP2 BORIC ACID MAKEUP PUMP BAMP2 FAILS TO RUN (ALL TYPES) 2.50E-05 24 6.00E-04
59) UPMVBAMP2 BORIC ACID MAKEUP PUMP 2 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03 3.50E-07

UVCACH-154 CHECK VALVE CH-154 FAILS TO OPEN 2.00E-04 1 2.00E-04
60) UPMVBAMP1 BORIC ACID MAKEUP PUMP 1 UNAVAILABLE DUE TO TEST / MAINTENANCE 1.75E-03 1.75E-03 3.50E-07

UVCACH-155 CHECK VALVE CH-155 FAILS TO OPEN 2.00E-04 1 2.00E-04
61) USDBBAFP2 CIRCUIT BREAKER BAMP 2 FAILS TO CLOSE 3.00E-04 1 3.00E-04 2.62E-07 |

UHFLCH-152 BORIC ACID MAKEUP PUMP 1 DISCHARGE VALVE CH-152 UNAVAILABLE DUE TO 8.73E-04 8.73E-04
|62) USDBBAMP1 CIRCUIT CREATER BAMP 1 FAILS TO CLOSE 3.00E*04 1 3.00E-04 2.62E-07

UHFLCH-153 BORIC ACID MAKEUP PUMP 2 DISCHARGE VALVE CH-153 UNAVAILABLE DUE TO 8.73E-04 8.73E -04
63) EBGPB1-B2 LOSS OF OFFSITE PWR FROM BUS 1 GIVEN LOSS OF OFFSITE PWR FROM BUS 0.36 3.60E-01 2.61E-07

EBGPLOOP2 LOSS OF OFFSITE POWER FROM PREFERRED BUS 2 1.51E-U4 1.51E-04
EDTPT/G TURBINE GENERATOR T/G FAILS TO PROVIDE ADEQ. OUTPUT 2.00E-04 24 4.80E-03

64) EBGPB2-B1 LOSS OF OFFSITE PWR FROM BUS 2 GIVEN LOSS OF OFFSITE PWR FROM BUS 0.36 3.6CE-01 2.61E-07
EBGPLOOP1 LOSS OF OFFSITE POWER FROM PREFERRED BUS 1 1.51E-04 1.51E-04
EDTPT/G TURBINE GENERATOR T/G FAILS TO PROVIDE ADEQ. OUTPUT 2.00E-04 24 4.80E-03

65) ELCX12CN1E COMMON CAUSE FA! LORE OF 125 VDC NON-CLASS 1E BUS 2.40E-07 2.40E-07 2.40E-07
66) ELBX416PNS COMMON CAUSE TAILURE OF 4.16 KV PNS BUSES 2.40E-07 2.40E-07 2.40E-07

|67) UBDBBAMP1 CIRCUIT BREAKER BAMP 1 FAILS TO CLOSE 3.00E-04 1 3.0G-04 1.80E-07
UPMKBAMP2 BORIC ACID MAKEUP PUMP BAMP2 FAILS TO RUN (ALL TYPES) 2.50E-05 24 6.00E-04

68) USDBBAMP2 CIRCUIT BREAKER BAMP 2 FAILS TO CLOSE 3.00E-04 1 3.00E-04 1.80E-07 |
UPMKBAMP1 BORIC ACID MAKEUP PUMP BAMP1 FAILS TO RUN (ALL TYPES) 2.50E-05 24 6.00E-04

69) UHFLCH-152 BORIC ACID MAKEUP PUMP 1 DISCHARGE VALVE CH-152 UNAVAILABLE DUE TO 8.73E-04 8.73E-04 1.75E-07
UVCACH-155 CHECK VALVE CH-155 FAILS TO OPEN 2.00E-04 1 2.00E-04

70) UHFLCH-153 BORIC ACID MAKEUP PUMP 2 DISCHARGE VALVE CH-153 UNAVAILABLE DUE TO 8.73E-04 8.73E-04 1.75E-07
UVCACH-154 CHECK VALVE CH-154 FAILS TO OPEN 2.00E-04 1 2.00E-04

71) UVNASI-588 MANUAL VALVE SI-588 FAILS TO OPEN 3.88E-04 1 3.88E-04 1.51E-07
UVNAS!-589 MANUAL VALVE SI-589 FAILS TO OPEN 3.88E-04 1 3.88E-04

72) UPMKBAMP1 BORIC ACID MAKEUP PUMP BAMP1 FAILS TO RUN (ALL TYPES) 2.50E-05 24 6.00E-04 1.20E-07
UVCACH-155 CHECK VALVE CH-155 FAILS TO OPEN 2.00E-04 1 2.00E-04

73) UPMKBAMP2 BORIC ACID MAKEUP PUMP BAMP2 FAILS TO RUN (ALL TYPES) 2.50E-05 24 6.00E-04 1.20E-07
UVCACH-154 CHECK VALVE CH-154 FAILS TO OPEN 2.00E-04 1 2.00E-04

74) ELMXMCC1E COMMON CAUSE FAILURE OF 480 V ESF MCCs 1.08E-07 1.08E-07 1.08E-07
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DOMINANT QJTSETS FOR FAlltlRE TO REPLENISH IRWST VI,_A. GCS

FAULT TREE: PUIA01BX

B.E. MOD./CS.
RAJ EXPOSURE PROB. PROB.MCDULE/ EVENT NAME DESCRIPTION

75) ELLXESF COMMON CAUSE FAILURE OF 480 V ESF LOAD CENTERS 1.08E-07 1.08E-07 1.08E-07
76) ELBX416ESF COMMON CAUSE FAILURE OF 4.16 KV ESF BUSES 1.08E-07 1.08E-07 1.08E-07
77) ELLXNESF COMMON CAUSE FAILURE OF 480 V NON-ESF LOAD CENTERS 1.08E-07 1.08E-07 1.08E-07
78) USDBBAMP1 CIRCUIT BREAKER BAMP 1 FAILS TO CLOSE 3.00E-04 1 3.00E-04 9.00E-08

UBOBBAMP2 CIRCUIT BREAKER BAMP 2 FAILS TO CLOSE 3.00E-04 1 3.00E-04
79) GVCASI-100 CHECK VALVE SI-100 FAILS TO OPEN 2.00E-04 1 2.00E-04 7.76E-08

UVNASI-589 MANUAL VALVE SI-589 FAILS TO OPEN 3.88E-04 1 3.88E-04
80) GVCASI-101 CHECK VALVE SI-101 FAILS TO OPEN 2.00E-04 1 2.00E-04 7.76E-08

UVNASI-588 MANUAL VALVE SI-588 FAILS TO OPEN 3.88E-04 1 3.88E-04
81) EXLPSBT201 LOAD CENTER TRANSFORMER SBT201 FA!LS TO PROVIDE OUTPUT 7.00E-07 24 1.68E-05 6.72E-08

GVMASI-300 Mov SI-300 FAILS TO OPEN 4.00E-03 1 4.00E-03
82) EXLPSAT201 LOAD CENTER TRANSFORMER SAT 201 FAILS TO PROVIDE OJTPUT 7.00E-07 24 1.68E-05 6.72E-08

GVMASI-301 Mov SI-301 FAILS TO OPEN 4.00E-03 1 4.00E-03
83) GVCDSI-101 CHECK VALVE SI-101 FAILS TO REMAIN OPEN (SPUR. CLOSURE) 6.84E-07 24 1.64E-05 6.56E-08

GVMASI-300 MOV SI-300 FAILS TO OPEN 4.00E-03 1 4.00E-03
84) GVCOSI-100 CHECK VALVE SI-100 FAILS TO REMAIN OPEN (SPUR. CLOSURE) 6.84E-07 24 1.64E-05 6.56E-08

GVMASI-301 MOV SI-301 FAILS TO OPEN 4.00E-03 1 4.00E-03
| 85) USDBBAMP1 CIRCUIT BREAKER BAMP 1 FAILS TO CLOSE 3.00E-04 1 3.00E-04 6.00E-08

UVCACH-155 CHECK VALVE CH-155 FAILS TO OPEN 2.00E-04 1 2.00E-04
| 86) USDBBAMP2 CIRCUIT BREAKER BAMP 2 FAILS TO CLOSE 3.00E-04 1 3.00E-04 6.00E-08

UVCACH-154 CHECK VALVE CH-154 FAILS TO OPEN 2.00E-04 1 2.00E-04
87) EBCQSAT201S 480 V LC SAL 301 TRANSFORMER SUPPLY BREAKER SAT?O15 TRIPS SPURIOUSL 5.00E-07 24 1.20E-05 4.80E-08

GVMASI-301 MOV SI-301 FAILS TO OPEN 4.00E-03 1 4.00E-03
88) EBCcSAT201F 480 V LC SAL 301 TRANSFORMER FEED BREALER SAT 201F TRIPS SPURIOUSLY 5.00E-07 24 1.20E-05 4.80E-08

GVMASI-301 Mov SI-301 FAILS TO OPEN 4.00E-03 1 4.00E-03
89) EBCQSBT2015 480 V LC SBL301 TRANSFORMER SUPPLY BREAKER SBT201 TRIPS SPURIOUSLY 5.00E-07 24 1.20E-05 4.80E-08

GVMAs!-300 MOV SI-300 FAILS TO OPEN 4.00E-03 1 4.00E-03
90) EBCCSST201F 480 V LC SBL301 TRANSFCRMER FEED BREAKER SBT201 TRIPS SPURIOUSLY 5.00E-07 24 1.20E-05 4.80E-08

GVMASI-300 MOV SI-300 FAILS TO OPEN 4.00E 03 1 4.00E-03
91) EBCQSAM301 480 V MCC SAM 301 SUPPLY BREAKER SAM 301 TRIPS SPURIOUSLY 5.00E-07 24 1.20E-05 4.80E-08

GVMASI-301 MOV St-301 FAILS TO OPEN 4.00E-03 1 4.00E-03
92) EBCQSBM301 480 V MCC SBM301 SUPPLY BREAKER SBM301 TRIPS SPURIOUSLY 5.00E-07 24 1.20E-05 4.80E-08

GVMASI-300 MOV SI-300 FAILS TO OPEN 4.00E-03 1 4.00E-034

93) UVCACH-154 CHECK VALVE CH-154 FAILS TO OPEN 2.00E-04 1 2.00E-04 4.00E-08
UVCACH-155 CHECK VALVE CH-155 FAILS TO OPEN 2.00E-04 1 2.00E-04

94) GVCASI-100 CHECK VALVE SI-100 FAILS TO OPEN 2.00E-04 1 2.00E-04 4.00E-08
GVCASI-101 CHECK VALVE SI-101 FAILS TO OPEN 2.00E-04 1 2 00E-04

95) EXLPPXT202 LOAD CENTER TRANSFORMER PXT202 FAILS TO PROVIDE OUTPUT 7.00E-07 24 1.68E-05 3.36E-08
UPMJBAMP2 BORIC ACID MAKEUP PUMP BAMP2 FAILS TO START (ALL TYPES) 2.00E-03 1 2.00E-03
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DOMINANT CUTSETS FOR FAILURE TO REPLEMISM IRUST VIA CVCS

i
FAULT TREE: PUIAD1BX

i

B.E. 9KB./CS.
'

MCDULE/ EVENT MAE DESCRIPTION RATE EXPOSURE PROB. PROB. '

96) EXLPPYT202 LOAD CENTER TRANSFORMER PYT202 FAILS TO PROVIDE CUTPUT 7.00E-07 24 1.68E-05 3.36E-08
UPMJBAMP1 BORIC ACID MAKEUP PUMP BAMP1 FAILS TO START (ALL TYPES) 2.00E-03 1 2.00E-03

97) UPHJBAMP1 BORIC ACID MAKEUP PUMP BAMP1 FAILS TO START (ALL TYPES) 2.00E-03 1 2.00E-03 3.28E-08
; UVCDCH-155 CHECK VALVE CH-155 FAILS TO REMAIN OPEN (SPUR. CLOSURE) 6.84E-07 24 1.64E-05
j 98) UPMJBAMP2 BORIC ACID MAKEUP PUMP BAMP2 FAILS TO START (ALL TYPES) 2.00E-03 1 ?.00E-03 3.28E-08

UVCDCH-154 CHECK VALVE CH-154 FAILS TO REMAIN OPEN (SPUR. CLOSURE) 6.84E-07 24 1.64E-05
99) EXLPPYT202 LOAD CENTER TRANSFORMER PYT202 FAILS TO PROVIDE OUTPUT 7.00E-07 24 1.68E-05 2.94E-08

UPMVBAMP1 BORIC ACID MAKEUP PUMP 1 UNAVAILABLE DUE TO TEST / MAINTENANCE 1.75E-03 1.75E-03
100) EXLPPXT202 LOAD CENTER TRANSFORMER PXT202 FAILS TO PROVIDE OUTPUT 7.00E-07 24 1.68E-05 ?.94E-08

UPMVBAMP2 BORIC ACID MAKEUP PUMP 2 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03
101) USDQBAMP2 CIRCUIT BREAKER BAMP2 TRIPS SPUR 10USLY 6.00E-07 24 1.44E-05 2.88E-08 |

UPMJBAMP1 BORIC ACID MAKEUP PUMP BAMP1 FAILS TO START (ALL TYPES) 2.00E-03 1 2.00E-03
102) USDQBAMP1 CIRCUIT BREAKER BAMP 1 TRIPS SPURIOUSLY 6.00E-07 24 1.44E-05 2.88E-08 |;

UPMJBAMP2 BORIC ACID MAKEUP PUMP BAMP2 FAILS TO START (ALL TYPES) 2.00E-03 1 2.00E-03
i 103) UPMVBAMP1 BORIC ACID MAKEUP PUMP 1 UNAVAILABLE DUE TO TEST / MAINTENANCE 1.75E-03 1.75E-03 2.87E-08-

UVCDCH-155 CHECK VALVE CH-155 FAILS TO REMAIN OPEN (SPUR. CLOSUMt:) 6.84E-07 24 1.64E-05
4 104) UPMVBAMP2 BORIC ACID MAKEUP PUMP 2 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03 2.87E-08
| UVCDCH-154 CHECK VALVE CH-154 FAILS TO REMAIN OPEN (SPUR. CLOSURE) 6.84E-07 24 1.64E-05
| 105) UEDQBAMP2 CIRCUIT BREAKER BAMP2 TRIPS SPURIOUSLY 6.00E-07 24 . 1.44E-05 2.52E-08 |

UPMVBAMP1 BORIC ACID MAKEUP PUMP 1 UNAVAILABLE DUE TO TEST / MAINTENANCE 1.75E-03 1.75E-03
106) USDQBAMP1 CIRCUIT BREAKER BAMP 1 TRIPS SPURIOUSLY 6.00E-07 24 1.44E-05 2.52E-08 |

UPNVBAMP2 BORIC ACID MAKEUP PUMP 2 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 L 75E-03 ;

107) EBCQPXT202S 480 V LC PXL302 TRANSFORMER SUPPLY BREAKER PXT202S TRIPS SPURIOUSL 5.00E-07 24 1.20E-05 2.40E-08
UPMJBAMP2 BORIC ACID MAKEUP PUMP BAMP2 FAILS TO START (ALL TYPES) 2.00E-03 1 2.00E-03

4 108) EBCOPXT202F 480 V LC PXL302 TRANSFORMER FEED BREAKER PXT202F TRIPS SPURIOUSLY 5.00E-07 24 1.20E-05 2.40E-08
i UPMJBAMP2 BORIC ACID MAKEUP PUMP BAMP2 FAILS TO START (ALL TYPES) 2.00E-03 1 2.00E-03
j 109) EBCQPYT202S 480 V LC PYL302 TRANSFORMER SUPPLY BREAKER PYT202S TRIPS SPURIOUSL 5.00E-07 24 1.20E-05 2.40E-08
j UPMJBAMP1 BORIC ACID MAKEUP PUMP BAMP1 FAILS TO START (ALL TTPES) 2.00E-03 1 2.00E-03

110) EBCQPYT202F 480 V LC PYL302 TRANSFORMER FEED BREAKER PYT202F TRIPS SPURIOUSLY' 5.00E-07 24 1.20E-05 2.40E-08
UPMJBAMP1 BORIC ACID MAKEUP PUMP BAMP1 FAILS TO START (ALL TYPES) 2.00E-03 1 2.00E-03<

111) ESSQPXO801S 125 VDC CIRCUlf BREAKER PXO801S OPENS SPURIOUSLY
'

5.00E-07 24 1.20E-05 2.40E-08*

UPMJBAMP2 BORIC ACID MAKEUP PUMP BAMP2 FAILS TO START (ALL TYPES) 2.00E-03 1 2.00E-03
112) EBBQPYO801S 125 VDC CIRCUIT BREAKER PYO8015 OPENS SPURIOUSLY 5.00E-07 24 1.20E-05 2.40E-08

UPMJBAMP1 BORIC ACID MAKEUP PUMP BAMP1 FAILS TO START (ALL TYPES) 2.00E-03 1 2.00E-03.
113) EBCQPXT202S 480 V LC PXL302 TRANSFORMER SUPPLY BREAKER PXT202S TRIPS SPURIOUSL 5.00E-07 24 1.20E-05 2.10E-08*

UPMVBAMP2 BORIC ACID MAKEUP PUMP 2 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03'

114) EBCQPXT202F 480 V LC PXL302. TRANSFORMER FEED BREAKER PXT202F TRIPS SPURIOUSLY 5.00E-07 24 '1.20E-05 2.10. 8'

1 UPMVBAMP2 BORIC ACID MAKEUP PUMP 2 UNAVAILABLE DUE TO MA!NTENANCE 1.75E-03 1.75E-03
j 115) EBCQPYT202S 480 V LC PYL302 TRANSFORMER SUPPLY BREAKER PYT202S TRIPS SPURIOUSt 5.00E-07 24 1.20E-05 2.10E-08

'

UPMVBAMP1 BORIC ACID MAKEUP PUMP 1 UNAVAILABLE DUE TO TEST / MAINTENANCE 1.75E-03 1.75E-03

1
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TABLE 19.6.3.14-2

(Sheet 6 of 7)
,

DOMINANT CUTSETS FOR FAILURE TO REPLENISH IRWST VIA CVCS

FAULT TREE: PUIA018X

B.E. MG)./CS.
MCDULE/ EVENT NAME DESCRIPTION RA_TE EXPOSURE PROB. PROB.T

116) EBCQPYT202F 480 V LC PYL302 TRxkSFORMER FEED BREAKER PYT202F TRIPS SPURIOUSLY 5.00E-07 24 1.20E-05 2.10E-08
UPMVBAMP1 BORIC ACID MAKEUP '' UMP 1 UNAVAILABLE DUE TO TEST / MAINTENANCE 1.75E-03 1. 75E -03

117) EBBQPX08015 125 VDC CIRCUIT BF.EAKER PX0801S OPENS SPURIOUSLY 5.00E-07 24 1.20E-05 2.10E-08
UPMVBAMP2 BORIC ACID MMEUr PUMP 2 UNAVAILABLE DUE TO MAINTENANCE 1.75E-03 1.75E-03

11S) EBMPY0801S 125 VDC CIRCUIT BREAKER PYO801S OPENS SPURIOUSLY 5.00E-07 24 1.20E-05 2.10E-08
UPMVBAMP1 BORIC ACID MAKEUP PUMP 1 UNAVAILABLE DUE TO TEST / MAINTENANCE 1.75E-03 1.75E-03

119) ELLPSAL301 BUS FAULT ON 480 V BUS SAL 301. 2.00E-07 24 4.80E-06 1.92E-08
GVMASI-301 MOV SI-301 FAILS TO OPEN 4.00E-03 1 4.00E-03

120) ELLPSBL301 BUS FAULT ON 480 V BUS SBL301. 2.00E-07 24 4.80E-06 1.92E-08
GVMASI-300 MOV SI-300 FAILS TO OPEN 4.00E-03 1 4.00E-03

121) ELMPSAM301 BUS FAULT ON 480 V MCC SAM 301. 2.00E-07 24 4.80E-06 1.92E-08
GVMASI-301 MOV SI-301 FAILS TO OPEN 4.00E-03 1 4.00E-03

122) ELMPSBM301 BUS FAULT ON 480 V MCC SBM301. 2.00E-07 24 4.80E-06 1.92E-08
GVMASI-300 MOV SI-300 FAILS TO OPEN 4.00E-03 1 4.00E-03

123) ELBPSBS201 BUS FAULT ON 4.16 Ky SWGR SBS201. 2.00E-07 24 4.80E-06 1.92E-08
GVMASI-300 MOV SI-300 FAILS TO OPEN 4.00E-03 1 4.00E-03

124) ELBPSAS201 BUS FAULT ON 4.16 Ky SWGR SAS201. 2.00E-07 24 4.80E-06 1.92E-08
GVMASI-301 Mov SI-301 FAILS TO OPEN 4.00E-03 1 4.00E-03

125) EXLPPXT202 LOAD CENTER TRANSFORMER PXT202 FAILS TO PROVIDE OUTPUT 7.00E-07 24 1.68E-05 1.47E-08
UHFLCH-153 BORIC ACID MAKEUP PUMP 2 DISCHARGE VALVE CH-153 UNAVAILABLE DUE TO 8.73E-04 8.73E-04

126) EXLPPYT202 LOAD CENTER TRANSFORMER PYT202 FAILS TO PROVIDE OUTPUT 7.00E-07 24 1.68E-05 1.47E-08
UHFLCH-152 BORIC ACID MAKEUP PUMP 1 DISCHARGE VALVE CH-152 UNAVAILABLE DUE TO 8.73E-04 8.73E-04

127) UHFLCH-152 BORIC ACID MAKEUP PUMP 1 DISCHARGE VALVE CH-152 UNAVAILABLE DUE TO 8.73E-04 8. 73E -04 1.43E-08
UVCDCH-155 CHECK VALVE CH-155 FAILS TO REMAIN OPEN (SPUR. CLOSURE) 6.84E-07 24 1.64E-05

128) UHFLCH-153 BORIC ACID MAKEUP PUMP 2 DISCHARGE VALVE CH-153 UNAVAILABLE DUE TO 8.73E-04 8.73E-04 1.43E-08
UVCDCH-154 CHECK VALVE CH-154 FAILS TO REMAIN OPEN (SPUR. CLOSURE) 6.84E-07 24 1.64E-05

129) GVMASI-301 MOV SI-301 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.34E-08
GVMOSI-300 MOV SI-300 FAILS TO REMAIN OPEN 1.40E-07 24 3.36E-06

130) GVMASI-300 MOV SI-3GO FAILS TO OPEN 4.00E-03 1 4.00E-03 1.34E-08
GVMDSI-301 MOV SI-301 FAILS TO REMAIN OPEN 1.40E-07 24 3.36E-06

| 131) UBouBAMP2 CIRCUIT BREAKER BAMP2 TRIPS SPURIOUSLY 6.00E-07 24 1.44E-05 1.26E-08
UHFLCH-152 BORIC ACID MAKEUP PUMP 1 DISCHARGE VALVE CH-152 UNAVAILABLE DUE TO 8.73E-04 8.73E-04

| 132) USDQBAMP1 CIRCUIT BREAKER BAMP 1 TRIPS SPUR 10USLY ~ 6.00E-07 24 1.44E-05 1.26E-08
'

UHFLCH-153 BORIC ACID MAKEUP PUMP 2 DISCHARGE VALVE CH-153 UNAVAILABLE DUE TO 8.73E-04 8.73E-04
133) GVMASI-301 MOV SI-301 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.20E-08

UVNDSI-588 MANUAL VALVE SI-588 FAILS TO REMAIN OPEN 1.25E-07 24 3.00E-06
134) GVMASI-300 MOV SI-300 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.20E-08

UVNDSI-589 MANUAL VALVE SI-589 FAILS TO REMAIN OPEN 1.25E-07 24 3.00E-06
135) EBBQPYO801S 125 VDC CIRCUIT BREAKER PYO8015 OPENS SPURIOUSLY 5.00E-07 24 1.20E-05 1.05E-08

UHFLCH-152 BORIC ACID MAKEUP PUMP 1 DISCHARGE VALVE CH-152 UNAVAILABLE DUE TO 8.73E-04 8.73E-04
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TARLE 19.6.3.14-2.- )

(Sheet 7 of 7)
+

DCBIINANT CUTSETS FOR FAILLRE TO REPLENISH IRUS1 VIA CVCS

FAULT TREE: PUIA015E

,

L

B.E. ME)./CS.
MG)ULE/ EVENT MAK DESCRIPTION RAJE EXPOSLRE PROB. PROS.

t

+

136) EBCQPXT202S 480 V LC PXL302 TRANSFORMER SUPPLY BREAKER PXT202S TRIPS SPURIOUSL 5.00E-07 24 1.20E-05 .1.05E-08 :
'i

UriFLCH-153 BORIC ACID MAKEUP P'JMP 2 DISCHARGE VALVE CH-153 UNAVAILABLE DUE TO 8.73E-04 8.73E-04
137) EBCOPXT202F 480 V LC PXL302 TRANSFORMER FEED BREAKER PXT202F TRIPS SPURIOUSLY 5.00E-07 24 -1.20E-05 1.05E-08

!
UHFLCH-153 BORIC ACID MAKEUP PUMP 2 DISCHARGE VALVE CH-153 UNAVAILABLE DUE TO 8.73E-04 8.73E-04

138) EBCQPYT202S 480 V LC PYL302 TRANSFORMER SUPPLY BREAKER PYT202S TRIPS SPURIOUSL 5.00E-07 24 1.20E-05 1.05E-08
UHFLCH-152 BORIC ACID MAKEU? PUMP 1 DISCHARGE VALVE CH-152 UNAVAILABLE DUE TO 8.73E-04 8.73E-04 4

139) EBCQPYT202F 480 V LC PYL302 TRANSFORMER FEED BREAKER PYT202F TRIPS SPURIOUSLY 5.00E-07 ~ 24 . 1.20E-05 .1.05E-08 ;

UHFLCH-152 BORIC ACID MAKEUP PUMP 1 DISCHARGE VALVE CH-152 UNAVAILABLE DUE TO - . 8.73E-04 .8.73E-04
140) EBBQPX0801S 125 VDC CIRCUIT BREAKER PXO8015 OPENS SPURICUSLY 5.00E-07 24 ~ 1.20E-05 1.05E-08 i

UHFLCH-153 BORIC ACID MAKEUP PUMP 2 DISCHARGE VALVE CH-153 UNAVAILABLE DUE TO 8.73E-04 8. 73E-04 ,

141) EXLPPYT202 LOAD CENTER TRANSFORMER PYT202 FAILS To PROVIDE OUTPUT 7.00E-07 24 1.68E-05 1.01E-08
UPMKBAMP1 BORIC ACID MAKEUP PUMP BAMP1 FAILS TO RUN (ALL TYPES) 2.50E-05 '24 6.00E-04

142) EXLPPXT202 LOAD CENTER TRANSFORMER PXT202 FAILS TO PROVIDE OUTPUT 7.00E-07-24 1.68E-05 1.01E-08
UPMKBAMP2 BORIC ACID MAKEUP PUMP BAMP2 FAILS TO RUN (ALL TYPES)' 2.50E-05 24 - 6.00E-04
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19.6.3.16 Cavity Floodinc System

j 19.6.3.16.1 System Description
i

I 19.6.3.16.1.1 System Function

The primary function of the Cavity Flooding System (CFS) is to
flood the reactor cavity in the unlikely event of a severe
accident. The flooding covers core debris in the reactor cavity
with water to facilitate debris cooling and stabilization. Water
is injected from the In-containment Refueling Storage Tank (IRWST)
to the Holdup Volume Tank (HVT) and then from the HVT into the
reactor cavity. The CFS also reduces the possibility of Core-
debris (Corium) and Concrete Interaction (CCI) at the cavity
bottom. These functions are achieved via remote manual operator
control.

19.6.3.16.1.2 System Configuration

The Cavity Floodirg System, as shown in' Figure 19.6.3.16-1,
consists of the In-Containment Refueling Water Storage Tank (IRWST)
as water source; four 12-inch diameter independent safety-related
flowpaths from the IRWST to the Holdup Volume Tank (HVT), called

spillways, each containing one_ motor-operated valve and one

. O
HVT
manual isolation valve for maintenance purposes; the HVT; and two
10-inch independent safety-related flowpaths from the HVT to the
reactor cavity, called reactor cavity spillways, each containing
one motor-operated valve; and associated controls.

The HVT spillways are circular conduits lined with stainless steel
in the concrete wall separating the IRWST and HVT. The reactor
cavity spillways are similarly lined conduits in the primary shield
wall separating the HVT and the reactor cavity. |

The CFS motor-operated valves fail in the "As-Is" position upon
loss of power to the valve. Since the valves are designed to be
operated during a station blackout, the motor operator for each
valve is supplied with electrical power from a separate DC bus.
The failure of any one CFS valve does not prevent the CFS from
performing its functions.

The HVT spillways are located as low as possible (approximate
elevation 67.0 ft) to provide the greatest head. The reactor
cavity spillways are located low enough to ensure sufficient
flooding of the reactor cavity when the IRWST water level is at its
minimum during a design basis event.

There is also a fifth pathway connecting the IRWST and the HVT.
This pathway is a spillway and is always open and contains no
valves. When the water level in the HVT reaches the inlet of the

y/ IRWST spillway, water flows, by gravity, from the HVT into the

Amendment M
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i IRWST. The IRWST spillway is located at an elevation above the

normal water level in the IRWST.

A detailed description of the Cavity Flooding System (CFS) is
presented in Section 6.8 of CESSAR-DC.

! 19.6.3.16.1.3 Support and Interfacing Systems

The Cavity Flooding System (CFS) depends on the 125 VDC class 1E
power system to operate. Each of the CFS valves is equipped with
a 480 VAC motor. However, the power for the motor is supplied by
the 125 VDC Class 1E power system via a dedicated inverter. These
inverters are powered from a separate 125 VDC class 1E bus.
Specific power assignments for the CFS valves that are used in this
study are provided below.

System Component 125 VDC bus

CFS Valves:
SI-390 SAD 801

| SI-391 SBD801
1 SI-392 SCD801

SI-393 SDD801
SI-394 SAD 801
SI-395 SBD801

19.6.3.16.1.4 System Operation

Cavity flooding is manually initiated. Whenever there are symptoms
of reactor vessel rupture during the severe core damage accident,
the Cavity Flooding System (CFS) is actuated by the operator in the
control room. Actuation of the CFS results in the opening of the
Holdup Volume Tank (HVT) spillway valves allowing water from the
In-Containment Refueling Water Storage Tank (IRWST) to flood the
HVT. The CFS takes water from the IRWST and directs it to the
reactor cavity. The water flows by gravity first into the HVT by

| way of the HVT spillways and then into the reactor cavity by way of
the reactor cavity spillways. The HVT prevents any leakage from
any of the HVT spillway valves from reaching the reactor cavity.

Flooding of the HVT progresses until the water level in the HVT
reaches the reactor cavity spillway, at which time reactor cavity
flooding commences. Flooding ceases when an equal water level in
the IRWST, HVT and reactor cavity is attained.

! Cavity flooding is used to mitigate the consequences beyond a
design basis event which proceed to reactor vessel rupture.

19.5.3.16.1.5 System Buccess Criteria

The success criterion far the Cavity Flooding System (CFS) is
defined as the availability of two of the four spillways delivering

Amendment V
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19.6.3.16.3 System Quantification

In order to estimate the frequency of plant damage for those
sequences which include failure of the Cavity Flooding System
(CFS), the fault tree model presented in Figure 19.6.3.16-3 was
quantified. The CAFTA 2. 2 HD computer code was used to perform the
q antification. The data used in the quantification is discussed
in Section 19.5.

This section presents the results of the CFS quantification in
terms of the system failure probability or unavailability and the
dominant ways in which the system may fail.

19.6.3.16.3.1 System Unnvailability

The fault tree model presented in Figure 19.6.3.16-3 was used to
determine the unavailability of the Cavity Flooding System (CFS).
The results of the unavailability of the CFS quantification are
presented in Table 19.6.3.16-1. The result is presented as a
distribution which is represented by the mean and the error factor.

The mean value of the CFS unavailability is 4.54E-02, with an error
factor of 2.47. The dominant cutsets and their relative

,i contribution to system failure are given in Table 19.6.3.16-1.
(
\ > 19.6.3.16.3.2 Dominant Contributors to System Unavailability

A list of the dominant cutsets contributing to the total
unavailability of the Cavity Flooding System (CFS) is presented in
Table 19.6.3.16-1. The cutsat that contributes the most to system
unavailability is listed first followed by the next dominant and so
forth.

The total system unavailability presented in Table 19.6.3.16-1 is
referred to as the "Mincut Upper Bound". This valtw is regarded as
a point estimate and may differ slightly from the mean value. The
point estimate value is used to determine the pe; cent contribution
of the individual cut sets. In addition to the system
unavailability, the information presented in the table for each
cutset includes the probability of the cutset, and the element or
elements of the cutset. The descriptions for the cutset elements
are also provided.

The results of the analysis indicate that the dominant contributor
to overall system unavailability was human error, namely, failure
of the operator to actuate the Cavity Flooding System. This cutset
contributes 97.0% to the total CFS unavailability.

The next most dominant cutset is the common cause failure of the
[~') Holdup Volume Tank (HVT) spillway valves. This cutset contributes
( ,/ 2.5% of the total Cavity Flooding System unavailability. |

Amendment V
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The third most dominant cutset is the common cause failure of the

| reactor cavity spillway valves. This cutset contributes 0.4% of
the total Cavity Flooding System unavailability.

f

9

O
|

l
| Amendment V

19.6-140 April 29, 1994



a v G
TABLE 19.6.3.16-1

(Sheet 1 of 2)

DOMINANT CUTSETS FOR FAltuRE OF THE CAVITY FLOCDING SYSTEM

FAULT TREE: PGC8018X

B.E. MOD./CS.
MCDULE/ EVENT NAME DESCRIPTION RAE EXPOSURE PROB. PROB.

1) PGCB01BX FAILURE OF CAVITY FLOODING SYSTEM *4.64E-02

1) GMFFCFSMOVS OPERATOR FAILS TO INITIATE CAVITY FLOODING SYSTEM 4.50E-02 4.50E-02 4.50E-02
2) GVMXHVT COMMON CAUSE FAILURE OF HVT SPILLWAY MOVs (4) 1.14E-03 1.14E-03 1.14E-03
3) GVMXRCAVITY COMMON CAUSE FAILURE OF REACTOR CAVITY SPILLWAY MOVs (2) 2.00E- 04 2.00E-04 2.00E-04
4) GVMASI-394 MOV SI-394 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05

GVMASI-395 MOV SI-395 FAILS TO OPEN 4.00E-03 1 4.00E-03
5) GVMASI-390 MOV St-390 FAILS TO DPEN 2.40E-02 2.40E-02 1.38E-05

GVMASI-391 MOV SI-391 FAILS TO OPEN 2.40E-02 2.40E-02
GVMASI-393 MOV SI-393 FAILS TO OPEN 2.40E-02 2.40E-02

6) GVMASI-390 MOV SI-390 FAILS TO OPEN 2.40E-02 2.40E-02 1.38E-05
,

GVMASI-391 MOV SI-391 FAILS TO OPEN 2.40E-02 2.40E-02
GVMASI-392 MOV SI-392 FAILS TO DPEN 2.40E-02 2.40E-02

7) GVMASI-390 MOV SI-390 FAILS TO DPEN 2.40E-02 2.40E-02 1.38E-05
GVMASI-392 MOV SI-392 FAILS TO DPEN 2.40E-02 2.40E-02
GVMASt-393 MOV SI-393 FAILS TO OPEN 2.40E-02 2.40E-02

8) GVMASI-391 MOV SI-391 FAILS TO OPEN 2.40E-02 2.40E-02 1.38E-05
GVMASI-392 MOV SI-392 FAILS TO OPEN 2.40E-02 2.40E-02
GVMASI-393 MOV SI-393 FAILS TO OPEN 2.40E-02 2.40E-02

9) GCIPSI-394 CFS MOV INVERTER Si-394 FAILS TO PROVIDE ADEQUATE DUTPUT 2.00E-05 24 4.80E-04 1.92E-06
GVMASI-395 MOV SI-395 FAILS TO OPEN 4.00E-03 1 4.00E-03

10) GCIPSI-395 CFS MOV INVERTER SI-395 FAILS TO PROVIDE ADEQUATE OUTPUT 2.00E-05 24 4.80E-04 1.92E-06
GVMASI-394 MOV SI-394 FAILS TO OPEN 4.00E-03 1 4.00E-03

11) GCIPSI-390 CFS MOV INVERTER SI-390 FAILS TO PROVIDE ADEQUATE OUTPUT 2.00E-05 24 4.80E-04 2.76E-07
GVMASI-391 MOV SI-391 FAILS TO DPEN 2.40E-02 2.40E-02
GVMASI-393 MOV St-393 FAILS TO OPEN 2.40E-02 2.40E-02

12) GCIPSI-390 CFS MOV INVERTER SI-390 FAILS TO PROVIDE ADEQUATE OUTPUT 2.00E-05 24 4.80E-04 2.76E-07
GVMASI-391 MOV SI-391 FAILS TO OPEN 2.40E-02 2.40E-02
GVMASt-392 Mov SI-392 FAILS TO OPEN 2.40E-02 2.40E-02

13) GCIPSI-390 CFS MOV INVERTER SI-390 FAILS TO PROVIDE ADEQUATE OUTPUT 2.00E-05 24 4.80E-04 2.76E-07
GVMASI-392 MOV SI-392 FAILS TO OPEN 2.40E-02 2.40E-02
GVMAst-393 MOV SI-393 FAILS TO OPEN 2.40E-02 2.40E-02

14) GCIPSI-391 CFS MOV INVERTER SI-391 FAILS TO PROVIDE ADEQUATE DUTPUT 2.00E-05 24 4.80E-04 2.76E-07
GYMASI-390 MOV SI-390 FAILS TO OPEN 2.40E-02 2.40E-02
GVMASI-392 MOV SI-392 FAILS TO OPEN 2.40E-02 2.40E-02

15) GCIPSI-391 CFS MOV INVERTER SI-391 FAILS TO PROVIDE ADEQUATE OUTPUT 2.00E-05 24 4.80E-04 2.76E-07
GVMASI-390 MOV SI-390 FAILS TO OPEN 2.40E-02 2.40E-02
GVMASI-393. MOV SI-393 FAILS TO OPEN 2.40E-02 2.40E-02
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TABLE 19.6.3.16-1

(Sheet 2 of 2)

DOMINANT EllTSETS FOR FAILURE OF THE CAVITY FLOODING SYSTEM

FAULT TREE: PGCB01BX

B.E. M3)./CS.
MODULE / EVENT NAME DESCRIPTION R_4TE EXPOSURE PROB. PROS.

16) GCIPSI-391 CFS MOV INVERTER SI-391 FAILS TO PROVIDE ADEQUATE OUTPUT 2.00E-05 24 4.80E-04 2.76E-07
GVMASI-392 MOV SI-392 FAILS TO OPEN 2.40E-02 2.40E-02
GVMASI-393 MOV SI-393 FAILS TO OPEN 2.40E-02 2.40E-02

17) GCIPSI-392 CFS MOV INVERTEit SI-392 FAILS TO PROVIDE ADEQUATE OUTPUT 2.00E-05 24 4.80E-04 2.76E ./
GVMASI-390 MOV SI-390 FAILS TO OPEN 2.40E-02 2.40E-02
GVMASI-393 Mov SI-393 FAILS TO OPEN 2.40E-02 2.40E-02

18) GCIPSI-392 CFS MOV INVERTER SI-392 FAILS TO PROVIDE ADEQUATE OUTPUT 2.00E-05 24 4.80E-04 2.76E-07
GVMASI-390 MOV SI-390 FAILS TO OPEN 2.40E-02 2.40E-02
GVMASI-391 MOV SI-391 FAILS TO OPEN 2.40E-02 2.40E-02

19) GCIPSI-392 CFS MOV INVERTEC SI-392 FAILS TO PROVIDE ADEQUATE OUTPUT 2.00E-05 24 4.80E-04 2.76E-07
GVMASI-391 MOV SI-391 FAILS TO OPEN 2.40E-02 2.40E-02
GVMASI-393 MOV SI-393 FAILS TO OPEN 2.40E-02 2.40E-02

20) GCIPSI-393 CFS MOV INVERTER SI-393 FAILS TO PROVIDE ADLQUATE OUTPUT 2.00E-05 24 4.80E-04 2.76E-07
GVMASI-390 MOV SI-390 FAILS TO OPEN 2.40E-02 2.40E-02
GVMASI-392 MOV SI-392 FAILS TO OPEN 2.40E-02 2.40E-02

21) GCIPSI-393 CFS MOV INVERTER SI-393 FAILS TO PROVIDE ADiCUATE OUTPUT 2.00E-05 24 4.80E-04 2.76E-07
GVMASI-390 MOV SI-390 FAILS TO OPEN 2.40E-02 2.40E-02
GVMASI-391 MOV SI-391 FAILS TO OPEN 2.40E-02 2.40E-02

22) GCIPSI-393 CFS MOV INVERTER SI-393 FAILS TO PROVIDE ADEQtJATE OUTPUT 2.00E-05 24 4.80E-04 2.76E-07
GVMASI-391 Mov SI-391 FA"J TO ODEN 2.40E-02 2.40E-02
GVMASI-392 MOV SI-392 FAI85 TO OPEN 2.40E-02 2.40E-02

23) GCIPSI-394 CFS MOV INVERTER SI-394 FAILS 10 PROVIDE ADEQUATE OUTPUT 2.00E-05 24 4.80E-04 2.30E-07
GCIPSI-395 CFS MOV INVERTER SI-395 FAILS TO PROVIDE ADIQUATE CUTPUT 2.00E-05 24 4.80E-04

24) ELCX125C1E COMMON CAUSE FAILURE OF 125 VDC CLASS 1E BUS 1.08E-07 1.08E-07 1.08E-07
25) EBBQSA0801S 125 VDC CIRCUIT BREAKER SA0801S OPENS SPURIOUSLY 5.00E-07 24 1.20E-05 4.80E-08

GVMASI-395 MOV SI-395 FAILS TO OPEN 4.00E-03 1 4.00E-03
26) EBBQSB0801S 125 VDC CIRCUIT BREAKER SB0801S OPENS SPURIOUSLY 5.00E-07 24 1.20E-05 4.80E-08

GVMASI-394 MOV SI-394 FAILS TO OPEN 4.00E-03 1 4.00E-03
27) ELCPSA0801 BUS FAULT DN 125 VDC BUS SA0301. 2.00E-07 24 4.80E-06 1.92E-08

GVMASI-395 Mov SI-395 FAILS TO OPEN 4.00E-03 1 4.00E-03
28) ELCPS80801 BUS FAULT ON 125 VDC BUS S80801. 2.00E-07 24 4.80E-06 1.92E-08

GVMASI-394 MOV SI-394 FAILS TO OPEN 4.00E-03 1 4.00E-03
29) GVMASI-394 MOV SI-394 FAILS TO OPEM 4.00E-03 1 4.00E-03 1.34E-08

GVMDSI-395 MOV SI-395 FAILS TO REMAIN OPEN 1.40E-07 24 3.36E-06
30) GVMASI-395 MOV SI-395 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.34E-08

GVMDSI-394 MOV SI-394 FAILS TO REMAIN OPEN 1.40E-07 24 3.36E-06
31) EBBQSA0801S 125 VDC CIRCUIT BREAKER SA08015 OPENS SPURIOUSLY 5.00E-07 24 1.20E-05 5.76E-09

GCIPSI-395 CFS MOV INVERTER SI-395 FAILS TO PROVIDE fDEQUATE OUTPC' 2.00E-05 24 4.80E-04
32) EBBQSB0801S 125 VDC CIRCUIT BREAKER !308015 OPENS SPURIOUSLY 5.00E-07 24 1.20E-05 5.76E-09

GCIPSI-394 CFS MOV INVERTER SI-394 FAILS TO PROVIDE ADEQUATE OUTPUT 2.00E-05 24 4.80E-04
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19.6.4.1.3.1 System Unavailability

The fault tree model presented in Figure 19.6.4.1-2 was used to
determine the unavailability of Shutdown Cooling System for long-
term decay heat removal.

This value of unavailability is presented as a distribution which
is represented by the mean and error factor. Based on this model,
the mean unavailability for the SCS for long-term decay heat
removal is 2.68E-03 with an error factor of 1.35. The total system |
unavailability is also presented in Table 19.6.4.1-1 and is
referred to as the "Mincut Upper Bound". This value is regarded as
a point estimate and may differ slightly from the mean value.

19.6.4.1.3.2 Dominant Contributors to System Unavailability

A list of the dominant cutsets for SCS for long-term decay heat
removal is presented in Table 19.6.4.1-1. The cutset that
contributes the most to system unavailability is listed first
followed by the next dominant and so forth.

In addition, the information presented in these tables for each
cutset includes:

the probability of the cutset, and*

the element or elements of the cutset.*

f

k
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DOMIMANT 12JTSETS FOR FAILURE OF SMUTDonal COOLING SYSTEM FGt t(NIG-TEHH DECAY MEAT RE9KNAL

FAULT TREE: PJOB01BX

B.E. MtB./CS.
MtDULE/ EVENT MAfME DESCRIPTION RAR EXPOSURE PROB. PR(B.

1) PJ0801BX FAILURE OF SCS FOR LONG-TERM DECAY HEAT REMOVAL *2.54E-03
1) JVMXSI-651/654 COMMON CAUSE FAILURE OF ALL 4 SUCTION VALVES FROM RCS (SI-651/SI-6 8.00E-04 8.00E-04 8.00E-04
2) JVMXCC-111/211 COMMON CAUSE FAILURE OF SCS/CCW VALVES CC-111/CC-211 TO OPEN 2.00E-04 2.00E-04 2.00E-04
3) JVMXD-SET) COMMON CAUSE FAILURE OF SCS HX FLOW CONTROL VALVES TO (S1-310/S1-3 2.00E-04 2.00E-04 2.00E-04
4) JVMXD-SET 2 COMMON CAUSE FAILURE OF SCS DISCHARGE ISO VALVES TO (SI-601/SI-600 2.00E-04 2.00E-04 2.00E-04
5) JVMXSI-655/656 COMMON CAUSE FAILURE OF SI-655/SI-656 MOVs TO OPEN 2.00E-04 2.00E-04 2.00E-04
6) JVCXD-SET 2 COMMON CAUSE FAILURE OF 2 SI CHECK VALVES (SI-143,SI-543,SI-123,SI 1.44E-04 1.44E-04 1.44E-04
7) JHFDSCSLTC OPERATOR FAILS TO ALIGN SHUTDOWN COOLING SYSTEM FOR LONG-TERM COOL 1.10E-04 1.10E-04 1.10E-04
8) JVCXD-SET 1 COMMON CAUSE FAILURE OF SCS DISCHARGE CHECK VALVES (SI-178/St-168) 3.60E-05 3.60E-05 3.60E-05
9) JVCXD-SET 3 COMMON CAUSE FAILURE OF 2 CVI' CHECK VALVES (S1-247/S1-227) TO OPEN 3.60E-05 3.60E-05 3.60E-05

10) JVMACC-111 CCW/SCSHX1 M-0 VALVE CC-111 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05
JVMACC-211 CCW/SCSHX2 M-0 VALVE CC-211 FAILS TO OPEN 4.00E-03 -1 4.00E-03

11) JVMACC-111 CCW/SCSHX1 M-0 VALVE CC-111 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05
JVMASI-656 SCS SUCTION M-0 ISO VALVE SI-656 FAILS TO OPEN 4.00E-03 1 4.00E-03

12) JVMACC-111 CCW/SCSHX1 M-O VALVE CC-111 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05
JVMASI-311 SCS HX2 FLOW CONTROL VALVE S1-311 FAILS TO OPEN 4.00E-03 1 4.00E-03

13) JVMACC-111 CCW/SCSHX1 M-0 VALVE CC-111 FAILS TO OPEN 4.00E-03 1 4.00E-03 '1.60E-05
JVMASI-600 SCS TRAIN 2 DISCHARGE ISO VALVE SI-600 FAILS TO OPEN 4.00E-03 1 4.00E-03

14) JVMACC-111 CCW/SCSHX1 M-0 VALVE CC-111 FAILS TO OPEN. 4.00E-03 1 '4.00E-03 1.60E-05
JVMASI-654 SCS SUCTION M-0 ISO VALVE SI-654 FAILS TO OPEN 4.00E-03 1 4.00E-03

15) JVMACC-111 CCW/SCSHX1 M-0 VALVE CC-111 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05
JVMASI-652 SCS SUCTION M-0 ISO VALVE SI-652 FAILS TO OPEN 4.00E-03 1 4.00E-03! 16) JVMACC-211- CCW/SCSHX2 M-0 VALVE CC-211 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05
JVMASI-651 SCS SUCTION M-0 ISO VALVE SI-651 FAILS TO OPEN 4.00E-03 1 4.00E-03

17) JVMACC-211 CCW/SCSHX2 M-0 VALVE CC-211 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05
JVMASI-655 SCS SUCTION M-0 ISO VALVE SI-655 FAILS TO OPEN 4.00E-03 1 4.00E-03

18) JVMACC-211 CCW/SCSHX2 M-0 VALVE CC-211 FAILS TO OPEN- 4.00E-03 1 4.00E-03' 1.60E-05
JVMASI-310 SCS HX1 FLOW CONTROL VALVE SI-310 FAILS TO OPEN 4.00E-03 1 4.00E-03

19) JVMACC-211 CCW/SCSHX2 M-O VALVE CC-211 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05-
JVMASI-601 SCS TRAIN 1 DISCHARGE ISO VALVE SI-601 FAILS TO OPEN 4.00E-03 1 4.00E-03 !'

20) JVMACC-211 'CCW/SCSHX2 M-0 VALVE CC-211 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05 I
JVMASI-653 SCS SUCTION M-0 ISO VALVE SI-653 FAILS TO OPEN - 4.00E-03 1 4.00E-03

21) JVMASI-310 SCS HX1 FLOW CONTROL VALVE S1-310 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05
JVMASI-600 SCS TRAIN 2 DISCHARGE ISO VALVE $1-600 FAILS TO OPEN 4.00E-03 1 4.00E-03

22) JVMASt-310 SCS HX1 FLOW CONTROL VALVE SI-310 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05
JVMASI-311 SCS HX2 FLOW CONTROL VALVE SI-311 FAILS TO OPEN 4.00E-03 1 4.00E-03

23) JVMASI-310 -SCS HX1 FLOW CONTROL VALVE SI-310 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05
JVMASI-652 SCS SUCTION M-0 ISO VALVE SI-652 FAILS TO OPEN 4.00E-03 1 4.00E-03

24)'JVMASI-310 SCS HX1 FLOW CONTROL' VALVE SI-310 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05
JVMASI-654 SCS SUCTION M-0 ISO VALVE SI-654 FAILS TO OPEN 4.00E-03 1 4.00E-03

25) JVMASI-310 SCS HX1 FLOW CONTROL VALVE SI-310 FAILS TO OPEN 4.00E-03 1 A.00E-03 1.60E-05
JVMASI-656 SCS SUCTION M-0 ISO VALVE SI-656 FAILS TO OPEN 4.00E-03 1 4.00E-03

|
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TABLE 19.6.4.1-1

(Sheet 2 of 3)

DOMINANT CUTSETS FOR FAILURE OF SHUTDOWN COOLING SYSTEM FOR LONG-TERM DEe1LY HEAT REMOVAL

FAULT TREE: PJOB01BX

B.E. MG)./CS.
MODULE / EVENT NAME DESCRIPTION RATE EXPOSURE PROB. PROB.

]
26) JVMASI-311 SCS HX2 FLOW CONTROL VALVE SI-311 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05

JVMASI-653 SCS SUCTION M-O ISO VALVE SI-653 FAILS TO OPEN 4.00E-03 1 4.00E-03
27) JVMAst-311 SCS HX2 FLOW CONTROL VALVE S1-311 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05

JVMASI-601 SCS TRAIN 1 DISCHARGE ISO VALVE SI-601 FAILS TO OPEN 4.00E-03 1 4.00E-03
28) JVMASI-311 SCS HX2 FLOW CONTROL VALVE SI-311 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.6CE-05

JVMASI-655 SCS SUCTION M-O ISO VALVE S1-655 FAILS TO OPEN 4.00E-03 1 4.00E-03
29) JVMASI-311 SCS HX2 FLOW CONTROL VALVE SI-311 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05

JVMASI-651 SCS SUCTION M-O ISO VALVE SI-651 FAILS TO OPEN 4.00E-03 1 4.00E-03
30) JVMASI-600 SCS TRAIN 2 DISCHARGE ISO VALVE S1-600 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05

JVMASI-655 SCS SUCTICN M-O ISO VALVE SI-655 FAILS TO OPEN 4.00E-03 1 4.00E-03
31) JVMASt-600 SCS TRAIN 2 DISCHARGE ISO VALVE SI-600 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05

JVMASI-601 SCS TRAIN 1 DISCHARGE ISO VALVE SI-601 FAILS TO OPEN 4.00E-03 1 4.00E-03
32) JVMASI-600 SCS TRAIN 2 DISCHARGE ISO VALVE S1-600 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05

JVMASI-653 SCS SUCTION M-0 ISO VALVE SI-653 FAILS TO OPEN 4.00E-03 1 4.00E-03
33) JVMASI-600 SCS TRAIN 2 DISCHARGE ISO VALVE SI-600 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05

JVMASI-651 SCS SUCTION M-O ISO VALVE SI-651 FAILS TO OPEN 4.00E-03 1 4.00E-03
34) JVMASt-601 SCS TRAIN 1 DISCHARGE 150 VALVE SI-601 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05

JVMAS!-652 SCS SUCTION M-O 150 VALVE S1-652 FAILS TO OPEN 4.00E-03 1 4.00E-03
35) JVMASI-601 SCS TRAIN 1 DISCHARGE 150 VALVE SI-601 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05

JVMASI-656 SCS SUCTION M-O ISO VALVE SI-656 FAILS TO OPEN 4.00E-03 1 4.00E-03
36) JVMASI-601 SCS TRAIN 1 DISCHARGE ISO JALVE SI-601 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05

JVMASI-654 SCS SUCTION M-O ISO VALVE SI-654 FAILS TO OPEN 4.00E-03 1 4.00E-03
37) JVMASI-651 SCS SUCTION M-O ISO VALVE SI-651 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05

JVMASI-652 SCS SUCTION M-O ISO VALVE SI-652 FAILS TO OPEN 4.00E-03 1 4.00E-03
38) JVMASI-651 SCS SUCTION M-0 150 VALVE SI-651 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05

JVMASI-656 SCS SUCTION M-O ISO VALVE SI-656 FAILS TO OPEN 4.00E-03 1 4.00E-03
39) JVMASI-651 SCS SUCTION M-0 ISO VALVE St-651 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05

JVMASI-654 SCS SUCTION M-O ISO VALVE SI-654 FAILS TO OPEN 4.00E-03 1 4.00E-03
40) JVMASI-652 SCS SUCTION M-O ISO VALVE St-652 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05

JVMASI-655 SCt W. TION M-O 150 VALVE SI-655 FAILS TO OPEN 4.00E-03 1 4.00E-03
41) JVMASI-652 SCS SUCilON M-O ISO VALVE SI-652 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05

JVMASI-653 GCS SUCTION M-O ISO VALVE SI-653 FAILS TO OPEN 4.00E-03 1 4.00E-03
42) JVMASI-653 SCS SUCTION M-0 ISO VALVE SI-653 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05

JVMASI-656 SCS SUCTION M-O ISO VALVE SI-656 FAILS TO OPEN 4.00E-03 1 4.00E-03
43) JVMASI-653 SC3 SUCTION M-O ISO VALVE SI-653 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05

JVMASI-654 SCS SUCTION M-0 ISO VALVE SI-654 FAILS TO OPEN 4.00E-03 1 4.00E-03
44) JVMASI-654 SCS SUCTION M-0 ISO VALVE SI-654 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05

JVMASI-655 SCS SUCTION M-O ISO VALVE St-655 FAILS TO OPEN 4.00E-03 1 4.00E-03
45) JVMASI-655 SCS SUCTION M-0 ISO VALVE SI-655 FAILS TO OPEN 4.00E-03 1 4.00E-03 1.60E-05

JVMASt-656 SCS SUCTION M-O ISO VALVE SI-656 FAILS TO OPEN 4.00E-03 1 4.00E-03
46) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 3.36E-06

EDDXRDGA-B COMMON CAUSE OPERATING FAILURE OF DGs 4.20E-03 4.20E-03
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TABLE 19.6.4.1-1

(Sheet 3 of 3)

DOMINANT CUTSETS FOR FAILURE OF SNUTD0lNI CDOLING SYSTEM FOR LONG-TElWE DECAY NEAT REMOWAL

FAULT TREE: PJOB01BX

8.E. MOD./CS.
MGXJLE/ EVENT NAE DESCRIPTION RATE EXPOSWE PROB. PRN.

47) EBGPTT GRID COLLAPSE ON TURBINE TRIP 8.00E-04 8.00E-04 2.65E-06
EDDKDGA EMERGENCY DIESEL GENERATOR DG A FAILS TO RUN 2.40E-03 24 5.76E-02
EDDKDGB EMERGENCY DIESEL GENERATOR DG B FAILS TO RUN 2.40E-03 24 5.76E-02

48) FSXX-INTERLOCKS COMMON CAUSE FAILURE OF INTERLOCKS (P-103/106) FOR SCS VALVES (51- 2.30E-06 2.30E-06 2.30E-06
49) JHRVSCSHX1 SHUTDOWN COOLING SYSTEM HEAT EXCHANGER 1 UNAVAILABLE DUE TO MAINTE 5.71E-04 5.71E-04 2.28E-06

JVMAS!-656 SCS SUCTION M-0 ISO VALVE St-656 FAILS TO OPEN 4.00E-03 1 4.00E-03
50) JHRVSCSHX1 SHUTDOWN COOLING SYSTEM HEAT EXCHANGER 1 UNAVAILABLE DUE TO MAINTE 5.71E-04 5.71E-04 2.28E-06

JVMASI-654 SCS SUCTION M-0 ISO VALVE SI-654 FAILS TO OPEN 4.00E-03 1 4.00E-03
51) JHRYSCSHX1 SHUTDOWN COOLING SYSTEM HEAT EXCHANGER 1 UNAVAILABLE DUE TO MAINTE 5.71E-04 5.71E-04 2.28E-06

JVMASI-311 SCS HX2 FLOW CONTROL VALVE SI 311 FAILS TO OPEN 4.00E-03 1 4.00E-03
|- 52) JHRVSCSHX1 SHUTDOWN COOLING SYSTEM HEAT EXCHANGER 1 UNAVAILABLE DUE TO MAINTE 5.71E-04 5.71E-04 2.28E-06

JVMASI-652 SCS SUCTION M-0 ISO VALVE SI-652 FAILS TO OPEN 4.00E-03 1 4.00E-03
53) JHRVSCSHX1 SHUTDOWN COOLING SYSTEM HEAT EXCHANGER 1 UNAVAILABLE DUE TO MAINTE 5.71E-04 5.71E-04 2.28E-06

JVMASI-600 SCS TRAIN 2 DISCHARGE ISO VALVE SI-600 FAILS TO OPEN 4.00E-03 1 4.00E-03
54) JHRVSCSHX1 SHUTDOWN COOLING SYSTEM HEAT EXCHANGER 1 UNAVAILABLE DUE TO MAINTE 5.71E-04 5.71E-04 2.28E-06

JVMACC-211 CCW/SCSHX2 M-O VALVE CC-211 FAILS TO OPEN 4.00E-03 1 4.00E-03
55) JHRVSCSHX2 SHUTDOWN COOLING SYSTEM HEAT EXCHANGER 2 UNAVAILABLE DUE TO MAINTE 5.71E-04 5.71E-04 2.28E-06

JVMAst-655 SCS SUCTION M-0 ISO VALVE SI-655 FAILS TO OPEN 4.00E-03 1 4.00E-03
56) JHRVSCSHX2 SHUTDOWN COOLING SYSTEM HEAT EXCHANGER 2 UNAVAILABLE DUE TO MAINTE 5.71E-04 5.71E-04 2.28E-06

JVMASI-310 SCS HX1 FLOW CONTROL VALVE SI-310 FAILS TO OPEN 4.00E-03 1 4.00E-03 |
57) JHRVSCSHX2 SHUTDOWN COOLING SYSTEM HEAT EXCHANGER 2 UNAVAILABLE DUE TO MAINTE 5.71E-04 5.71E-04 2.28E-06 j

JVMACC-111 CCW/SCSHX1 M-O VALVE CC-111 FAILS TO OPEN 4.00E-03 1- 4.00E-03 i

58) JHRVSCSHX2 SHUTDOWN COOLING SYSTEM HEAT EXCHANGER 2 UNAVAILABLE DUE TO MAINTE 5.71E-04 5.71E-04 2.28E-06 '

JVMASI-651 SCS SUCTION M-0 ISO VALVE SI-651 FAILS TO OPEN 4.00E-03 1 4.00E-03
59) JHRVSCSHX2 SHUTDOWN COOLING SYSTEM HEAT EXCHANGER 2 UNAVAILABLE DUE TO MAINTE 5.71E-04 5.71E-04 2.28E-06

JVMASI-601 SCS TRAIN 1 DISCHARGE ISO VALVE SI-601 FAILS TO OPEN 4.00E-03 1 4.00E-03
60) JHRVSCSHX2 SHUTDOWN COOLING SYSTEM HEAT EXCHANGER 2 UNAVAILABLE DUE TO MAINTE 5.71E-04 5.71E-04 2.28E-06

JVMASI-653 SCS SUCTION M-0 ISO VALVE SI-653 FAILS TO OPEN 4.00E-03 1 4.00E-03
61) JHRXRSCSHX COMMON CAUSE FAILURE OF SCS HEAT EXCHANGERS TO OPERATE (PLUGGED) 1.20E-06 1.20E-06 1.20E-06
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Engineering Safety Features Actuation System (ESFAS) |

*

Component Cooling Water System*

The 4.16 KV class 1E power system provides motive power to operate
the containment spray and shutdown cooling pumps. The 125 VDC
class 1E power system provides control power for the pump control
circuitries which close and trip the pump breakers when required.
The 480 VAC class 1E power system provides motive and control power
to the motor-operated valves.

Manual actuation signals for starting the pumps are transmitted via
the ESF-CSS. The Component Cooling Water System is used to remove3

the heat generated by the pumps and the heat absorbed by the water
of the IRWST. The heat exchangers transfer heat from the water of
the IRWST to the component cooling water.

Specific power assignments to the CSS and SCS pumps and valves that
are used in this study are provided below.

System Component 4.16 KV bus 125 VDC bus 480 V MCC

CSS Pumps:
Pump 1 SCS201 SC0801
Pump 2 SDS201 SD0801

9

SCS Pumps:
Pump 1 SAS201 SA0801
Pump 2 SBS201 SB0801

Pump Suction Containment
Isolation Valves:

SI-304 SAM 301
SI-305 SBM301

19.6.4.2.1.3 Function Operation

During normal plant operation, the CSS and the SCS are in a standby
mode. However, they are aligned for post-accident and shutdown
cooling operation, respectively.

During Feed and Bleed operation, the water in the IRWST must be
cooled to provide decay heat removal and to prevent core damage.
This function, Cooling of the IRWST, can be accomplished by using
components of the CSS or SCS. Cross- connect paths are provided so
that this function can also be accomplished by using combinations
of components from the CSS and SCS as necessary.

Cooling of the IRWST is initiated by the operator. Prior to
starting the pump, the operator verifies that the valves in the
suction lines of the pumps selected for cooling the IRWST are

( properly aligned. The manually operated valves in the discharge
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lines of the corresponding heat exchangers are then opened. Once
started, the pumps take suction from the IRWST and deliver the
water to the heat exchangers. As the water of the IRWST passes
through the tube side of the heat exchangers heat is transferred to
the component cooling water which flows through the shell side.
The cooled borated water then returns to the IRWST via the return
lines. There are eight flow paths that can be used for cooling the
IRWST. These flow paths are shown in Figures 19.6.4.2-1 through
19.6.4.2-4. Each figure shows two of the flow paths, one in trains
A and the other in train B, which are highlighted for illustration

,
purposes. The preferred flow paths used for cooling the IRWST are

| the containment spray subtrains. However, cross- connect flow
! paths are provided so that the shutdown cooling subtrains can be

used if critical components in the preferred flow paths become
unavailable.

19.6.4.2.1.4 Function Success Criteria

The success criterion for this function, Cooling the IRWST, is
| defined as the circulation of the water in the IRWST by one pump
I and through one heat exchanger via any of the eight flow paths.

Since heat must be removed from the water for this function to be
successful, component cooling water must also be available.

19.6.4.2.1.5 Technical Specifications

The function of cooling the IRWST is achieved via the containment
spray system, with the shutdown cooling system as a backup system.
Therefore, the Technical Specifications (Chapter 16) governing the
IRWST, the CSS, and the SCS are summarized below and considered
applicable to the function of cooling the IRWST.

The Technical Specifications (Chapter 16) require that the IRWST
shall be operable for modes 1, 2, 3, 4, 5, and mode 6 with RCS
level less than or equal to 120 feet. For the function of cooling
the IRWST, the applicable limiting condition of operation requires
that if the IRWST borated water temperature is not within limits,
the IRWST must be restored to operable status within 8 hours.
Otherwise, the plant must be placed in mode 3 and possibly mode 5.
The IRWST borated water temperature is verified every 24 hours.

For the CSS, the Technical Specifications (Chapter 16) require that
two containment spray divisions shall be operable for modes 1, 2,
3 and mode 4 when not in shutdown cooling. If one containment
spray division is inoperable, that division must be restored to
operable status within 72 hours. If this inoperablo division is
not restored within 72 hours, the plant must be placed in mode 3,
and possibly mode 5.

If two containment spray divisions are inoperable, the unit must be
placed in mode 5 immediately.
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19.6.4.3 Accressive Secondary Cooldown

19.6.4.3.1 Function Description

19.6.4.3.1.1 Function

The Aggressive Secondary Cooldown functions to rapidly depressurize ;

the primary side of the Reactor Coolant System (RCS) when the
Shutdown Cooling System (SCS) needs to be used to provide injection
for RCS inventory control because the Safety Injection System (SIS)
is unavailable. Depressurization of the primary side is achieved
by aggressively cooling the primary side using the secondary side.

Two actions are involved in performing the Aggressive Secondary
Cooldown. The first action is starting the Emergency Feedwater
System to deliver emergency feedwater to both steam generators.
The other action is initiating steam remova; by opening at least
one Atmospheric Dump Valve on each steam gen. ator. The Emergency
Feedwater System and the Atmospheric Dump Valves are described in
detail in Section 19.6.3.7 and Section 19.6.4.6, respectively.

19.6.4.3.1.2 Function Configuration

The Aggressive Secondary Cooldown requires the use of three

O) systems, namely the Safety Injection System Safety Injection-

( Tanks (SITS), Emergency Feedwater System (EFWS) and the Atmospheric
'" Dump Valves (ADVs).

19.6.4.3.1.3 Support and Interfacing Systems

The Aggressive Secondary Cooldown function does not directly depend
on any support systems except on the operator action to initiate
the function. The support systems needed by the SIT, EFWS and ADVs
to operate are described in the appropriate sections.

19.6.4.3.1.4 Function Operation
I

When required, the Aggressive Secondary Cooldown function is |
initiated by the operator by initiating the emergency feedwater to
the steam generators and opening at least one ADV on each of the
two steam generators. The operations of the SITS, EFWS and the
ADVs are described in Sections 19.6.3.6, 19.6.3.7 and 19.6.4.6,
respectively.

19.6.4.3.1.5 Function Success Criteria

The success criteria for the Aggressive Secondary Cooldown are that
each of the two EFWS trains deliver the flow of one of its two
pumps to its associated steam generator from its Emergency
Feedwater Storage Tank (EFWST), one ADV on each steam generator be

[3 available to remove steam, and all four Safety Injection Tanks |
( ) (SITS) inject water into the RCS during the primary side
'" depressurization.
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19.6.4.3.1.6 Technical Specifications

There are no technical specifications that are applicable to the
! function of Aggressive Secondary Cooldown.
i

| 19.6.4.3.2 Function Logic Models
I

The small event tree /large fault tree approach is used in this
study to quantify event sequences. By choosing the large fault
tree approach, all support systems are developed and then
integrated with the front-line or mitigating systems as
appropriate. Failure to Perform Aggressive Secondary Cooldown is
one of the front-line function addressed in this analysis. The
f ault tree model for the Failure to Perform Aggressive Cooldown was
developed and is presented in Figure 19.4.3-2 in Section 19.4.3.1.3
of this report.

19.6.4.3.2.1 Analysis Assumptions

In developing the fault tree model for the Failure to Perform
Aggressive Secondary Cooldown, the following assumptions were made:

| 1. Failure to perform Aggressive Secondary Cooldown is defined as
failure of the operator to initiate Aggressive Secondary

| Cooldown, failure of one SIT, failure of both EFWS trains to
deliver emergency feedwater to their associated steam
generators, or failure of both ADVs to open on each steam
generator.

2. Operator is assumed to initiate Aggressive Secondary Cooldown
by starting the EFWS and opening one ADV on each steam
generator.

19.6.4.3.2.2 Interface with Event Trees

Aggressive Secondary Cooldown function addressed in this section
appears as an element in the following event trees:

* Small Loss-Of-Coolant Accident (LOCA)
Steam Generator Tube Rupture (SGTR)*

19.6.4.3.3 Function Quantification
,

I In order to estimate the frequency of core damage for those
| sequences which include Failure to Perform Aggressive Secondary
| Cooldown, the fault tree model presented in Figure 19.4.3-2 in

Section 19.4.3.1.3 was used. Although no formal independent
quantification of the fault tree model developed in Figure 19.4.3-2

O
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19.6.4.6 Steam Removal

19.6.4.6.1 Function Description

19.6.4.6.1.1 Function

The Steam Removal function is used to remove decay heat from the!
'

Reactor Coolant System (RCS) by removing steam from the secondary
side. There are three different systems which accomplish this
function of steam removal. They are the Main Steam Atmospheric '

Dump Valves (ADVs), the Main Steam Safety Valves (MSSVs), and the
Turbine Bypass Valves (TBVs).

The primary function of the ADVs is to remove decay heat from the
RCS during emergency shutdowns or plant hot standby conditions when
the MSSVs can not be used to remove steam because the secondary
side steam pressure is below the lowest setting of the main steam

| safety valves. The ADVs are manually operated from the main
control room or the remote shutdown panel. Steam that is removed,

'

is vented to the atmosphere.

IThe primary function of the MSSVs is to relieve the steam generator
secondary side pressure when the condenser is not available. Thus,
MSSVs facilitate removal of decay heat generated in the RCS duringA'

( ) transient and accident conditions. Steam that is removed is vented
''

v to the atmosphere.

I The primary function of the TBVs is to relieve the steam generator
secondary side pressure when the condenser is available. Thuc,
TBVs facilitate removal of decay heat generated in the RCS during
transient and accident conditions when the condenser is available. ;

Steam that is removed is dumped to the condenser. i

19.6.4.6.1.2 Function Configuration

The three systems that provide the steam removal function are
described in the following subsections.

|

19.6.4.6.1.2.1 Main Steam Atmospheric Dump Valves

The Atmospheric Dump Valves (ADVs) are modulating solenoid valves |
that are manually operated from the main control room or the remote
shutdown panel. They fail closed on a loss of electrical power or
control signal. Spurious opening of any one valve does not,

i compromise reactor safety requirements. The ADVs are of a design
providing for quick change trim, i.e., the valve internals are
designed for removal for maintenance without removing the valve
from the line.

/ The ADVs are mounted on separate headers connected to theh seismically designed portions of the main steam piping.t

Each steam
generator has two main steam lines, and there is one ADV mounted on

;

| Amendment V
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a header that is associated with each main steam line. Block
valves or isolation valves are provided in the steam line for each
ADV. The block valves are locked open from the Main Control Room
and are capable of being remotely and manually positioned from the
Main Control Room or from the Remote Shutdown Panel to isolate the
ADVs. The ADVs are provided with accessible handwheels such that
each valve may be hand operated in the event of a loss of the
normal power supply. Figure 19.6.4.6-1 provides the simplified
schematic of the ADVs.

19.6.4.6.1.2.2 Main Steam Safety Valves

Main Steam Safety Valves (MSSVs) are spring-loaded safety valves
located upstream of the Main Steam Isolation Valves but outside the
containment. Each steam generator has two main steam lines, each
line containing five MSSVs. The total relieving capacity of these
valves is divided equally between the main steam lines and is
sufficient to pass the steam flow equivalent to the plant's maximum
steam flow. The MSSVs open when the secondary side system pressure
reaches the specified pressure setpoint for the MSSVs. Figure
19.6.4.6-1 provides the schematic for the MSSVs.

19.6.4.6.1.2.3 Turbine Bypass Valves (TBVs)

The Steam Bypass Control System (SBCS) controls the positioning of
the TBVs through which steam is bypassed the turbine into the unit
condenser or vented to the atmosphere. Three types of valve
signals are generated for each TBV. The first type is a modulation
signal which controls the flow rate through the valve; the second
type is a quick opening signal which causes the valve to fully open
in a short time; and the third type is a valve permissive signal
which is required for the preceding two signals to operate the TBV.

There are eight air-operated globe valves (TBVs) and associated
instruments and controls. These valves branch from each main steam
line downstream of the main steam isolation valves (MSIVs). These
valves direct steam to the condenser.

The TBVs are normally controlled by the SBCS but are capable of
remote or local manual operation. When operating automatically,
the TBVs modulate full open or full close in a minimum of 15
seconds and a maximum of 20 seconds. In response to a quick
opening signal from the SBCS, the TBVs are designed to fully open
within 1 second. In response to a closing signal from the SBCS,
they are designed to close in 5 seconds. The TBVs are equipped
with remote-operated handwheels to permit manual operation at the
valve location. The TBVs are designed to fail closed to prevent
uncontrolled bypass of steam.

The TBVs and associated piping are located in the turbine building.
Figure 19.6.4.6-2 provides the schematic for the TBVs.

Amendment P
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19.6.4.6.1.3 Support and Interfacing. Systems

The ADVs depend on the following support systems to operate:

125 VDC class 1E power system*

The TBVs depend on the following support systems to operate:

125 VDC non-class 2E power system*

Instrument Air System |*

Process Component Control System*

The MSSVs are not dependent upon any other system.

Specific power assignments for the systems used for steam removal
are provided below.

| System Component 480 V MCC 125 VDC bus
!

IADVs:
|

! SG-178 SA0801-
SG-179 SB0801 j
SG-184 SC0801

| SG-105 SD0801 |
'

t

ADV Block Valves:
| SG-105 SBM304

SG-106 SDM304
SG-107 SCM304
SG-108 SAM 304

Turbine Bypass Valves

All eight TBVs PX0801

19.6.4.6.1.4 Function Operation

19.6.4.6.1.4.1 Main Steam Atmospheric Dump Valves (ADVs)

Four ADVs, one per main steam line, are provided to allow cooldown
of the steam generators when the MSIVs are closed or when the main
condenser is not available as a heat sink. Each ADV is sized to
hold the plant at hot standby while dissipating core decay heat or i
to allow a flow of sufficient steam to maintain a controlled ,

reactor cooldown rate. |

The ADVs are manually opened and modulated on high steam line |
pressure. The lift pressure may be adjusted remotely. Local

[~') manual actuators are also provided. The ADVs are not required to
( ,/ operate for overpressure protection because the steam generators

Amendment V
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are protected by the MSSVs. Block valves or isolation valves are
provided in the steam lines for each ADV. The block valves are
normally locked open from the control room and are capable of being
manually positioned from the main control room or from the remote

| shutdown control room to isolate the ADVs.
19.6.4.6.1.4.2 Main Steam Safety Valves

The MSSVs open when the secondary side system pressure reaches the
specified pressure setpoint for the MSSVs.

19.6.4.6.1.4.3 Turbine Bypass Valves

The turbine bypass valves take steam from the main steam lines
upstream of the turbine stop valves and discharges it directly to
the main condenser, bypassing the turbine generator. This is
achieved by the selective use of TBVs and the controlled release of
steam. This avoids unnecessary reactor trips and prevents the
opening of pressurizer or secondary safety valves. The system is
designed to increase plant availability by making full utilization
of turbine bypass capacity to remove excess NSSS thermal energy
following turbine load rejections.

During normal operation, the TBVs are under the control of the
SBCS. During cooldown or hot shutdown, the TBVs may be actuated
individually from the main control room to regulate steam generator
pressure and reactor coolant temperature change. Three types of
valve signals are generated for each TBV. The first type is a
modulation signal which controls the flow rate through the valve;
the second type is a quick opening signal which causes the valve to
fully open in a short time; and the third type is a valve
permissive signal which is required for the preceding two signals
to operate the TBV.

The solenoid TBVs are actuated by the Instrument Air system. Air
supply to the ADVs is provided by the turbine building instrument
air header. Should instrument air be lost, a nitrogen accumulator
supplies backup pressure automatically.

All eight TBVs discharge steam to the condenser, therefore,
operation of the TBVs depends on the availability of the condenser.
Should the condenser not be available as a heat sink, an interlock
will prevent opening, or if opened, will close the TBVs. The MSSVs
and the ADVs are used to control the load transient if the TBVs are
disabled.

During plant shutdown, one TBV is remotely or manually positioned
to remove reactor coolant system sensible heat to reduce the
reactor coolant temperature. Since steam pressure decreases as the

O
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j TABLEk d (Cont'd)

(Sheet S of 6)

DIFFERENCES BETWEEN PRA MODELS AND CURRENT DESIGN

FRA MODEL CURRENT CONFIGURATION IMPACT ON PRA

TIME TO DEPLETE THE 125 VDC TIME TO DEPLETE THE 125 VDC CLASS 1E EACH STEAM DRIVEN EFW TRAIN IS CAPABLE OF SUPPLYING FEEDWATER
CLASS IE BATTERIES IS MODELED BATTERIES MAY BE EXTENDED TO 16 TO THE ASSOCIATED STEAM GENERATOR FOR S HOURS FOLLOWING A
AS 8 HOURS HOURS STATION BLACKOUT CONDITION. SINCE ONLY ONE STEAM DRIVEN TRAIN

OF EFW IS REQUIRED, THE TWO TURBINE DRIVEN TRAINS OF EFW CAN
BE OPERATED IN TANDEM. THIS WOULD EXTEND THE LIFE OF THE
BATTERIES TO 16 HOURS. BY EXTENDING THE LIFE OF THE BATTERIES
TO 16 HOURS, THE CORE DAMAGE FREQUENCY DUE TO STATION
BLACKOUT WOULD DECREASE.

S!AS ISOLATES COMPONENT SIAS NO LONGER ISOLATES COMPONENT EXCEPT FOR A STEAM GENERATOR TUBE RUPTURE EVENT, THE PRA
COOLING WATER TO INSTRUMENT COOLING WATER TO THE INSTRUMENT MODELS ISOLATION OF COMPONENT COOLING WATER TO THE
AIR COMPRESSORS AIR COMPRESSORS INSTRUMENT AIR COMPRESSORS FOLLOWING EMERGENCY CONDITIONS

THAT RESULT IN THE GENERATION OF SIAS. BY NOT ISOLATING
COMPONENT COOLING WATER TO THE INSTRUMENT AIR COMPRESSORS,
THE SUCCESS CRITERIA FOR THE ESF SYSTEMS ARE RELAXED.
THEREFORE, THIS CURRENT DESIGN CHANGE IS EXPECTED TO HAVE
LITTLE OR NO IMPACT ON THE PRA RESULTS.

CONTROL ROOM POSITION THE POSITIONS OF CRITICAL MANUALLY THE POS:TIONS OF CERTAIN CRITICAL MANUALLY OPERATED VALVES
INDICATION OF CRITICAL OPERATED VALVES ARE DISPLAYED IN ARE DISPLAYED IN THE CONTROL ROOM. THIS FEATURE REDUCES OR
MANUALLY OPERATED VALVES IS THE CONTROL ROOM ELIMINATES THE PROBABILITY THAT A CRITICAL MANUALLY OPERATED
NOT MODELED VALVE IS UNAVAILABLE DUE TO MISPOSITIONING. THE DISPLAY OF THE

VALVE POSITION IN THE CONTROL ROOM PROVIDES ADDED
INFORMATION TO THE OPERATOR. AS A RESULT, THIS DESIGN CHANGE
IS EXPECTED TO HAVE NO ADVERSE IMPACT ON THE CORE DAMAGE
FREQUENCY FOR tNTERNAL EVENTS.

Nu DETECTORS ARE NOT MODELED N,s DETECTORS ARE INCLUDED THE CUARENT DESIGN INCLUDES N s DETECTORS FOR EARLY DETECTIONi

OF A STEAM GENERATOR TUBE RUPTURE (SGTR) EVENT AND THE
IDENTIFICATION OF THE AFFECTED STEAM GENERATOR. THE AREA
RADIATION DETECTORS SERVE AS BACKUP TO THE N, DETECTORS.
ALTHOUGH THE AREA RADIATION DETECTORS WERE IN PLACE AT THE
TIME THE PRA WAS PERFORMED, THEY WERE NOT EXPLICITLY MODELED
AS A MEANS OF IDENTIFYING A SGTR EVENT. THIS DESIGN CHANGE, IN
ADDITION TO THE AREA RADIATION DETECTORS, WILL RESULT IN THE
REDUCTION OF OPERATOR ERROR RATES IN RESPONDING TO A SGTR
EVENT. AS A RESULT OF THIS DESIGN CHANGE, THE CORE DAMAGE
FREQUENCY DUE TO SGTR WILL PROBABLY DECREASE.

Amendment U
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TABLE 19.6A-1 (Cont'd)

(Sheet 6 of 6)

DIFFERENCES BETWEEN PRA MODELS AND CURRENT DESIGN

PRA MODEL CURRENT CONFIGURATION IMPACT ON PRA

STARTING OF SHUTDOWN COOUNG SCS PUMPS ARE STARTED UPON RECEIPT THE PRA MODELED THE STARTING OF THE SHUTDOWN COOLING
PUMPS UPON SIAS IS NOT OF SIAS PUMPS AS A MANUAL ACTION, FOR THE CURRENT DESIGN, THE

MODELED SHUTDOWN COOLING PUMPS CAN NOW BE STARTED MANUALLY OR
AUTOMATICALLY BY SIAS. THIS DESIGN CHANGE WILL INCREASE
THE RELIABILITY OF THE SHUTDOWN COOLING SYSTEM, AND IS
EXPECTED TO HAVE NO ADVERSE IMPACT ON THE CORE DAMAGE
FREQUENCY FOR INTERNAL EVENTS.

AN ALLOWED OUTAGE TIME OF 3 THE ALLOWED OUTAGE TIME FOR THE THE EXTENSION OF THE ALLOWED OUTAGE TIME FO9 THE EMERGENCY
DAYS IS MODELED FOR THE EMERGENCY DIESEL GENERATORS WAS DIESEL GENERATORS FROM 3 DAYS TO 14 DAYS WILL RESULT IN A
EMERGENCY DIESEL GENERATORS CHANGED FROM 3 DAYS TO 14 DAYS IN NEGLIGIBLE INCREASE IN THE CORE DAMAGE FREQUENCY FOR INTERNAL

THE TECH SPEC EVENTS AND TORNADO STRIKE EVENTS.

THE ALTERNATE PROTECTION THE LIMITING CONDITIONS OF OPERATION THE RELIABIUTY OF THE ALTERNATE PROTECTION SYSTEM WILL BE
SYS TEM IS MODELED AS A SYSTEM FOR THE ALTERNATE PROTECTION ENHANCED DUE TO PERIODIC SURVEILLANCE. THIS OPERATIONAL
NOT GOVERNED BY THE TECH SPEC SYSTEM IS GOVERNED BY THE TECH CHANGE IS EXPECTED TO HAVE NO ADVERSE IMPACT ON THE CORE

SPEC, WITH SPECIFIED ALLOWED OUTAGE DAMAGE FREQUENCY FOR INTERNAL EVENTS.
TIME

SCS SUCTION ISOLATION MOVs THE *SI PROGRAM IN TABLE 3.9-15 INCREASING THE DEMAND FAILURE FOR THESE VALUES TO REFLECT THE
WERE ASSUMED TO BE TESTED ON SPECIFIES THAT THE SCS SUCTION LONGER TEST INTERVAL WOULD SLIGHTLY DECREASE THE RELIABillTY
QUARTERLY BASIS ISOLATION MOVs ARE TO BE TESTED ON OF THE SCS. THIS IS NOT EXPECTED TO SIGNIFICANTLY IMPACT THE PRA

A COLD SHUTDOWN BASIS RESULTS BECAUSE THE DOMINANT CORE DAMAGE SEQUENCES DO NOT
INCLUDE SCS FAILURE.

t
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19.7 EXTERNAL EVENTS ANALYSIS

PRAs for existing plants (References 15, 16, 20, and 42) have shown j
that external events have made a significant contribution to public
risk due to specific plant vulnerabilities. An evaluation of
external events was therefore included in the System 80+ PRA to
determine if there were any unforeseen vulnerabilities in the
System 80+ design. In addition, the mean core damage frequency
goal of 1.0E-5/yr promulgated by EPRI m specifically includes I

consideration of contributions from external events.

The external events analyses for the standard System 80+ plant were
performed as part of the ARSAP program. These analyses included
both qualitative and quantitative analyses. For the quantitative
analyses, bounding site characteristics were used in order to
minimize potential future restrictions on plant siting. Analysis
methodology and results are fully documented in References 91, 92
and 93. The information in the following sections was extracted j
and condensed from those references. i

,

19.7.1 QUALITATIVE EXTERNAL EVENT EVALUATION
;

The qualitative external events evaluation consisted of the
following four steps:

|

| 1. Initial identification of external events to be considered.
s

2. Events with similar plant effects and consequences were
grouped together.

| 3. Screening criteria were established to determine which events
are risk insignificant and can therefore be excluded from
detailed quantitative evaluation.

4. Each event was evaluated against the screening criteria to j
determine if the event was risk-significant and thus required
further quantitative evaluation.

taken 'from the PRAThe initial set of external events was
Procedures Guide *. This list is based on national standard

! ANSI /ANS-2.12-1978'* and represents a consensus listing of external
( events for nuclear power plant PRAs. Table 19.7.1-1 presents the

initial list of external events. Several PRAs (References
15,16,20,42, and 96) for existing plants were also reviewed to
ensure that events addressed in these PRAs were covered by the
initial list. Next, this list of external events was reviewed,and
those events which had similar effects on the plant- (e. g.
hurricane winds and tornado winds have similar plant effects.) were

| grouped together as shown in Table 19.7.1-2. The grouped everts in
! Table 19.7.1-2 was then condensed to' generate the final list of
I external events as presented in Table 19.7.1-3.

b

,
_ Amendment M
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The next step in the evaluation process was to establish the
screening criteria for determining which events were risk-
insignificant and could be excluded from quantitative analysis.
The screening criteria considered EPRI ALWR Utility Requirements
Document * requirements, siting requirements, and event specific
information such as frequency of occurrence, magnitude / intensity,
proximity to the plant and potential event consequences. The
criteria developed for excluding external events from detailed
quantitative analysis are:

1. The plant design encompasses events of greater severity than
the event under consideration. Therefore, the potential for
significant plant damage from the event is negligible.

2. The event cannot occur close enough to the plant to have an
effect on the plant's operation.

3. The event has a significantly lower mean frequency of
occurrence than other events with similar uncertainties and
could not result in worse consequences than those events.

4. The event is included, explicitly or implicitly, in the
occurrence frequency data for another event (internal or
external).

The final step in the qualitative screening process was to evaluate
each external event against the screening criteria to determine if
the event was risk-insignificant and could be excluded from further
analysis. For this evaluation, bounding site characteristics were
used for ascertaining potential event severity / magnitude, proximity
to the plant, and occurrence frequency. The sources of design
information and design requirements included CESSAR-DC, the EPRI
ALWR Utility Requirements document m , and the Standard Review

| Plan (44) In addition, plant vulnerabilities to external events.

identified in the PRAs for present generation nuclear power plants
(References 15, 16, 20, 42, and 96) were specifically reviewed to
ensure that the vulnerabilities had been eliminated in the ALWR and
System 80& designs. The following paragraphs briefly describe the
evaluation for each of the external events in Table 19.7.1-3.

19.7.1.1 Aircraft Hazards

A review of past PRAs shows that, with the exception of the
| Seabrook PRA<2 , the probability of an aircraft impact at the plant'

leading to core damage is less than 1.0E-8/ year. The Seabrook
aircraft hazard estimate of 3.4E-7/ year is primarily due to the
plant site being near a number of aircraft flight routes, including
military routes.

The PRA review in Appendix A of Reference 91 indicated that general
aviation aircraf t (i.e. aircraft weighing less than 30,000 pounds)

Amendment V
19.7-2 April 29, 1994
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cannot damage equipment protected - by structures of reinforced
concrete construction with minimum wall and roof thicknesses
greater than 18 inches. Therefore, the crash of general aviation
aircraft at a System 80+ plant site will not lead to core' damage.

In addition, the review determined that plant site location with
respect to airports and aircraft flight routes is the dominant
factor in the potential for an aircraft impact at the plant site.
Therefore, proper siting will result in aircraft hazards being a
negligible contributor to core damage frequency for a System 80+
standard plant. This can be assured by locating the plant over 5
miles from small commercial airports, 10 miles from large
commercial airports, 5 miles or more from military training routes
and a minimum of 2 miles from the nearest airway, holding pattern
or approach pattern as required by the Standard Review Plan
(SRP)"''. |

19.7.1.2 Avalanche

For most existing plant sites in the United States, an avalanche
cannot occur close enough to the plant to affect it. A System 80+
standard plant shall not be sited near the vicinity of mountains
from which an avalanche that could cause plant damage would be
generated. Therefore, avalanches are excluded from quantitative
analysis.

19.7.1.3 Hazardous Material Releases On Site

The review of existing PRAs in Appendix A of Reference 91 found
,

that hazardous materials stored and transported on site were
negligible contributors to plant risk because current operating
practices limit the use of hazardous chemicals and tightly control
their use, transportation, and storage on site. System 80+
standard plants shall, as a minimum, use hazardous materials

| operating procedures consistent with current procedures and
I practices. In addition, for System 80+ and other ALWRs, the
| chemical form of materials will be such that gaseous releases will
i be precluded and hazardous materials shall only be used for those
j applications for which there are no alternatives available"'.
'

Because of these controls and limitations, this event can be
excluded from quantitative evaluation.

19.7.1.4 Coastal or Lake Edce Erosion

To protect site embankments against erosion, the SRP"4' requires j
that plant yard areas subjected to waves be protected by riprap
underlain by a thick substrate of filter material. Compliance with
this requirement makes the effects of erosion insignificant.
Therefore this event can be excluded from quantitative analysis.

Amendment V
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|

19.7.1.5 Droucrht

IThe combined effects of high ambient temperature (i.e. summer
conditions), low water levels, and high service water temperatures
can force power derating, require waivers on intake and discharge
water temperature limits, result in an inability to refill cooling
ponds, cause cooling tower capacity to be inadequate and result in
increased silt levels in intake water. However, none of these
events lead directly to core damage.

Drought conditions do not occur quickly; therefore, there is ample
time for corrective actions to ensure that the ultimate heat sink
is adequate or that the reactor is brought to a safe shutdown state
and maintained there until water levels increase. In addition, per

| the SRP"4) the ultimate heat sink will be designed for low water,,

or lack of water, and will be designed for a lengthy period of
operation without requiring external makeup. Therefore, this event
can be excluded from quantitative evaluation.

19.7.1.6 Internal Fires
|

| The review of existing PRAs in Appendix A of Reference 91 indicate
that internal fires have been significant contributors to core
damage for a number of present nuclear power plant designs.
However, more recent nuclear power plant designs have been
determined not to be susceptible to fire-induced damage. The main
factor for the reduction in the risk significance of fires for more
recent designs is better separation of redundant equipment in
important safety systems. The separation of vital equipment, such
that redundant equipment cannot be failed by the same fire, lowers
the potential for fire-induced core damage since additional
component failures independent of the fire have to occur for core
damage to result. Using flame-retardant cables and controlling the
use and storage of materials have also been found to significantly
lower the potential for fires to result in plant damage. The ,

System 80+ design will increase the amount of separation of I

redundant equipment and will eliminate the cable spreading room
which has been found to be the area where fires of the greatest
significance occur. For these reasons, and considering the
relatively low occurrence frequency, fires initiated inside the
plant are not significant contributors to risk for the System 80+
standard plant. Nonetheless, an analysis was performed itsing the

| FIVE methodology"M with a quantitative scoping analysis.

| 19.7.1.7 External Fires

Fires initiated outside the plant will not affect plant operations
since such fires would be far removed from the plant. The site
will be cleared such that a fire could not propagate to station
buildings or equipment. In addition, fire protection equipment and

| systems will be provided to protect the plant from the effects of
|

Amendment V
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n)(O in these past PRAs will probably also be important for the System
80+ standard plant design. These sequences include:

!

! 1. A loss of off-site power, due to seismic failure of the off-
site power transformer ceramic insulators, and f ailures of the
emergency diesel generators and support systems from both
seismic and non-seismic related failures. This results in a
station blackout event with the potential for failure of
additional safety-related equipment due to both seismic and
non-seismic causes.

2. A loss of off-site power is initiated by the seismic event and
the earthquake causes electrical equipment to chatter.

l Electrical equipment affected by this chatter failure may not
be reset automatically and may not be reset manually by the
operators. This scenario has the potential for failing

| numerous pieces of safety-related equipment via the loss of
| electrical power or control signals, and may lead to core

damage.

The components and systems that have been identified in past PRAs |
as important in seismic risk evaluations include:

1. The diesel generators and their support systems,
! 2. the Station Service Water System,

O 3. the Refueling Water Storage Tank,;
'

4. electrical equipment susceptible to chatter failure,
5. buildings housing vital equipment, including the ;

containment,the auxiliary building, and the turbine I

building, I

6. the ceramic insulators on the off-site power
transformers, and

7. non-safety equipment and structures whose failure could
cause failure of safety-related equipment or structures.

The System 80+ design will improve the operability of many safety-
related components following an earthquake by locating them in
reinforced concrete structures designed using a conservative design
basis safe shutdown earthquake peak ground acceleration (pga) of
0. 3 g "' . This will improve the performance of the Station Service
Water System (SSWS), the In-containment Refueling Water Storage
Tank (IRWST) and a number of other safety-related systems. In
addition, no safety-related equipment will be located in the
turbine building since this building will not be constructed of
reinforced concrete.

| Though these design improvements will improve the performance of
the plant during and following an earthquake, there is still the
potential for the seismic event to cause the failure of redundant
safety systems with the potential for these failures leading to
core damage. Therefore seismic events require a detailed|

(nV)
'
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quantitative evaluation. The System 80+ seismic risk analysis and
its results are presented in Section 19.7.5.

19.7.1.19 Soil Shrink-Swell Consolidation

A System 80+ standard plant will not be located at a site which
would be vulnerable to soil shrink-swell consolidation. The design
and siting requirements address the issue of soil reactions in

|

sufficient detail to exclude this event from quantitative analysis.

19.7.1.20 Transportation

Potential transportation accidents that could affect plant

| operations include train, truck, barge and boat accidents. Of the
PRAs reviewed in Appendix A of Reference 91, only one, the Seabrook'

PRA u, identified any significant core damage contributions fromt2

transportation accidents, and this was for a single extremely site
specific accident which could result in a non-recoverable loss of
off-site power. System 80+ standard plants will have two separated
and independent switchyards and transmission lines and thus will
not be vulnerable to similar single point accidents. The use of

| closed-cycle cooling systems will eliminate the potential for boat
| or barge accidents to affect plant operation. Plant security and

other barriers will preclude any other significant contribution
from transportation accidents. Therefore, this event can be
excluded from further quantitative analysis.

j 19.7.1.21 Turbine-Generated Missiles

| The Standard Review Plan * requires plants to adhere with the
guidelines presented in Regulatory Guide 1.115("' either by placing
or orienting the turbine such that all safety-related structures.
systems and components are excluded from the low trajectory turbine
missile strike zones or, if site characteristics make this
impossible, by placing and shielding safety-related targets such
that the combined strike and damage probability for the safety-
related targets in these zones is less than 1.0E-3 per turbine
failure.

1

For System 80+ standard plants, critical structures (e.g. the l

| auxiliary building) will be located along or within close proximity
to the longitudinal centerline of the turbine. This alignment'

should make the potential for a turbine-generated missile to strike
critical structures or equipment negligible. In addition, the
safety-related equipment is housed in structures constructed of |
reinforced concrete. Therefore, this event can be excluded from
quantitative evaluation based on a low occurrence frequency,
location of critical structures and equipment along the
longitudinal centerline of the turbine, and protection of critical
equipment.

O
1

I
|
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I(R 19.7.1.22 Volcanic Activity
.

Few ' sites in the United States are considered susceptible to
,

volcanic activity. Siting requirements are such that plants.will
'

not be sited in the proximity of a volcano. However, volcanic ash i

~

fall may need to be considered for sites many miles from a volcano. |

| For these sites, structures will be designed to accommodate |
| additional loading resulting from volcanic ash fall and ventilation i

systems will be designed to filter out volcanic ash. Also, there
will generally be many days advance notice of an impending eruption

,

and, because of the intervening distance, adequate warning time '

,

| following a volcanic eruption to take action to shut the reactor
' down. Therefore, volcanic activity can be excluded from

quantitative evaluation.

19.7.1.23 Sabotace and Terrorism

Sabotage and terrorism have not typically been addressed by risk
| quantification in previous PRAs. Although there have been
'

approaches adopted to address sabotage, the general consensus is
that the frequency of these events cannot not be predicted with
sufficient accuracy to be beneficial in assessing overall plant;

| risk. PRA can however play a qualitative role in protecting the
plant from sabotage by identifying equipment that is key to plant

n operation and combinations of equipment that might be vulnerable,

i under certain assumed conditions. This information would then bei
t

| U used in the process of developing safeguards and security
protection strategies for the plant.

|

,
As part of the overall ALWR effort, SAND 8 2-7 0 5 3 ("' and NUREG/CR-

| 2643"" were reviewed to identify design requirements and guidelines
that could be applied to ALWRs, including System 80+, to reduce the

i

| risk of sabotage. The resulting requirements and guidelines are '

! documented in Chapters 9 and 13 of the EPRI ALWR Utility
Requirements documentm. C-E is developing a sabotage protection
strategy for System 80+ consistent with these requirements and
guidelines" The System 80+ design and the sabotage protection)

.

plan are consistent with the recommendations in NUREG-1267(23n , j

19.7.1.24 Summary of Events to be Evaluated

As can be determined from the discussion above, the external events
that need further quantitative or scoping evaluation to determine
their impact on the core damage are:

a. Internal fires
I b. Internal floods

c. Tornado strike, and
d. Seismic activity

O/
O
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transformers are expected to be lost during a tornado. Restoration
of these-transform 1rs following a tornado may not be possible and
may preclude restoration of offsite ac power for an extended period
of time. For System 80+, all of the transformers for the safety
related equipment will be located within the reinforced concrete
structures and will not be susceptible to tornado damage. However,
the nonessential transformers will be located outside of these
protected structures,and will be susceptible to tornado damage.
Thus, for System 80+, it is assumed that the nonessential
transformers will be lost during a tornado and that offsite power
will not be restored within the 24 hour mission time used in the
PRA.

I

19.7.2.1.11 Diesel Generators

Diesel generators are key components for mitigating the effects of
a tornado strike because of the near direct link between tornado
strikes and loss of offsite power. Although, the diesel generators
provide a reliable onsite power source, sequences involving diesel
generator failures have been found to be the dominant contributors

| to core damage frequency due to tornados. This is because the
; diesels are required to run for an extended period following a
| tornado strike because of long-term loss of offsite expected

following a tornado strike. The operation of the diesel generators
will be as important for a System 80+ Standard Design plant as it

O .is for current plants. Due to the relatively high frequency of

| Q diesel generator failure, it dominates other diesel generator
component failures which would be due to tornado strike, for,

j example, generator intake' strike. Thus diesel generator
independent, not tornado-induced, probability is considered the'

bounding estimate of diesel generator failure.
;

19.7.2.1.12 Combustion Turbine

l System 80+ Standard Design plants will include a non-safety grade
combustion turbine as an additional backup to the diesel
generators. It is normally aligned to one of the two permanent
non-safety buses, and can also be aligned.to one of the two safety _
buses if needed. The combustion turbine is non-safety grade, and
it and its fuel supply probably will not be located within a
reinforced concrete structure capable of withstanding the effects

t of a tornado. Thus, for a tornado strike, the combustion turbine
is not considered to be a viable backup for the diesel generators.
19.7.2.2 Tornado Site Strike Frequency Calculation

The tornado occurrence frequency was developed using regional data
provided in the EPRI report on tornado missile risk analysis " .
This report presents the occurrence frequency for dif ferent tornado
intensities by regions of the United States. Figure 19.7. 2-1 shows
the four regions of concern and Table 19.7.2-2 presents the' frequency of occurrence per year pe'r square mile by region and

|
|
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tornado intensity. The tornado intensities are provided in terms
of modified F-scale values which correspond to different tornado
windspeed ranges. The tornado windspeed is determined by a scalar
addition of the tornado's rotational and translational velocities.
For example, a tornado with a rotational velocity of 140 mph and a
translational velocity of 60 mph would have a combined velocity of
200 mph which corresponds to an F-4 tornado.

In order to simplify the analysis, the important tornado
intensities expected to contribute to core damage were combined to
generate a total frequency. Based on a review of prior PRAs which
addressed tornadosus,2o,42) the F-0 and F-1 tornado classes were,

excluded from the total because the windspeeds generated by these
tornado classes are typically too low to induce plant failures
which could lead to core damage. In addition, tornado classes with
an occurrence frequency less than 1.0E-8 were excluded from the
total in keeping with the guidance provided in the EPRI PRA Key

| Assumptions and Groundrules document. Next, based on information
| contained in Reference 94, the frequencies for the remaining
! tornado intensity classes were adjusted to account for the area

traversed by a tornado using the path width and path length data
for each tornado intensity class presented in Table 19.7.2-3 (This
data was extracted from Reference 94) . The resulting tornado class
frequencies for each region area were summed to produce the total
tornado strike frequency per square mile per year for each region.
These frequencies are presented in Table 19.7.2-4.

The last step was to multiply the tornado occurrence frequencies by
| the plant site area to determine the site strike probability.

Based on information contained in Reference 91, a plant site areai

of 0.14 square miles was used. The resulting site strike
frequencies are presented in Table 19.7.2-4. The site strike
probability does not appear to be strongly dependent on region.
For this analysis, the maximum value, that of region B, was chosen
to be representative for all regions. Therefore, the initiating
event frequency for tornado strike for this analysis is 1.07E-
5/ year.

19.7.2.3 Tornado Strike Beauence Analysis

19.7.2.3.1 Event Progression

The Tornado Strike Event Tree (Figure 19.7.2-2), covers all events
initiated by a tornado strike on the plant site. This event is
assumed to result in a loss of offsite power with a duration of
greater than 24 hours. It is also assumed that the turbine-
generator is unable to runback to and pick up hotel load following
the tornado strike. Thus, the Tornado Strike event considered in
the analysis is an event which requires actuation of the emergency
power supplies when offsite power is lost, and the
turbine / generator does not run back and maintain hotel loads.

O
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O
/ A Tornado Strike event will result in a loss of forced reactor'

V coolant flow due to simultaneous loss of electrical power to all
four reactor coolant pumps (RCPs), a loss of condenser vacuum and
loss of main feedwater due to the loss of power to the circulating
water pumps, a turbine trip with fast closure of the turbine stop
valves due to loss of load, and a start signal to the emergency
diesel generators due to low voltage on the 4.16 KV vital buses.
Due to the loss of condenser vacuum, the Steam Bypass control
System (SBCS) and the turbine bypass valves are also unavailable. 1

1

The loss of forced coolant flow following loss of power to the RCPs j

leads to a reactor trip on low DNBR. The loss of secondary heat '

sink due to the loss of main feedwater in conjunction with the
unavailability of the SBCS soon results in a reduction in RCS heat;

! removal. Both primary and secondary pressure will increase. The
primary and secondary safety valves will lift to control primary
and secondary pressure respectively. Concurrently, steam generator
level will be decreasing due to void collapse, and emergency
feedwater will be actuated on a low steam generator level.
Secondary heat removal via the emergency feedwater and the :

secondary safety valves is thus re-established and primary pressure |
and temperature will begin to decrease. At this time the
Atmospheric Dump Valves (ADVs) can be opened to continue cooling 1

and depressurizing the RCS to the shutdown cooling entry |
conditions. !

O I
/ When offsite power is lost, the diesel generators will receive a '

(V
i start signal. The diesel generators will start and load the )

Engineered Safety Features (ESF) buses. The ESF buses provide i

power to the Safety Injection System (SIS) pumps and motor-operated
valves, the Shutdown Cooling System (SCS) pumps and motor-operated
valves, the Emergency Feedwater (EFW) System motor-driven pumps and i

motor-operated valves, the Component Cooling Water System (CCWS) |
and Station Service Water System (SSWS) pumps, and associated
motor-operated valves. With the diesel generators available, the
SIS pumps can be started and used to provide RCS inventory makeup
and for boron addition to provide core reactivity control. Oncei

| the plant has been steamed down to the shutdown cooling conditions i

using the EFW System and ADVs, Long-Term Decay Heat Removal (using |

| the SCS) can be initiated to bring the plant down to cold shutdown
conditions.

,

!

Failure of a Primary Safety Valve (PSV) to reseat following the
initial pressure spike would result in a small LOCA and the
required system responses are equivalent to those discussed in
Section 19.4.3 (with offsite power unavailable). Failure of the
emergency feedwater would result in failure of secondary heat
removal and, thus, the RCS heat removal because no other secondary

| heat sink is available. Therefore, some other means of heat
removal must be established in order to prevent core damage. The
emergency or on-site power sources can be used to power the Safety
Injection System and Safety Depressurization System (SDS) to

(Q,

j provide|

v
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the Feed and Bleed process for RCS heat removal in event the
emergency feedwater is unavailable.

As discussed earlier, the SSWS intake structure is subject to
blockage by tornado generated debris. If this should happen,
component cooling for the diesel generators and all motor-driven

| pumps would be lost, as would the HVAC system. This would result
! in the failure of the diesels and all motor-driven pumps. The

turbine-driven emergency feedwater pumps would still be available
; and 125 VDC control power would be available from the station
| batte. ries for 8 hours. However, upon battery depletion, control
! power and indication would be lost. Therefore, for this analysis,

it was assumed that sequences involving blockage of the SSWS intake
structure would proceed to core damage. SSWS intake structure
blockage due to tornado generated debris is addressed in the SSWS
models included within the front-line system models.

19.7.2.3.2 Tornado Strike Event Tree Elements

19.7.2.3.2.1 Tornado Strike Initiators

Tornado Strike events include all events initiated by a tornado
strike within the plant boundaries. It is assumed that this event
will result in an extended loss of offsite power requiring long--
term use of the emergency power sources.

19.7.2.3.2.2 Primary Safety Valve Resent

The initial loss of secondary heat sink following the tornado
strike and loss of offsite power will result in the primary system
pressure increase. The Primary Safety Valves (PSVs) will most
probably open. Failure of a PSV to reseat after the primary side
pressure decreases will result in a small Loss-Of-Coolant-Accident
(LOCA) with offsite power unavailable. This is considered to be a
small LOCA initiator for quantification of Small LOCA frequencies.

The success criterion for this element is that all four PSVs must
reseat.

19.7.2.3.2.3 Safety Injection System Injection

Following the reactor trip after the tornado strike and attendant
loss of offsite power, RCS pressure will increase and the PSVs will
lift. If any of the PSVs fail to reseat, coolant will be lost
through the stuck-open PSV. Consequently, the reactor coolant will
rapidly cool and contract (resulting in a pressure decrease). The
Safety Injection System (SIS) will be automatically actuated on low
pressurizer pressure and will inject borated water to provide
additional negative reactivity in the short term. When offsite
power is lost, the preferred source of power is lost. The safety
equipment loads on the 4.16 KV buses will be shed and the diesel
generators will receive a start signal. After the diesel
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generators have started and reached operating speed, they will be
loaded to the 4.16 KV Class 1E buses. The buses will provide power
to the SIS pumps. Power to the motor-operated ' valves will be
supplied at a lower power level, such as 480V motor control center
(MCC).

There are four SIS pumps and the success of the SIS is defined as
one SIS pump injecting water into the RCS from the In-containment
Refueling Water Storage Tank (IRWST).

19.7.2.3.2.4 Deliver Emergency Feedwater

Following a tornado strike with attendant loss of offsite power,- |
emergency feedwater must be supplied to the steam' generators in
order to remove decay heat from the RCS. The Emergency Feedwater
System will be automatically actuated on a low steam generator
level by the ESFAS. It can also be. manually actuated from the
control room. When offsite power is lost, the preferred source of
power is lost. The safety equipment loads on the 4.16 KV buses
will be shed and the diesel generators will receive a start signal.
After the diesel generators have started and reached operating
speed, they will be loaded on the 4.16 KV Class 1E buses. The
buses will provide power to the motor-driven EFW pumps.

The success criterion for this element is that emergency feedwater
% must be delivered by at least one Emergency Feedwater System pump

s to its respective steam generator from its associated Emergency
Feedwater Storage Tank (EFWST).

19.7.2.3.2.5 Long-Term Decay Heat Removal

Decay heat must be continually removed'from the RCS following the
initial response to the transient. For the purpose of this
analysis, it is assumed that the plant will always be brought to
cold shutdown following a transient if it is at all possible.
Thus, during the initial response to the transient, the plant would
normally be brought down to the shutdown cooling entry conditions
using secondary side heat removal. This can be accomplished in
about 6 to 8 hours. The Shutdown Cooling System (SCS) is then used
for long-term decay heat removal.

The success criteria for this element are that the SCS must be
available for the mission time of 24 hours,

l
19.7.2.3.2.6 Safety Depressurization (Bleed)

If the long-term decay heat removal fails via either the SCS or the
secondary heat removal using the EFWS, decay heat removal can still
be provided - by the safety injection and safety dt. pressurization
(Feed and -Bleed) . If the bleed is initiated at lifting of the
Primary Safety Valves (PSVs), 1 SIS pump and 1 Safety

/ Depressurization valve will be capable of maintaining core
kw
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coolability and, thus, core integrity. Therefore, the success
criterion for this element is that one Safety Depressurization
valve path must be available in conjunction with one SIS pump.

19.7.2.3.2.7 Safety Injection (Feed)

If the long-term decay heat removal fails via either the SCS or the
secondary heat removal using the EFWS, decay heat removal can still
be provided by the safety injection and safety depressurization

|

| (Feed and Bleed). Safety injection (or Feed) provides cooling
water to remove decay heat removal.

If the bleed is initiated at lifting of the Primary Safety Valves
(PSVs), 1 SIS pump and 1 Safety Depressurization valve will be
capable of maintaining core coolability and, thus, core integrity.
Therefore, the success criteria for this element are that one SIS
pump must deliver water from the IRWST to the RCS and one Safety
Depressurization valve path must be available.

19.7.2.3.2.8 Cooling the In-containment Refueling Water
Storage Tank

If secondary side heat removal is not available following a tornado
strike with attendant loss of offsite power, feed and bleed cooling
of the RCS is used to remove decay heat from the core and transfer
it to the In-containment Refueling Water Storage Tank (IRWST) . The
energy must then be transferred outside of containment. If the
energy is not removed from the containment, containment temperature
and pressure increase, possibly resulting in a breach of the
containment integrity. At this point, coolant will flash through
the break in the containment and the SI pumps may cavitate. Even
if the SI pumps trip and can be restarted, core damage may occur
because the combined RCS and IRWST inventory would be depleted.
Thermal / hydraulic analysis indicates that without containment
cooling to remove the energy, containment failure would occur |
approximately 41 hours after the event occurrence.

The Containment Spray System (CSS) is used to cool the IRWST and
Containment. The CSS pumps circulate the IRWST inventory through
the CS heat exchangers, where the decay heat energy is transferred
to the Component Cooling Water System, and then back to the In-
containment Refueling Water Storage Tank. The CSS would be
actuated on high-high containment pressure, or it could be manually
actuated. The CSS consists of two separate, redundant divisions or
trains. Each train consists of a pump, heat exchanger, spray
header, and associated valves and instrumentation. In addition,
there is a provision to align the SCS pump from the associated SCS
train to the containment spray heat exchanger if the containment
spray pump in that train is unavailable.

The success criteria for this element are that at least one CSS
pump deliver flow from the IRWST through its containment spray heat
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exchanger to the containment spray heaaer and that the decay heat
energy be transferred to the Component Cooling Water System. If
the CSS headers are not available, the CSS can be aligned to
discharge directly to the IRWST. If the CSS pump in one train is
not available, the SCS pump associated with that train may be used
as a backup.

19.7.2.3.2.9 Major Dependencies
'

The following functional dependencies are important for the Tornado
strike event tree:

A. If emergency feedwater is not available, no success path for
steam removal is available, therefore, Bleed must be used to
remove heat from the RCS.

B. When Safety Injection and Safety Depressurization are used,
the IRWST must be available and cooled for the Feed and Bleed
process to succeed.

C. If the PSV fails to reseat, the event is treated as a small
LOCA with offsite power unavailable.

,

D. The diesel generators and all motor-driven pumps depend on the
component cooling and service water systems for cooling. It |

i

'was assumed that if the service water intake structure was
blocked by tornado generated debris, the diesels would fail
and that core damage would occur within the 24 hour mission
time.

19.7.2.3.2.10 Major Recovery Actions

The major recovery actions typically addressed in the recovery i

analysis for a transient include restoration of offsite power or
aligning the combustion turbine to one of the safety buses to
provide power to the safety equipment. For a tornado strike on
site, it was assumed that offsite power could not be restored
within the 24 hour mission time and that the combustion turbine
would not be available as a backup for the diesel generators.
Therefore, combustion turbine was not credited for tornado strike
event sequencos. However, recovery of motor-operated valves is
possible if thay are located within the protected structure, except
the containment, and when the operator has sufficient time
available to take appropriate actions. Therefore, recovery of
appropriate motor-operated valves was credited for the tornado
strike analysis.

19.7.2.3.3 Station Blackout Event Progression

If both of the diesel generators and the alternate standby ac power
source fail to start following the tornado-induced loss of offsite
power, a station blackout would result. Failure of the diesel
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generators and the alternate standby ac power source results in the
| Safety Injection, Shutdown Cooling, Component Cooling Water, and
Station Service Water Systems being unavailable for RCS heat i

removal or cooling the RCP seals. Initially, however, the turbine- I

driven emergency feedwater pumps would be available to supply |
emergency feedwater to the steam generator, and secondary steam j
could be removed via the Atmospheric Dump Valves (ADVs). The ;

station batteries will provide control and vital instrumentation
power for approximately 8 hours before they are depleted. It was
assumed that, with the depletion of the station batteries, the
turbine-driven emergency feedwater pu.nps would trip due to loss of
control power to the turbine governor. At this time, the ADVs
would also become inoperable. Core damage would follow in
approximately two hours. As discussed in Section 19.7.2.3.1, it is
assumed that a tornado will result in offsite power being
unavailable for 24 hours or more. Thus, a station blackout
following a tornado-induced loss of offsite power will lead to core
damage in about 10 hours.

The fault traa presented in Figure 19.7.2-3 was used to quantify
the core damage frequency associated with a tornado-induced station
blackout with battery depletion. This model accounts for the
impact of the tornado on the reliability of the CCW and SW systems
which in turn affect the reliability of the diesel generator.

O

|
|

|
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19.7.3 INTERNAL FIRE ANALYSIS

19.7.3.1 Qualitative Fire Risk Assessment

|
19.7.3.1.1 Overview

The System 80+ Phase I Qualitative Fire hap.ards Risk Assessment is
a part of the ongoing Fire Hazards Asse.ssment being developed in
support of the System 80+ plant. design. It builds on - the
information developed by Duke Engineering & Services, Inc. in

Reference 101 (Volumes 1 - 5 of the Fire Mazards Assessment) to
provide a preliminary analysis of the risk to safe shutdown
capability resulting from fires in areas of the Nuclear Island
other. than in the Containment or the Control Room. -It
qualitatively evaluates the risk resulting from a fire in each fire
area based on the assumption that the fire causes loss of all
active components and functionality in the affected area. Adjacent
fire areas are identified which will be necessary for ' future
evaluation of the risk associated with fire propagation into
adjacent areas. Due to the current stage of development of the
detailed design and the lack of "as-built" data, a quantitative
assessment will be deferred until such time as more detailed
information becomes available.

In the Fire Barrier drawings, the Containment is not divided into |p' individual fire areas. Rather, it forms one large fire area. A
t Phase I qualitative analysis of the affects of a fire in

Containment which engulfs the entire fire area would not result in
useful information since the containment necessarily contains
equipment from both divisions. Fire Protection design features of

| the System 80+ containment include physical separation,

L intermdiate fire barriers, fire detection and suppression, as well
' as fur. :onal redundancy among the required safe shutdown systems

and comps nents. A more comprehensive analysis involving the exact,

| location of equipment, combustibles, fire detection and suppression
equipment, and intermediate fire barriers will be performed to

| verify that the ability to achieve and maintain safe shutdown
| despite the occurrence of a localized fire in the containment will
! be performed when sufficient design detail is available.

The Control Room has not been analyzed in terms of the affect of a |
fire which engulfs the entire fire area on the ability to achieve
and maintain safe shutdown. The continuous presence of operations

,

personnel in the control room precludes the possibility of a firel

in the control room-going undetected to the point at which it can
spread to engulf the entire control room'without some action to
suppress the fire and mitigate its effects on the part of

I operations personnel. The safe shutdown panel, located in a
! separate fire area, provides an alternate means of accomplishing a
| safe shutdown and safely maintaining the safe shutdown condition.

O.
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19.7.3.1.2 Methodology

The evaluation addressed each of the fire areas defined in the Fire
Barrier Location drawings for the Nuclear Island and the General
Arrangement drawings which provide locations for major components.
Fire Area 123 (Control Room) was not addressed. It also utilized
information provided in the Fire Hazards Assessment as input to the
analysis. Each fire area was analyzed to assure that, in the event

,

! that all the active equipment in the area affected by a fire were
| rendered inoperable by the fire, redundant systems, trains, or
| channels would be available in another fire area, thus enabling

| safe shutdown to be achieved and maintained.
|

This analysis was based on the assumption that the fire would not
spread to adjacent areas due to the presence of 3-hour fire
barriers between each of the areas. It also was based on the

; assumption that no challenges to redundant systems would be
experienced as a result of the fire. Finally it assumes that
redundant systems and equipment are not rendered inoperable by

; events not related to the fire.

| The ability of the plant to achieve and maintain safe shutdown was
evaluated for a fire in each of the areas to verify that sufficient
redundancy exists across the divisional barrier. This will assure
that the functions associated with achieving and maintainina safe
shutdown would be available despite a major fire confined to a
single fire area. The results of this evaluation are snown in
Table 19.7.3.1-5.

The presence of 3-hour fire-rated barriers between each of the
plant's fire areas precludes an uncontrolled and rapid spread of a
fire to adjacent areas. A quantitative analysis to evaluate the

| effects of a fire which propagates from one area to another would
have to take into account the various propagation paths available,
the probability of failure of barriers in each path, and the
location of equipment within the adjacent area with respect to each
propagation path. This analysis will be performed at a later stage
of the System 80+ 6esign when such detailed information is
available.

This approach is intended to verify that the high-level of
assurance that safe shutdown can be achieved and maintained which
is afforded by the System 80+ plant design is realized as the
design proceeds.

19.7.3.1.3 System 80+ Plant Design

19.7.3.1.3.1 Overview

The System 80+ plant is designed along two parallel divisions which
are each fully capable of achieving and maintaining a safe shutdown

9
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third fire door through the inter-divisional wall at elevation 70
is at location B-17. This fire door provides access to a
maintenance access aisle. There are three-hour rated fire' doors
into one of the two division electrical rooms for each division
immediately adjacent to the fire door at location B-17. The floors
at elevation 70 are concrete floors that are three-hour rated fire
barriers. Thus, the floors do not provide a pathway for a fire in
one division.at elevation 70 to propagate down to affect the other
division at elevation 50.

At elevation 81, there is one fire door through the inter-
divisional wall. It is located at location T-17. (See Figure
9.5.1-4.) In Division 1, this fire door provides access to the
stairway down to the CVCS area at elevation 70. In Division 2,
this fire door provides access to CVCS areas on both sides of the
inter-divisional wall. There is no safety-related equipment or
equipment whose successful operation was credited in the fire or
flood risk assessment in these areas. On the Divisir>n 1 side of
the door at T-17, there is access to a stairway down to elevation
70. There is no safety-related equipment in the area that the
stairway accesses on elevation 70, and there is no door in the area
at elevation 70 that provides direct access -to safety-related
equipment. Thus, there is no way for a fire starting at elevation
81 to propagate to elevation 70 and affect safety-related equipment
in both divisions without passing through multiple 3-hour rated

( fire barriers. (NOTE: Elevation 81 has concrete floors that are

( 3-hour rated fire barriers.)
At elevation 91+9, there are three fire doors through the inter-
divisional barrier. The first door is at location V-17. (See

! | Figure 9. 5.1-5. ) In Division 1, this fire door provides access to
| a maintenance access aisle with no direct connection to any room

containing safety-related equipment. This access aisle provides
access to a stairway up to elevations 115+6 and 130. Entrance to
elevation 115+6 is via a 3-hour rated fire door. The area accessed-
at level 115+6 contains no safety-related equipment, and there are

| no doors in this area providing direct access to safety-related
I equipment. The area accessed at elevation 130 also contains no

safety-related equipment and has no doors-providing direct access
to safety-related equipment. Thus, this stairway does not provide
a path for a fire to propagate upwards and affect safety-related
equipment in both divisions. In Division 2, the fire door at V-17
provides access to the resin storage area for the CVCS. This area
has no doors providing direct access to safety-related equipment.
The second fire door through the inter-divisional barrier is at
location Q-17. This door provides access to a maintenance access
aisle. The nearest rooms containing safety-related equipment _are
approximately 45 feet to either side of the fire door at location
Q-17. These rooms in both divisions are independent fire zones
with three-hour rated fire barriers and fire doors. The third fire

| door through the inter-divisional barrier at elevation 91+9 is
,

!

l

!
| Amendment V

19.7-28a April 29, 1994

_ _ . __ ~. _. _ _ _ _ . _ _ _ __ _ ,,._... _. _ .._..,_, _ , _



CESSAR 8!%-

at location B-17. This fire door provides access to a maintenance
access aisle. Approximately 10 feet on either side of this fire
door is a three-hour rated fire door into an electrical equipment

,

room for each division. As previously stated, these doors are i

Inormally closed, and their positions are indicated and alarmed in
the control room. The floors at elevation 91+9 are concrete floors
that are three-hour rated fire barriers. Thus, the floors do not
provide a pathway for a fire in one division at elevation 91+9 to
propagate down to affect the other division at elevation 70.

At elevation 115+6, there is one fire door through the inter-
'

divisional barrier. This fire door is at location Q-17. (See
Figure 9.5.1-6.) (NOTE: The control room is at elevation 115+6.
There is no inter-divisional barrier per se in the area associated
with the control room.) The fire door at location Q-17 at
elevation 115+6 provides access to a maintenance access aisle. As
with the other elevations, the safety-related equipment in either
division are in separate fire zones with three-hour rated fire
barriers. The floors at elevation 115+6 are concrete floors that
are three-hour rated fire barriers. Thus, the floors do not
provide a pathway for a fire in one division at elevation 115+6 to
propagate down to affect the other division at elevation 91+9.

At elevation 130+6, there is one fire door through the inter-
divisional barrier. This fire door is at location Q-17. (See
Figure 9.5.1-7.) This fire door provides access to a personnel
access aisle for HVAC equipment in each division. The HVAC'

equipment in each division are located in separate fire zones
protected by three-hour rated fire walls and fire doors. The
floors at elevation 130+6 are concrete floors that are three-hour
rated fire barriers. Thus, the floors do not provide a pathway for
a fire in one division at elevation 130+6 to propagate down to
affect the other division at elevation 115+6.

At elevation 146, there is one fire door through the inter-
divisional barrier. This fire door is at location Q-17. (See
Figure 9.5.1-8.) In Division 1, this fire door provides access to
general access area for the personnel access hatch to containment.
The safety-related equipment in this area is the channel C safety-
related cable shaft which is in its own fire zone and is protected
by three-hour rated fire barriers and fire doors. In Division 2,
this fire door provides access to the general laydown and work area
around the equipment hatch into containment. This area provides no
direct access to any rooms containing safety-related equipment.
The floors at elevation 146 are concrete floors that are three-hour
rated fire barriers. Thus, the floors do not provide a pathway for
a fire in one division at elevation 146 to propagate down to affect
the other division at elevation 130+6.

At elevation 170, there is one fire door through the inter-
divisional barrier. This fire door is at location Q-17. (See
Figure 9.5.1-9.) This fire door does not provide access to safety-

O
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} 19.7.3.2 Internal Fire Frequency Calculation
b

A quantitative assessment of the risk due to internal fire can not be
made at this time because detailed design information for cable routing
and the fire detection and fire suppression systems is not presentl)
available. However, a scoping evaluation is performed to assess the
risk due to internal fires in areas of the Nuclear Annex other than tre
control room. The control room was not considered for the reasor.s |
given in Section 19.7.3.1.

Two types of fires were considered in the scoping evaluation. One type
is a fire in an area (or a room) which could disable safety-related
equipment in that area and which has the potential for initiating a
transient. For example, a fire in the Engineered Safety Features (ESF)
pump room not only would disable the ESF pumps but could possibly
initiate a transient due to the fire damage to the cables running
through the room and the ESF equipment. It is assumed that all the ESF
equipment in the effected division would be disabled as a result of
this type of fire. The other type is a fire in an area which by itself
could disable safety-related equipment but would require the
penetration of a fire barrier in order to initiate a transient. For
example, a fire in the diesel generator room would disable that diesel
generator but would initiate a transient only if it penetrates the fire
barrier to another area or room. Manual detection and suppression of
the fire was not credited in the scoping evaluation.

p) The first type of fire was designated as type "a" and the second typeg
V as type "b" . The fire event initiating frequency (IEnt,,) is determined

by using the equation:

[ F, * (Fa + F,) ) + [F * F n, * ( Fa + F,) )I En re, =
3

where

F, = Fire occurrence frequency for type "a" fires
i (event / year),

Fire occurrence frequency for type "b" firesF =
e

(event / year),

Fa= Failure rate of the (automatic) detection (failure /
demand),

F, = Failure rate of the (automatic) suppression (failure /
demand), and

Fa = Failure rate of the fire barriers (failure / demand)*

Type "a" fires included fires in the Auxiliary Building, the Switchgear
Room and the Cable Spreading Room, and type "b" fires included fires in
the Diesel Generator Room and the Battery Room. Reference 45 (Table
1.2 in Attachment 10.3) provides the fire occurrence frequencies by
general location. The generic fires areas and their occurrence
frequencies used in the System 80+ scoping assessment are summarized in
Table 19.7.3.2-1.

b
%]
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F ,ux 313, + F,,1tc3 ,,, + F 31, ,pr ain, W .,,,31ogF, =
9 c

3.8E-02 + 1.5E-02 + 3.2E-03 + 3.8E-02 !
=

9.42E-02 event / year=

i
'

+ F ,tteryF Foi.. 1 ,,nor, tor= 33
2.84-02 + 3.2E-03=

3.16E-02 event / year=

( Reference 45 (Reference Table 2 in Attachment 10.3) provides failure
| rates for the suppression systems. Because detailed design information

for System 80+ plant is not available at this time, the automatic!

( suppression system reliabilities were averaged for the five types cf
| the suppression system to generate an estimate of the System 80+ fire

suppression system failure rate.

F, = 4 . 2 E-02 failure / demand

A large range of values was found for smoke and thermal detector
failure rates. The value used in this scoping evaluation was the mean

( value of the log-normal distribution for failure rates, defined using
the lowest value of 4.0E-04 (Reference 102) as the 5% confidence lower
bound and the highest value of 8.0E-01 (Reference 103) as the 95%

,
confidence upper bound. The resulting value was 2.0E-01 failure per

i demand. That is,
|

Fe = 2. 0E-01 f ailure/ demand

Reference 104 provides failure rates for the fire barriers. Barrie
type 3 was used as the reference type since the System 80+ plant design
utilizes 3-hour fire barriers between the fire zones. The (best)
estimate value of 1.2E-03 failure per demand was selected as the mean.'
That is,

Fr3 = 1.2E-03 failure / demand

Hence, the fire event initiating frequency is

I E r 17,, [F * (Fa + F,)] + [F3 * F * ( Fa + F,) ]=
f3

| [ 9.42E-02 *(2.0E-01 + 4.2E-02) ] +=

[ 3.16E-02 * 1.2E-03 * (2.0E-01 + 4.2E-02) ]
2.28E-02 + 9.1E-06=

IErir , 2.28E-02 event / year=

Since the failure could occur in either of the two divisions, the fire
event frequency would be

|

| I Er t r ,, =2 * 2.28E-02 = 4.56E-02 event / year
!

|

9
i
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19.7.3.3 Internal Fire Analysis Ouantification

As discussed in Section 19.7.1. 6 of this report, a quantitative
analysis can not be performed at this stage of System 80+ standard
plant design since sufficient detailed information for the cable
routing and the fire detection and fire suppression systems is not
available. Although a detailed quantitative analysis was not
performed for the System 80+ plant at this time, a scoping estimate
of the risk due to fire was calculated by using a conservative
scoping value of fire . event frequency and requantifying the
sequence cutsets generated for the Loss of one division of CCWS
initiator with this frequency. The Loss of one division of CCWS
initiator was chosen because it has identical impact as the fire
initiator in that _one division of ESF equipment would be
unavailable to mitigate consequences of a postulated transient.
The results of this analysis are presented in Section 19.9.3.2.

A fire that is assumed to fail all equipment in the affected
division will cause the loss of two CCW pumps, one charging pump,
and, depending on the affected division, the loss of the Dedicated
Seal Injection System (DSIS) pump. Assuming that both the' charging
pump and the DSIS pump are failed due to the fire, the failure of
the charging pump in the unaffected division would result in loss
of seal injection flow to two of the four RCPs due to loss of flow
from the charging pumps and the DSIS pump. (NOTE: The seal

\ injection line contains a normally open motor operated isolation
valve that fails-as-is on loss of power and an air operated
temperature control valve that fails open on loss of air or power.
In addition, there is an air operated valve in the seal injection
header line to each RCP. These valves also fail open on loss of
air or power. A fire that resulted in loss of air or power to
these valves would not cause an isolation of the seal injection
flow path to the RCP seals. ) The fire is also assumed to cause
failure of the CCW pumps in the affected division. This, coupled
with loss of seal injection flow due to the loss of the charging
pumps and the DSIS pump, results in loss of seal injection and seal
cooling to two RCPs. The NRC contends that under these conditions
the RCP seals will fail and result in a LOCA. Based on the robust

| seal design for the RCPs used in the System 80+ design and on the
results of tests and operating experience, ABB-CE asserts that the
RCP seals will not fail. (See Section 19.4.8.3 and Section

i 19.10.6.) However, in the interests of completeness, an assessment |
| of the potential for a fire induced RCP seal LOCA was included as

part of the quantitative fire scoping evaluation. The model and
its quantification are discussed in Section 19.9.3.2

|
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( / 19.7.4.3 Internal Flood Analysis Ouantification
%J

As discussed in Section 19.7.1.8 of this re art, a quantitative
analysis can not be performed at this stage of Jystem 80+ standard
plant design since sufficient detailed information, such as pipe
routing, flood curbs and flood barriers, is not available.
Although a detailed quantitative analysis was not performed for the
System 80+ plant at this time, a scoping estimate of the risk due
to flooding was calculated by using a conservative scoping value of
flood event frequency and requantifying the sequence cutsets
generated for the Loss of one division of CCWS initiator with this
frequency. The Loss of one division of CCWS initiator was chosen
because it has identical impact as the flood initiator in that one
division of ESF equipment would be unavailable to mitigate
consequences of a postulated transient. The results of this
analysis are presented in Section 19.9.3.3.

A flood that is assumed to fail all equipment in the affected
division will cause the loss of two CCW pumps, one charging pump,
and, depending on the affected division, the loss of the Dedicated
Seal Injection System (DSIS) pump. Assuming that both the charging
pump and the DSIS pump are failed due to the flood, the failure of
the charging pump in the unaffected division would result in loss
of seal injection flow to two of the four RCPs due to failure of
the charging pumps and the DSIS pump. (NOTE: The seal injection

) line contains a normally open motor operated isolation valve that;

(/ fails-as-is on loss of power and an air operated temperature
control valve that fails open on loss of air or power. In
addition, there is an air operated valve in the seal injection
header line to each RCP. These valves also fail open on loss of
air or power. A flood that resulted in loss if air or power to
these valves would not cause an isolation of the seal injection
flow path to the RCP seals.) The flood is also assumed to result

Iin failure of the CCW pumps in the affected division. This,
coupled with the loss of seal injection flow due to failure of the
charging pumps and the DSIS pump, would result in loss of seal
cooling and seal injection to two RCPs. The NRC contends that

i

under these conditions the RCP seals will fail and result in a |
LOCA. Based on the robust seal design for the RCPs used in the
System 80+ design and on the results of tests and operating
experience, ABB-CE asserts that the RCP seals will not fail. (See
Section 19.4.8.3 and Section 19.10.6.) However, in the interests j
of completeness, an assessment of the pctential for a flood induced
RCP seal LOCA was included as part of the quantitative flood
scoping evaluation. The models and their quantification are
discussed in Section 19.9.3.3.

\u
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\ HCLPF values were computed using the Conservative Deterministic
Failure Margin (CDFM) approach presented in EPRI NP-6041-SL"6

HCLPF calculations were performed with reference to a Review
Level Earthquake (RLE) of 0.6g. The CMS 3 (modified

228NUREG/CR-0098 spectral shape) was used as the RLE spectral
shape. HCLPF computations were . performed for rock site
conditions since this is one of the governing site conditions for
design basis.

HCLPF computations were performed for three groups: 1) buildings
and structures, 2) electrical and mechanical components and
3) major NSSS components. HCLPF computations were performed in
accordance with the procedures identified in the EPRI seismic
margin approach (EPRI NP-6041-SL"6) . This methodology calls for
the best estimate of the seismic demand and a conservative
estimate of the failure mechanism (hence called the Conservative
Deterministic Failure Margin approach) . This approach quantifies
the differences-between the code allowables and a conservative
estimate of actual failure by recognizing higher component i
damping values, energy absorbing factors associated with. ductile
failure modes as well as potential load re-distribution between
various structural elements of a structural system.

The HCLPFs for the following structures / structural. elements were
determined:

A. Nuclear Island (including the Interior Structure, Shield
Building and Steel Containment Vessel).

| B. Nuclear Annex (including the Fuel Building, CVCS area,
Control Areas, Diesel Generator Areas and the Emergency
Feedwater Areas).i

I The lateral load resisting capacity of the primary elements were
determined using the methodology described in Appendices L and N
of EPRI NP-6041-SL"'.

The HCLPFs for the electrical and mechanical equipment were
determined by reviewing the applicable design basis qualification

I criteria against those permitted by the CDFM - approach. For
| equipment qualified by testing, the response spectra curves for

the 0.3g Design Basis (DB) earthquake were reviewed against the
0.6g CMS 3 spectra, the RLE for the seismic margin review. ' Based

I
|
l

l

i

|
r
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on the ratio of the DB to RLE and the criteria outlined in EPRI
NP-6041-SL'6, the HCLPF was determined. Generic Equipment
Ruggedness Spectra (GERS) were used where applicable.

Solid state switching devices and electromechanical relays will
be used in the NUPLEX 80+ protection and control systems. Solid
state switching devices are inherently immune to mechanical
switching discontinuities such as contact chatter. Robust
electromechanical relays are selected for NUPLEX 80+ applications
such that inherent mechanical contact chatter is within the
requisite system performance criteria. Therefore, contact
chatter has no effect on system operation and was, therefore, not
included in the seismic analysis. The COL must confirm the use
of seismically robust electromechanical relays in the engineered

| safety features actuation and control systems. [ COL Item 19-20]

Similarly, for equipment qualified by analysis, the design basis
parameters, including damping and anchorage safety factors as
well as response spectra, were assessed to determine seismic
margins. For example, a seismic margin exists for an equipment
item that is seismically qualified using 3% damping, if a higher
5% damping is permitted in the CDFM approach. Margins for each
of the significant parameters were determined, and considered
with inelastic energy absorption capability for ductile failure
modes, to calculate HCLPFs. Seismic fragilities for equipment
items that are inherently rugged were based on available industry
data.

The NSSS components that were reviewed include:

A. Reactor Vessel
B. Steam Generators
C. Reactor Coolant Pumps
D. Reactor Internals
E. Pressurizer
F. NSSS Piping

These NSSS components were assessed by reviewing the various
design basis parameters to identify seismic margins. The stress
margins were determined by comparing the loads from the System

| 80+ RCS analysis and those in existing stress reports. Load

| combinations in accordance with Section 6 of EPRI NP-6041-SL ''l

were evaluated. The HCLPF values were calculated using the CDFM
I

approach and the equations discussed above.

Table 19.7.5.1-1 lists all components that are in the seismic j

.

models and presents either the failure rates for independent j

| failures or the component or structure HCLPF value for seismic *

i failures. Table 19.7.5.1-2 lists the structural fragilities ;

calculated for the System 80+ structures and the NSSS component ;

fragilities. All HCLPF values are presented in terms of peak
ground acceleration. j

l
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:
\'- TABLE 19.7.5.1-2

SEISMIC FRAGILITIES FOR SYSTEM 80+ STRUCTURES AND NSSS COMPONENTS

STRUCTURE /NSSS COMPONENT CDFM HCLPF (pga)

Interior Structure 1.08g

Fuel Building 1.35g |
CVCS 1.01g i

Diesel Generator 1 or 2 0.89g

EFW Storage Tank 1 or 2 0.89g

Control Room Area 1.12g

Shield Building 1.25g

Service Water Pump Building 1.00g

Containment Vessel 0.73g

Nuclear Island - Sliding 1.00g |

CCW Heat Exchanger Building-Sliding 1.0g

[ iCEDMs 1.35g
\ /

'-- ~ RCP/ Supports 0.86g

Reactor Vessel / Supports 1.14g

Reactor Internals-Spacer Grid 0.75g

Reactor Internals-Fuel Assy 0.87g i
1

Reactor Internals-UGS/CSB 0.74g

Steam Generator / Supports 0.87g

Pressurizer / Supports 2.59g

NSSS Piping 1.91g |

(-
(v)

Amendment V
April 29, 1994

. _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _



ms,, , . A - m, -- um a 4 - -4 -

i
2

i
s

i
|
.

.

i
4

4

4

1
i

l

,

e

r

s

4

d

3
4
:
4
e
4

:

4
4

1

:
1

I
$.

.

e
d

-

J

1

.,
l
!
1

;
4

5

4

4

:

.

k

i
i
i

<

d

J

s 4

: !
. ,

!. !

! G:1
4

>

1 I

> I

i I

4 i

I

I,

.

1
i

,--w- w. --w ,n .,...w,,,,,,-,. <.., -,a. v.--- , -n., - , <m. n_,,, --w-.-,,_,--,.,.,--- .,, . ., - - .....- --,,. ,--. , , , , ., , - , - - .--.n,-.. , , .



- . . _ - . _ .. __

CESSAR EMMenic
.

V 19.7.5.2.6 Seismically Induced Loss of Site Power

The sixth initiator on the hierarchy tree is " Seismically Induced
Loss of Site Power" . For this initiator, it is assumed that the
seismic event causes damage to the grid or plant switchyard which
leads to a loss of power to tne site. Previous seismic PRAs have
shown that, in general, the most susceptible components are the 1

offsite power transformer. A HCLPF of 0.12g was used in this | !

analysis. 1

i

A seismically induced loss of site power does not lead directly
to core damage. The seismic event tree for this event is )
provided in Figure 19.7.5.2-5. Figure 19.7.5.2-6 presents the
fault tree for core damage due to a seismically induced station
blackout with battery depletion. The top events on the event
tree are equivalent to those on the Loss of Offsite Power event
tree. Descriptions for these top events can be found in |

'

Section 19.4.8.2. The following sections describe the core
damage sequences for a seismically induced loss of site power.

19.7.5.2.6.1 Sequence EQLP-3 )
i

The sequence EQLP-3 consists of a seismically induced Loss of !
l Site Power. The Pressurizer Safety Valves (PSVs) open to relieve |

g pressure if it exceeds the setpoint and then reseat after the
j pressure peak. The emergency feedwater system functions to

provide secondary side heat removal. Sometime after the initial-
plant cooldown, long term decay heat removal is lost. This
includes failure of both the shutdown cooling system and the

| emergency feedwater system. Once through cooling is successfully |
| established by depressurizing. the RCS using the Rapid

Depressurization valves, and starting the safety injection
system. However, the containment spray system is unavailable for,

j containment heat removal. This will lead to- a gradual
; overpressurization of containment and eventually, containment

failure. It is assumed that the safety injection pumps will fail
at this point or later on when the IRWST inventory has been
depleted through the containment breach. This is a late core
melt.

|
|

| Table 19.7.5.2.6-1 lists the 20_EQLP-3 cutsets with the lowest
| HCLPFs. There are no mixed cutsets for this sequence. Based on

Table 19.7.5.2.6-1, the HCLPF for EQLP-3 is 0.90g. The dominant |
. cutset for this sequence involves a seismically induced loss of
I site power with a seismically induced failure of the shutdown

cooling piping which precludes establishing shutdown cooling,
seismic failure of the condensate storage tank which results in
loss of long term EFW delivery, and a seismic failure of the CSS
piping which renders containment heat removal unavailable. The

| sequence HCLPF was determined by the piping HCLPF.

Amendment U
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19.7.5.2.6.2 Sequence EQLP-4

The sequence EQLP-4 consists of a seismically induced Loss of
Site Power. The Pressurizer Safety Valves (PSVs) open to relieve
pressure if it exceeds the setpoint and then reseat after the
pressure peak. The emergency feedwater system functions to
provide secondary side heat removal. Sometime after the initial
plant cooldown, long term decay heat removal is lost. This
includes failure of both the shutdown cooling system and the
emergency feedwater system. The RCS is depressurized using the
Rapid Depressurization valves but the safety injection system
fails to provide injection for once through cooling. This
results in a core melt in the 8 to 24 hour time frame.
Table 19.7.5.2.6-2 lists the 20 EQLP-4 cutsets with the lowest
HCLPFs. There are no mixed cutsets for this sequence. Based on
Table 19.7.5.2.6-2, the HCLPF for EQLP-4 is 0.90g. The dominant
cutset contributing to the.HCLPF for this sequence involves a
seismically induced loss of site power, a seismically induced
failure of the SCS piping and the injection system suction piping
and seismic failure of the condensate storage tank. The HCLPF
for the piping failures determined the HCLPF for the sequence.

19.7.5.2.6.3 Boquence EQLP-5

The sequence EQLP-4 consists of a seismically induced Loss of
Site Power. The Pressurizer Safety Valves (PSVs) open to relieve
pressure if it exceeds the setpoint and then rescat after the
pressure peak. The emergency feedwater system functions to
provide secondary side heat removal. Sometime after the initial
plant cooldown, long term decay heat removal is lost. This
includes failure of both the shutdown cooling system and the
emergency feedwater system. The RCS can not be depressurized
using the Rapid Depressurization valves to establish once through
cooling. This results in a core melt in the 8 to 24 hour time
frame.

Table 19.7.5.2.6-3 lists the 20 EQLP-5 cutsets with the lowest
HCLPFs. There are no mixed cutsets for this sequence. Based on

| Table 19.7.5.2.6-3, the HCLPF for EQLP-5 is 1.06g. The dominant
cutsets contributing to the HCLPF for this sequence involve a
seismically induced loss of site power, a seismic failure which
affects the shutdown cooling system, seismic failure of the
condensate storage tank and seismic failure of the safety
depressurization valve inverters. The HCLPF for the inverter
failures determined the HCLPF for the sequence.

19.7.5.2.6.4 Sequence EQLP-7

The sequence EQLP-3 consists of a seismically induced Loss of
Site Power. The Pressurizer Safety Valves (PSVs) open to relieve
pressure if it exceeds the setpoint and then reseat after the

Amendment V
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! pressure peak. The emergency feedwater system does not function
l to provide secondary side heat removal. Once through cooling is

successfully established by depressurizing the RCS using the
Rapid Depressurization valves, and starting the safety injection
system. However, the containment spray system is unavailable for
containment heat removal. This will lead to a gradual I

overpressurization of containment and, eventually, containment I

failure. It is assumed that the safety injection pumps will fail |
at this point or later on when the IRWST inventory has been
depleted through the containment breach. This is a late core
melt.

Table 19.7.5.2.6-4 lists the 20 EQLP-7 cutsets with the lowest
HCLPFs. There are no mixed cutsets for this sequence. Based on

|
Table 19.7.5.2.6-4, the HCLPF for EQLP-7 is 0.90g. The dominant |
cutsets contributing to the HCLPF for this sequence involve a
seismically induced loss of site power, seismically induced
failure of the EFW storage tanks or seismically induced failure
of the EFW piping, and seismically induced failure of the
containment spray system piping. The piping failures HCLPF
determined the HCLPF for the sequence.

19.7.5.2.6.5 Sequence EQLP-8

% The sequence EQLP-8 consists of a seismically induced Loss of
! Site Power. The Pressurizer Safety Valves (PSVs) open to relieve I

pressure if it exceeds the setpoint and then reseat after the
pressure peak. The emergency feedwater system does not function

| to provide secondary side heat removal. The RCS is depressurized
| using the Rapid Depressurization valves but the safety injection
| system fails to provide injection for once through cooling. This
! results in an early core melt.

Table 19.7.5.2.6-5 lists the 20 EQLP-8 cutsets with the lowest
HCLPFs. Table 19.7.5.2.6-6 presents the twenty mixed cutsets

|

! with the lowest HCLPF values. Based on Table 19.7.5.2.6-5, the
i HCLPF for EQLP-8 is 0.89g. The dominant cutsets contributing to

the HCLPF for this sequence involve a seismically induced loss of'

site power, seismic failure of the wall between the EFW tanks and
the diesel generator rooms resulting in loss of EFW and the
diesel generators, and a seismically induced f ailure resulting in
loss of the standby combustion turbine. The HCLPF for the j

|
' failure of the wall between the EFW tanks and the diesel

'

generator rooms. The cutsets for this sequence are non-minimal
with respect to a seismically induced station blackout. Based on
Table 19.7.5.2.6-6, the HCLPF for the mixed cutsets for EQLP-8 is
0.89g and the independent failure probability is 5.0E-02. The
dominant contributor is similar to the dominant contributors for
the seismic only cutsets.

\
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19.7.5.2.6.6 Sequence EQLP-9

The sequence EQLP-9 consists of a seismically induced Loss of |
Site Power. The Pressurizer Safety Valves (PSVs) open to relieve '

|
pressure if it exceeds the setpoint and then reseat after the

| pressure peak. The emergency feedwater system does not function
| to provide secondary side heat removal. The RCS can not be
| depressurized using the Rapid Depressurization valves to

| establish once through cooling. This results in an early core
! melt.

Table 19.7.5.2.6-7 lists the 20 EQLP-9 cutsets with the lowest
HCLPFs. Table 19.7.5.2.6-8 presents the thirteen mixed cutsets
for this sequence. Based on Table 19.7.5.2.6-7, the HCLPF for;

| | EQLP-9 is 1.06g. The dominant cutsets contributiag to the HCLPF
! for this sequence involve a seismically induced loss of site

power and seismic f ailure of the 125 VDC control power or seismic
failure of the EFW storage tanks and a seismic failure of the

| safety depressurization valve inverters. The HCLPF for failure
of the 125 VDC control power or failure of the safety
depressurization valve inverters determined the HCLPF for the
sequence. As shown on Table 19.7.5.2.6-8, the HCLPF value for

i
'

| the mixed cutsets for this sequence is 0.89g with an independent
failure probability of 9.15E-03. The dominant cutsets involve a

,
seismically induced loss of site power with a seismically induced

| failure of the EFW tanks and either failure of the operator to
initiate feed and bleed or common cause failure of the safety
depressurization valves.

19.7.5.2.6.7 Sequence EQLP-11

The sequence EQLP-11 consists of a seismically induced Loss of
Site Power. The Pressurizer Safety Valves (PSVs) open to relieve
pressure and fail to reseat after the pressure peak. This
results in a medium LOCA. The safety injection system functions
successfully to provide inventory control and once through
cooling. However, the containment spray system is unavailable
for containment heat removal. This will lead to a gradual
overpressurization of containment and, eventually, containment

| failure. It is assumed that the safety injection pumps will fail
| at this point or later on when the IRWST inventory has been

depleted through the containment breach. This is a late core
melt.!

|
: Table 19.7.5.2.6-9 lists the 14 EQLP-11 seismic cutsets. Table
( 19.7.5.2.6-10 presents the twenty mixed cutsets with the lowest
| HCLPF values. Based on Table 19.7.5.2.6-9, the HCLPF for EQLP-11
| | is 1.35g. The dominant contributors to the HCLPF for this
'

sequence all involve a seismic failure of the primary safety
valves. The HCLPF for failure of the primary safety valves|

j determined the HCLPF for the sequence. As shown on Table
19.7.5.2.6-10, the HCLPF value for the mixed cutsets for this '

Amendment U
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sequence is also 1.35g and is determined by the HCLPF for seismic
failure of the primary safety valves.

19.7.5.2.6.8 Sequence EQLP-12

The sequence EQLP-12 consists of a seismically induced Loss of
Site Power. The Pressurizer Safety Valves (PSVs) open to relieve ,

pressure and fail to reseat after the pressure peak. This (
results in a medium LOCA. The safety injection system fails to |

function to provide inventory control and once through cooling.
This results in an early core melt.

| Table 19.7.5.2.6-11 lists the 20 EQLP-12 cutsets with the lowest i
' HCLPFs. Table ~19.7.5.2.6-12 presents the nine mixed cutsets for I

this sequence. Based on Table 19.7.5.2.6-11, the HCLPF for EQLP-
| 12 is 1.35g. The dominant cutsets contributing to the HCLPF for

this sequence all involve a seismically induced failure of theI

primary safety valves. The HCLPF for seismic failure of the
primary safety valves determined the HCLPF for the sequence.
Likewise, as shown on Table 19.7.5.2.6-12, the HCLPF value for
the mixed cutsets for this sequence is 1.35g and is determined by
the HCLPF for seismic failure of the primary safety valves. The
independent failure probability for the top cutset is 5.0E-02.

19.7.5.2.6.9 Sequence EQ-8BO

The sequence EQ-SBO consists of a seismically induced loss of
site power coupled with failure of both diesel generators and the
standby combustion turbine. The station batteries, with load
management, can provide sufficient instrumentation and control
power that the turbine driven emergency feedwater pumps can
provide decay heat removal for eight hours. It is assumed that

.

offsite power cannot be restored within 24 hours following a j
seismic event. Thus, when the batteries are depleted, the
emergency feedwater flow is assumed to be lost and core damage
will follow shortly thereafter. The core damage occurs in the 8
to 24 hour time period.

Table 19.7.5.2.6-13 lists the 20 EQ-SBO-12 cutsets with the
lowest HCLPFs. Table 19.7.5.2.6-14 presents the 38 mixed cutsets |with the lowest HCLPF values. Based on Table 19.7.5.2.6-13, the
HCLPF for EQ-SBO is 0.89g. The dominant cutsets contributing to
the HCLPF for tPis sequence involve a seismically induced loss of
site power, scismically induced failure of the wall between the
EFW storage tanks and the diesel generator rooms which results in
failure of the diesels and loss of EFW, and a seismically induced
failure of the standby combustion turbine. The HCLPF for these
cutsets was determined by the HCLPF for failure of the wall
between the EFW storage tanks and the diesel generator rooms. As
shown on Table 19.7.5.2.6-14, the HCLPF value for the mixed

g cutsets for this sequence is 0.12g. The highest independent
J failure probability

Amendment V
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for these cutsets is 2.1E-04. The mixed cutsets generally
involve a seismically induced loss of site power with independent
failures of the diesel generators and the standby combustion
turbine.

O

O
Amendment Q
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TABLE 19.7.5.2.6-13

SEQUENCE LEVEL HCLPF VALUES FOR SEISMIC SEQUENCE: SEIS-SBO

OJTSET
NO. HCLPF LOW COMPONENT QJTSET COMPONENTS

26 .89 AQWZEFWDGROOM AQWZEFWDGROOM EDGZSBAC EQLOSP

21 .89 AQWZEFWDGROOM AQWZEFWDGROOM EBDZPNS EQLOSP

65 .89 AQWZEFWDGROOM AQWZETWDGROOM EBDZSBAC EQLOSP

1 .95 ELBZ416ESF ELBZ416ESF EQLOSP

2 .95 CBDZCCWPBRKR CBDZCCWPBRKR ESDZPNS ECLOSP

3 .95 ELLZESF EDGZSBAC ELLZESF EQLOSP

5 .95 EBDZDG EBDZDG EDGZSBAC EQLOSP

31 .95 EBDZDG EBDZDG EBDZSBAC EQLOSP

32 .95 ELLZESF EBDZSBAC ELLZESF EQLOSP

39 .95 CBDZCCWPBRKR CBDZCCWPBRKR EDGZSBAC EQLOSP

44 .95 EXLZESF EBDZPNS EQLOSP EXLZESF
53 .95 EXLZESF EDGZSBAC EQLOSP EXLZESF

54 .95 EBDZDG EBDZDG EBDZPNS EQLOSP

55 .95 CBD2SSWPBRKR CBDZSSWTBRKR EDGZSBAC EQLOSP

8 .95 EXLZESF EBDZSBAC EQLOSP EXLZESF

62 .95 CBDZSSWPBRKR CSDZSSWPBRKR EBDZSBAC EQLOSP

63 .95 ELLZESF EBDZPMS ELL 2ESF EQLOSP

10 .95 CBDZSSWPBRKR CBDZSSWPBRKR EBDZPNS EQLOSP

64 .95 CBDZCCWPBRKR CBDZCCWPBRKR EBDZSBAC EQLOSP

34 1.00 CPWZBLDG CPWZBLDG EBDZSBAC EQLOSP

Amendment U
December 31, 1993
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TABLE 19.7.5.2.6-14

|TOP 38 MIXED EUTSETS FOR SEISMIC SEQUENCE: SEIS-SBO

CUTSET RANDCM
NO. HCLPF LCW COMPONENT FAILURE CUTSET CCMPONENTS

100 .12 EQLOSP 2.1DE-04 EDDXRDGA-B EQLOSP RCVRSBAC

101 .12 EQLOSP 1.66E-04 EDDKDGA EDDKDGB EQLOSP RCVRSBAC

111 .12 EQLOSP 4.03E-05 EDDJDGA EDDKDGB EQLOSP RCVRS8AC

112 .12 EGLOSP 4.03E-05 EDDJDGB EDDKDGA EQLOSP RCVRSBAC

129 .12 EQLOSP 1.73E-05 EDDKDGA EDDVDGB EQLOSP RCVRSBAC

130 .12 EQLOSP 1.73E-05 EDDKDGB EDDVDGA EQLOSP RCVRSBAC

131 .12 EQLOSP 1.28E-05 EDDKDGB EQLOSP ESXROGA RCVRSBAC

132 .12 EQLOSP 1.28E-05 EDDKDGA EQLOSP ESXRDGB RCVRSBAC

133 .12 EQLOSP 9.80E-06 EDDJDGA EDDJDGB EQLOSP RCVRSBAC

152 .12 EQLOSP 4.20E-O's EDDJDGA EDDVDGB EQLOSP RCVRSBAC

153 .12 EQLOSP 4.20E-06 EDDJDGB EDDVDGA EQLOSP RCVRSBAC

157 .12 EQLOSP 3.10E-06 EDDJDGA EQLOSP ESXRDGB RCVRSBAC

158 .12 EQLOSP 3.10E-06 EDDJDGB EQLOSP ESXRDGA RCVRSBAC

159 .12 EQLOSP 2.88E-06 ECEVS28801 EDDKDGA EQLOSP RCVRSBAC

|160 .12 ECLOSP 2.88E-06 ECBVS18801 EDDKDGB EQLOSP RCVRSBAC

177 .12 EQLOSP 1.33E-06 EDDVDGB EQLOSP ESXRDGA RCVRSBAC

178 .12 EQLOSP 1.33E-06 EDDVDGA EQLOSP ESXROGB RCVRSBAC

134 .36 EDGZSBAC 8.40E-05 EDDJDGA EDDVDGB EDGZSBAC EQLOSP

135 .36 EDGZSBAC 8.40E-05 EDDJDGB EDDVDGA EDGZSBAC EQLOSP

141 .36 EDn13BAC 6.20E-05 EDDJDGB EDGZSBAC EQLOSP ESXRDGA
144 .36 EDGZSBAC 6.20E-05 EDDJDGA EDGZSBAC EQLOSP ESXRDGB

146 .36 EDGZSBAC 5.76E-05 ECBVS28801 EDDKDGA EDGZSBAC EQLOSP
147 .36 EDGZSBAC 5.76E-05 ECBVS18801 EDDKDGB EDGZSBAC EQLOSP

118 .36 EDGZSBAC 3.46E-04 EDDKDGB EDDVDGA EDGZSBAC EQLOSP

|121 .36 EDGZSBAC 2.55E-04 EDOKDGB EDGZSBAC EOLOSP ESXRDGA

124 .36 EDGZSBAC 2.55E-04 EDOKDGA EDGZSBAC EQLOSP ESXRDGB

127 .36 EDGZSBAC 1.96E-04 EDDJDGA EDDJDGB
'

EDGZSBAC EQLOSP

103 .36 EDGZSBAC 8.06E-04 EDDJDGA EDDKDGB EDGZSBAC EQLOSP
106 .36 EDGZSBAC 8.06E-04 EDDJDGB EDDKDGA EDGZSBAC EQLOSP
162 .36 EDGZSBAC 2.66E-05 EDDVDGB EDGZSBAC EQLOSP ESXRDGA
165 .36 EDGZSBAC 2.66E-05. EDDVDGA EDGZSBAC EQLOSP ESXRDGB

168 .36 EDGZSBAC 1.%E-05 EDGZSBAC EQLOSP ESXRDGA ESXROGB
94 .36 EDGZSBAC 4.20E-03 EDDXRDGA-B EDGZSBAC EQLOSP

172 .36 EDGZSBAC 1.40E-05 ECBVS28801 EDDJDGA EDGZSBAC EQLOSP
175 .36 EDGZSBAC 1.40E-05 ECBVS18801 EDDJDGB EDGZSBAC EQLOSP
98 .36 EDGZSBAC 3.32E-03 EDDKDGA EDDKDGB EDGZSBAC EQLOSP

117 .36 EDGZSBAC 3.46E-04 EDDKDGA EDDVDGB EDGZSBAC EQLOSP
137 .84 EBDZPNS 8.40E-05 EBDZPNS EDDJDGA EDDVDGB EQLOSP

Amendment V9 9 April 29, 1994
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; 19.7.5.3 Seismic Marcins Results and Insichts

5 Table 19.7.5.3-1 presents the HCLPFs for System 80+ by sequence.
i The data on this table is sorted in ascending order on the HCLPF

| values in the second column. As can be seen from this table, the
| HCLPF for System 80+ is 0.73g. The dominant contributor to the

plant HCLPF is seismically induced gross structural failure due;
; to a seismically induced failure / overturning of the-containment
! vessel which is assumed to lead directly to core damage and
; containment failure. The second dominant contributor to the ,

j plant HCLPF, with a HCLPF of 0.86g, is a seismically induced LOCA !
in excess of ECCS capacity caused by a seismically induced i

3

: failure of the RCP supports.

I
; There are three sequences where the contribution to the plant
1 HCLPF due to " Mixed Cutsets" is potentially significant. (NOTE:
i A " Mixed Cutset" is a core damage cutset which contains both
j seismic failures and random or independent failures.) These j

j three sequences are SEIS-SBO, EQA-15, and EQA-9.

] The sequence SEIS-SBO is a seismically induced station blackout.
The sequence is initiated by a seismically induced loss of site

'

power, which has a HCLPF value of 0.12g. Failures of the two
'

diesel generators and the standby combustion turbine independent
,

of the seismic event will result in a station blackout. The j
; station batteries and the turbine driven EFW pumps can be used to

A provide emergency feedwater flow for approximately 8 hours. At
this time, the batteries will be depleted and the turbine driven4

,

EFW pumps will fail due to loss of control power. This results '1

| in core damage. It is assumed that offsite power can not be
j restored within 24 hours of a seismic event which results in loss

1

; of offsite power. Thus, the emergency diesel generators and the i

i standby combustion turbine are important to maintaining the
'

safety of the plant following a seismic event. The diesel
1 generators and the structures in which they are housed are
: Seismic Category I and are designed to have significant margins
| over the design basis earthquake. It is also highly desirable
; that the standby combustion turbine be available to back up the
j diesel generators for seismic events on the order of the design

basis earthquake of 0.3g. As stated in Chapter 6, paragraph |;

4. 6.4. 3. 5 of volume II of the EPRI Utility Requirements Document','

! practical measures can be taken to exploit the intrinsic seismic !

{ ruggedness of the combustion turbine to provide a median seismic :
; capacity of 1.0g. The ARSAP letter report, " Combustion Turbine I
; Generator Seismic Evaluation Guidance WBS 4 .1"2" *provides

specific guidance on considerations for ensuring the seismicj

strength of'the combustion turbine and the structure in which it
is housed.d

,

,

1 J
:

; Amendment V
; 19.7-71 April 29, 1994
4
4
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k_ The structure that houses the combustion turbine must either have
a HCLPF value of at least 0.36g, which is consistent with the
HCLPF value assumed for the combustion turbine in the seismic
margin analysis, or be shown to fail in such a manner that it
will not reduce the HCLPF value of the combustion turbine below

,

|

0.36g. |
|

Sequence EQA-15 is a seismically induced ATWS early in core life
when the MTC is greater than -0.3. The peak RCS pressure for an
ATWS with an MTC greater than -0.3 would exceed 3200 psia which |

would result in failure of the safety injection system check |

|

|

.)
\ /
\,_./

,

|
.

|

l'N
i t,

\vI
I
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valves and failure of piping resulting in a small LOCA. This
leads directly to core damage. For this sequence, it is assumed
that a seismic event initiates a transient that requires a
reactor trip but the trip does not occur due to seismically
induced deformation or shifting of the upper guide structure
preventing the CEAs from inserting. The upper guide structure

| was determined to have a HCLPF of 0.74g.

Sequence EQA-9 is a seismically induced ATWS later in core life
when the MTC is less than -0.3. This sequence involves a
seismically induced ATWS with successful operation of the EFW
system but failure of the charging system to provide boron for
long term reactivity control and failure to depressurize the RCS
using the safety depressurization system so that the safety
injection system can provide reactivity. As with EQA-15, the
seismically induced failure to trip is most likely due to a
seismically induced deformation or shifting of the upper guide
structure preventing the CEAs from inserting. The primary cause
of the failure to depressurize the RCS was failure of the
operator to initiate safety depressurization in preparation for
feed and bleed cooling. This particular human action has been
shown to be important in both the seismic analysis and the
internal events analysis.

| Four sequences have a HCLPF value of 0.89g. This HCLPF value is
associated with a structural failure of the walls between the EFW

|
storage tanks and the diesel generator rooms. The EFW storage
tanks are essentially large, steel-lined concrete structures in
the nuclear annex. The diesel generator room in each division
shares a common wall with the EFW storage tank for that division.
If the common wall between the EFW storage tank and the diesel
generator room failed, the EFW inventory would drain into the
diesel generator room and flood out the diesel generator. This
would result in loss of the EFW and the diesel generator. The
seismic strength of the wall is a function of the thickness of
the wall and the amount of rebar in the wall.

The structure housing the service water pumps and the SSW/CCW
heat exchangers is an important structure. A seismic failure of
this structure would result in failure of both trains of the
service water system. This in turn would lead to failure of the
CCW system which would result in failure of the diesel
generators, the injection pumps, the containment spray pumps, the|

| shutdown cooling pumps and the motor driven EFW pumps. The
design detail needed to calculate the HCLPF for the structure is
not currently available. However, the structure is a single
story, Seismic Category I structure. The seismic strength of the
structure is a function of the wall thickness and the amount and
pattern of rebar in the walls and the anchorage of the walls to
the basemat. It is expected that it would be as strong as the

j interior structure of the nuclear annex. Seismically induced
| sliding of this structure of beyond 3 inches is assumed to result
|
|

Amendment U
19.7-72 December 31, 1993

|



CESSARMNiL =

/nT
V capability sequence. The results of these sensitivity analyses

! are summarized in Table 19.7.5.3-2. This table defines the
component or component group for which the HCLPF is being
changed, presents the base component HCLPF and the changed
component HCLPF, and presents the new " Min Sequence" HCLPF and

,

! the new plant HCLPF. These sensitivity analyses basically
| confirmed the intuitive importance of the component HCLPFs. That
'

is, if the HCLPF for a component that appears as a dominant
contributor to a sequence HCLPF is decreased below the plant or
" Min Sequence" HCLPF values, the plant and/or " Min Sequence"
HCLPF value will decrease to the lower value. On the other hand,
if the HCLPF for that component or group of components is
increased, the plant and " Min Sequence" HCLPF values do not

| change.

None of the seismic core damage sequences had a HCLPF less than
I two times the design basis earthquake. In addition, the dominant
I sequence is a seismically induced failure of the containment

vessel which leads to core damage and containment failure.
Therefore, no additional containment isolation failure analyses
were performed.

The COL applicant will be required to verify that key assumptions
for structures, systems and components considered in the SMA are

/O valid for the as-built plant conditions [ COL Item 19-9]. This
t I will include evaluation of HCLPF values for structures which'

house non-safety related equipment relied upon in the SMA
evaluations such as the combustion gas turbine. The verification
process will include a seismic walkdown, including development
of detailed procedures, [ COL Item 19-8] to ensure that as-built
conditions conform to the assumptions used in the SMA and to
assure that proper anchorage for equipment has been provided and
that the potential for seismic spatial system interaction does

!
not exist. Deviations from assumptions will be evaluated to |
determine if vulnerabilities have been introduced. Also, if I

equipment is qualified for site-specific requirements (Appendix
3.9A, Section 1.4.3.2.1.2, Option 4) , the impact on t.5e SMA HCLPF
will be evaluated.

The details for verifying that key assumptions for structures,
systems, and components considered in the SMA are valid for as-
built plant conditions should be modeled after approved NRC SMA
procedures and should incorporate insights from SMAs conducted at
operating plants. The verification process is expected to
consist of the following steps:

1. Preparation for Plant Walkdown

2. Plant Seismic Logic Model Walkdown

/*) 3. Assessment of As-Built SMA HCLPF Values;

NI

Amendment V
19.7-75 April 29, 1994
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4. Seismic Plant Walkdown i

5. Validation of Plant Level HCLPF Calculations |
|

These steps will ensure that as-built plant design
characteristics are evaluated; critical component, structural,
and sequence HCLPF values are reviewed; and deviations from
design assumptions and vulnerabilities which could reduce the
plant level HCLPF value below 0.5g are exposed.

In Section 19.1.2.2.3 (page 19-149) of the Draft Safety
Evaluation Report for CESSAR-DC, it stated:

"As the seismic analysis is being redone, there is a need to
augment the internal events model to the extent possible, by
explicit inclusion of structural and other passive failures
that were excluded from the internal events model."

| This is COL action item 19-2. As part of the model development
for the Seismic Margins Analysis, the internal events model was
updated to include structural and passive failures. This

| completes COL action item 19-2.

The Draft Safety Analysis Report for CESSAR-DC contained an
additional COL Item, 19.1.2.2.6-1, (Item 19-3 in Table 1.10-1)
which stated that the COL Applicant should factor site-specific
spectra into the analysis and verify the layout and anchorage of
critical components. This COL Item is covered by the SMA and the
seismic walkdown to be performed by the COL applicant as
discussed above.

O
Amendment V
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TABLE 19.7.5.4-2

(Sheet 1 of 2) t

STRUCTURE AND MAJOR NSSS COMPONENT HCLPFs FOR ROCK AND SOIL SITES

COMPONENT / B1 B1.5 B3.5
STRUCTURE ROCK SOIL SOIL B2 SOIL SOIL B4 SOIL

HCLPF HCLPF HCLPF HCLPF HCLPF HCLPF

Interior Structure * 1.08g 1.08g 1.08g 1.08g 1.08g 1.08g

Fuel Building * 1.35g 1.35g 1.35g 1.35g 1.35g 1.35g

CVCS* 1.01g 1.01g 1.01g 1.01g 1.01g 1.01g

Diesel Generator 1 or 2* 0.89g 0.89g 0.89g 0.89g 0.89g 0.89g'

EFW Storage Tank 1 or 2* 0.89g 0.89g 0.89g 0.89g 0.89g 0.89g

Control Room Area * 1.12g 1.12g 1.12g 1.12g 1.12g 1.12g
,

4

Shield Building * 1.25g 1.25g 1.25g 1.25g 1.25g 1.25g

Containment Vessel * 0.73g 0.73g 0.73g 0.73g 0.73g 0.73g

Service Water Pump Building 1.00g 1.50g 1.50g 1.50g 1.10g 1.10g |

! CCW Heat Exchanger Building 1.00g 1.50g 1.50g 1.50g 1.10g 1.10g |
- Sliding4

1 Nuclear Island - Sliding 1.00g 1.30g 1.50g 0.90g 1.60g 1.20g |-

2

CEDMs (Rock governs except 1.35g 1.01g 1.35g 1.35g 1.35g 1.35g'

for B1)

: RCP/ Supports 0.86g 0.90g 1.49g 2.58g 1.89g 0.91g
4

Reactor Vessel / Supports 1.14g 1.87g 1.75g 3.20g 1.72g - 1.13 g

' Amendment V
April 29, 1994
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TABLE 19.7.5.4-2

(Sheet 2 of 2)

STRUCTURE AND MAJOR NSSS COMPONENT HCLPFs FOR ROCK AND BOIL SITES

COMPONENT / B1 Bl.5 D3.5
STRUCTURE ROCK SOIL SOIL B2 SOIL SOIL B4 SOIL

HCLPF HCLPF HCLPF HCLPF HCLPF HCLPF[_
Reactor Internals - Spacer 0.75g 0.75g 0.75g 0.75g 0.75g 0.75g
Grid *

Reactor Internals - Fuel 0.87g 0.87g 0.87g 0.87g 0.87g 0.87g
Assy*

Reactor Internals -UGS/CSB* 0.74g 0.74g 0.74g 0.74g 0.74g 0.74g

Steam Generator / Supports 0.87g 1.38g 1.55g 2.14g 1.94g 1.38g

Pressurizer / Supports * 2.59g 2.59g 2.59g 2.59g 2.59g 2.59g

NSSS Piping * 1.919 1.91g 1.91g 1.91g 1.91g 1.91g

Rock Site HCLPF governed, value used for all sitesNOTES: * =

9 9 Amendment U
December 31, 1993
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D. The concept of defense in depth applies.to shutdown modes as-
well as Mode 1. The more ways-that the operator can maintain-
coolant inventory and remove decay heat, the lower the risk.
The presence of SIS capability in shutdown is-an example of
added defense in depth.

E. The ability of the operator to be able to align the SCS traino
! for makeup of inventory or to use for, a feed and bleed

. operation is important for defense in depth.

F. There are two trains of SCS and it is important that the. COL
applicant maintain a configuration management , system for.
maintenance. activities on the SCS and its support systems.
Configuration control is important.because all plant' risks,

; Lll accidents and incidents, and all accident precursors arise
! because of critical configurations which have' occurred. If.
! configurations were managed so that critical,. high-risk

configurations did not occur, then the-risks would be small
and accidents or incidents would occur rarely. - Table 19.8.1-4
(developed from the more extended dependency Table.19.6.1-1)

| is an example of the systems that support each SCS train. 'The
| COL applicant should. identify the - systems, structures and
|

- functions). The COL applicant'should consider the overall
components (SSCs) that support DHR (as well as'other safety

; /
! (" effect of removing SSCs identified above from service on the

DHR safety function. The COL applicant should limit normal'

maintenance on combinations of equipment so that'an additional
single or common cause failure would.not cause total loss of'
DHR. A configuration management system should help to insure.
the availability of the standby SCS.

| G. If one train is lost because of fire, flood, or random
component failure, it is important that the other train have-
the highest possible availability. The COL applicant should
develop procedures and a configuration management strategy to
handle the period of time when one of the two DHR paths is
unavailable. In this case (a technical specification
violation) the operator should suspend the maintenance and
testing activities on equipment that support the operating SCS
train. Given failure of one train, the operator should
restore any systems that support the other train and are out
for maintenance.

H. During plant shutdown, risk can be minimized by appropriate
outage management, administrative controls, procedures and
operator knowledge of plant configuration. The COL applicant
should develop the appropriate administrative ~ controls,
procedures and operator- training for shutdown operations.
(See also insights F and G above.) [ COL Item 19-17]

| Amendment V
- 19.8-3 April 29, 1994
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I. During plant shutdown operation, the integrity of fire and

flood barriers between areas in the same division, such as
quadrants, where systems comprising the alternate shutdown are
located should be maintained. The COL applicant should
incorporate in its configuration control program a requirement
that, during Modes 4, 5, and 6, the water tight flood doors
and fire doors will be maintained closed on at least one
quadrant within the subsphere (containing either an SCS or CSS
pump) to help prevent common-mode failures from internal
floods or fires. The SCS or CSS pump in this quadrant shall
be operable. If the flood or fire doors to this quadrant must
be opened for reasons other than to permit normal access, a
fire watch will be established for the affected door.

[ COL Item 19-18]

Loss of DHR Insichts

A. Reduced inventory is the most critical operation. The
operator should be aware of this and plant activities should
be scheduled accordingly. Use of nozzle dams is encouraged as
a method of limiting the time spent in this mode.

O

O
Amendment V

19.8-3a April 29, 1994
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B. The operator must have procedures and training to align the
SCS train to the IRWST and use it to makeup inventory or do a
feed and bleed operation.

C. Failure of the standby SCS train for either DHR or feed*

operation is dominated by failure of control valves and MOVs.
An aggressive valve testing and maintenance program on the SCS |

and CSS would reduce shutdown risk. |

|
D. The use of the CVCS system to makeup inventory is an important

recovery action in reduced inventory operation. It also acts
as a temporary (about 12 hours) cooling technique. The
operator should have procedures and training on its use.

IE. Safety injection for feed and bleed is an important DHR method
in shutdown modes. Having two of the four SIS trains
available during most shutdown modes is an important new
technical specification.

F. The CSS pumps are designed as an installed spare to the SCS.
The operator must have procedures and training on its
alignment and operation. Again, valve maintenance and testing
is important for shutdown risk reduction.

,a
( ) LOCA Insights
sJ

A. SCS feed is an important makeup method for a LOCA. Training
and procedures are required.

B. The dominant failure mode for SCS feed is failure of control
valves and MOVs. A valve maintenance program is important.

C. Safety injection using the SIS is important for LOCAs. Since
manual actuation is required, training and procedures are
required.

D. The CVCS system is another important makeup method that ch ald
be available with training and procedures.

E. For LOCAs located in the containment, the IRWST acts as a sump
and makes the coolant available for injection. Procedures are
needed to ensure that flow paths are maintained during the
outage.

rx
( )

V

Amendment S
19.8-3b September 30, 1993
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LOOP Insights

A. The new technical specification for having two of the three
standby and emergency generators available reduces the CDF.

B. The reliability of the two switchyards is important to risk
reduction from LOOP. The Combined License (CL) Applicant
should consider procedures to control maintenance in both4

these areas at the same time.

C. The CL Applicant should ensure that the utility dispatchers
are informed about LOOP events and the importance of
restoration of AC in a nuclear facility.

Fire Risk Insights

A. The frequency of fires in outages is high because of the
maintenance activities and can be reduced by training.

B. The CL Applicant must maintain a well trained and prepared
fire brigade.

C. Availability of mitigating equipment following fires can be
maximized if separation is maintained between equipment within
a quadrant. This will increase the number of success paths
available for responding to the event and result in a decrease
in risk.

D. The COL Applicant must take extra care to limit activities and
fire sources in the operating switchyard when the second
switchyard is unavailable.

Flooding Risk Insichts

A. Availability of mitigating equ'pment following floods can bet

| maximized if separation is main'.: tined between equipment within
a quadrant. This will incroa:.:. the number of success paths
available for responding to the event and result in a decrease
in risk.

O
Amendment U

19.8-4 December 31, 1993
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19.8.2 BACKGROUND

Until recently, emphasis has been on the safety of power plants
during power operation. This was due to the f act that the plant is
in this configuration most of the time and the core power, decay
heat rate and fission product inventory are highest. More
recently, people have been investigating the risk of plants during
shutdown and refueling. During _these modes of operation, the plant 1

has a lower decay heat and fission product inventory. The plant
configuration is not as well defined as in full power operation
because maintenance and testing is being performed. This section
estimates the risk of operation of System 80+ in Modes 4 through 6.

!The emphasis on the risks of plant operation during refueling and
maintenance outages developed slowly. Although no core damage has-

occurred during reactor outages, a few events have occurred which
could be precursors to more severe accidents. _One of the first ,

events to increase the awareness of risks in outages was the loss '

of the refueling cavity seal at Connecticut. Yankee on August 21,
1984. In this event, 200,000 gallons of water quickly spilled into
the containment, draining the refueling cavity. This event could
have been more severe if the fuel movement had actually started.

,

Another event which increased the awareness of the risks during
outages was the Vogtle 1 event on March 20, 1990. The event
started with a truck backing into equipment in a ' switchyard,
causing a loss of power to the first auxiliary transformer. The
second auxiliary transformer and one of the diesels were out for

-

maintenance. The second diesel kept tripping due to an instrument
failure. This combination of maintenance activities and failures
led to a station blackout and loss of Decay Heat Removal (DHR).
Under normal conditions, with the vessel filled or with the
refueling cavity flooded, the operator would have many hours to
restore DHR. In this incident, the plant was in mid-loop operation
and the primary inventory was greatly reduced. .When DHR was
restored in 41 minutes, the primary coolant temperature had risen
46*F to 136*F. This incident illustrates the unusual plant
configurations that can exist during an outage and the risks
associated with maintenance activities and mid-loop operation.

During 1991, there were several incidents during shutdown. After
four events occurred within six days in March, the NRC issued
Information Notice No. 91-22 describing these events. One plant
had two incidents during the same outage. There were at least
seven events where loss of DHR occurred in 1991. All these events i

increased the emphasis on risks during outages.
{

The NRC requested additional information from the ALWR participants
pertaining to shutdown risk. The EPRI ALWR Requirements Document
was modified to include a risk assessment for shutdown modes. This
analysis satisfies that requirement. This analysis uses a

i

|
Amendment S

19.8-5 September 30, 1993
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simplified event tree approach to estimate the core damage
frequency (Level I part of a PRA), with only a qualitative
evaluation of the radiological releases. This analysis is for a
simplified assessment for the operating conditions other than power
operation conditions to ensure that there are no unrecognized or
unacceptable sources of risk associated with these conditions.
This assessment is limited in scope because of the limited level of
operational detail that is available at this time and because many
requirements aimed at addressing problems at existing operating
plants are currently being developed.

19.8.2.1 Methodology

| The first step in the analysis was the identification of the
initiating events of potential interest. This was done by first
defining the plant conditions (in terms of physical parameters such
as temperature, pressure, and inventory for the RCS) that will

| exist for different plant evolutions. For each of these operating
conditions, general category of initiating events were then
defined. These initiating events were LOCAs, Loss of Decay Heat
Removal (DHR), Loss of AC, Boron Dilution and fires and floods.

This analysis was performed with the insight obtained from previous
| PRAs. In 1981, NSAC-84 * looked at the shutdown risk at Zion.C

| This study concluded that failures during reduced inventory
| operation accounted for 61% of the Core-Damage Frequency (CDF).
| Operator actions were required in almost all sequences. Operator
j failure to determine the proper actions to restore DHR accounted
| | for 56% of the total CDF. NUREG / CR-5 015""' tended to confirm the
| findings in NSAC-84. The Seabrook Shutdown PRA concluded that 82%
| of the CDF was due to loss of DHR and 71% was from reduced

inventory operation. The study also showed that early health risks
were dominated by LOCAs with the containment open. The NRC's

,

| Shutdown PRA for Surry (as summarized in NUREG-1449 ni2') showed the'

importance of plant specifics such as the controls of the ADVs, and
| the response to Generic Letter 88-17 <2m . The insights gained from

reviewing these PRAs helped in analyzing the System 80+ plant.i

Modes 2 and 3 were not considered in this study because the plant
| configuration is very similar to Mode 1 therefore, the effects are
! enveloped in the Mode 1 analysis. In Mode 2 the plant is critical
| and at reduced power (less than 5%). The same equipment as Mode 1

is available (SITS, 4 SIS pumps) and the same T/S apply in Mode 2
as Mode 1. In Mode 3 the plant is in hot standby with the primary

.
temperature normally between 350 and 560*F and the SGs available

! for heat removal. Normally the RCS temperature and pressure are
! too great to use the SCS systems. There are three differences in

the equipment availability between Mode 2 and 3 but these
differences do not effect the analysis. In Mode 3, the RPS is not

| required but the CEAs are already inserted so the RPS function is
satisfied. In Mode 3, the H2 analyzer is not required. This

O
Amendment V

19.8-6 April 29, 1994
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equipment is manually placed into service after the accident and
therefore not modeled in a Level I PRA. In Mode 3, below 900 psi i

and 475'F, the SITS may be removed from service. At this time, the
plant is in a configuration very similar to Mode 4 except that the
coolant is at a higher temperature. An example of the refueling |
and maintenance schedule shows about 8 hours in Mode 2 and 3 while

i

coming down and 36 hours during startup. The addition of separate |
event trees for these modes would not change the results.

For each plant state and initiating event, a functional assessment j

of the plant response is made. A team of engineers, including j
specialists in thermal-hydraulics, operator error analysis, plant
design, and outage management, were assembled. Assumptions about

,

operating or maintenance actions are based on current plant I

practices or improvements suggested in recent shutdown studies
t(e.g. NUREG-14 4 9 n23 ) and are listed in the event tree element |

descriptions. The team developed the plant response to each
,

transient, including the sequence of events, available |instrumentation and alarms, human response, and system response. |
The times to core damage were also estimated. Emphasis was on
human performance, which has been shown in past studies to be very
important in satisfactorily assessing the shutdown risk. The event
trees were developed with participation of the full team.
Figure 2.4-1 of Appendix 19.8A gives the plant states and

,

( ) termination points for loss of DHR and Table 19.8.2-2 gives a
() description of each termination point.

Event trees were developed for the accident sequences for each |
Plant Operating State (POS) in Modes 4 through 6 given in |

Table 19.8.2-1. The plant operating states were developed based on
which equipment was available to mitigate the event and the POSs
sometimes contain more that one mode. The event trees are based on
the transient studies for shutdown events described in Reference 4.
The event trees model the sequence of events as a series of
discrete actions or activities which either work or fail. These
actions or activities are called branch points and are modeled with
fault trees (when needed). A stable endpoint of the event trees in
this study is the establishment of an DHR path or a feed and bleed
path. Containment heat removal has been neglected because of the
lower decay heat load than full power and heat removal can be
accomplished with the containment coolers or the containment
venting before containment over-pressurization. The event trees
are given and evaluated in Section 19.8.4.

The next step in the analysis is the identification of the
initiating events of potential interest and the estimation of the
frequencies for these events. The initiating event frequencies
were taken from the Brookhaven National Laboratory (BNL) Coarse
Screening Analysis"*. The initiating event frequencies are |
developed in Section 19.8.3.

n
/ I
Q./

'
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The branch points of the event trees were evaluated using fault i

trees for the responding systems modified from the Level I PRA. !
Fault trees are logical models of components that either work or I

fail when called upon to operate. Operator errors are included in |
the fault trees. The fault trees give a system reliability
(failure / demand) and are given is Section 19.8.5.

The fault trees are supported by Human Reliability Analysis (HRA)
models. These models are similar to event trees and model the
operators actions sequentiality, including recovery. The models
also include operator interaction with the available
instrumentation. This detailed analysis of operator actions is
used because earlier studies showed that operator actions dominated
the analyses. Best estimate assumptions were made about the
operator's environment. Operator errors were estimated for two
timings. For sequences that took approximately two hours or more,
errors based on moderate stresses were developed. For the reduced
inventory events, where core damage could occur in about 0.7 hours,
a higher stress level was assumed. For very slow events, no
additional analysis was performed and the moderate stress values
were used.

O

i
,

O
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19.8.3 INITIATING EVENT FREQUENCIES

While the EPRI Key Assumptions and Groundrules Document (KAG) * |
gives initiating event frequencies for performing a PRA at full
power for the ALWR program, established frequencies for shutdown
modes have not yet been included in this document. The System 80+
analysis has used the frequencies developed in the BNL Coarse
Screening Analysis" . These frequencies have been developed af ter |
an extensive review of operating experience by the BNL staff. The
use of these frequencies is quite conservative because these
frequencies are based on historical occurrences and do not reflect
any lessons learned, procedure improvements, or training
improvements. In operating plants, the frequency of automatic
trips decreased from about 7/y in the 1970s to about 1.5/y today
because of such improvements. With the current emphasis on
shutdown risk, initiating events in these modes will also decrease.
The use of these frequencies does not take into account System 80+
design changes that could reduce the frequency of certain events.
For example, there are four redundant and diverse level measuring
instruments for reduced inventory operation which will reduce the
frequency of loss of DHR from pump cavitation in that mode.

|

Table 19.8.3-1 gives the mapping of the BNL Plant Operating States
(~~N (POSs) onto the System 80+ POSs. While BNL defined POSs for both

('"') entering refueling and returning to power, this study used the same
POS for the same configuration and assumed that the restoration
times reflect the higher decay heats. Table 19.8.3-2 gives the
frequencies used in this analysis. The following paragraphs will
describe their derivation. The initiating event frequencies are
based on an example of the refueling outage given in Table
19.8.3-3. The time spent in each mode was based on the outage task
description developed by Duke and reviewed by ABB-CE personnel with |
operating plant experience. This outage example is not the minimum ;

outage schedule recommended by EPRI (16 days) but is longer to I
include mid-loop operation and SG and RCP maintenance. The time in
unplanned forced outages equals 5 days / year, the forced outage

! specification in the EPRI URD. The fraction of time in M4, M5, and
' MSR in the forced outage represents the times needed to change

state as presented in the outage schedule. In addition, it was
I assumed that the plant entered Mode 4 and mid-loop twice a year.

The outage schedule assumes that the CL Applicant will use nozzle,

( dams for SG maintenance and minimize their time on reduced
| inventory operation. It is also assumed that the CL Applicant
! will use a 18 month refueling schedule. Going to a 24 month

schedule will reduce the outage risk.
|
I The initiating event frequencies for Loss of DHR is being taken

from the BNL Coarse Screening Analysis. Table 4.2 of that report |
gives the definitions for the types of DHR losses and Table 4.1-3

| (o)i

l
I

. Amendment V
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maps the DHR events onto the BNL Plant Operating States (POSs).
Finally, their Table 4.1-4 gives the frequency for each type of
loss of DHR. The BNL POSs are mapped onto the ABB-CE POSs based on
their description and shown in Table 19.8.3-1. In Mode 4 failure
to initiate DHR (RHR8) was assumed to occur twice a year and RCP

| failure (RHR12) was included. In Mode 5R, it was assumed that
mid-loop operation occurred twice a year.

The. LOCA frequencies were developed by applying the LOCA
frequencies given in the BNL Table 4.1-4 to the ABB-CE POSs. BNL

| Table 4.2.2.1 gives which BNL POSs that the LOCAs are to be
applied. Table 19.8.3-1 maps the BNL POSs onto the ABB-CE POSs.
This mapping is straight forward with the following changes. The
A, S, S, and S LOCAs were neglected in Modes 4 and 5 because they1 2 3,

'

are two orders of magnitude smaller then the H, J, and K LOCAs.
; The H, J, and K LOCAs were assumed to occur during Modes 6I, 6F,
l and 6E where BNL only considered cavity seal and cavity drain valve
' LOCAs. Finally, cavity seal and cavity drain valve LOCAs were not

considered in this study because they only lead to coolant level
reduction down to the reactor vessel flange and not to core
uncovery or loss of DHR. In this design, these failures would
return the coolant to the IRWST.

In Modes 6I and 6E the IRWST is empty and therefore coolant is not
available for injection during a LOCA unless the LOCA occurs inside
the containment. In this case the IRWST acts as a containment sump
and the coolant would drain into it and be available for injection
into the vessel. Event trees were developed to reflect this
difference. To estimate the distribution of LOCAs inside and
outside the containment, a Senior Reactor Operator (SRO) from
ABB-CE's Nuclear Training Group was given the descriptions of the
shutdown LOCAs and asked to identify their location in the
System 80+ design. LOCAs into the RWST would be into containment
in this design. Only events where suf ficient details were given in

l the description were considered. Table 19.8.3-4 gives the
breakdown of events and shows 23% were outside containment.
Table 19.8.3-2 shows this LOCA frequency distribution.

| The frequency of fires is discussed in Section 19.8.4.3.2 and
summarized in Table 19.8.4-2 id will not be repeated here. The'

frequency for Loss Of Offsite Power (LOOP) is given in
Table 19.8.4.5-1.

O
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loop operation where the coolant has been reduced to the mid-point
of the hot leg so that nozzle dams can be installed. Experience
developed with operating plants and results of earlier Shutdown
PRAs has shown that mid-loop operation is the largest single
contributor to shutdown risk because of the short time for coolant
boiling given loss of DHR (approximately 15 minutes). NUREG-1449

.

was issued after DHR was lost during mid-loop operation at the I

Vogtle Nuclear Plant. The System 80+ has extensive instrumentation
for reduced inventory operation. It also has improved piping to

,

reduce the chance of cavitation of both pumps. In addition, the |
plant has technical specifications recommendations and operational 1

guidance for operation in this mode.

For Mode SR, with reduced inventory, Termination Points 4, 5, and
,

6 of Table 19.8.2-2 describe the plant configuration, T/Ss, |
alternate equipment and recovery actions. Improved instrumentation
including four unique sets of instrumentation to monitor coolant
level during reduced inventory operation. There are some plant
configurations as noted in Termination Point 4, and 5, where the
manways are not necessarily open. Therefore, it is conservative to
assume that the bleed path is still required in Mode 5R. In
Termination Points 5 and 6 the SGs are available for heat removal
but in this analysis this path has been neglected. No credit has

n been given for the SITS as a source of makeup.

( d For
'

this event, the operator has either 0.7 hours or 1.1 hours
(neglecting refueling) to restore DHR (see Table 19.8.4.5-1) before
core damage. For this analysis we assumed that the loss of DHR
occurs at the first time in the outage that the plant is operated
at reduced inventory (a conservative assumption) and the operator
had 0.7 hrs to restore DHR. Because of this short time interval,
the Human Error Probabilities (HEPs) were reevaluated for a higher
stress and the branch point values reflect this effect. Because of
the short time interval to core damage there is no operator
recovery if cooling can't be established (no REC-S).

Figure 19.8.4.1-1 gives the event tree for loss of DHR during Mode
SR operation when the coolant level is reduced. The operator would I
first try to restore the operating SCS train (OR). The operator
then would makeup inventory using the charging pump (MUI) or
aligning the standby SCS train (SCS-F). This is because i

historically, loss of DHR during midloop operation occurred because |
of pump cavitation due to poor level control. If the operator has !

level control, the operator can try to start the standby SCS. If
level control cannot be achieved, the operator can not restore DHR

|

and must resort to feed and bleed. The following paragraphs
summarizes each branch point of the event tree.

LDHR: Loss of Decay Heat Removal in Mode SR, Reduced Inventory
/%

( )) The initiating event frequency for loss of SCS while in mode 5 is
( 0.030/y. This frequency is based on the frequencies developed by

BNL and includes the assumption that the plant enters mid-loop |

Amendment V
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operation two times a year. The derivation for this frequency is
given in Section 19.8.3. As shown in the example of a refueling
schedule (Table 19.8.1-3) , ABB-CE recommends that the CL applicant
uses nozzle dams to minimize the time spent in reduced inventory. i

OR: Operator Restores Operatina SCS Train
OR = 0.162/d

Many of the loss of DHR are operator errors and the operator will
first try to restore the operating SCS train.

MUI: Makeup Inventory Usina CVCS
MUI = 6.38E-2/d

Having failed to restart the operating SCS train, the operator can
use the charging pump or boric acid makeup pump in the CVCS to make
up inventory. The operator has 1 of each type of pump because it
is assumed that the others are out for maintenance. The source of
water is the BAST. The operator will wish to increase inventory
before starting the Standby SCS train because pump cavitation is
common in reduced inventory operation. If the operator is
successful, the operator will try to start the standby SCS train
(OS1). If MUI is successful but cooling can not be reestablished,
operator must restore an SCS train during the approximately 12
hours (branch REC-L).

SCS-F: Operator Initiatina Feed Using Standby SCS Train
SCS-F = 1.38E-2/d

Given that the operator has failed to makeup inventory using the
CVCS system, the operator can align the standby SCS train to the
IRWST and use that for feeding the system. The operator has both
the SCS pump and the CSS pump as an alternative pump. The IRWST is
available as a source. If the operator fails to increase coolant
level, the operator must go to a feed and bleed operation. If the
operator successfully restores level with the SCS train, the
operator now aligns the SCS train for heat removal (SCS-PR).

OSI-PR: Operator Realians Standby SCS Train For DHR
OSI-PR = 2.61E-2/d |

|
Having successfully restored coolant level with the standby SCS '

system, the operator now will try to use this SCS train for DHR by
realigning the train to DHR. Failure of the SCS pump to start has
been removed from this tree because the pump is already running.

0S1: Operator Starts Standby SCS Train 4

OS1 = 3.63E-2/d |
l

Having successfully restored coolant level with the CVCS system |
(MUI), the operator now will try to start the standby SCS train. 6

This train contains an CSS pump which can be aligned for DHR if the
SCS pump fails to start, a

Amendment M !
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CSS-DHR: Operator alions and Starts CSS Pumo for DHR '

CSS-DHR = 3.28E-2/D

If the operator has failed to start the standby SCS train, the
,

operator can now go back to the CSS pump in the originally- !

operating SCS train and try to align'and use that pump for DHR. I

Failure of this step requires that the operator starts a feed and i
bleed' operation.

'

SDS-B: Operator Initiates Bleed Usino SD 1

SDS-B = 4.33E-2 )

Given that the operator has failed to restore or start any of the
SCS systems, the operator'must now go to a feed and bleed mode.
The operator should open the SDS valves (either.l.of 2 trains) to
ensure a bleed path before starting an SIS pump to prevent lifting
of the LTOP valves. If this branch point fails, the operator can
still go to try a feed operation and the LTOP~ valves will act as a- 1

bleed path. It'is assumed in Mode SR, the pressurizer manways i

might still be on and a bleed path.is still required.

LTOP-B: LTOP Valves open for Bleed
LTOP-B = 3.4E-6/d

.f" If none of the SDS' valves has opened, and the operator starts a
1 feed operation with the SIS or CVCS system, the LTOP spring loaded

safety valves will lift. Opening either 1 of.the 2 valves will
give sufficient flow area. No operator action is required. Feed
and bleed is assumed to fail if a bleed path is not available. ]

SIS-F: Safety Iniection System Feed
SIS-F = 3.08E-2 or 3.68E-2

The operator can start one of two SIS trains to feed coolant into i

the core. The IRWST is available as a source. If the operator has
successfully opened the SDS valves (SDS-F), then one ~ omission error
is not present and the lower value is used. No credit is given.for
the use of any of the four SCS and CSS pumps for use in a feed mode
because it is assumed that they had failed with the failure of DHR.

REC-L: Ooerator Recovers DHR in 12 Hours with Makeup
HEC-L = 0.1

Given that the operator has successfully started a feed operation
system using the cVCS system (MUI) , and no' other system has worked,
the operator mu u now restore one of the SCS trains before the BAST
empties. Failure to restore an SCS trail is assumed to lead to
core damage. In reduced inventory, there is no short term recovery
(REC-S).

h Figure 19.8.4.1-2 gives the event tree for LDHR in Mode SR'with the
\s,,l' branch failure rates discussed above. The total CDF for this event

is 1. 51E-7/y. The represents 28% of the shutdown risk from

Amendment M
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internal events and 18% of the total shutdown risk (in terms of
CDF). The dominant sequence (1.28E-7/y CDP) has failure to restore i

the operating SCS train followed by failure to provide makeup
inventory using the CVCS or SCS. SDS bleed is successful but SIS
feed fails. This is the largest sequence identified in this stud.y.
All of the other studies reviewed in NUREG-1449 have also
identified this sequence as a dominant one. I

19.8.4.1.3 Loss of DHR, Mode 6E, IRWST Empty

Mode 6E (IRWST is Empty) represents the Mode 6 configuration during
the actual refueling. The contents of IRWST has been pumped into
the refueling cavity and SIS or SCS feeding from the IRWST is not
available. The large inventory of coolant above the core means
that the operator has approximately 73 hours to restore DHR before
core damage (excluding the lower decay heat from the removal of
spent fuel). Since the head is removed, there is no need for the
SDS system. The upper internals have been removed. The plant
configuration, T/Ss, and recovery actions for Mode 6E are described
in Termination Point 11 of Table 19.8.2-2.

Figure 19.8.4.1-3 gives the event tree for loss of DHR during Mode
6E. The branch points are summarized below and the detailed fault
trees are presented in Section 19.8.5. There has been no
relaxation of the HEPs because of the longer time period (compared
to Modes 4, 5, and 6F).

LDHR: Loss of DHR, Modes 6E

LDHR = 0.0064/v

The initiating event frequency for loss of SCS while in Mode 6E is
| derived from the BNL Course Screening Study.

OR: Operator Restores Operating SCS Train
OR = 0.162/d

Many of the loss of DHR are operator errors and the operator will
first try to restore the operating SCS train.

OS1: Operator Starts Standby SCS Train
OSI = 3.08E-2/d

Having failed to restore the operating SCS train, the operator now
will try to start the standby SCS train. This train contains an
CSS pump which can be aligned for DHR if the SCS pump fails to
start.

CSS-DHR: Operator alions and Starts CSS Pump for DHR |
CSS-DHR = 2.08E-2/D I

If the operator has failed to start the standby SCS train, the
operator can now go back to the CSS pump in the originally i

operating SCS train and try to align and use that pump.

Amendment V I
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BOC: Boil-Off usina CVCS
BOC = 1.05E-2

Having failed to restore DHR, the operator can use the charging
pump or boric acid makeup pump in the CVCS to keep the core covered
and lengthen the time to restore some equipment. The operator has
1 of each type of pump because it is assumed that the others are
out for maintenance. The source of water is the BAST which extends
the repair time by 12 hours (branch REC-L).

1

REC-L: Operator Recovers DHR in 85 Hours with Makeup !

REC-L = 0.01

Given that the operator has successfully started a feed operation
system using the CVCS system, the operator must now restore one of
the SCS trains before the operator runs out of coolant in the BAST.
Failure to restore an SCS trail is assumed to lead to core damage.

REC-S: Operator Recovers DHR in 73 Hours with no Makeup
REC-S = 0.01/d

If there is no CVCS makeup or heat removal, the operator has about
73 hours to restore the DHR or other equipment. The same value as

q above is used.
f }
\s / Figure 19.8.4.1-3 gives the event tree for LDHR in Mode 6E with the

branch failure rates discussed above. The total CDF for this event
is 6.64E-9/y or 1.2% of the internal CDF. One sequence leads to
core damage with a frequency of 6.51E-9/y. It is a sequence with
failure to restore SCS, failure to start the standby SCS, failure
to use the CSS pump for heat removal, and failure to restore the
DHR in 85 hours. The boric acid makeup was successful in extending
the repair times.

19.8.4.1.4 Loss of DHR, Mode 6I, IRWST Empty, Upper Internals
in Place

Mode 6I represents the temporary Mode 6 configuration during a
refueling where the IRWST is empty and the coolant has been pumped
into the refueling cavity but the upper internals have not yet been
removed. In the example refueling schedule, the plant is in this
configuration for 68 hours each refueling. SIS or SCS feeding from
the IRWST is not available. The large inventory of coolant is
above the core but the upper internals limit the natural
circulation. Since the head is removed, there is no need for the
SDS system. The plant configuration, T/Ss, and recovery actions
for Mode 6I are described in Termination Point 10 of Table
19.8.2-2.

, ~x The response to RAI 440.167 discusses the coolant temperatures and
i i time to coolant boiling. Using the decay heat for two days after
\m,/ shutdown and an initial pool temperature of 135'F, boiling is

possible in 35 minutes. Reducing the initial pool temperature to

Amendment M
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100*F will extend the time to coolant boiling to 125 minutes. The
refueling schedule given in Table 19.8.3-3 has the upper internals i

being removed after 8.5 days when lower decay heats and coolant
temperatures would be expected. All these effects will further
delay the onset of boiling. This analysis was stopped at coolant
boiling.

| NUREG/CR-582 0 <23" describes an analysis of this situation for the
2300 MWt Westinghouse H.B. Robinson design which was carried out |

with the RELAP5/ MOD 3 code and extends the calculation into
two-phase flow regimes. This design has a similar geometry as the
System 80+ design. The analysis shows stable two phase flow with
20' void fractions in the upper plenum for 6 hours. Their analysis
is based on 90*F. initial temperatures, 0.5% decay heat fraction,
and a flow area of 2.3 sq. ft. They predict the start of coolant
boiling at 83 minutes. One of the System 80+ calculations was
based on a temperature of 100*F., 0.578% decay heat, and 3.3 sq.
ft. and predict coolant boiling in 125 minutes. This good
comparison of time to boil shows similar flow losses and geometry.
Because of this comparison, a core damage time of 6 hours will be
used for time to core damage in this mode.

Figure 19.8.4.1-4 gives the event tree for loss of DHR during Mode
61. The logic and branch points are very similar to the previous
event. The branch points are summarized below and the detailed
fault trees are presented in Section 19.8.5. There has been no
relaxation of the HEPs because of the longer time period (compared
to Modes 4, 5, and 6F).

LDHR: Loss of DHR, Modes 6I

LDHR = 0.003/v

The initiating event frequency for loss of SCS while in Mode 6I is
| derived from the BNL Course Screening Study.

OR: Operator Restores Operatina SCS Train
OR = 0.162/d

Many of the loss of DHR are operator errors and the operator will
first try to restore the operating SCS train.

OS1: Operator Starts Standby SCS Train
OS1 = 3.08E-2/d ;

Having failed to restore the operating SCS train, the operator now
will try to start the standby SCS train. This train contains an
CSS pump which can be aligned for DHR if the SCS pump fails to
start.

1
1
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where A is the frequency of fires in the quadrant containing the1

operating SCS train, while the plant is in Plant Operating State
(POS) i, that lead to core damage.

The distinction between the different operating states is required |

because the combinations of equipment available and unavailable |
varies by operating state.

The frequency of fires in the quadrant containing the operating SCS
train, during POS i, that leads to core damage, is given by the
following equation-

,

13 = A , 'P Qf 1

where

A
I# the frequency of all fires in the quadrant4 =

containing the operating SCS train, during POS
i

i
'

|
|

P the probability that the fire becomes severe,, =

, 4

; 1
J 01 the conditional probability that a core damage=

scenario occurs in POS i

The probability that the fire becomes severe is essentially the
probability that fire suppression activities fail. Note that it is
assumed that this factor will not vary by POS.

The conditional probability that a core damage scenario develops
following the initiating fire is based on the available mitigation
paths.

19.8.4.3.2 Frequency of Fires During POS i

Section 19.8.3 defines the following Plant Operating States (POS)
which are based primarily on the availability of Safety Injection
and the time available to respond to a loss of decay heat removal:
A. Mode 4

B. Mode 5

C. Mode 5, Reduced Inventory (designated SR)

D. Mode 6, IRWST Full (designated 6F)-

s_ ,/ E. Mode 6, IRWST Empty, Upper Internals In (designated 6E)

Amendment M
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F. Mode 6, IRWST Empty, Upper Internals Out (designated 6I) |

A mean frequency of fires during shutdown, for various plant
l | locations, was obtained from Seabrook shutdown PRA"*. Table

19.8.4.3-2 lists the frequencies in the units "per shutdown year".
These frequencies were converted to the units "per calendar year"

,

j and divided among the POSs on the basis of information presented in
| Table 19.8.3-3.
i

| The fire areas containing the equipment associated with the LDHR
events were found to be located in a region of the System 80+'

| nuclear island that corresponds to the Auxiliary Building (AB)"* .
The initiating fire frequency during POS i, for the quadrant

| containing the operating SCS train, was defined to be 1/4 of the AB
| fire frequencies listed in Table 19.8.4.3-2,

19.8.4.3.3 Probability of Severe Fire

In this analysis, failure of detection and suppression is
conservatively assumed to result in a fire that is severe enough to
damage all critical equipment in a fire area. In reality, the
location of the fire within the fire area, the availability of
combustible material, and the fire-related fragility of the
equipment must be taken into account when assessing the affect of
the failure to suppress the fire.

The System 80+ design has no fixed automatic suppression system but
will rely on manual suppression using portable fire extinguishers

| and fixed manual fire hose stations. It is suggested"* that a
failure probability for such manual suppression methods should be
based on the training record of the plant fire brigade but that it
should never be less than 0.1.

For the purpose of this analysis, the probability that suppression
actions fail and that the fire grows to be severe is assumed to be
0.1. This is believed to be conservative based on the following
observations:

A. A significant number of shutdown mode fires are caused by
human error. In these situations, the fire is usually
detected by the individual responsible for its initiation.

B. A significant fraction of shutdown mode fires are small and
extinguished manually.

C. This approach does not take into account the location of the
fire within the fire area and its relative proximity to
critical equipment or the availability of sufficient
combustible material to allow a severe fire to grow.

Amendment P
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K. Flood protection is also incorporated into the Component |

Cooling Water Heat Exchanger Building and Station Service
Water Structure. These structures are divisional separated by
walls such that a flood in one division cannot flood the other
division.

These design features assure that the risk associated with floods
is minimal. .

1

In the shutdown mode, the initiating events and associated core
damage scenarios which are the dominant contributors to risk are
the Lose of Decay Heat Removal and Loss of Coolant Accident
scenarios addressed in Sections 19.8.4.1 and 19.8.4.2,
respectively.

Based on the design features described above, the separation and
flooding protection afforded individual shutdown system trains is
such that the dominant flooding risk scenario is one in which the
flood originates in the operating train of the SCS. This event
causes both a loss of the decay heat removal and a loss of RCS
inventory.

The frequency of core damage associated with all LOCA scenarios, as
,o calculated in Section 19.8.4.2, was found to be 1.35E-7 per
! ) calendar year. Using the LOCA frequency information provided in
U BNL Coarse Screening Analysis, it was determined that approximately |

61% of the H, J, and K LOCA events originated in the SCS. Applying
this information to the LOCA core damage frequency from Section |

'

19.8.4.2, the flooding core damage frequency contribution is
approximately 8.2E-08.

NON-LOCA FLOOD SOURCES DURING SHUTDOWN OPERATION

The System 80+ design emphasizes the elimination and ainimization
of potential flood sources within safety-related areas as a means
of flood protection. The station service water system and the
component cooling beat exchangers used to remove decay heat from
the RCS are located outside the Nuclear Annex. The condenser
circulating Water System is also located outside the Nuclear Annex.
The location of these major sources of water to outside the Nuclear

'

Annex reduces in-plant cooling water to a limited volume which can
be easily accommodated to limit the extent of flooding during
shutdown operations. The water systems within the Nuclear Annex
are closed systems with a defined volume of water. These water
systems are located below elevation 70+0, with the exception of the
Chilled Water System which is located at elevation 70+0. A major
flood protection design feature of the System 80+ design is the

! divisional wall below elevation 70+0 which prevents flood waters
from migrating to the opposite division. This prevents a flood in

! [, j one division from affecting the other divisien of safety systems.
( ,/ There are no openings in the division wall.

! Amendment V
| 19.8-41 April 29, 1994

|



|

I
|

CESSARnnL =

The non-LOCA internal flood sources that were identified during
power operation are also the sources within the Nuclear Annex
during shutdown operations. The potential flood sources and the
description of the flood zones are described below.

The following internal flood sources were determined to have the
potential for release within the Nuclear Island:

Flood Source Volume

3Component Cooling Water System (CCWS) 24,700 ft
3Incontainment Refueling Water Storage Tank (IRWST) 72,958 ft
3Emergency Feedwater System (EFWS) 46,785 ft
3

, Fire Protection System (FPS) 80,203 ft
3! Chemical and Volume Control System (CVCS) 161,075 ft

3TOTAL VOLUME 385,721 ft

The volumes of the internal flood sources were determined based on
the following:

CCWS - This volume is the estimated volume of water contained in
| one division of CCWS.

IRWST - This volume is based on the normal operating water volume
of 545,800 gallons from CESSAR-DC Table 6.8-1.

EFWS - This volume is based on the volume of water contained in
one EFW tank, 350,000 gallons, from CESSAR-DC
Table 10.4.9-1.

FPS - This volume is based on the volume of the fire protection
water supply tanks, 600,000 gallons, as given in
CESSAR-DC Section 9.5.1. It is assumed the contents of
the FPS piping do not significantly add to the volume of
water contained in the tanks due to preaction valves
which limit the amount of water contained within the
system piping.

CVCS - This volume is based on the combined estimated volum2 of
the Holdup Tank (525,000 gallons), Boric Acid Storaget

Tank (180,000 gallons) , and the reactor Makeup Water Tank
(500,000 gallons). Actual internal volumes of these
tanks as given in CESSAR-DC Table 9.3.4-4 are less than
or equal to the estimated volumes. The volume of the
water contained within CVCS piping was considered
insignificant as compared to the combined volume of water
in the tanks, since it is highly unlikely that a pipe
break in the CVCS would cause all three tanks to
simultaneously drain to the Nuclear Island.

Amendment U
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The EFWS Tank in this division is a large source of waterEFWS -

present in the CVCSA during all modes of operation. In
the event of a break in this moderate energy piping
system within this flood zone, the volume of the EFW Tank
in this division has the potential to empty and drain to
elevation 59+0.

IRWST - Should there be a break in the Containment Spray System
or the Safety Injection System piping located in the
Subsphere quadrant within this flood zone, the contents
of the IRWST have the potential to empty and drain to
elevation 50+0,

FPS - The FPS is a potential source of water which could enter
the Nuclear Annex through FPS piping located in the
CVCSA. In the event of a break in the FPS piping within
this flood zone, the volume of the two fire protection
water supply tanks has the potential to empty and drain
to elevation 50+0.

CVCS The volume of the CVCS Tanks is assumed to be a potential-

source of water which could enter the Nuclear Annex
through CVCS piping located throughout the CVCS Area,
including upper elevations. For conservatism it is
assumed the volume of the three largest tanks of the CVCS[oV) (Holdup Tank, Boric Acid Storage Tank, and Reactor Makeup
Water Tank) are combined and drained to elevation 50+0 in
the CVCS Area.

Comparing the free volume of the CVCS Area (284,109 ft ) to each of2

the potential internal flood source volumes shows that the flood |

source volumes are significantly less than the free volume of this
flood zone. Therefore, flood water from either of the applicable
flood sources will be contained within the flood zone below
elevation 70+0 and the equipment in the opposite division will be
unaffected.

In looking at the estimated total free volume of each System 80+
division below elevation 70+0 (approximately 477,667 ft in3

division I and 525,216 ft' in division II) , and comparing it to the
total volume of the potential flood sources (385,521 f t') , it is
evident that the Nuclear Island is of sufficient size to contain
any of the postulated internal flood sources within a single

i division below elevation 70+0.

The frequency of loss of decay heat removal during shutdown
operation is based on operating experience <2n and includes all,

I events that lead directly to loss of decay heat removal. A review
of the events reported in Reference 21 shows that there were no
non-LOCA flooding events that caused loss of decay heat removal.
Based on zero events and approximately 1000 years of Pressurized

| /9 Water Reactor (PWR) operation through the end of 1992, the

L
|
; Amendment U
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estimated frequency of a non-LOCA flood is 7.0E-04 per year.
Assuming an average capacity factor of 70% for all PWRs, the
estimated frequency of non-LOCA flood during shutdown operation is
approximately 2.3E-03 per year (7. OE-04 + 0.3). This frequency is

j small in comparison to the total frequency (0.12 per year) for loss
of decay heat removal. Several design features are incorporated
into the System 80+ design to prevent non-LOCA flooding that would
cause a loss of decay heat removal during shutdown operation.
These include the location of major safety related flooding sources
outside the Nuclear Annex and the divisional wall that separates
redundant safety related equipment. The major safety related
flooding sources include the Station Service Water System and
Component Cooling Water heat exchangers. All water systems within
the Nuclear Annex are of limited volume that can be contained
within the flood zone. Because there are two redundant divisions
of SCS and the divisions are separated by the divisional flood
wall, a non-LOCA flood would affect only the SCS division in which
the flood originated.

The COL applicant will provide a detailed flood analysis to verify
the assumptions and results of this preliminary analysis.

O

O'
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TABLE 19.8.4.3-1

DESCRIPTION OF POSSIBLE CAUSES
FOR THE LOSS OF DECAY HEAT REMOVAL

Inadvertent Closure of SC Pump Suction-Line_ Valve

A fire occurring in a fire area through which the control
cables for one or more SCS pump suction line valves pass causes
one or more of the motor operated valves in the suction line to
close.

Inadvertent Closure of SC Pump Discharge Line Valve

A fire occurring in a fire area through which the control
cables for one or more SCS pump discharge line valves pass

| causes one or more of the motor operated valves in the suction

| line to close.

Failure of Operating SC Pump

A fire occurring in a fire area containing the operating SCS
pump, or through which its control cables pass, causes the loss
of the pump.

fi

\ Loss of CCW to Operating SC Train SDC HX
'

A fire occurring in a fire area through which the control
cables for one of the SCS HX isolation valves pass causes one
of the valves to close, resulting in the loss of CCW to the SCS
HX.

,

|

|

|

O
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TABLE 19.8.4.3-2

FIRE OCCURRENCE FREOUENCIES BY MODE AND LOCATION

Fire Area Total Fire 3Fire Occurrence Frequency by Plant Operating State
Type Occurrence (per calendar year)

Frequency

per per
shutdown calendar 4 5 SR 6F. 6E 6I

l 2year year

Control 6.3E-03 3.4E-04 2.5E-05 9.7E-05 5.5E-05 2.5E-05 6.9E-05 3.3E-05
Room

Cable 5.6E-03 3.0E-04 2.2E-05 8.6E-05 4.8E-05 2.2E-05 6.1E-05 2.9E-05
Spreading

Room

Auxiliary 7.2E-02 3.9E-03 2.9E-04 1.1E-03 6.3E-04 2.9E-04 8.0E-04 3.7E-04
Building

Turbine 4.5E-02 2.4E-03 1.8E-04 6.8E-04 3.9E-04 1.8E-04 4.9E-04 2.3E-04
Building

Containment 4.7E-02 2.5E-03 1.9E-04 7.1E-04 4.0E-04 1.9E-04 5.1E-04 2.4E-04

Notes:

| 1. Obtained from Reference 173.

2. Obtained by multiplying the frequency per shutdown year by the fraction of time spent
in shutdown. The hours per calendar year spent in shutdown (471 hours) were obtained
from Table 19.8.3-3 and correspond to a fraction of time spent in shutdown of 0.054.

3. Obtained by multiplying frequency per calendar year by fraction of shutdown hours spent
in each POS. These fractions were obtained from in Table 19.8.3-3.

,
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19.8.4.5 Loss of Offsite Power

In the previous Shutdown Risk Studies summarized in NUREG-1449 mai
loss of offsite power (LOOP) was not a major contributor to risk.
In the Seabrook Shutdown PRA (May, 1988), LOOP contributed 6% of
the core damage risk. AC power reliability includes the
capability to draw from two different switchyards and three
different generators. The System 80+ has a new T/S guidance that
two generators be available for standby A.C. during chutdown. The
potential generators include a combustion turbine and one of the
two DGs. With two independent incoming sources and switchyards,
the EPRI ALWR Utility Requirements Documentm gives the probability |
of losing both switchyards as 8.8E-7/hr. When this is coupled with
failure of 1 Diesel (7.16E-2/d assuming a 24 hour mission time) and
f ailure of the combustion turbine (2. 5E-2/d) , the Station Blackout
(SBO) rate becomes 1.57E-9/hr. Given the SBO rate, and correcting
for restoration of AC, the CDF for each interval of the shutdown
can be calculated.

Table 19.8.4.5-1 gives the duration per year that the plant is in
Modes 2 through 6 (from Table 19.8.3-3). The second column gives
the LOOP frequency and the third gives the SBO frequency for each

| mode. This is SBO rate discussed in the previous paragraph
multiplied by the hours per year in each mode.

% All forced outages occur during the earlier outage period when the
decay heat is higher. During the actual fuel shuffling, the decay
heat averages approximately 75% of the decay heat entering this
mode. After refueling, approximately half of the fission products
is removed and therefore the decay heat is reduced by about one
half. The forth column gives the time to core damage for each

,

mode. No correction to the time to core damage has been included!
! to account replacing the assemblies with fresh assemblies.

Corrections have been made for coolant inventory. The initial
temperature used in these calculations were the maximum permissible,

' temperatures and not mean temperatures.

Given a SBO, there is a decreasing failure probability that the
of f site power will be restored. Table 19. 8. 4. 5-2 gives the failure
probability or restoration copied from the EPRI KAG m document.
These values were linearly interpolated for the times to core
damage to give the values in column 5 of Table 19.8.4.5-1. For

,

times greater than 24 hours, the failure to restore probability for i

24 hours was used. The last column gives the core damage frequency
for each mode which is the SBO frequency times failure to restore
AC. This CDF is conservative because it does not account for the
operator to take any actions such as using a fire truck or diesel
fire pump to keep the core covered with water. It also uses
conservative values for decay heat, and initial temperatures. The

[ 3 total CDF for SBO is 2.1E-7/y. The largest component is midloop
() operation where there is a very short time to core damage.

Amendment V
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19.8.4.6 Criticality Events

In the previous Shutdown Risk Studies summarized in NUREG-1449(n2)
,

reactivity events .were not a major contributor to risk. Boron !

dilution could be either a rapid injection of deborated water or a i

slow dilution. Section 2.6 of Appendix 19.8A discusses rapid boron |
dilution events and concludes that. the reactor would stay
subcritical, even for the maximum credible size slug. A slow boron
dilution event would ' be detected and terminated resulting in i

acceptable consequences.

The critical function monitoring system has been incorporated into
System 80+ and available for shutdown modes. The probability of
missing a violation of one of these critical functions, i
particularly, Reactivity Control-is small. The~ increased concern
of the operators with reactivity events, due to the possibility of j
personnel hazards associated with having operators in containment,
causes their stress level to - increase positively and increases ;
their vigilance. )

Based on the analysis presented in Section 2.6~of Appendix 19.8A, |.
the risk of criticality events is believed to be small compared to
loss of DhP and LOCAs and the other events evaluated, these events
'were not quantified.

|

|

!
.
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' 19.8.5 FAULT TREE ANALYSIS

The accident sequences described _in Section 19.8.4 are represented |
by a series of branch points representing the success or failure of |
systems to perform their tasks. With few exceptions, the tasks
must be started with an operator action (no automatic actuation)
and the analysis of the human error probabilities (HEPs) are

| presented in this section. Two sets of HEPs.were evaluated and
' used. For all the modes except Mode SR, the HEPs were based on two

hours before core damage and the stresses increased toward-the
latter tasks. No credit was included for the very long sequences.
For Mode SR, higher stresses were used in evaluating the HEPs.
Most of the branch points were evaluated with fault trees that are
presented in this section. The basic ' assumptions in the fault
trees are that the systems are tested every 30 days and the mission

|

! times are 24 hours. The fault trees'are modified versions of those
used in the Mode 1 PRA and the individual data sheets on all
components are presentea in that document. The fault trees were
not linked- in evaluating the event trees. Table 19.8.5-1

| summarizes the branch points.

Previous shutdown PRAs have identified human error probability
(HEP) analysis as an important part of the overall risk analysis

Q because most of the systems must be manually actuated. For each
!

i G fault tree or branch point, the Human Reliability Analysis (HRA)
| input is described below. The analysis is based on the data and
| methodology of NUREG/CR-1278 " . These data and methods have been |

implemented for specified event-based scenarios, using simple,
conservative and defensible assumptions regarding human performance
and error in component tasks, to produce a crude best-estimate
analysis of anticipated human error probabilities (HEPs) for
shutdown operations.

; The results are presented in the following format:
!

A. Basis material provides details and justification for
assumptions, logic, etc., to support review and revision.

,

i B. Calculation tables provide values and NUREG/CR-1278 references
'

for the HEP quantifications.

! C. Event trees portray the logic of the quantifications
graphically.

19.8.5.1 OI, Operator Isolates Leak !
!

A review of the shutdown LOCAs in PWRs identified 51 events. Most |
events are operator errors in aligning valves. Only one event, the !

failure of the refueling cavity seal could not be isolated and this

q

i
|
'

Amendment V
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( event does not lead to loss of DHR or core uncovery because the,

| coolant only drains to the vessel flange. The other events could
I be isolated. Given no occurrences in 51 events and using the Chi

Square approximation to a Poisson distribution, the failure rate is
estimated at 0.014/d.

l

19.8.5.2 OIC, Operator Isolates Leak at Containment Boundary

i Given a LOCA has cccurred, the operator diagnoses that it is
outsi'de containment and the operator will try to isolate the leak'

l at the containment penetrations using 1 of 2 MOVs that are in
series. The assumption that he will diagnose and isolate the LOCA
by closing 1 of 2 MOVs at containment boundary has a HEP = 5.1E-3.
The mechanical failure of the first MOV is 4.0E-3/d and the beta
for common cause failure of the second valve is 0.05 (both values

| from EPRI KAG), total mechanical failure is 2E-4 and
OIC = 5.3E-3/d.

The following notes and assumptions about the operator actions were
made:

General:

A. Tasks in this event are considered to be well-trained (i.e.,
highly practiced) and procedure-governed.

B. No credit for improved plant or procedure erg onomics is taken,
other than to accurately characterize opera".or tasks. Tasks
are assumed to be executed from the cont rol room, and to
require 1 minute each for execution, Luless otherwise noted.

C. Stress, following LOCA detection, is considered high.

A- Operator detects declining RCS Inventory: This task denotes
that the operator detects declining RCS inventory under
otherwise normal shutdown operating conditions. RCS inventory
is assumed to be alarmed; the nominal BHEP for annunciator
response was thus applied. Stress ef fects are incorporated in
the tabled BHEP value.

B- Operator detects need to isolate Containment Flowpath: After
detection of the indications in Task A, operators should
determine if the leak is inside or outside containment
(procedurally, if not reflexively) . This requires determining
if, given declining RCS inventory, the IRWST level is
increasing. If IRWST level is not increasing, then the leak
is likely outside of containment. This is considered to be a
well-practiced response, and a nominal BHEP for an error of
omission was applied, along with a small credit for the
assumed training.

Amendment V
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DESCRIPTION: Operator Initiates Feed (Makeup) Using SCS

(REDUCED INVENTORY)

TASK BHEP SOURCE PSF SOURCE p (F)

2/3 2 0-16 (4 a) .002A .003 20-7(3) *

3-8 (5)
_

B .003 20-7(3) * 2/3 2 0-16 (4 a) .002
3-8 (5)

2/3 2 0-16 (4 a) .002C .003 20-7(3) *

3-8(5)

2/3 2 0-16 (4 a) .002D .003 20-7(3) *

3-8(5)

2/3 2 0-16 (4a) .002E .003 20-7(3) *

3-8(5)

[p (B) + p(C) + p (D)] * p (E)HEP = p ( A) +

.002 + [.002 + .002 + .002] * .002=

.002012( =

10~2( HEP = 2.0 *'

% EF = 5 [ Source: 20-20(9)]
Figure 19.8.5.6-2 gives the fault tree for SCS-F and Table
19.8.5.6-1 gives the dominant cut sets. The dominant reason for
SCS-F is failure of any one of two MOVs that must be aligned to
have SCS feed. the total failure of SCS-F 1.38E-2/d. 'For=

reduced inventory, the HEP increases to 8.0E-3 and SCS-F = 1.98E-2.
In a LOCA, af ter isolation, both SCS trains are available and SCS-F

8.77E-3. Table 19.8.1x6-2 gives the cutsets for this=

configuration and Figure 19.8.5.6-3 gives the fault tree. In this |
case, most of the failure is caused by human error.

l

| %

(
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V Sensitivity Analysis19.8.6.3

An example of the sensitivity of the results to the time spent inThe use of nozzle damsMode SR, reduced inventory, was quantified.the time that the plant would operate in reducedalso affectsA complete SG inspection, including some repa'rs, takesinventory. (about 500 additional hours).about three weeks in current plants
It is assumed that nozzle dams are not used and a full inspection

,is performed yearly (576 hours /y in Mode SR). |

The frequency for loss of DHR in Mode SR would increase from |

3.03E-2/y to 6.80E-2/y causing the LDHR CDF to increase by a factor
The CDF from LOOP and LOCA would increase byof 2.2 to 3.3E-7/y.

a factor of 7.6 to 8.18E-7/y. Total CDF for reduced inventory

would increase to 1.1E-6/y. This is a 426% increase in CDF from
this mode but still well below the EPRI goals for CDF.

An example of the sensitivity of the results to the long term
value (REC-L) was quantified. If the CVCS system is

recovery
successfully used to pump the contents of the BAST onto the core,
core damage can be delayed by 12 hours. REC-L represents the
failure probability to restore one of the DHR paths during this
time. A nominal value of 0.1 was used and if very long recovery

(N times were available (refueling cavity full, 73 to 85 hours) a
V) value of 0.01 was used. If the failure probability for REC-L was
! increased by a factor of 5 (to 0.5 in most cases), the total

internal CDF f rom shutdown would increase by 220% to 1.2E-6/y which
is still less that the EPRI goal.

The total frequency of the Mode 6 LOCAs for the this analysis is
being taken from the BNL Course Screening Analysis. A review of |
the shutdown LOCAs has shown that in the events descriptions where
the locations given, 23% of the leaks were outside of containment
(see Table 19.8.3-4). A sensitivity analysis was performed to see
the effects of this split. The results show that the CDF is not
particularly sensitive to this split in LOCA location. If all the
Mode 6I and 6E LOCAs were outside containment, the CDF for these
modes would increase from 1.17E-8/y to 5.1E-8/y. The CDF from
LOCAs inside containment would go to zero and the total of these
two events would have a net decrease of 5.8E-8/y. This is because
the failure to isolate at the containment boundary (for LOCAs
outside containment) is lower than the failure to feed from the
IRWST with the SCS system (for LOCAs inside containment). If all
LOCAs in these modes were inside containment, the CDP would
increase to 1.14E-8/y, a net increase of 5.0E-9/y.

!m, $

N)\
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19.8.7 RADIOLOGICAL CONSEQUENCES

The analysis presented in Section 19.8.4 quantifies the probability
|

i of core damage during various shutdown modes. For a Level III PRA
this analysis would be continued to quantify the risk to the off-
site population from the release of the fission products. The
fission product inventory is reduced during shutdown because of two
effects. If the accident occurs after the fuel shuffling is
completed, one third of the core contains fresh fuel with no
fission products. Also, as the outage continues, the nuclear

; inventory is reduced by fission product decay.
|

To demonstrate the effects of fission product decay on the
radiological consequences, an evaluation of the nuclide inventory
was performed starting with the nuclide inventory associated with
4 days after shutdown. This time was selected because it

| represents the minimum time during which mid-loop operation can be
initiated. Tables 19.8.7-1 and 19.8.7-2 illustrate the effects of
the fission product decay process on the overall core radioactive
nuclide inventory and the concentration of potentially volatile
fission products. A review of the radionuclide decay chain
indicates that the fission product inventory has decreased by 30%
by the end of a 20 day refueling. Furthermore, the concentration

(~] of potentially volatile nuclide releases will be reduced by at
i j least a factor of 5. If the shutdown is extended to 40 days, the
s 1

nuclide inventories would be one half of the four-day level and the |
'v''

concentration of the volatile fission products would be only 6% of
that potentially available at 4 days into shutdown.

Radiological consequences are also affected by the containment !
integrity. Containment integrity is associated with Modes 4 (Hot |
Shutdown) and higher. In the literal sense, containment integrity !
involves " Operable" airlocks, fully scaled and leak-tested
equipment hatch and fuel transfer tube. It also mandates closure
of Containment High Purge and leak tests of associated valves.
Containment integrity, due to its complex nature, is obtained by
adherence to procedure.

Containment closure has a less stringent set of requirements.
Basically, it consists of reasonable measures taken to limit spread
of contamination in a short time frame. Actions such as closure of
all penetrations and one door of each airlock, securing equipment
hatch with at least four bolts, closure of fuel transfer tube valve
(not flange replacement), and shutdown of all containment
ventilated into and out of containment would be needed to effect
containment closure.

The System 80+ design will provide indication of all containment
isolation valves, except those which require manual power to
manipulate. Indication will be either a combination of valvef'(j} switch indication, panel status light or computer point position
indication. |

Amendment P
19.8-81 June 15, 1993

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
,



CESSAR E!Mincue.

The System 80+ uses design enhancements such as spare penetrations
through which one may pass cabling and other outage services lines.
This enables equipment hr.tch and airlocks to be closed. The spare
penetrations may themr, elves be sealed by use of temporary
sealant / foam.

The closure of all these items requires manual, procedural action.

| NUMARC 91-06'1* " Guidelines For Industry Actions To Assess,

Shutdown Management," and NUREG 1449, " Shutdown And Low-Power
Operation at Commercial Nuclear Power Plants in the United States"
provide guidance.

1 O
|

!
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ABSTRACT

| In engineering the System 80+ Standard Plant Design, ABB-Combustion
Engineering recognized the significance of addressing safety during
shutdown operations. System 80+ is engineered with features that
enhance shutdown safety: 1) by deliberate system engineering,,- s

| [ ') equipment specification and plant arrangements for shutdown
(/ operation, 2) by mode dependent control logic that assists and

| limits operations, 3) by instrumentation, displays and alarms that
clearly portray plant status in each mode and 4) by thorough!

procedural guidance and Technical Specifications that address
| important shutdown evolutions. This report presents these features

and evaluates then in the context of the specific shutdown issues
identified by the NRC. The report fulfills the ABB-Combustion
Engineering commitments to the NRC to 1) provide shutdown
information in support of the System (0+ Design Certification and
2) provide responses to specific RAIs on shutdown operations.

1
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DEFINITIONS

The following definitions of terms are employed throughout this
report.

DEFINITIONS

AVAILABLE (AVAILABILITY): The status of a system, structure or
component that is in service or can be placed in service in a
FUNCTIONAL or OPERABLE state by immediate manual or automatic
actuation.

CONTAINMENT CLOSURE: The action to secure primary (PWR) or
secondary (BWR) containment and its associated structures, systems,
and components as a FUNCTIONAL barrier to fission product release
under existing plant conditions.

CONTINGENCY PLAN: An approved plan of compensatory actions:

o To maintain DEFENSE IN DEPTH by alternate means when pre-
| outage planning reveals that specified systems, structures

or components will be unavailable;

o To restore DEFENSE IN DEPTH when system AVAILABILITY drops
below the planned DEFENSE IN DEPTH during the outage;

o To minimize likelihood of a loss of KEY SAFETY FUNCTIONS
during HIGHER RISK EVOLUTIONS.

DECAY HEAT REMOVAL CAPABILITY: The ability to maintain reactor ;

coolant system (RCS) temperature and pressure, and spent fuel pool |

(SFP) temperature below specified limits following a shutdown.
I

DEFENSE IN DEPTH: For the purpose of managing risk during
shutdown, defense in depth is the concept of:

o Providing systems, structures and components to ensure
backup of KEY SAFETY FUNCTIONS using redundant, alternate
or diverse methods;

o Planning and scheduling outage activities in a manner that
optimizes safety system AVAILABILITY;

o Providing administrative controls that support and/or
supplement the above elements.

DEFUELED: All fuel assemblies have been removed from the reactor
vessel and placed in the spent fuel pool or other storage facility.

DIVISION: One or more trains that share a common component, e.g.
AC power. Divisions are the highest level of separation and
independence.

-ii-
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Oi 1.0 INTRODUCTION

1.1 PURPOSE

This report presents features of the System 80+ design which address
the issues of shutdown risk. It further evaluates these features
with . respect to their ability to reduce and/or mitigate the
consequences of this risk. It fulfills the commitment made to.the
NRC by ABB-Combustion Engineering (ABB-CE) in Reference 1 (References
for Appendix 19.8A are on page 9-1 of - this appendix) to submit
shutdown . risk information in support of the System 80+ Design i

Certification. 1

1.2 SCOPE

Sections 2.1 through 2.13 present detailed discussions on the
specific shutdown issues. Previous versions of this report presented
PRA results in Section 3. PRA results for shutdown are now presented

.

'
in Section 19.8. Sections 4.0,.5.0 and 6.0 present.an evaluation of
the applicability of the' analyses in CESSAR-DC Chapters 6 and 15 to
LOCA and accident events that are initiated from shutdown modes.
Section 7.0 evaluates the features of System 80+ that simplify
shutdown operations and thereby reduce the potential for initiating
shutdown events. Conclusions of this report are provided in Section
8.0.

The report also addresses the RAI's from the NRC staff on CESSAR-DC
that pertain to shutdown risk. Appendix A of this report lists the
RAIs and provides either the response or a referral to sections of

,

the report which encompass the response to each RAI.'

;

1.3 BACKGROUND

In Generic Letter No. 88-17 (Reference- 4) the NRC issued
recommendations to all holders of licenses for PWR's-to implement
certain " expeditious actions" before operating their plants in at.

i reduced inventory condition and to implement, as soon as practical,' ;

( " program enhancements" concerning operations during shutdown cooling. '

| The objective was to prevent the reoccurrence of events that had
: occurred and that had the potential for core damage and/or release of
! radiation. In NUREG-1449 (Reference 3), NRC staff' evaluations of |

shutdown operations indicate .that recommendations have been
implemented and/or are underway at operating plants.

1.4 SYSTEM 80+ FEATURES

! In this section, a comparison is made between the characteristics of
| past events and the System 80+ design features. The' categories

| Amendment V
! 1-1 April-29, 1994
I I
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of shutdown events at operating plants are those used by the NRC in
Chapter 2 of NUREG-1449 with little modification. These categories
are mostly the same as the issues identified by SECY-91-283 and
presented by ABB-CE at the December 18, 1991 meeting with the NRC
(Reference 2). Each category encompasses a group of similar events
that have in common the type of event initiator. Ultimately, if left
unmitigated by automatic or manual actions, all events might
eventually lead to over heating and/or physical damage to fuel with
consequent radiation release, but each scenario sequence may differ.
Depending upon the importance placed on each step in a sequence, the
same events could be grouped differently. For example, the NUREG-
1449 category, " Loss of Shutdown Cooling", includes the issues listed

! in Reference 2 as 1) Mid-Loop Operation, 2) Loss of Decay Heat

| Removal Capability and 3) Effect of PWR Upper Internals.
t

| The categories employed in this section to group past events
encompass (and for some categories are identical to) the issues which
are listed by Reference 2 and which are presented in detail in this
report with a few exceptions. The exceptions apply to postulated

| LOCA events initiated at high pressure and other significant events
i initiated at high pressure for which we do not have actual experience
l because they have not occurred in operating plants. They exist only

as analyses for use as guidance to avoid the physical event and
therefore are not included in the categories of past events.

Past events are grouped into the following ten categories:
,

l Loss of shutdown cooling-

| Loss of electrical power-

Loss of reactor coolant-

Containment integrity-

- Overpressurization
Flooding and spills-

- Boron and reactivity events
Fire protection-

Heavy loads and fuel handling j-

- Mode change events '

For each past event placed into a category an initiator is
identified. The plant design objective is to prevent the occurrence
of the event initiator, but realistically, absolute prevention is
impracticable and may be impossible. A combination of prevention and
mitigation is employed in the System 80+ design.

| Table 1-1 provides an overview of the System 80+ features that avoid
| core damage during shutdown operating modes. It lists the ten
| shutdown event categories and for each category it lists event

initiators for past events. These initiators are presented in a
generic fashion; each initiator representing many specific events

O
1-2



CESSAR inancmo.

2.0 SHUTDOWN RISK ISSUES

Sections 2.1 through 2.13 present detailed evaluations of specific
shutdown issues that were identified at the December 18, 1991 meeting
with the NRC and that are listed in Reference 2. Each section is
subdivided into four subsections. The first subsection states the
issue consistent with the interpretation and evaluation in NUREG-1449
and the appropriate RAIs. The second subsection lists the acceptance
criteria that are employed to evaluate the System 80+ design to
prevent and/or mitigate unacceptable consequences related to each
shutdown issue. The third subsection discusses the postulated plant
scenarios, the analyses and the evaluations considered by to assure
that the shutdown . issue is adequately addressed. Finally, the fourth
subsection states how the issue is resolved by the System 80+ design.
Depending upon each issue and its significance in evaluating System
80+, the content of these subsections varies. Where appropriate, :

'reference is made to RAI's on the issue, both outstanding and
previously submitted. Appendix A contains the responses-to all the
RAI's.

\
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b 2.1 PROCEDURES

2.1.1 ISSUE

The operational . guidance provided by the plant designer. to the !
owner / operator might not be sufficient to insure that procedures to i

avoid, detect, mitigate, and/or recover from abnormal events
initiated from shutdown operations can be developed by the plant
owner / operator.

2.1.2 ACCEPTANCE CRITERIA
i
|

IThe operational guidance provided by the plant ' designer to the
owner / operator shall be sufficient ~to properly utilize design
features that are available to detect, mitigate and assist recovery

i

from abnormal events initiated during shutdown operations. j

2.1.3 DISCUSSION ]
l

The System 80+ design incorporates advanced features which promote
safer and simpler plant operation. The features include redundancy ,

and diversity of components and systems, dedicated and/or permanently I

aligned systems, and an advanced information system which better
informs the operations staff of plant status, potential adverse
system interactions, and available recovery paths if an abnormal

O4
event occurs. These features also contribute to improved operability
and maintainability that should significantly reduce the initiating
situations that have contributed to increased shutdown risk.

The plant owner / operator is responsible for preparing detailed
procedures for normal, abnormal, and emergency operations using
guidance developed by the plant designer and plant site specific
information. The plant designer's guidance generally is in the form
of suggested operational sequences that preserve the safety bases of
the design. Since shutdown operations must be intimately connected
to an outage strategy, specific procedures cannot be imposed by the
plant designer to cover the array of possible shutdown events.
However, the plant designer can provide- guides which instruct the
plant owner / operator in the use of design features which can detect,
mitigate, and assist recovery from abnormal events that can occur
during shutdown operations.

The operational guidance contained in this report will be provided to
the plant owner / operator through the plant designer's Operational
Support Information (OSI) program. .The intent of the OSI program is
to insure that features of the System 80+ design are effectively
utilized in the operation of the plant as specified in the plant
owner / operator's operations program. The OSI program also provides
a formal means to transfer design related bases for operations,
regulatory operational commitments and related information that is
typically provided to and required by a plant license applicant. The
OSI program is staged to develop more detailed information as the

V plant design matures and is expected to be completed during the

2.1-1
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construction and pre-operational phases of a plant project. The OSI
program integrates information from various interrelated areas, e.g. ,

,

the Maintenance Plan, the Reliability Assurance Program and as- J
procured equipment characteristics, to insure the owner / operator can I

efficiently operate the plant within the design bases. !

A summary of general operational guidance related to shutdown
operations is provided in Table 2.1-1. Specific details are
contained in the appropriate sections of this report.

An outline of the operational guidance developed to support RCS
| reduced inventory operations is provided in Appendix B. This
guidance together with supporting information from this report is
sufficient for a plant owner / operator to develop an operational
guideline for reduced RCS inventory operations. The development of
a detailed procedure by the plant owner / operator would require
specific equipment characteristics of procured components and results
of the pre-operational testing (CESSAR DC Chapter 14) to determine
system performance values. As an example to support mid-loop
operation, the shutdown coolant system flows, suction line vortexing
characteristics, level instrumentation calibration, among others,
would be measured during plant startup. This data would be used to
verify performance as well as to provide operational data. Specific
testing requirements for shutdown oriented instrumentation are given
in CESSAR DC Chapter 14.

2.1.4 RESOLUTION

The issue of procedures for shutdown operation is resolved for System
80+ by providing operational guidance to address use of advanced
design features to detect, mitigate, and assist recovery from
abnormal events initiated from shutdown operations.

|

till
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2.2 TECHNICAL SPECIFICATION IMPROVEMENTSd
2.2.1 ISSUE

i

When a plant is operated within the limiting conditions for operat onprovided by the technical specifications, the consequences of design
basis events should be bounded by the results of the safety analyses.I

However,
limiting conditions for operation developed for powerf

operation might not be sufficient to insure that the consequences obounded by the analyses.
events initiated from shutdown modes

are

Technical Specification should include the necessary limiting

conditions for operation that are applicable to shutdown modes.
,

ACCEPTANCE CRITERIA2.2.2 d
Technical specification shall insure that when the plant is operate
within the limiting conditions for operation applicable to the modeof operation, consequences of design basis events shall be bounded by
the results of safety analyses for that mode.l

2.2.3 DISCUSSION

The System 80+ design incorporates advanced features which promote
safer operation and greater margins to operating limits.

The

features include redundancy and diversity of components and systems
and an advanced information system which better informs the

operations staff of plant status, potential adverse system
j

interactions, and the recovery paths if an abnormal event occurs.'s

These features also contribute to improved operability and

that should significantly reduce the initiating
maintainabilitysituations that have contributed to increased shutdown risk.

One objective of the plant designer is to reduce the operational I

constraints that limit the plant owner's flexibility to operate theAnother objective is to formally
plant as efficiently as possible.
impose the operational ^ constraints required to insure the plant
remains within analyzed bounds for operation through the initial set
of technical specifications. Overly restrictive technical

unnecessarily
specifications especially for shutdown modes may

operations and may increase risks by prolonging theThe objective of thiscomplicateshutdown period and adding to staff stress.
assessment of shutdown risk for the System 80+ relative to technical
specifications is to modify existing technical specifications to thenecessary to address event initiators not fully covered by
extentanalysis of the traditional design basis events.

specification modifications is
A summary of the proposed technicalThe technical specification modifications |

provided in Table 2.2-1.
and additions reflect:

V
Amendment V

2.2-1 April 29, 1994
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the added redundancy and diversity of the System 80+ design that
a.

allows these modifications without affecting operationalflexibility;

b.
analysis of events initiated during shutdown operations;

c.

for extended periods, assessment of the risk of operating in these plant configurationse.g., refueling, unplanned maintenance.
The rationale for the technical specification modifications

iscontained in the appropriate sections of this report.
2.2.4 RESOLUTION

The issue of shutdown specific technical specifications is resolved
for System 80+ by modifications and additions to the Technical
Specifications based upon safety analyses performed for Modes 2through 6.

These modifications and additions provide additional
ensurance that the consequences of transients and accidents which
might occur during shut down modes of operation are less limitingj
than those given in Chapter 6 and 15 of CESSAR-DC.

O

O
Amendment V2.2-2 April 29, 1994
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y/ 2.3 REDUCED INVENTORY OPERATION AND GL 88-17 FIXE 8 |
\

2.3.1 ISSUE

The NRC has voiced increasing concern over the safety of operations
during plant shutdowns. Plant events which have occurred in the |
industry have highlighted the need for a close examination of
operations during reduced inventory conditions in the reactor
coolant system. Following the Diablo Canyon incident, the NRC
published Generic Letter 88-17, which required that holders of
operating licenses or construction permits address a number of
deficiencies in order to enhance the safety of shutdown operations
and reduce the risk to the public. Specific areas of concern
include-

1

1. instrumentation which would greatly improve the operator's i
monitoring capability during reduced inventory operations,

2. the availability of existing equipment for use in mitigating
a loss of SCS or loss of RCS inventory,

3. nozzle dam installation procedures which would ensure a vent
pathway is available so that RCS pressurization can be i

minimized if shutdown cooling is lost,
i

fx )
( ) 4. alternate ways to add inventory to keep the core covered should '

v SCS be lost,
|

S. administrative procedures that would avoid RCS perturbations j
during reduced inventory operations, and '

6. containment closure issues,
i

|

The NRC has specified that programmed enhancements should
accomplish a comprehensive improvement in the plant's ability to
cope with shutdown operations. The NRC asserted that plants are
not well designed for reduced inventory operations, that procedures
are incomplete for shutdown cooling recovery or alternate actions
and that mitigating features may not be available under shutdown
conditions. Therefore, the NRC has recommended that licensees
implement means to prevent accident initiation, to monitor a
progression that may lead to core damage and to evaluate
consequences and, where needed, to provide mitigation.

| 2.3.2 ACCEPTANCE CRITERIA

The System 80+ design shall reflect a comprehensive consideration
of shutdown and lower power risk, by adequately addressing all GL
88-17 recommendations and other issues relevant to reduced
inventory, especially in the areas of instrumentation, technical

! specifications, procedures, equipment availability and analyses.
LJ

!
i
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2.3.3 DISCUSSION

During plant shutdowns, certain maintenance and testing activities
require a draindown of the RCS to a partially filled condition.
Normal maintenance activities include the replacement of RCP seals
and journal bearings. A testing activity requiring RCS draindown
is the Technical Specification for inservice inspection of the
steam generator tubes. The use of nozzle dams during maintenance
and testing activitit 3 minimizes the time during which the RCS must
be operated in a partially filled condition. To minimize operating
time at mid-loop level, nozzle dams are installed on the steam
generators and the RCS is reflooded to continue maintenance and
testing.

While the RCS coolant level is lowered to within the hot leg, the
risk of loosing shutdown cooling is increased due to the
possibility of vortexing at the SCS suction line interface with the
hot leg. In the worst scenario, subsequent to vortexing in the SCS
suction line, a large percentage of air is entrained into the SCS
suction piping and the SCS pump performance is degraded or
interrupted. If SCS operation is not reestablished, core boiling
and pressurization can produce very rapid core uncovery, sometimes
in as little as 15 to 20 minutes. This phenomenon, and the high
probability of it occurring, prompted the NRC to issue the
recommendations of GL 88-17.

System 80+ design features result in practical and significant
benefits during reduced inventory operations. These design
features are outlined in Sections 2.3.3.1 through 2.3.3.5 which
follow. Details of the capabilities of these System 80+ design
features to enhance safety during reduced inventory conditions and

,

of the analytical bases for changes to Technical Specifications and
procedure guidance to the owner / operator are presented in other i

sections of this report.

2.3.3.1 Instrumentation for Shutdown Operations
i

|

Diverse, accurate, and redundant instrumentation (including control
room CRT displays) give continuous system status and provide the
operations staff with precise information to monitor reduced
inventory operations and to respond to loss of shutdowr. cooling
eventc, should they occur. Detailed information on reduced
inventory instrumentation is included in Section 2.8 of this

| Report.

Analyses form the basis for instrument design and calibration so as
to assure correct instrument operability during reduced inventory
states. Phenomena which can affect instrumentation operation are
considered in the recommended use of instrument types for various
scenarios. Instrumentation availability during reduced inventory is
assured via the plant Technical Specifications that are summarized
in Section 2.2 of this report.

Amendment Q
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( ,) path of water addition must assure that makeup flow does not bypass
the reactor vessel before exiting any opening in RCS.

For the System 80+ design, at least 2 available means of adding
inventory to the RCS will be available whenever the RCS is in a
reduced inventory condition. Operating guidance is provided to
specify the source of makeup water, the means of providing makeup
to the RCS, and the recommended implementation strategy. The

guidance will designate makeup pathways that ensure that makeup
water does not bypass the reactor vessel.

The water addition rate capable of being provided should be at
least sufficient to makeup for the boil off rate. This keeps the i

core covered and provides an adequate degree of protection for loss |
of decay heat removal scenarios. With the earliest nozzle dam (

'

installation occurring at 4 days post trip, the decay heat present
would require approximately 135 gpm of makeup flow to compensate
for boil off. This value is based on the pressurizer manway being
opened, venting steam to the pressurizer cubicle. The steaming

rate, and therefore, the required makeup rate, will reduce beyond
4 days post trip. The exact makeup rate may require adjustment
based on actual, as-built conditions.

For Mode 5, reduced inventory operations, a shutdown cooling pump,
the containment spray pumps, or safety injection pumps will be

3) utilized as described in Section 2.4 to provide pumped makeup (for(
\s' boil off) should SCS be lost. Procedural guidance will caution

operators on using a containment spray pump in the same loop as the
affected shutdown cooling pump, especially if the shutdown cooling
pump has been lost due to air entrainment/ pump cavitation. The
makeup pump (shutdown cooling, containment spray or safety
injection) will be aligned to the In-containment Refueling Water

] Storage Tank (IRWST) as the preferred source for makeup. An
alternate source for borated water is the Boric Acid Storage Tank-

(BAST).

For Modes 5 and 6 the charging system via a charging pump (or
alternatively, a boric acid makeup pump) will be utilized to
provide pumped makeup should all methods of decay heat and
inventory replenishment delineated above be lost. The pump chosen
will be aligned to the BAST.

If no method of pumped inventory addition is available, a source
for gravity feed inventory addition is via the Safety Injection
Tanks (SITS). This is applicable in Modes 5 and 6, and is
considered only as a last resort. This method of gravity feed will
only be implemented if SCS is lost along with all other means of
supplying water to the RCS, and RCS boiling is occurring. If at
least 2 tanks availabic provides assurance that over 20,000 gallons
of water are available for discharge. Inventory addition from 2

[ \
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SITS would assure approximately a 51/2 ft. rise in RCS water level
and would make up for approximately 3 hours of core boil off.

Use of the shutdown cooling pumps, containment spray pumps, or
safety injection pumps ensures that makeup flow will not bypass the <

core regardless of postulated openings in the RCS. Flow delivery |

will be through the direct vessel injection (DVI) nozzles. Even in |

the case of a DVI line break, suf ficient inventory will be added to )
make up for core boil off. Use of the charging pump or boric acid I

makeup pump also ensures that makeup flow will not bypass the core,
'

since it will be injected via the cold leg and enter the core via
the normal charging path.

2.3.3.5 Operations
I

Procedures and Technical Specifications necessary to support the
program are identified and will be implemented into the plant
design. Procedural guidance for the conduct of mid-loop draindowns
is provided to assure that no testing or maintenance activity
adversely affects the NSSS during mid-loop operations. Guidance l

will be provided that assures that testing and maintenance I

activities performed during reduced inventory avoid operations that
deliberately lead to perturbations in the RCS and all supporting
systems necessary to maintain the RCS in a stable condition. These
operations include (but are not limited to): ,

- RCS drain operations
- shutdown cooling testing and maintenance activities
- reactor coolant gas vent system testing and maintenance
- component cooling water testing and maintenance
- withdrawal of the incore instrumentation for refueling
- safety injection system testing and maintenance
- personnel communications system perturbations
- in-core instrument seal table evolutions while the reactor

vessel head is on and mid loop operations are in progress.

Avoiding RCS and support system perturbations assures that adequate
operating, operable, and/or available equipment of high reliability
is provided for cooling the RCS and for avoiding a loss of RCS
cooling. These actions also maintain sufficient existing equipment
in an operable or available status so as to mitigate a loss of SCS
or a loss of RCS inventory, should either occur. Adequate
communications are essential to activities related to the RCS or
systems necessary to maintain the RCS in a stable, controlled
condition.

Due to the Diablo Canyon incident and other industry events, the
requirements for evacuating personnel from the containment
building, closing of the containment building equipment hatch and
containment air lock doors, and isolation of penetrations leading
outside containment were evaluated based on time to boil and time

O
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2.5.3.4.1.3.2 Whole Body Radiation

Areas outside and inside containm it are continually monitored for -
radiation. Maximum whole body dose.of 2.5 rems, 10% the 10CFR100
limits, 'is permitted to allow work to continue to mitigate
consequen;;es of the accident.

2.5.3.4.2 Temperature Limits

A combination of environmental (temperature, relative humidity),
and work related (type of clothing, type of work) factors influence
the work time duration within containment, in addition to radiation
exposure. The temperature, as radiation exposure, varies with-
location in containment. Thus, work times based.on temperature

. limits will also vary. The acceptance criteria is not absolute but
I serves as an indicator of the work time based on average
| containment conditions.
i

Work times will also be influenced by the type of protective
clothing. NUREG-1449 notes an upper limit on temperature of 160 F
to avoid burning the lungs. However, a self contained breathing
pack will provide air at a breathable temperature for a longer
period of time.

Guidelines for the limits on the time in which work can be,

| performed in high temperature humid environments are established in
!

- EPRI-NP4453 LRI. These " Stay Times" are based on an average, or
. global, wet bulb temperature, adjusted for type of clothing (work
| clothing without or with vapor barrier) and type of work
| (light, moderate or heavy). At the containment initial conditions
| of 100*F and 50% relative humidity, assuming no protective

clothing, maximum work times for moderate work is longer than two
j hours. Whereas with protective clothing the. time is reduced to
l about 60 minutes.

Acceptance limits on temperature will be assumed based on the
f maximum times needed to closed containment in each of the modes and
| events considered;
i

For Mode 5 loss of shutdown cooling at reduced inventory, and Mode l

6 with loss of inventory due to boil-off, a minimum time needed to '

close the personnel hatches of 10 minutes of moderate work is
assumed.

4

For Mode 5 LOCA, a minimum time of 60 minutes of moderate work is
assumed. i

2.5-9
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2.5.3.5 Analysis

Calculations were done to predict pressure, temperature and l
activity within the containment for the Mode 5 and 6 events !

discussed above. These calculations were done in two steps.

I
2.5.3.5.1 Thermodynamic Conditions

'

A lumped parameter nodal model is used to predict pressure, ;

temperature versus time for a given rate of mass and energy flow |

into the containment. The model includes provisions for varying,
as a function of time, flow areas open to the ambient.

Mass and energy are conserved in the vapor space for both
condensible and non-condensibles components. The vapor space model
assumes:

1. Complete and instantaneous mixing of the flows,
2. Quasi-static equilibrium for temperature, )
3. All constituents are uniformly distributed,
4. Dalton's law applicable to find total pressure; containment

pressures is the sum of the partial pressures of the
non-condensibles and vapor pressure of the steam,

5. Ideal Gas law applicable for determining partial pressures of
the non-condensibles (air), j

6. Steam partial pressures determined from steam tables, for both {saturated and superheated conditions. l

l

The code models a sump for the accumulation of condensed water, l
allowing for flashing of the water based on the temperature of the |
water exceeding the saturation temperature, based on containment
pressure.

Heat losses to passive (walls) and active (fan-coolers) heat sinks
are included as options.

The method has been validated by comparison with the more detailed,
multi-node code, CONTRANS used for the detailed containment
analysis shown in CESSAR-DC Chapter 6. The main limitation, as
compared to CONTRANS, is in the representation of passive heat
sinks by a slab geometry, rather than the more representative,
multi-node model. This results in an over-prediction of heat
removal resulting in lower containment temperatures. However, the
present analysis assumes no passive or active heat sinks, resulting
in the maximum values and rates of change of temperature and
pressure with time inside the containment.

The following nominal initial conditions are assumed in the
calculations;

O
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For LOCA, limiting site boundary doses to; < 25 rem whole body,( ) 1. < 300 rem thyroid for a two hour period following start of the
release.

2. For loss shutdown cooling, limiting site boundary doses to; <

< 30 rem thyroid for a two hour period2.5 rem whole body,
following the release.

The time available for utility personnel to complete containment
closure are based on the limits in Sections 2.5.3.4.1.3 and

2.5.3.4.2;

of 520Limiting dose to utility personnel within containment1.
MPCs,

Limiting utility personnel to a whole body dose < 2.5 rems,2.

3. Temperature limits inside containment based on minimum work
time of 10 minutes of moderate work for Loss of Shutdown
Cooling events and 60 minutes of moderate work for LOCA,

2.5.3.5.3.1 Mode 5: Loss-of-Shutdown Cooling at Reduced
Inventory

The mass-energy release for this case is listed in Table 2.5-2
p} (Mode 5, Loss of Shutdown Cooling). Results are shown in Figure
t|

l b 2.5-4.
!
| 2.5.3.5.3.1.1 Site Boundaries

The integrated two hour doses for both whole body and tyroid
exposures are below the acceptance levels;

Whole Body (rem) = 0.43 < 2.5 Thyroid (rem) = 9.1 < 30 |

Thus the minimum closure window based on protection to the public
is over two hours.

2.5.3.5.3.1.2 Utility Personnel

The MPC level at which breathing protection must b' d is reached

almost immediately. The minimum closure window, __ ed on the time
is aboutequivalent MPC level for full face cartridge protection,

89 minutes. With the next level of protection (forced air) the MPC
level after two hours is, Maximum MPC after two hours =15.85 < 520

The whole body rem levels after two hours,for utility personnel,
are below the acceptance levels.

Whole Body Dose (rems) = 0.78 < 2.5
O

Amendment Q
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Containment temperature after about two hours is about 180 F.
However at the ten minute limit needed to close the personnel locks
the temperature is 109'F. This temperature is lower than the EPRI
temperature and humidity (120 F, 50% RH) limit needed for 10minutes of moderate work, providing work time of about 30 minutes
in which to close the personnel hatches.

2.5.3.5.3.2 Mode 5: LOCA

The mass-energy release for this case is listed in Table 2.5-3
(Mode 5, LOCA). Results are shown in Figure 2.5-5.

2.5.3.5.3.2.1 Site Boundaries

The whole body and tyroid integrated doses after two hours are both
below the acceptance limits for a LOCA;

Whole Body (rem) = 2.7 < 25 Thyroid (rem) = 197 < 300

The minimum closure window, based on site boundary limits isgreater than two hours.

2.5.3.5.3.2.2 Utility Personnel

The lower equivalent MPC level for full face cartridge is reachedalmost immediately. However the maximum MPC levels with either airsupplied or self-contained unit are not attained during the twohour period. Thus the minimum closure time window is greater than
two hours.

Maximum MPC after 2 hours = 173.5 < 520
The rem levels for utility personnel are:

Maximum whole Body Dose after 2 hours = 4.97 > 2.5 rems,indicating hatch closure in less than one hour is desirable.Containment temperature within the first 10 minutes of the LOCA
rises to about 170*F and then, due to the decrease in mass flow
from the break and increased flow out of containment, decreases to
an equilibrium value of 130 F. Based on the EPRI guidelines
minimum closure time window to close the containment would be lessthan the time of one hour to close the equipment hatch.
2.5.3.5.3.3 Mode 6: Refueling; Inventory Boil-Off

The mass-energy releases for this case is listed in and Table 2.5-4
(Mode 6, Boil Off of Inventory). Results are shown in Figure2.5-6.

O
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4 the HVT before spilling over into the IRWST. . Debris that remains.-

in suspension . .will make 'its . way, to the IRWST 1 spillways. The.
spillways are shown.an Figure.2 9-3. . Screens are not.present.in
these spillways to assure uninterrupted flow.to the IRWST. 'j

- The fine" debris that'is introduced into the IRWST is prevented f rom,
entering the SIS' suction: piping by'a debris-screen'. These-screens 1
are located at 'each end' of the. four wing c walls ' that serve , as-

supports for.the. reactor coolant pumps '(see Figures'2.9-1 and'2.9--
2). These wing wall assemblies extend from the IRWST floor to the

_

maximum IRWST water level, assuring - that all- debris -will be--

-

filtered before' reaching the . SIS suction; lines. . .The ' screen
assemblies completely enclose the suction lines by running from the

_.;end offeach wing wall'to the side walls of'the: Holdup Volume' Tank
~

or the primary shield walls, .as applicable. The wing-wall screens.
~have the capability of' removing particles greater than 0.09 inches
diameter. This screen size is consistent.with the screens used on
currently operating units. The wing-wall screens;are: the final
barrier to debris before the SIS. suction lines.

Blockage of the' debris screens is a major concernswith respect to -I

recirculation. 'The System 80+ screens have a vertiaal'. orientation i

to prevent debris' from settling on the screen surfaces. This_ helps '

in keeping the screens. clear. The design considered the' types"and?
quantities of insulation used for the System 80+. components, since. :)
post-LOCA deterioration'of this insulation'.is the major potential- )-

source of debris in containment-. The location of. insulation with
respect to the'HVT.and IRWST as well as"the possible.-location.of
breaks have also been- considered. The effective ~ areas of the
screens have been determined-according to the guidelines'provided
in Appendix A to Regulatory. Guide 1.82, Guidelines-for Review of-

~

Sump Design and Water Sources for Emergency. Core Cooling.

The debris screens have been designedLto withstand the vibratory
motion of a seismic event without loss of structural integrity.
Each screen is capable of withstanding loads imposed'by postulated
missiles as well as loads due to pressure head differentials.

-!

Consideration has also been given to the materials.used for the
debris screens. Materials have been selected to avoid degradation-
during periods of inactivity (i.e., no submergence), and~during
periods in which the screens are partially or fully submerged.

Each screen used in - the System 80+ design is provided with an
access opening to allow for inspection of the racks or screens.
The screens will be visually examined periodically to' detect any
corrosion- or structural degradation during . refueling. outage
periods. As seen in figure 2.9-1, the suction-lines are located'
within the confines of the wing wall away from the IRWST spargers.
This wall design helps isolate the suction lines from'the open
sections of the IRWST, where most of the maintenance activities

s
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will be performed. The fine wing-wall screen will filter any trash
generated from this type of activity. In the event that
maintenance is needed within the wing walls and near the ECCS
suction inlets, permanent box-like screens over the suction piping
will protect these lines.

Long-term return of spray water f rom upper level elevations is not
dependent on individual piping runs or spillways. Multiple passive
spillways are provided to route water back to the Holdup Volume
Tank. Major openings such as hatches and stairwells are also
available to return water to the screened entrance to the HVT.

Protection against air ingestion by SIS pumps is also a major
concern with respect to recirculation and has been considered in
the System 80+ design. The location and size of the suction lines
in the IRWST have been chosen such that air entrainment is
minimized. Pump air ingestion analysis is based on minimum
submergence, maximum Froude number, and maximum pipe velocities.
The available surface area used in determining the design coolant
velocity has been calculated conservatively to account for blockage
that may result as per Reg. Guide 1.82, Appendix A, Guidelines for
Review of Sump Design and Water Sources for Emergency Core Cooling.
The minimum water level in the IRWST has been conservatively
calculated to be 75+6 (elevation). This water level allows for
sufficient NPSH for the Containment Spray pumps and Safety
Injection pumps operating at runout flow. A conservative margin
has been provided between the elevation of the suction piping
opening and this minimum water level to minimize the possibility of
air ingestion. Applying the parameters of the IRWST to the
equations in Reg. Guide 1.82, Appendix A, yields zero air ingestion
at normal pump flowrates and less than 2% air ingestion at pump
runout flowrates. The IRWST suction lines are also provided with
vortex suppressors to aid in minimizing air ingestion by the SIS
pumps. The guidelines in Appendix A of Reg. Guide 1.82 regarding

Ithe design of these vortex suppressors have been considered.

1

During normal full power operation, it is possible to perform a 1

full flow test of the SIS and CSS pumps while taking suction from
the IRWST and returning to the IRWST via a recirculation line (see
SIS P& ids in CESSAR-DC, Figures 6. 3. 2-1 A, B, C). This testing can
verify the satisfactory hydraulic performance of the IRWST by
running the pumps at runout flow.

2.9.4 RESOLUTION

i The design of the System 80+ IRWST and HVT assures that a clean and
| reliable source of borated water is available for ECCS

recirculation. The arrangement of the IRWST within the System 80+
containment offers advantages over conventional sumps. Like sumps,
the tank serves as the single source of water for SIS and CSS pump
recirculation, but the protection afforded the SIS pumps against

2.9-4
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|-(/}.( ,/ debris ingestion or blockage is significantly greater than in
1: current designs. First, water in containment draining back to the

IRWST must pass through a large trash rack before entering the HVT.
~

The HVT serves as an effective solids trap for.high density debris.
Lower density debris 'that ' makes its way into the .. IRWST via the
IRWST' spillways encounters debris screens 'that filter fine
. particles from-the SIS suction inlets. Each of:the.four SIS pumps

,

have separate IRWST suction lines.and each of-the two CSS. pumps
takes-suction from~one-'of these four lines. Box screens-at all
four suction lines provide a final trap. See Secti~on 6. 8. 2. 2.1 for
COL applicant' commitment to perform an analysis to show screen area
margin.

Multiple spillways are available to return water from the upper
c'ontainment elevations to the IRWST. The drain pathways are fn:.ly
' redundant to assure recirculation capability. -The location of the
suction inlets within the' IRWST provide additional protection
against suction inlet damage and/or. blockage.

Consideration has been given to IRWST' hydraulic. performance, the
generation.of potential debris and associated effects (including
debris screen blockage), and the preservation of SIS pump NPSH
during post-LOCA conditions in the .overall design. The performance
of the design is deemed acceptable with respect. to these
considerations.['\

,

\ This issue has been resolved by design-features of System 80+. j

;

i

.

A

U
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' -2.12-2 identifies. those paths- which . are major- (i.e., have thes
potential to rapidly drain the RCS.to a' critical water level) and
minor (i.e., can be controlled by available systems).

TABLE 2.12-2

POTENTIAL DRAIN PATHS DIRECTLY
FROM THE REACTOR COOLANT SYSTEM

Major Drain Paths

Steam Generator Nozzle Dam Failure l
Steam Generator Manway Opening |

!Minor Drain Paths

Reactor Coolant Pump Seal Leakage
ICI Seal Table / Housing; Leakage
Steam Generator. Tube Rupture
Reactor Cavity Seal. Leakage

b)L

C
\
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2.12.3.1.1 Major Drain Paths Directly from RCS

The failure of temporary steam generator dams and the opening or
leakage through steam generator manways could lead to a rapid loss
of primary alant perhaps to an RCS water level at the bottom of
the hot 1c A discussion of steam generator nozzle dam integrity
is presen W u Section 2.3.3.3 of this report. The System 80+
design inclt: . requirement to establish a mid loop vent pathway
before operating in redaced inventory. When opened to the
containment atmosphere, it provides suf ficient venting capacity to
prevent RCS pressurization and subsequent dam failure. Guidance to
address the safety and risk aspects of nozzle dam installation
timing is presented in Section 2.3.3.3 of this report. System 80+
procedural guidance will preclude manway openings that would lead
to a loss of reactor coolant.

2.12.3.1.2 Minor Drain Paths Directly from the RCS

There are three stages of RCP seals for each System 80+ RCP and
each of the three seals are capable of operating at full RCS
pressure. However, the reactor coolant pump can potentially suffer
some leakage from pump seals during any mode. Seal leakage is
detected by a RCP bleed-off flow alarm (F-156, -166, -176, -186).
The source of leakage can be identified to a specific pump.
Drainage from RCP seals would be manageable and can be compensated
by available systems.

The System 80+ In-Core Instrumentation (ICI) system design employs
instrument tubes that terminate in the refueling cavity at an
elevation several feet above the reactor vessel flange. The System
80+ design does not employ temporary thimble tube seals. Even so,
there has been concern expressed in Section 6.7.2 of NUREG-1449,
(DRAFT) that evolutions could exist that would provide a
potentially significant flow path between the bottom of the reactor
vessel and the top of the seal table, particularly if the RCS is
pressurized. Table evolutions are prohibited by procedural
guidance (see also Section 2.3.3.5 of this report) while the vessel
head is on and mid-loop evolutions are in progress, thus,
preventing seal leaks. An evaluation of heavy load handling for
System 80+ relative to ICI seal table is discussed in Section 2.11
of this report. Travel paths for the closure head and internals

; from the reactor vessel to the respective storage stands are i
'

arranged so that the transported loads do not pass directly over
the ICI seal table. This precludes the possibility of a load drop
accident falling on the ICI table.

i A steam generator can leak primary coolant through tube failure |
! during any mode when the RCS is pressurized. An evaluation of |
| steam generator tube rupture initiated in a shutdown mode is

presented in Section 4.6.3 of this report. The leakage from a

!
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Ib Re_sponse 440.170 (continued)

required system realignment.as the plant moved through modes 4 ,

*

and 5. However, the System 80+ design eliminates these manual
actions, decreasing the potential for operator error during Modes
5 and 6 that lead to RCS' draining event.

'

The System 80 + design has many improvements in the instrumentation
for measuring the 1-iquid level in the RCS and data display to the
operator in the control room. Inadvertent errors are. reduced and

'

early operator. evaluation of failures is improved by:~ Integrated
Process Status Overview (IPSO). overview display with critical
function and system status specific to shutdown modes; CRT displays
with system lineups ~ and component status; and alarms ' that are
dependent on plant mode and equipment status.

Seven major draindown paths were identified in the shutdown-risk
assessment (Appendix 19.8A). Most of the draindown paths ' and
relevant valves are-shown in Figures 6.3.2-la through -1c.

~

There were 2 major draindown paths identified in' Table 2.12-2 of
Appendix 19.8A. These are the Steam Generator (SG) manways and the
SG nozzle dams. These paths are from the RCS directly and do not

_

lead to-a draindown to the bottom of the hot legs and, therefore,
do not lead to loss of shutdown ' cooling. .Five paths were_

\ identified in Table 2.12-3 of Appendix 19.8A. A review ofLthe
.'

individual paths shows that one contains spring loaded safety
valves (Path #2), and three paths contain three or more.MOVs which
are to be locked closed (Paths #4, #10, #13). The cross connect on
the suction side of the CSS (Path #6)- is also addressed. The
probability of having a draindown through these paths depends
strongly on the procedures for entering ' shutdown cooling.
Therefore, the following section describes the' assumed procedures
for entering shutdown cooling.

,

ENTERING BHUTDOWN COOLING

The operator is entering shutdown cooling in Mode 4 with the
containment closed. He has cooled the plant with the steam
generators to 350'F and depressurized to'450 psi. ~ He now will
start the SCS trains because cooling-through the SGs becomes less
efficient.and he wishes to quickly cool'the plant down. He will be
starting up both trains of SCS so that he can cool down the plant
more rapidly. After the plant is cooled down, he will secure one
of the SCS trains and leave it on standby. The following steps are
assumed to be in written procedures with a checkoff list and are
applied to both trains. The following description is for one train
only.

O
V

Amendment V
April 29, 1994

. - . - . . - .. . . - . .- - . - . . -



;

! CESSARs?fac- |
l

i

|

|
l

1) Normal SCS Warmup!

1A In separate steps, with checkoff, the following valves
are to be verified as closed: SI-340, SI-341, SI-657,
SI-686, SI-300, SI-310, SI-688, and SI-314.

| 1B Open SI-691 to establish recirculation flow in the SCS
_

train.'

1C Verify SI-312 is open.
1D Turn on SCS pump, check flow and pump characteristics.

|

; Procedural stop for abnormal pump characteristics.
| 1E Open SI-651, SI-653, SI-655 aligning the suction side of

the SCS to the RCS.
1F Slowly open SI-601 while closing SI-691 to slowly heat

the SCS train.
1G Ensure that SI-691 is closed and SI-601 is open after

heatup.

At completion, the operator is on SCS.

2) Controllina Cooldown Rate
2A The operator must slowly open SI-310 and closes SI-312 to

control the amount of bypass around the shutdown cooling
heat exchanger to cool the plant down at a desired rapidi

rate of 50*F per hour (less than the administrative limit
,
'

of 75*F/hr).
2B He will monitor the shutdown cooling exit temperature

T-300 and primary coolant temperature to control cooldown
rate.

After starting both SCS trains at a coolant temperature of 350 F
and pressure of 450 psi, the operator-will continue to cool and
depressurize the plant. We estimate he will enter Mode 5 (defined
as having coolant at 210 F) at an RCS pressure of 350 psi. He
continues to cool to a RCS temperature of 135 F and 0 PSIG before
opening the system for reduced inventory operation or vessel head
removal. This time was estimated at 20 hrs (see Figure 19.8.3-3).
The average conditions during this cooldown are 175 psi and 175 F.

QUARTERLY TESTING OF CSS AND SCS

Many components in the CSS trains and SCS trains are tested
quarterly. Failure to restore the valves to their correct position
after the testing could be a precursor to having a draindown event.

The CSS pump and MOV valves are tested quarterly. The suction line
from the IRWST (SI-304) is normally open and discharge lines to the
IRWST (SI-657, SI-686, and SI-300) would be opened. SI-657 and
SI-686 are in draindown path #10. SI-300 is in drain down Path
#10, #4 and #13.

1

The SCS is also tested quarterly. Valve SI-340 is opened on the
suction side. The valves in draindown Path #13 (SI-314 SI-688,
and SI-300) are opened to establish discharge flow.

I
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- The cross connect valve on the discharge side, SI-341, is.also

i testad quarterly. This valve is not used for any normal function
of starting SCS or CSS and is only used for cross connecting the
two systems. This valve is in draindown Path #10. j

|These tests are on a safety syster and require that the valve
position be separately verified by another person before the test 1

is complete. In addition, the valve positions are given in the |

| control room and all but SI-300 are to be locked closed.
l
| The NUPLEX 80 contains the COMAX, a computer aided testing system

that compares the desired positions to the actual position for the
valves with control room .. indication. This system verifies the
valve test arrangement both before and after surveillance tests on
safety systems. COMAX should identify to the operator, valves that
were not restored after the above tests were performed. No credit
was taken for this system in the risk analysis.

!

ADJUST BORON CONCENTRATION

The operator might have to adjust the boron concentration in the
SCS train. This should be required very infrequently because
quarterly testing will keep the boron concentration at the IRWST

| concentration. The operator will align the SCS train to the IRWST
| and pump borated water through flow Path #13. Again, this is a

/'s potential sequence that might lead to a misaligned valve.
1 \
|

PATH #2, LTOP RELIEF VALVES

There are two spring loaded safety relief valves to protect the RCS
and SCS from overpressure during Modes 5 and 6. Each valve is
taken off of each SCS intake piping and is available whenever the
SCS is aligned to the RCS. These valves are available even if the i

SCS train is on standby. If one of these valves fails _to close, it I

can be isolated from the RCS by isolating the SCS train. !

Spurious opening of a safety relief valve has rate of 5.0E-6/hr
(Ref. EPRI-URD). For Mode 5, It was estimated that it would take
20 hours to cool the plant down in Mode 5 before opening the
primary system. Assuming an 18 month refueling and one forced
outage per year, the time exposed to this drain ~ path is 33 hrs /yr
(20 hrs / refuel * 0.6667 refueling /yr + 20 hrs / outage). We are
assuming that the probability of spurious opening of the LTOP
valves is negligible after depressurization. Since there are two
LTOP valves, the draindown frequency is 3.3E-4/yr (5.0E-6/hr * 2 *
33 hr/y).

If an LTOP valve spuriously opened, the best estimate for drain
down to the bottom of the hot leg would be 26 minutes. Boi' ;ff to
the active core would take another 19 minutes and heatup to core
damage would take up to 20 minutes. The operator would have

p approximately 65 minutes to restore inventory or start a feed and
r i bleed operation before CD. This is sufficient-time to close the
( ,/ containment (i.e. greater than 1 hour). Given that there is a

draindown, the operator has sufficient alarms to diagnose and take

Amendment V
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O1action before the onset of core damage (CD). The operator has low
pressurizer level alarms, low RC level alarms, holdup tank alarms,
containment temperature and radiation alarms and others. He can
also take all necessary actions from the control room. In thin
analysis, core damage is defined as the onset of clad damage or

| reaching a temperature of 2200 F.

,

The operator has approximately 45 minutes to diagnose the transient
| and start some form of injection before uncovery and up to 20
i minutes additional time before core damage. The operator would be

assisted by the SRO and the shift supervisor for most of this time|

1 (after 5 minutes, S&G, T20-4, #3). The shift supervisor would
0.14). The SRO isassist with moderate dependency (MD, HEP =

assumed to have high dependency but no credit was taken for his
support. Also, no credit is taken for the STA which could assist
after 15 minutes. (S&G, T20-4, #3, and T20-17)

The operator's failure to respond in 30 minutes (Table value) is
estimated at 0.001/d (S&G, T20-3, #4). Support from supervisor
reduces this to HEP = 1.4E-4/d (0.001 * 0.14). If one took credit
for the full hour, the HEP is reduced by an order of magnitude. In
addition, the stuck open LTOP valve produces a bleed path for feed
and bleed and returns the coolant indirectly to the IRWST. The
core damage frequency is the product of the draindown frequency
times the failure probability of the operators.

CDF (path 2) = 4.62E-8/vr.

PATIM13, FROM THE SCS DISCHARGE THROUGH THE FULL FLOW RETURN LINE

The operator had flow Path #13 (through SI-314, SI-688, and SI-300)
open for the quarterly flow tests. In very unusual conditions, he
may have this path open for adjusting the boron concentration
before using the SCS. Through a pre-existing maintenance error,
the flow path could be left open.

Pre-existing maintenance error = 1.71E-4/d
Pre-existing maint. error SI-314 = 8.73E-4/d (analysis of

EFWS valve error in CESSAR-DC, p 19.5E-26)
Pre-existing maint. error SI-688 0.14 (mild dep.,=

S&G, T20-17, #3)
Pre-existing maint, error SI-300 = 0.14 (above)

Walkdowns and control room scans 0.14/d=

Walkdowns (0.52/d each of three valves, S&G, T20-27, #1)
= 0.14/d
Control Room Scanning = 1.0 (not quantified)

The most probable cause of the draindown is to have the draindown
path left open and enter SCS. This would occur in Mode 4 while the
containment would be closed.

Amendment V
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! Starting up the SCS Train (startup sequence .is. described on ;

i page 1): ,

i
| 1A: Check valve alignments, operator should discover the. |
| error here. . HEP = 0.01 (failure to use check list at. i

all, S&G, 20-6, #3) |<

; 1B: Open valve.SI-691, No effect |
' 1C: Check SCS heat exchanger bypass alignment, no effect. j
i 1D: Start SCS pump for recirculation,.Get low pressure alarm .<

j on P-300 (suction side of SCS pump), pump cavitation, |

current indicator is ir: correct, ' Operator given !

I Procedural Stop;in written procedures. HEP = 0.025 (S&G, )
T20-2, #2, error per critical step in procedures) :

! 1E: Open suction side of SCS 40 RCS pressure causes a rapid
draindown through the SCS pump to the IRWST.;

:

i The combination of the.-above events estimates the probability of
j having a rapid draindown event through path #13 during SCS startup,
j frequency = 6.0E-9/yr.
;

i Recovery Actions:

i 1) The rapid draindown occurred during a change in state
j while the operator was opening valves, and the operator
iO would tend to close the valves he was opening. ~This
j h acquence is not a' spurious failure.
;

I 2) Operator has the necessary alarms for the draindown and
i could activate SIS, or other makeup operations. The HEP
j for operator action would be'less than that used for

4.62E-4/d, which would be used in this !! Path #2, HEP =

j calculation. I

i
i The Core Damage Frequency is the product of the draindown frequency
j times the recovery actions (6.0E-9/yr * 4.62E-4/d).
i

| CDF (Path 13) = 2.77E-12/vr
i

j The above discussion addresses a draindown through path 13 caused
by a pre-existing maintenance error. This. sequence occurs while
starting SCS. At the end of the refueling, this path is actually
established to pump the coolant . back . to the IRWST from the
refueling cavity. At this time the system is'open, depressurized,
and of lower decay heat. Draining down beyond the desired level is
possible but would be detected by level instruments. ~If the
draindown was continued to the bottom of the hot leg, the operator
would have approximately two hours to make up inventory.. This
sequence has not been quantified because of the operator response
time.

O
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PATH 4, BACKFLOW THROUGH THE SCS RECIRCULATION LINE |

Backflow through the recirculation line requires that valves
SI-691, and flow Path #13 be left open. It also requires the SCS
pump be off. The risk of this path is contained in the risk of |

Path 13 which would be the actual draindown path before the SCS |
pump is secured. |

|
PATH 10, THROUGH DISCHARGE SIDE CROSS CONNECT TO FLOW TEST PIPING

This path requires the misalignment of valves SI-341, SI-657,
SI-686, and SI-300. All of these valves have position indication
in the control room and all but SI-300 are locked closed. Valve
SI-341 is not used for any normal or systems test procedure but is
only used when aligning the CSS pump to substitute the SCS pump.
The valve itself is tested quarterly. Valves SI-657, SI-686, and
SI-300 are opened to flow test the CSS pump.

The risk of a draindown through this path while starting up the SCS
train is identical to Path #13 since this path parallels Path #13.
It does require the misalignment of one additional valve (SI-341)
which is not normally used. This path would also cause SCS pump
cavitation during startup, but before aligning to the RCS. The
risk would be slightly less than Path #13 and could be
conservatively assumed to be the same.

CDF (Path 10, Mode 4) = 2.77E-12/vr

Draindown through Path #10 is also possible when the CSS pump is
used for DHR in Mode 5. This sequence would require:

1) Pre-existing maintenance error on valves SI-657, SI-686,
and SI-300 (HEP = 1.71E-4/d, from the Path 13 analysis)
and failure to detect with walkdowns and control room
scans (HEP = 0.14/d) but SI-341 is correctly closed.

2) Failure to diagnose valve error on SCS startup
(HEP = 0.01, step 1A of path 13).

3) Loss of DHR in Mode 5 during the 33 hrs /y of cooldown
period (2.2E-3/d, BNL freq. SCS train 1).

4) Failure to start second SCS train (3E-2/d, Section 19.8)

6) Correctly opening valve SI-341 to use CSS pump (assumed
successful).

These sequence of events lead to a rapid draindown through Path 10
during cooldown in Mode 5. The frequency for this draindown is
1.58E-11/yr. The event is similar to the analysis of a draindown
through Path 6 where a total loss of DHR occurs with CSS
maintenance.

Amendment V
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Operator has the necessary alarms for the draindown and could
,

activate SIS, or other makeup operations. The HEP for operator
'

action would be similar to that used for Path #2, HEP = 4.62E-4/d,
which would be used in this calculation. The CDF for this sequence i

is negligible.

PATH 6, CSS CROSS CONNECT ON THE SUCTION SIDE

The event sequence starts with the disassembly of one of the CSS
trairrs . While the train is disassembled, the operating SCS train
must fail and the second SCS train must fail to start. The
operator then tries to cross connect the two systems. If the two
systems are already cross connected, the CSS will not drain and
disassembly would be impossible. A written step in the maintenance
procedures will have the cross connect valve tagged out. In
aligning the CSS to the SCS, a. step in the written emergency
procedure should be to verify that the CSS system is available.
This is part of configuration management. Only if all of these
events occur will you have.a rapid draindown.

Given that a rapid draindown occurs, the operator must quickly
diagnose the event and start injection. Failure to take action
results in core damage (CD). The following paragraphs quantify the
sequence of events:

\

CSS-D = 0.2/vr
The CSS must be disassembled for a rapid draindown through this
cross connect to occur. It was assumed - that ' this system is
disassembled once every five years (the annual frequency is
0.2/yr). It is further assumed that the system is disassembled for
36 hours for maintenance (4. 5 shif ts) .
L-DHR = 2.4E-3/D
The plant is being cooled by the operating SCS train. Failure to
continue to run (Loss of DHR) during the 36 hour window that the;

'

CSS is disassembled is estimated at 2.4E-3/d. This is based on the
hourly failure rate for loss of DHR of 1.79E-5/hr for Mode 5 from
the BNL study.

F-SCS2 = 3E-2/d
The operator will try to start the second SCS train after the first
SCS train fails. We are neglecting any recovery of the first train
which is usually possible because many of the loss of DHR are
operator errors. The operator has about two hours to react at this
time in the sequence. Failure to start the second SCS train
(F-SCS2) is dominated by failure of MOVs to open. This value is
from Section 19.8 of CESSAR-DC.

Amendment V
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F-TAG = 0.01/d
|

Failure of the maintenance group to tag out the cross connect valve
SI-340 is estimated as 0.01/d. It is assumed that this is a step
in the written maintenance procedures. This value is based on
Swain & Guttmann (S&G, Table 20-6, #5) for failure to use valve
change or restore list. If the valve control is correctly tagged
out, the operator will not open the valve since it is the primary
boundary.

F-OFG = 0.01/d
The operator will have written procedures to verify the
availability of the CSS before aligning the CSS to the SCS for

| restoration of DHR. It is assumed the procedure is greater than 10
| items long and the probability of omission (without checkoff) is

0.01/d (S&G, Table 20-7, #4).
1

F-LOCA = 0.01/d
The sequence of events described above leads to a rapid draindown

! with a frequency of occurrence of 1.44E-9/yr. It is assumed that
the draindown occurs almost instantly and the coolant is drained to
the bottom of the hot leg of the RCS piping. It is further assumed
that the decay heat is high and boiling to the top of the active
core takes 20 minutes. Heatup to the start of core damage (clad
temperature of 2200 F) takes up to another 20 minutes. The
operator has alarms on the pressurizer level, reactor vessel level,
and sump drains. He should be able to identify the problem and
take action. In this short time, the failure rate of the operator
to take action was assumed to be 0.001/d. This is taken from S&G,

[

Table 20-3, #4, failure to diagnose within 30 minutes.

Core Damage Frequency (CDF)
The frequency for rapid draindowns was estimated at 1.44E-9/yr. If
CD actually occurs in 30 minutes, this is 1.44E-12/yr. If mist
cooling of the core or lower decay heat extends the time to core

; damage by 10 minutes, F-LOCA improves by a factor of ten (S&G,

|
T20-3, #4) and the CDF decreases to 1.44E-12/yr.

BTEAM GENERATOR MANWAY

The SG manway was identified as a major draindown pathway because
of its size. Draindown through the manway would leave the RCS
coolant 8 inches above the centerline of the hot leg and would not
cause loss of DHR. It is, therefore, not risk significant.

SG NOZZLE DAMS

Loss of the nozzle dams would cause the coolant to drain to the
same elevation as the SG manway and not cause loss of DHR.

O
Amendment V
April 29, 1994



- - . . . __

C E S S A R in n eui:

m
REACTOR SYSTEMS BRANCH

Question 440.171:-

In'Section 2.6.3, Table 2.6-1, ABB-CE.has identified the possible '

non-borated water flow paths for the rapid boron. dilution events.
ABB-CE has only identified one credible boron dilution event. that
is from the direct _ vessel injection (DVI). lines where _the RCS
leakage through the first SI check-valve with a possible diluted

2water volume is ' determined to . be 60 ft . ABB-CE did ' not ' take
credit for using the pressure indication in the lines _and the

l possible diverting capability by opening valves.SI-648,-638,-'628k
l' and-618 to minimize the potential dilution to the DVI injection

lines. In addition, ABB-CE has' also identified leakage through SIS
hot legs injection check valves SI-522 and 532. However, in this:
scenario, ABB-CE took credit for detecting pressure changes using. '

pressure indication in the' lines and the ability to divert water to
SIT drain and fill lines. Please provide: !

(1) ' Assumptions made for both scenarios and why. credit was taken
for using pressure' indication and. diverting water capability,

l' in one situation but not for the other,

p (2) Consequences of the rapid. boron dilution '' event from the

.

diluted water leakage through hot legs injection check _ valves,=
,

if pressure indication in the lines and the: ' diverting 1

Capability Were not used, and j

(3) Comparc pur 2-D_ mathematical model with the' staff's steady
state c h ulation using the' NODE-2 nodal code model (NUREG-
1449, Section 6.8.3, Neutronics Analysis), and justify. the

| conservatism in your calculation.

,

Response 440.171:
!

'

(1) Pressure indication and the ability to divert unborated water
| volumes is credited in both of the aforementioned scenarios, but
I complete flushing of the pure water volumes is not possible in
l either situation.

,

|- In the case of the direct vessel injection (DVI) line, RCS leakage'

through the first SI check valve can be detected by PI-216, 226,
236, or 246, and may be partially flushed by opening SI-618, 628,
638, or 648. However, the volume of water - from the flush
connection line tee to the reactor vessel cannot be diverted. This
water volume ' is therefore considered in the inadvertent boron
dilution analysis.

O
'
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19.9 ACCIDENT SEQUENCE OUANTIFICATION

19.9.1 SUMMARY OF CORE DAMAGE FREQUENCY

Based on the analysis performed, the estimated core damage
frequency attributable to both the internal events and external
events for the System 80+ plant is 1.67E-06 and 3.3E-07
(excluding the contribution due seismic events) per year,

| respectively. The estimated contribution due to shutdown risk is
| 8.4E-07 per year. Table 19.9.1-1 presents the core damage

frequency contributions by initiating events.

The accident sequences of internal initiators leading to core
damage were identified using event tree analysis. These
sequences are presented in Section 19.4. Each accident sequence

| leading to core damage consists of an initiating event and one or

i more additional elements which represent either failure of the
| front line (or mitigating) system or failure of a special

recovery action. Table 19.9.1-2 presents the core . damage
|

frequency contributions by the internal event initiators. |
Accident sequences with occurrence frequencies less than 1.00E-09

'

per year are excluded from the table. The dominant (i.e., at |
| least 10% of the total) internal initiating events und their
I percent contribution to core damage are:

Loss of Feedwater Flow (LOFW) - 27.9%*

Medium Loss of Coolant Accident - 18.5%*
|

! * Steam Generator Tube Rupture (SGTR) - 18.0% !
1 * Small Loss of Coolant Accident - 12.4%
|
'

A detailed discussion of these dominant and other internal event
sequences is presented in the appropriate subsections of Section

j 19.9.2.

The accident sequences of the external initiators that lead to
core damage are presented in Section 19.7. Table 19.9.1-3
presents the accident sequences due to external events. Accident
sequences with occurrence frequencies less than 1.00E-09 per year ,

are excluded from the table. The dominant external accident,

| sequences include 3 tornado strike event sequences. Scoping
evaluations were performed to estimate the core damage
frequencies due to external fires and external flooding. A
discussion of the external event contributors to core damage .

frequency is presented in appropriate subsections of Section j
19.9.3. J

]

Table 19.9.1-4 presents a comparison of the core damage frequency
contributions by initiating events between the baseline analysis

,

for the System 80 plant and the System 80+ plant. Both |

intermediate and final analyses with a variety of system |
) configurations for the System 80+ plant are included in this |

g%) table. |
1
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Based on the guidelines and requirements of the EPRI ALWR
Requirements Document (7) , the industry has established a mean core
damage frequency goal of 1.0E-5 per year for the accident
sequences initiated by both the internal and external events.
The results of this PRA are well within this goal.

O
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p TABLE 19.9.1-1

0 CORE DAMAGE FREOUENCY CONTRIBUTION BY INITIATING EVENT

Mean Core
Damage _ Error Percent

Initiatirur Event Freauency Factor of Total

Large Loss-Of-Coolant-Accident (LLOCA) 1.1E-07 5.8 6.6

Medium Loss-Of-Coolant-Accident (MLOCA1) 1.4E-07 5.3 8.3

Medium Loss-Of-Coolant-Accident (MLOCA2) 1.7E-07 - 5.7 10.2

Small Loss-Of-Coolant-Accident (SLOCA) 2.1E-07 12.7 12.4

Large Secondary Side Break (LSSB) 2.lE-09 13.5 0.1
Steam Generator Tube Rupture (SGTR) 3.0E-07 11.4 18.0

Loss of Feedwater Flow (LOFW) 4.7E-07 4.9 27.9

Other Transients (TOTH) 9.2E-08 5.3 5.5

Loss Of Offsite Power (LOOP) 7.lE-09 6.8 0.5
Station Blackout with Battery Depletion 2.lE48 9.2 1.3

Loss of Component Cooling Water (CCW) Div 2 5.2E-10 9.2 0.0
Loss of 4.16 Kv Bus 2.7E-10 5.8 0.0
Loss of 125 VDC Vital Bus 1.7E-10 - 5.2 0.0
Anticipated Transient Without Scram (ATWS) 4.9E-08 12.0 2.9
Interfacing System LOCA 5.2E-10 234.0 0.0
Iess of HVAC 5.4E-09 16.0 0.?.

Vessel Rupture L0E-07 10.0 .1,.Q |.

Internal Events - Total 1.7E-06* 2.5 100.0

O
Tornado Strike Events 2.5E-07 7.1 76.9
Fire (conservative scoping estimate only) 6.3 E-08 ** 19.1

Flood (conservative scoping estimate only) 1,3 E-08 * * _4._&

External Events - Total 3.3 E-07 * * * 100.0

Intemal Events 1.7E-06 2.5 58.9

External Events 3. 3 E-07 + d'* 11.6

Shutdown Risk 8.4E-07'* E

TOTAL 2.8E 06*** 100.0

This value represents the mean of the combined accident sequences for internal*

initiators, and not the sum of the mean for each internal initiator.

|
** Best Estimate.

Includes Conservative Scoping Estimate for fire and flood.***

f

4

V
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O TABLE 19.9.1-2

V
(Sheet 1 of 3)

COP.E DAMAGE FREOUENCY CONTRIBUTIONS FOR DOMINANT ACCIDENT SEOUENCES
BY INITIATING INTERNAL EVENT

Mean Core Damage
Freauency Contribution

-Sequence Error
Number Seouence' Events / Year Factor )

LOFW-9 (LOFW)(Emergency Feedwater Fails)(Safety 4.40E-07 5.42 |
Depressurization for Bleed Fails)

SGTR-17 (SGTR)(Injection Fail' (Aggressive Secondary Cooldown 2.73E-07 19.11 |
Fails)

SL-11 (SLOCA)(Safety Injection Fails)(Aggressive Cooldown 1.61E-07 17.94 |
Fails)

ML2-3 (Medium LOCA 2)(Safety Injection Fails) 1.56E-07 5.05
,

ML1-3 (Medium LOCA 1)(Safety injection Fails) 1.36E 07 5.63 |
4

LL-3 (LLOCA)(SITS inject OK)(Safety injection Fails) 1.05E 07 5.34 | 1

TOTH-4 (Other Transients)(Deliver Feedwater OK)(Long-term 6.85E-08 7.56 |
Decay Heat Removal Fails)(Safety Injection for Bleed !
Fails)

ATWS-29 (ATWS)(Adverse MTC) 4.720,-08 8.91 |

LOFW-4 (LOFW)(Emergency Feedwater OK)(Iong-term Decay 3.58E 08 6.94
Heat Removal Fails)(Bleed OK)(Safety Injection for Feed
Fails)

*

SGTR-9 (SGTR)(Safety injection OK)(Deliver Feedwater OK)(RCS 3.07E-08 12.08 |
Pressure Control Fails)(SG not Isolated)(Failure to Refill |

!

IRWST)

TOTH 12 (TOTH)(PSV Fails to Rescat)(Safety Injection Fails) 2.65E-08 8.27

SBO Station Blackout with . Battery Depletion 2.14E-08 9.20

LOFW-8 (LOFW)(Emergency Feedwater Fails)(Bleed OK)(Safety 2.12E-08 4.57 |
Injection for Feed Fails)

SGTR-16 (SGTR)(Safety Injection Fails)(Aggressive Cooldown OK) 1.46E-08 9.18 |
(RHR Injection Fails)

O
V

Amendment V
April 29, 1994
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IABLE 19.9.1-2 (Cont'd)

(Sheet 2 of 3) J

CORE DAMAGE FREOUENCY CONTRIBUTIONS FOR DO5fINA.NT ACCIDENT SEOUENCES
BY INITIATING LNTERNAL EVENT

Mean Core Damage
frequency Contribution

Sequence Error
Number Seouence Events / Year Factor

| SL-10 (SLOCA)(Safety Injection Fails)(Aggressive Cooldown 9.00E-09 8.29
OK) (RHR Injection Fails)

| SL-4 (SLOCA)(Safety injection OK)(Deliver Feedwater OK) 8.91E-09 7.69
(Long-term Decay Heat Removal Fails)(Safety Depress-

urization - Bleed Fails)

| SGTR-12 (SGTR)(Safety injection OK)(Feedwater Fails)(Safety 6.92E-09 7.85
Depressuriation - Bleed Fails)

| TOTH-5 (Other Transients)(Deliver Feedwater OK)(Long-term 6.91E-09 8.66
Decay Heat Removal Fails)(Safety Depressurization Fails)

| LOFW-5 (LOFW)(Emergency Feedwater OK)(Long-term Decay 5.10E-09 8.34
Heat Removal Fails)(Safety Depressurization for Bleed
Fails)

| LL.4 (LLOCA)(SITS Fail to Inject) 4.65E-09 6.38

| LHV-5 (LHVAC)(Deliver Feedwater OK)(Long-term Decay Heat 4.01 E-09 17.87
Removal Fails)(Safety Depressurization for Bleed Fails)

| LOOP-9 (LOOP)(Failure to Deliver Emergency Feedwater)(Safety 3.92E-09 9.02
Depressurization for Bleed Fails)

| LOOP-8 (LOOP)(Failure to Deliver Emergency Feedwater) (Safety 3.43E-09 10.88
Depressurization OK)(Safety injection for Feed Fails)

| SGTR-8 (SGTR)(Safety Injection OK)(Delievery of EFW to intact 3.10E-09 10.58
SG OK)(Unisolable Leak in Ruptured SG)(Refill IRWST |

OK)(Failure to maintain Secondary Heat Removal) i

| ATWS-9 (ATWS)(PSVs Open and Re-close OK)(No Consequential 2.92E-09 23.04
SGTR)(Deliver Feedwater OK)(Failu.e to Deliver Boron i

by Charging Pumps)(Safety Depressurization Fails) )

| LSSB-9 (LSSB)(Safety Injection OK)(Failure to Deliver Feedwater) 2.09E-09 11.96
(Safety Depressurization for Bleed Fails)

O
Amendment V
April 29, 1994
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O TABLE 19.9.1-2 (Cont'd)

(Sheet 3 of 3)

CORE DAMAGE FREOUENCY CONTRIBUTIONS FOR DOMINANT ACCIDENT
SEOUENCES

BY INITIATING INTERNAL EVENT
Mean Core Damage

Freauency

Contribution

Sequence Error
Number Seauence Events / Year Factor

|

TOTH-9 (Other Transients)(Feedwater Fails)(Safety 2.32E-09 6.93 |
Depressurization Fails)

,

I

l

I

I

b

Amendment V
April 29, 1994
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|UO TABLE 19.9.1-3
'

CORE DAMAGE FREOUENCY CONTRIBUTIONS FOR DOMINANT ACCIDENT SEOUENCES
4 BY INITIATING EXTERNAL EVENT

!. Mean Core Damage
? Freauency Contribution

Sequence Error -
Number Seouence Events / Year Factor

TRND-4 (TRND)(PSV Reseat)(Delivery of Emergency 2.50E-07 6.36
Feedwater OK)(Long-term Decay Heat Removal
Fails)(Safety Depressurization for Bleed OK)
(Safety Injection for Feed Fails)

] TRND-SBO (TRND)(Station Blackout with Battery Depletion) 1.69E-08 7.02

TRND-5 (TRND)(PSV Reseat)(Delivery of Emergency 4.08E-09 8.99
Feedwater OK)(Long-Term Heat Removal Fails)

,

(Safety Depressurization for Bleed Fails)

f

Amendment V
April 29, 1994
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TABLE 19.9.1-4

COMPARISON OF CORE DAMAGE FREOUENCY CONTRIBUTIONS
BY INITIATING EVENT

Baseline i <- System 80+ : PRA -- > |
Old Cig New Cig New EDS Updated

Seouence Wtr Sys Wtr Svs System' EDS'

LARGE LOCA 1.57E-6 2h0E-7 2.52E-7 5.00E-8* 1.11 E-7

MEDIUM LOCA 3.59E-6 6.43E-7 2.88E-7 9.06E-8
MEDIUM LOCA1 N/S N/S N/S 4.53E-8 1.40E-7
MEDIUM LOCA2 N/S N/S N/S 4.53E-8 1.66E-7
SMALL LOCA 9.40E-6 2.02E-7 4.33E-8 4.36E-8 2.07E-7
STEAMLINE/LARGE SEC. 9.04 E-7 1.71E-9 1.NE-9 2.00E-10 2.13E-9
SIDE BREAK
STEAM GENERATOR TUBE 1.05E-5 5.49E-7 1.68E-7 8.04E-8 3.01E-7 |
RUPTURE
TRANSIENTS 1.17E-5 1.88E-7 1.91E-7 3.32E-8

LOSS OF FEED. FLOW N/S 4.46E-8 3.48E-8 5.66E-9 4.68E-7
LOSS OF COND VACUUM N/S 5.54E-9 6.71E-9 N/S N/S
LOSS OF COMPONENT CLG N/A N/A 3.98E-8 9.00E-9 5.21E-10
WATER
LOSS OF 125 VDC BUS N/S N/A N/A 2.79E-12 1.67E-10
LOSS OF 4.16 KV BUS N/S N/A N/A 2.52E-11 2.73E-10
LOSS OF llVAC N/C N/C N/C 1.40E-8 5.41E-9
OTIIER N/S 1.37E-7 1.10E-7 4.51E-9 9.19E-8

LOSS OF OFFSITE POWER 3.78E-5 1.02E-5 4.42E-7 1.00E-7 7.06E-9
SBO/ BATTERY DEPLETION L/S L/S US L/S 2.14E-8
ATWS 4.79E-6 2.14E-7 2.14E-7 1.72E-7 4.90E-8
INTERFACING SYSTEM LOCA 4.48E-9 3.01 E-9 3.01 E-9 3.01E-9 5.16E-10
VESSEL RUPTURE 1.00E-7 1,00E-7 1,00E-7 1 00E-7 1.00E-7

TOTAL 8.14E-5 1.23E-5 1.70E-6 6.73E-7 1.67E-6

* 3 Break sizes in "> Small LOCA" class
# These are "MEAN" values
N/S means No Calculated Separately
N/A means Not Applicable
N/C means Not Considered
L/S means included with loss of offsite power

|

|
I
|

|
|

Amendment U 4

'
l December 31, 1993
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C IABLE 19.9.2.1-1 i

k !

CORE DAMAGE FREOUENCY CONTRIBUTIONS FOR
LARGE LOSS OF COOLANT ACCIDENT (LOCA) i

CORE DAMAGE SEOUENCES I

Core Damage Frequency
Contribution

Sequence Error
Number Seouence Events / Year Fasigt

,

i

|LL-2 (Large LOCA)(SIT OK)(Safety Injection OK) 1.59E-11 43.15
(Containment Spray [CS] FAILS)

| LL-3 (large LOCA)(SIT OK)(Safety Injection Fails) 1.05E-07 5.34 l
J

| LL-4 (Large LOCA)(SITS Fail to Inject) 4,65E-09 6.38

I

1.11E-07 * 5.82 1

This value represents the mean of the combined large LOCA accident sequences, and not the sum of the mean*

for each sequence.

(

|

V

Amendment V
April'29, 1994
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f
| \d TABLE 19.9.2.3-1
|

CORE DAMAGE FREOUENCY CONTRIBUTIONS FOR
SMALL LOSS OF COOLANT ACCIDENT 1 (SLOCA)

CORE DAMAGE SEOUENCES

Core Damage Frequency
| Contribution
|
|
|

Sequence Error
Number Seouence Events / Year EgiDE

SL-3 (Small LOCA)(Injection OK)(Deliver Feedwater OK) 9.90E-13 7.42
(Long-Term Decay Heat Removal Fails)(Safety Dep,

for Bleed OK)(Failure to Cool IRWST)
|

SL-4 (Small LOCA)(Safety injection OK)(Deliver Feedwater 8.91E-09 7.69 |
OK)(Long-Term Decay Heat Removal Fails)(Safety Dep.
for Bleed Fails)

!

| SL-6 (Small LOCA)(Safety Injection OK)(Feedwater Fails) - -

| (Safety Dep. for Bleed OK)(Failure to CoolIRWST)
!

SL-7 (Small LOCA)(Safety Injection OK)(Feedwater Fails) 1.67E-Il 12.11 |
( j (Safety Dep. for Bleed Fails)
%J

SL-9 (Small LOCA)(Safety injection Fails)(Aggressive 7.22E-10 6.38
Cooldown OK)SCS Injection OK)(Long-term Decay
Heat Removal Fails)

SL-10 (Small LOCA)(Safety Injection Fails)(Aggressive 9.00E49 8.29 |
Cooldown OK)(SCS Injection Fails)

|
' SL-11 (Small LOCA)(Safety injection Fails)(Aggressive 1.61 E-07 17,94 |

Cooldown Fails)
2.07E-07 * 12.67 |

|

This value represents the mean of the combined small LOCA accident sequences, not the sum of the*

mean for each sequence.

|

fs%s)
'

| Amendment V
April 29, 1994

|
_ _ - __ _ . . . _ _ _. .
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Q 19.9.2.4 Steam Generator Tube Rupture
|
1

A description of the Steam Generator Tube Rupture (SGTR) event tree )
and the mitigating systems is given in Section 19.4.4 of this
report. Table 19.9.2.4-1 presents the core damage frequencies for
SGTR event sequences and Tables 19.9.2.4-2 through 19.9.2.4-11

,

present the dominant cut sets for these event sequences. The
J

contribution to core damage frequency due to SGTR event sequences i

is 3.01E-07 per year. )
Five accident sequences with frequencies greater than 1.00E-09 per l
year were identified for SGTR. The designators for these sequences |

are SGTR-17, SGTR-9, SGTR-16, SGTR-12, and SGTR-8. The dominant
cutsets for each of these sequences are identified below. ,

The first or most dominant sequence for SGTR is SGTR-17. This
sequence includes.a steam generator tube rupture, failure of the
Safety Injection System (SIS), and the inability to aggressively
cooldown the secondary side for Shutdown Cooling System (SCS) 1

injection. Failure of SIS results in loss of the preferred way of |

making up and controlling the lost RCS inventory. By aggressively
cooling down the plant, the SCS can be used as an alternative means
of controlling the RCS inventory. Therefore failure of SIS and the
inability to aggressively cooldown the plant will result in the
loss of both ways of RCS make-up and core damage will occur.

Following the SGTR, the dominant failures of basic events that
cause sequence SGTR-17 to occur include common cause failure of the
safety injection system check valves to open and failure of the
operator to perform aggressive cooldown of the secondary side. The
accident sequence cutsets for SGTR-17 are presented in Table
19.9.2.4-11.

l

The second dominant sequence for SGTR is SGTR-9. This sequence
includes a steam generator tube rupture, successful safety
injection and delivery of feedwater, unisolable leak in ruptured
steam generator, and failure to re-fill the IRWST. Without the
ability to isolate or minimize the leak, RCS makeup is required
(i.e., re-filling the IRWST) to prevent this sequence from
progressing to core damage. Following the SGTR, the dominant
failures for this sequence include common cause failure of the
atmospheric dump valves to reclose and fa' lure of the operator to
align CVCS to fill the IRWST following a SGTR event. The accident
sequence cutsets for SGTR-9 are presented ..n Table 19.9.2.4-6.

The third dominant sequence for SGTR is SGTR-16. This sequence
includes a steam generator tube rupture, failure of the SIS,
successful aggressive cooldown of the secondary side, and failure
to provide injection using the Shutdown Cooling System (SCS).
Failure of SIS results in loss of the preferred way of restoring
and controlling the lost RCS inventory. By aggressively cooling

V down the plant, the SCS pumps can be used for make-up and RCS

Amendment V
19.9-8a April 29, 1994
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l

91inventory control. Therefore failure of both the SIS and SCS will i

result in the loss of both ways of restoring and controlling RCS
inventory and core damage will occur.

Following the SGTR, the dominant failures of basic events that
cause sequence SGTR-16 to occur include common cause f ailure of the
safety injection system check valves and failure of the operator to
align the Shutdown Cooling System for injection. The accident
sequence cutsets for SGTR-16 are presented in Table 19.9.2.4-10.

The fourth dominant sequence for SGTR is SGTR-12. This sequence
includes a steam generator tube rupture, successful safety
injection, failure te deliver feedwater to the intact SG, and
failure of the Safety Depressurization System (SDS) for bleed
operation. Failure of the Emergency Feedwater System (EFWS) to

| deliver feedwater to the intact steam generator results in loss of
heat removal by the secondary systems. Although RCS heat removal
by the secondary systems is lost, Feed and Bleed can be used as an
alternate means of removing heat from the RCS. For this sequence,
SIS is successful. Therefore, the Feed and Bleed process can be
initiated by opening the SDS valves. Failure of the bleed process
causes the alternative means of removing heat from the RCS to be
also lost and core damage would then occur.

Following the SGTR, the dominant failures of basic events that
cause sequence SGTR-12 to occur include common cause failure of the
emergency feedwater check valves to open and failure of the
operator to initiate bleed operation. Also included as dominant
failures are common cause failure of the emergency feedwater pump
check valves to open and failure of the operator to initiate bleed
operation. The accident sequence cutsets for SGTR-12 are presented
in Table 19.9.2.4-8.

The fif th dominant sequence for SGTR is SGTR-8. This sequence
includes a steam generator tube rupture, successful safety
injection and delivery of feedwater, unisolable leak in the
ruptured steam generator, successful refilling of the IRWST, and

,

failure to maintain secondary heat removal. Unisolable leak |

results in the increase in the level of the ruptured steam I

generator and, subsequently, pressure in the ruptured steam
generator rises. Failure to maintain the secondary heat removal
results in loss of decay heat removal from the reactor core. This
scenario leads to core damage. Since the emergency feedwater i
delivery was successful, failure to maintain secondary heat removal
involves the inability to makeup the inventory of the emergency
feedwater storage tanks (EFWSTs) from the condensate storage tank
(CST). Following the SGTR, the dominant failures of basic events
include common cause failures of the atmospheric dump valves (ADVs)
to reclose and failure of the condensate storage tank (CST)
discharge manual valve to open. The accident sequence cutsets for
SGTR-8 are presented in Table 19.9.2.4-5.

Amendment V
19.9-8b April 29, 1994
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o
The cutsets for non-dominant SGTR accident sequences are presented
in Table 19.9.2.4-2 (SGTR-3), Table 19.9.2.4-3 (SGTR-4), Table
19.9.2.4-7 (SGTR-11), and Table 19.9.2.4-9 (SGTR-15). The core
damage frequency contribution for each of these sequences is less | 1

than 1.00E-09 per year.

l

i

i
v :

I

)
I

l
i

[ 'N

f)%

Amendment V
19.9-9 April 29, 1994
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TABLE 19.9.2.41

CORE DAMAGE FREOUENCY CONTRIBUTIONS FOR |
STEAM GENERATOR TUBE RUPTURE (SGTR) )

CORE DAMAGE SEOUENCES
1

Core Damage Frequency
Contribution ,

4

I
Sequence Error
Number Seauencg Events / Year Fair

1

| ' SGTR-3 (SGTR)(Safety injection OK)(Delivery of Feedwater to 1.53E-12 7.72
Intact SG OK)(Ruptured SG Isolated)(Long-Tenn
Decay Heat Removal Fails)(Bleed OK)(Failure to Cool
IRWST)

| SGTR-4 (SGTR)(Safety Injection OK)(Delivery of Feedwater to 7.48E-11 10.64
Intact SO OK)(Ruptured SG Isolated)(Long-Term '

Decay Heat Removal Fails)(Bleed Fails)

SGTR-8 (SGTR)(Safety injection OK)(Delivery of Feedwater to 3.10E-09 10.58
Intact SG OK)(Unisolable Leak in Ruptured SG)
(Re-fillIRWST OK)(Failure to Maintain Secondary
Heat Removal)

G | SGTR-9
\ (SGTR)(Safety injection OK)(Delivery of Feedwater to 3.07E48 - 12.08

Intact SG OK)(Unisolable Leak in Ruptured SG)(Failure
to Re-fill IRWST)

| SGTR-11 (SGTR)(Safety Injection OK)(Failure to Deliver Feed- 1.58E 11 7.88
water to lutact SG)(Safety Dep. for Bleed OK)(Failure to
Cool IRWST)

| SGTR-12 (SGTR)(Safety injection OK)(Failure to Deliver Feed- 6.92E-09 7.85
water to Intact SG)(Safety Dep. for Bleed Fails)

| SGTR-15 (SGTR)(Safety Injection Fails)(Aggressive Cooldown OK) 1.13E-11 15.28
(SCS Injection OK)(Unisolable Leak in Ruptured SG)
(Failure to Re-fill IRWST) j

,

i
| SGTR-16 (SGTR)(Safety injection Fails)(Aggressive Cooldown OK) 1.46E-08 9.18 I

(SCS Injection Fails) 1

| SGTR-17 (SGTR)(Safety Injection Fails)(Aggressive Cooldown Fails) 2.73E-07 19d1

| 3.01 E-07 * 11.36

*
This value represents the mean of the combined SGTR accident sequences, not the sum of the mean for each sequence. |

3

I.

I

/ :
1

i

Amendment V j

April 29, 1994 1
y
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b TABLE 19.9.2.5-1

(Sheet 1 of 2)

CORE DAMAGE FREOUENCY CONTRIBUTIONS FOR
LARGE SECONDARY SIDE BREAK fLSSB)

CORE DAMAGE SEOUENCES

Core Damage Frequency
Contribution

Sequence Error
Number Sequense. Events / Year Emir

LSSB-3 (LSSB)(Delivery _of Emergency Feedwater OK)(Long- 1.39E-13 17.19
Term Decay Heat Removal Fails)(Feed & Bleed

OK)(Failure to Cool IRWST)

LSSB-4 (LSSB)(Delivery of Emergency Feedwater OK)(leng- 2.18E 12 18.08
Term Decay Heat Removal Fails)(Bleed OK)
(Feed Fails)

LSSB-5 (LSSB)(Delivery of Emergency Feedwater OK)(Long- 1.77E-11 17.33 |s

[Vj Term Decay Heat Removal Fails)(Bleed Fails)

LSSB-7 (LSSB)(Failure to Deliver Emergency Feedwater) 9.69E-12 13.45

(Feed & Bleed OK)(Failure to Cool IRWST)
(long-Term Decay Heat Removal Fails)(Feed &

i

Bleed OK)(FAIL to Cool IRWST) ;

\
'

LSSB 8 (LSSB)(Failure to Deliver Emergency Feedwater) 1.21E 10 11.70
(Bleed OK)(Safety Injection for Feed Fails)

LSSB-9 (LSSB)(Failure to Deliver Emergency Feedwater) 2.09E@ 11.96 |
(Safety Dep. for Bleed Fails)

LSSB-12 (LSSB)(Stuck Rod at End of Cycle)(Safety Injection - -

OK)(Delivery of Emergency Feedwater OK)(Long-Term
Decay Heat Removal Fails)(Safety Dep. for Bleed OK)

(Failure to Cool IRWST)

LSSB-13 (LSSB)(Stuck Rod at End of Cycle)(Safety Injection - -

OK)(Delivery of Emergency Feedwater OK)(Long-Term
Decay Heat Removal Fails)(Safety Dep. for Bleed
Fails)

(w/r)

Amendment V
April 29, 1994
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TABLE 19.9.2.5-1

(Sheet 2 of 2)

CORE DAMAGE FREOUENCY CONTRIBUTIONS FOR-
IARGE SECONDARY SIDE BREAK fLSSB)

C_ ORE DAMAGE SEO'JENCES

Core Damage Frequency
Contribution

Sequence Error
Number Seouence Events / Year ikkr

LSSB-15 (LSSB)(Stuck Rod at End of Cycle)(Safety Injection - -

OK)(Failure to Deliver Emergency Feedwater)(Safety
Dep. for Bleed OK)(Failure to CoolIRWST)

LSSB-16 (LSSB)(Stuck Rod at End of Cycle)(Safety injection - -

OK)(Failure to Deliver Emergency Feedwater)(Safety
Dep. for Bleed Fails)

LSSB-17 (LSSB)(Stuck Rod at End of Cycle)(Failure of safety - -

Injection)

| 2.13 E-09 * 13.52

This value represents the mean of the combined LSSB accident sequences, and not the sum of the mean*

for each sequence.

O
Amendment S
September 30, 1993
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TABLE 19.9.2.6-1
,f S
e 1

V CORE DAMAGE FREOUENCY CONTRIBUTIONS FOR
LOSS OF FEEDWATER FLOW (LOFW)

CORE DAMAGE SEOUENCES

Core Damage Frequency
Contribution

Sequence Error
Number Seouence Events / Year Fador

LOFW-3 (LOFW)(Delivery of Emergency Feedwater OK)(Long- 9.13E-13 7.92
Term Decay Heat Removal Fails)(Feed & Bleed OK)

(Failure to CoolIRWST)

LOFW-4 (LOFW)(Delivery of Emergency Feedwater OK)(Long- 3.58E-08 6.94
Term Decay Heat Removal Fails)(Safety Dep. for
Bleed OK)(Safety Injection for Feed Fails)

LOFW-5 (LOFW)(Delivery of Emergency Feedwater OK)(Long- 5.10E-09 8.34 |
Term Decay Heat Removal Fails)(Safety Dep. for
Bleed Fails)

LOFW-7 (LOFW)(Failure to Deliver Emergency Feedwater) 1.80E 10 5.22

(Feed & Bleed OK)(Failure to Cool IRWST)
O 1

LOFW-8 (LOFW)(Failure to Deliver Emergency Feedwater) 2.12E-08 4.57 | |
' (Safety Dep. for Bleed OK)(Safety Injection for

Feed Fails)

LOFW-9 (LOFW)(Failure to Deliver Emergency Feedwater) 4.40E-07 .2d2 |
(Bleed Fails)

4.68E-07* 4.87 |

'1 bis value represents the mean of the less of Feedwater Flow accident sequences, and not the sum of*

the mean for each sequence.

O
Amendment V
April 29,.1994
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19.9.2.7 Other Transients
i

A description of the Other Transients (TOTH) event tree and the I

mitigating systems is given in Section 19.4.7 of this report.
Table 19.9.2.7-1 presents the event sequences that contribute to
core damage frequency and Tables 19.9.2.7-2 through 19.9.2.7-8
present the dominant cutsets for these event sequences. The ;

contribution to core damage frequency due to TOTH event sequences |

is 9.19E-08 per year.

Four accident sequences with frequencies greater than 1.00E-09 per
year were identified for TOTH. The designators for these sequences
are TOTH-4, TOTH-12, TOTH-5, and TOTH-9. The dominant cutsets for
each of these sequences are identified below.

The first or most dominant accident sequence for TOTH is TOTH-4.
This sequence includes a transient other than loss of main
feedwater flow, successful delivery of emergency feedwater, failure
of long-term decay heat removal, successful bleed, and failure of
the Safety Injection System (SIS) for feed operation. The
Emergency Feedwater System (EFWS) is used to remove decay heat from
the RCS until shutdown Cooling entry conditions are met. Once
shutdown cooling entry conditions are met, the Shutdown Cooling
System (SCS) is used for long-term decay heat removal. If the SCS,

( i fails during initiation, makeup of the emergency feedwater storage

() tanks is provided to continue using the EFWS for long-term decay
heat removal. Similarly, if the SCS is initiated and then fails
during operation, the EFWS can be re-started to continue the long-
term decay heat removal process. Failure of long-term decay heat
removal using the SCS and EFWS causes the operator to initiate Feed
and Bleed. This is the only alternative means of removing heat
from the RCS. Therefore, a failure of either the Feed portion or
the Bleed portion of Feed and Bleed will cause core damage to
occur.

Following the transient, the dominant failures of basic events that
i

cause TOTH-4 to occur include common cause failure of the safety I

injection check valves to open, and failure of the condensate
storage tank manual valve to open in order to provide makeup to the
emergency feedwater storage tanks to continue secondary heat
removal. The accident sequence cutsets for TOTH-4 are presented in
Table 19.9.2.7-3.

The second dominant sequence for TOTH is TOTH-12. This sequence
includes a transient other than loss of main feedwater flow, |
failure of the primary safety valves (PSVs) to re-seat, and failure
of the safety injection system (SIS). Because of the pressure
transient associated with this event, the primary safety valves
open to relieve primary pressure. However, the valves do not re-
seat as required and a PSV LOCA occurs. The SIS would providep) make-up for the lost RCS inventory under these conditions.(
However, SIS fails and consequently core damage occurs.v

Amendment V
19.9-17 April 29, 1994
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Following a transient event, the dominant failures of basic events
that causes sequence TOTH-12 to occur include failure of the PSVs
to re-seat and common cause failure of the safety injection line

| check valves to open. The accident sequence cutsets for TOTH-12
are presented in Table 19.9.2.7-9.

The third dominant sequence for TOTH is TOTH-5. This sequence
includes other transients, successful delivery of emergency
feedwater, failure of long-term decay heat removal, and failure of
the Safety Depressurization System (SDS) for bleed operation. This
accident sequence is similar to TOTH-4, except that the bleed
portion of Feed and Bleed fails instead of feed.

Following an other transient initiator, the dominant failures of
basic events that cause sequence TOTH-5 to occur include common
cause failure of the SCS suction valves to open, and failure of the
condensate storage tank to provided makeup to the emergency
feedwater storage tanks to continue secondary heat removal, and
failure of the operator to initiate bleed operation. The accident
sequence cutsets for TOTH-5 are presented in Table 19.9.2.7-4.

The fourth dominant accident sequence for TOTH is TOTH-9. This
sequence includes a transient other than a loss of main feedwater
flow, failure to deliver feedwater, and failure of SDS for bleed
operation. The inability to delivery feedwater to the steam
generators involves failure of both the Emergency Feedwater System
(EFWS) and the Start-up Feedwater System (SFS). The preferred
means of removing decay heat from the RCS is lost under these
conditions. Feed and Bleed operation can be used as an alternative
means or removing decay heat from the RCS. Therefore, failure of
the bleed portion will result in core damage.

Following the transient, the dominant failures of basic events that
cause sequence TOTH-9 to occur include common cause failure of the

| emergency feedwater distribution line check valves to open, failure
of the start-up feedwater pump to start, and failure of the
operator to initiate bleed operation. Equally likely failures are
common cause failure of the emergency feedwater pump check valves
to open, failure of the start-up feedwater pump to start, and
failure of the operator to initiate bleed operation. The accident
sequence cutsets for TOTH-9 are presented in Table 19.9.2.7-7.

The cutsets for the non-dominant TOTH accident sequence are
presented in Table 19.9.2.7-2 (TOTH-3), Table 19.9.2.7-5 (TOTH-7),

| Table 19.9.2.7-6 (TOTH-8), and Table 19.9.2.7-8 (TOTH-11). The
i frequency for each of these core damage sequences is less than

1.00E-09 per year.

O
Amendment V

19.9-18 April 29, 1994
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TABLE 19.9.2.71

CORE DAMAGE FREOUENCY CONTRIBUTIONS FOR
RTl[ER TRANSIENTS frOTin
CORE DAMAGE SEOUENCES

Core Damage Frequency
Contribution

I

Sequence Error
Number Seouence Events / Year Luggr

TOTH-3 (TOTH)(Delivery of Feedwater OK)(leng-Term Decay 1.98E-12 8.71

Heat Removal Fails)(Feed & Bleed OK)(Failure to
Cool IRWST)

TOTH-4 (TOTH)(Delivery of Feedwater OK)(Long-Term Decay 6.85E48 7.56 |
Heat Removal Fails)(Safety Dep. for Bleed OK)

.
(Safety Injection for Feed Fails)

!

TOTH-5 (TOTH)(Delivery of Feedwater OK)(Long-Term Decay 6.91E-09 8.66 |
Heat Removal Fails) (Safety Dep. for Bleed Fails)

| TOTH-7 (TOTH)(Failure to Deliver Feedwater)(Feed & Bleed) 1.36E-Il 6.33 |
(Feed & Bleed OK)(Fall to Cool IRWST)

| i

TOTH-8 (TOTH)(Failure to Deliver Feedwater)(Safety Dep. for 2.91E-10 7.16 i

Bleed OK)(Safety injection for Feed Fails)

TOTH-9 (TOTH)(Failure to Deliver Feedwater)(Safety Dep. for 2.32E49 6.93 |
Bleed Fails)

TOTH-Il (TOTH)(PSV Fails to Re-seat)(Safety injection OK) 8.47E-11 14.02 |
| (Failure to Cool IRWST)

TOTH-12 (TOTH)(PSV Fails to Re-seat)(Safety Injection Fails) 2.65E-08 g

9.19E-08* 5.28 |

|
1

This value represents the mean of the combined sequences for other transients, and not the sum of the
'

*

mean for each sequence.

!

'% ,

Amendment V
April 29, 1994i
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~ Oh 19.9.2.8 Loss of Offsite Power

= A description of the Loss of Offsite Power (LOOP) event tree and
the mitigating systems is given in Section 19.4.8 of this report.
Table 19.9.2.8-1 presents the LOOP sequences and Tables 19.9.2.8-2
through 19.9.2.8-7 present the dominant cutsets for these event |
sequences. The contribution to core damage frequency due to Loss
of Offsite Power event sequences is 7.06E-09 per year.

: Two accident sequences with frequencies greater than 1.00E-09 per
year were identified for LOOP. The designators for these sequences
are LOOP-9 and LOOP-8. The dominant cutsets for these sequences
are identified below. I

!
'

The first dominant sequence for LOOP is LOOP-9. This_ sequence j
includes a loss of offsite power, opening and successful re-seating

| of the PSVs, failure of the EFWS to deliver feedwater to the steam
j generators, failure of safety depressurization for bleed operation.
'

For this sequence, the preferred means (the EFWS) and the alternate
means (Feed and Bleed) of removing decay heat from the RCS have )i

failed. Consequently, the inability to remove decay heat from the
,

! RCS leads to core damage.

Following a loss of offsite power,-the dominant failures of basic
;

! O events that cause sequence LOOP-9 to occur include common cause
( failure of the EFWS distribution line check valves to open and'

failure of the operator to initiate Feed and Bleed operation.
,

Also, equally likely are common cause failure of the EFW pump
discharge check valves to open and failure of the operator to
initiate Feed and Bleed operation. .The accident sequence cutsets
for LOOP-9 are presented in Table 19.9.2.8-7.

The second dominant accident sequence for LOOP is LOOP-8. This;

i sequence is similar to LOOP-9, except that safety injection for
; " Feed" fails instead of the failure of safety depressurization for
*

" Bleed".
!

i Following a loss of offsite power, the dominant failures of basic
1 events that cause sequence LOOP-8 to occur include common cause

demand failure of the turbine-driven EFWS pumps, common cause
operating failure of the emergency diesel generators, and failure
to recover AC power within 5 hours. The accident sequence cutsets

,
for LOOP-8 are presented in Table 19.9.2.8-6.

1

The cutsets for the non-dominant LOOP accident sequences are
presented in Table 19.9.2.8-2 (LOOP-3), Table 19.9.2.8-3 (LOOP-4),
Table 19.9.2.8-4 (LOOP-5) and Table 19.9.2.8-5 (LOOP-7). The core
damage frequency for each of these sequences is less than 1.00E-09>

per year.
,

'

O
I Amendment V

19.9-19 April 29, 1994
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Station blackout (SBO) with battery depletion is treated as a
special LOOP event. For this event, both offsite and onsite (DGs)

| power are unavailable. Therefore, the only mitigating system
available is the EFWS using the turbine driven pumps. After eighti

hours when EFW is depleted, there would be no long-term mitigating
,

system available and core damage would occur. The accident'

sequence cutsets for SBO with battery depletion are presented in
| Table 19.9.2.8-8.

|
|

|
[

;

O
Amendment S

19.9-20 September 30, 1993
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3(h TABLE 19.9.2.81

CORE DAMAGE FREOUENCY CONTRIBUTIONS FOR
LOSS OF OFFSITE POWER fLOOP)

CORE DAMAGE SEOUENCES

Core Damage Frequency i
Contribution i

Sequence Error
Number Seouence Events / Year Fador ]

i

LOOP-3 (LOOP)(Delivery of Emergency Feedwater OK)(leng- 2.76E-13 '12.88
^

Term Decay IIeat Removal Fails)(Feed & Bleed OK)
(Failure to Cool IRWST)

LOOP-4 (LOOP)(Delivery of Emergency Feedwater OK)(Long- 4.01E-11 20.89
Term Decay IIeat Removal Fails)(Bleed OK)(Safety
Injection for Feed Fails)

LOOP-5 (LOOP)(Delivery of Emergency Feedwater OK)(Long- 4.88E-11 12.50 |

pI Term Decay lieat Removal Fails)(Safety Dep. for
Bleed Fails)eb

LOOP-7 (LOOP)(Failure to Deliver Emergency Feedwater)(Feed 5.74E-11 6.23 |
& Bleed OK)(Failure to Cool IRWST)

LOOP-8 (LOOP)(Failure to Deliver Emergency Feedwater)(Safety 3.43E-09 10.88 | ;

Dep. for Bleed OK)(Safety injection for Feed Fails) !

LOOP-9 (LOOP)(Failure to Deliver Emergency Feedwater)(Safety 3.92E-09 _M2 |
Dep. for Bleed Fails)

]

7.06E-09* 6.80 |

SBO Station Blackout (SBO) with Battery Depletion 2.14E-08* 9.20

.i
I

This value represents the mean of the combined LOOP accident sequences, except SBO, and not the sum |*
t
'

4of the mean for each sequence.

,

i
:

I

| O

Amendment V
April 29, 1994
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| TABLE 19.9.2.9-1

CORE DAMAGE FREOUENCY CONTRIBUTIONS FOR
LOSS OF COOLING WATER DIVISION fLCCW)

CORE DAMAGE SEOUENCES

Core Damage Frequency
Contribution

I

| Sequence Error
! - Number Seouence Events / Year Factor

! LCCW-3 (LCCW)(Delivery of Feedwater OK)(Long-Term Decay 1.51E-11 11.51 i

Heat Removal Fails)(Feed & Bleed OK)(Failure to i
Cool IRWST)

| LCCW-4 (LCCW)(Delivery of Feedwater OK)(Long-Term Decay 7.10E-11 10.61 j
Heat Removal Fails)(Safety Dep. for Bleed OK)

.

(Safety injection for Feed Fails) |

| LCCW-5 (LCCW)(Delivery of Feedwater OK)(Long-Term Decay 3.19E-10 2.41 |
[ Heat Removal Fails)(Safety Dep. for Bleed
| Fails)

U
| LCCW-7 (LCCW)(Failure to Deliver Feedwater)(Feed & Bleed 8.92E 14 10.97 |
| OK)(Failure to Cool IRWST)

LCCW-8 (LCCW)(Failure to Deliver Feedwater)(Safety Dep. 1.87E-11 13.99 |
for Bleed OK)(Safety Injection for Feed Fails)

LCCW-9 (LCCW)(Failure to Deliver Feedwater)(Safety Dep. 2.01E-11 9.64 |
| Bleed Fails)

5.21 E-10* 9.15 |

i ,

!
'

This value represents the mean of the combined loss of Cooling Water accident sequences, and not the
*

sum of the mean for each sequence.

:

;

i
V

|

|

l

Amendment V
April 29, 1994
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TABLE 19.9.2.101

CORE DAMAGE FREOUENCY CONTRIBUTIONS FOR
LOSS OF 125 VDC VITAL BUS (L125)

CORE DAMAGE SEOUENCES

Core Damage Frequency
Contribution

|

Sequence Error
Number E.auence Events /Vear Factor

L125-3 (L125)(Delivery of Feedwater OK)(Long-Term Decay 2.80E-12 7.12

Heat Removal Fails)(Feed & Bleed OK)(Failure to
CoolIRWST)

L125-4 (L125)(Delivery of Feedwater OK)(Long-Term Decay - 7.39E-12 5.15
Heat Removal Fails)(Safety Dep. for Bleed OK)
(Safety Injection for Feed Fails)

L125-5 (L125)(Delivery of Feedwater OK)(Long-Term Decay 1.38E 10 6.13 |
Heat Removal FAILS)(Bleed FAILS)

\
L125-7 (L125)(Failure to Deliver Feedwater) 4.34E-14 7.66 |'.

(Feed & Bleed OK)(Failure to Cool IRWST)
|

L125-8 (L125)(Failure to Deliver Feedwater)(Safety Dep. for 8.60E-13 8.41 |
for Bleed OK)(Safety Injection for Feed Fails)

i L125-9 (L125)(Failure to Deliver Feedwater)(Safety Dep. for 4.90E-11 .jl21 |
Bleed Fails) ,

1.67E-10* 5.18 | ;

|

? |
! '

| This value represents the mean of the combined Loss of 125 VDC accident sequences, and not the sum*

| of the mean for each sequence.
,

|

I
| |

|

|

9
NJ

!

| Amendment V
; April 29, 1994
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\ TABLE 19.9.2.11 1

CORE DAhfAGE FREOUENCY CONTRIBUTIONS FOR
LOSS OF 4.16 KV VITAL BUS (L416)

CORE DAhfAGE SEOUENCES -

Core Damage Frequency
Contribution

Sequence Error
Number Seouence Events / Year Fador

L416-3 (L416)(Delivery of Feedwater OK)(Long-Term Decay 1.19E-11 6.70

Heat Removal Fails)(Feed & Bleed OK)(Failure to
Cool IRWST)

L4164 (L416)(Delivery of Feedwater OK)(Long-Term Decay 4.67E-11 6.19
Heat Removal Fails)(Safety Dep. for Bleed OK)
(Safety injection for Feed Fails)

L416-5 (L416)(Delivery of Feedwater OK)(Long-Term Decay 2.33E-10 7.48 |
Heat Removal Fails)(Safety Dep. for Bleed Fails)

d L416-7 (L416)(Failure to Deliver Feedwater)(Feed & Bleed 6.95E-13 6.75 |
OK)(Failure to Cool IRWST)

|
L416-8 (L416)(Failure to Deliver Feedwater)(Safety Dep. for 6.00E-13 11.23

Bleed OK)(Safety Injection for Feed Fails)
,

1

L416-9 (L416)(Failure to Deliver Feedwater)(Safety Dep. for 8.37E-12 .2,19 |
Bleed Fails)

2.73E-10* 5.83 |

This value represents the mean of the combined Loss of 4.16 KV Bus accident sequences, and not the*

sum of the mean for each sequence.

V
Amendment V
April 29, 1994
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19.9.2.12 Loss of Heatina, Ventilation and Air conditioninq |

A description of the Loss of Heating, Ventilation and Air
Conditioning (HVAC) event tree and the mitigating systems is given
in Section 19.4.12 of this report. Table 19.9.2.12-1 presents the
Loss of HVAC sequences and their corresponding frequencies. Tables
19.9.2.12-2 through 19.9.2.12-7 present the dominant cutsets for
these event sequences. The contribution to the core damage
frequency resulting from sequences associated with Loss of HVAC
event is 5.41E-09 per year.

One accident sequences with frequencies greater than 1.00E-09 per
year was identified for loss of HVAC. The designator for this
sequence is LHV-5. The dominant cutsets for LHV-5 are identified
below.

The most dominant sequence for loss of HVAC is LHV-5. This
sequence includes loss of HVAC to one division, successful delivery
of feedwater to the steam generators, failure of long-term cooling,
and failure of safety depressurization for bleed operation. The
Emergency and/or Start-up Feedwater Systems are used to remove
decay heat from the RCS until shutdown cooling entry conditions are
met. Once shutdown cooling conditions are met, the Shutdown
Cooling System (SCS) is used for long-term decay heat removal. If(p) the SCS fails during initiation, make-up of inventory for the

(/ emergency feedwater storage tanks is performed so that the EFWS can
continue the long-term decay heat removal process. Likewise, if
the SCS fails during operation make-up to the emergency feedwater
storage tanks is performed followed by the re-start of EFWS to
continue the long-term decay heat removal process. Failure of
long-term decay heat removal results in loss of the preferred means
of removing heat from the RCS. An alternate means available for
removing decay heat is the Feed and Bleed process. For this
sequence, the Safety Depressurization System (SDS) is used for
bleed operation. Therefore, failure of long-term decay heat
removal and bleed operation causes core damage to occur.

Following the loss of HVAC, the dominant failures of basic events
that cause sequence LHV-5 to occur include failure of the SCS
suction valve to open, failure of the condensate storage tank
manual valve to open to provide make-up to the emergency feedwater
storage tanks in order to continue long-term decay heat removal,
and failure of the operator to initiate feed and bleed. The
accident sequence cutsets for LHV-5 are presented in Table
19.9.2.12-4.

The cutsets for the non-dominant loss of HVAC accident sequences
are presented in Table 19.9.2.12-2 (LHV-3), Table 19.9.2.12-3
(LHV-4), Table 19.9.2.12-5 (LHV-7), Table 19.9.2.12-6 (LHV-8), and

/' N Table 19.9.2.12-7 (LHV-9).
( )v

Amendment V
19.9-27 April 29, 1994
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TABLE 19.9.2.12-1

CORE DAMAGE FREOUENCY CONTRIBUTIONS FOR
LOSS OF HVAC (LHV)

CORE DAMAGE SEOUENCES

|

|

Core Damage Frequency,

| Contribution

Sequence ' Error
Number &qusnca Events / Year Fador

LHV-3 (LHV)(Delivery of Feedwater OK)(Long-Term Decay 6.34E-11 20.21

II-at Removal Fails)(Feed & Bleed O'K)(Failure to
Coot IRWST)

LHV-4 (LHV)(Delivery of Feedwater OK)(Long-Term Decay 7.38E-10 18.08
Heat Removal Fails)(Safety Dep. for Bleed OK)
(Safety Injection for Feed Fails)

LHV-5 (LHV)(Delivery of Feedwater OK)(Long-Term Decay 4,01E-09 17.87 |;

| Heat Removal Fails)(Safety Dep. for Bleed Fails)
n

LHV-7 (LHV)(Failure to Deliver Feedwater)(Feed &' Bleed 2.67E-11 16.55 |
OK)(Failure to Cool IRWST) -

! LHV-8 (LHV)(Failure to Deliver Feedwater)(Safety Dep. for 1.84E-10 24.89 |
Bleed OK)(Safety injection for Feed Fails)

LHV-9 (LHV)(Failure to Deliver Feedwater)(Safety Dep. for 3.10E-10 16,96 |
Bleed Falls)

5.41E-09 * 16.00

This value represents the mean of the combined Loss ofIIVAC accident sequences, and not the sum of*

the mean for each sequence.

1

r

%'

Amendment V
April 29, 1994
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\ TABLE 19.9.2.131

(Sheet 1 of 3)

CORE DAMAGE FREOUENCY CONTRIBUTIONS FOR
ANTICIPATED TRANSIENT WITHOUT SCRAM (ATWS)

CORE DAMAGE SEOUENCES

Core Damage Frequency
Contribution

Sequence Error
Number Seouence Events / Year Fador

ATWS-3 (ATWS)(Delivery of Emergency Feedwater OK)(Boron - -

Delivery to RCS OK)(Long-Term Decay Heat Removal
Fails)(Feed & Bleed OK)(Failure to Cool IRWST)

ATWS-4 (ATWS)(Delivery of Emergency Feedwater OK)(Boron 6.27E-15 12.80
Delivery to RCS OK)(Long-Term Decay Heat Removal
Fails)(Safety Dep. for Bleed OK)(Safety Injection
for Feed Fails)

Q ATWS-5 (ATWS)(Delivery of Emergency Feedwater OK)(Boron 4.48E-14 14.97 |
Delivery to RCS OK)(Long-Term Decay Heat Removal
Fails)(Safety Dep. for Bleed Fails)

ATWS-7 (ATWS)(Delivery of Emergency Feedwater OK)(Failure 5.35E-12 18.02 |
to Deliver Boron to RCS)(Feed & Bleed OK)(Failure
to Cool IRWST)

ATWS-8 (ATWS)(Delivery of Emergency Feedwater OK)(Failure 1.06E-10 18.12 |
to Deliver Boron to RCS)(Safety Dep, for Bleed OK)
(Safety Injection for Feed Fails)

ATWS-9 (ATWS)(Delivery of Emergency Feedwater OK)(Failure 2.92E-09 23.04 | ;

to Deliver Boron to RCS)(Safety Dep for Bleed Fails) !

ATWS-10 (ATWS)(Failure to Deliver Emergency Feedwater) 2.72E-10 7.58 |

f
(

Amendment V
April 29, 1994
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OTABLF; 19.9.2.13-1

(Sheet 2 of 3)

CORE DAMAGE FREOUENCY CONTRIBUTIONS FOR
ANTICIPATED TRANSIENT WITIIOUT SCRAM (ATWS)

| CORE DAMAGE SEOUENCES
|
|

I Core Damage Frequency
Contribution

Sequence Error
,

! Number Seouence Events / Year fador

| | ATWS-16 (ATWS)(Consequent SGTR)(Delivery of Emergency Feed- 3.49E-10 10.76
'

to Intact SG OK)(Safety Injection OK)(RCS Pressure

Control Fails)(Affected SG isolated)(Failure to Maint.
Secondary lleat Removal)

| ATWS 18 (ATWS)(Consequent SGTR)(Delivery of Emergency Feed- 2.13E-13 18.13
! to Intact SG OK)(Safety injection OK)(RCS Pressure

Control Fails)(Failure to Isolate Affected SG)
(Failure to Maint. Secondary lleat Removal)

| ATWS-19 (ATWS)(Consequent SGTR)(Delivery of Emergency Feed. 2.55E 12 17.43
to Intact SG OK)(Safety Injection OK)(RCS Pressure

Control Fails)(Failure to Isolate Affected SG)
(Failure to Re-fill IRWST)

|

ATWS-20 (ATWS)(Consequent SGTR)(Delivery of Emergency Feed- 4.55E-10 10.10 |
to intact SG OK)(Failure of Safety Injection) |

|

ATWS-22 (ATWS)(Consequent SGTR)(Failure to Deliver Emergency - -

Feedwater to Intact SG)(Safety Injection OK)(Safety
Dep. for Bleed OK)(Failure to Cool IRWST)

| ATWS-23 (ATWS)(Consequent SGTR)(Failure to Deliver Emergency 9.51E-14 23.35
Feedwater to Intact SG)(Safety injection OK)(Safety
Dep. for Bleed Fails)

ATWS-24 (ATWS)(Consequent SGTR)(Failure to Deliver Emergency - -

Feedwater to Intact SG)(Safety injection Fails)

O
Amendment V
April 29, 1994
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% ,/ TABLE 19.9.2.13-1 |j

|

(Sheet 3 of 3)

l

CORE DAMAGE FREOUENCY CONTRIBUTIONS FOR 1

ANTICIPATED TRANSIENT WITIIOUT SCRAM (ATWS) I

CORE DAMAGE SEOUENCES

Core Damage Frequency
Contribution

I

| Sequence Error |

| Number Seouence Events /Yeat Estut

ADVS-26 (ATWS)(Failure to Rescat PSV)(Safety Injection OK) 9.55E-13 9.58 |
(Failure to Cool IRWST)

ATWS-27 (ATWS)(FAIL to Reseat PSV [PSV LOCA])(Safety Injec- 1,21E-11 10.32 | l
tion Fails)

]
ATWS-28 (ATWS)(Failure of Sufficient PSVs to Open) 3.85E-10 11.64

ATWS-29 (ATWS)(Adverse MTC) 4.72E-08 8.91 |

| ATWS-30 (ATWS)(MTC Between .3 and .42 and 1 2.00E-10 11,.11 | I
f PSV Fails to Open) j

4.90E-08* 12.04 |
:

This value represents the mean of the combined ATWS accident sequences, and not the sum of the mean*

for each sequence.

|

)v

! Amendment V
April 29, 1994
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| d 19.9.3 CORE DAMAGE FREQUENCY CONTRIBUTIONS FOR DOMINANT
ACCIDENT SEQUENCE 8 FOR EXTERNAL EVENTS

19.9.3.1 Tornado Strike Event |
l

A description of the Tornado Strike event tree and the mitigating 1

| systems is given in Section 19.7.2.3 of this report. Table
'

19.9.3.1-1 presents the Tornado Strike event sequences and Tables,

| 19.9.3.1-2 through 19.9.3.1-9 present the dominant cutsets for each
of these sequences. The contribution to the core damage frequency
resulting from sequences associated with a tornado strike event is
2.53E-7 per year.

Three core damage sequences with frequencies greater than 1.00E-09
per year were identified for tornado strike event. The designator

| for each of the three sequences is TRND-4, TRND-SBO, and TRND-5
i respectively. The dominant cutsets for each of these sequences are

discussed below.'

The first or most dominant Tornado Strike event sequence is TRND-4.
This sequence includes a tornado strike, successful reseating of
the Primary Safety Valves (PSVs), successful delivery of emergency

| feedwater, failure of long-term decay heat removal, successful
'

bleed operation, and failure of feed operation. In this scenario,
the Emergency Feedwater System (EFWS) is used to remove decay heat
from the RCS until shutdown entry conditions are reached. Once theO shutdown entry conditions are reached, the Shutdown Cooling Systemi

| (SCS) is used for the long-term decay heat removal. If the SCS
| fails, the only other means of removing heat from the reactor core
: is by the Feed and Bleed operation. Thus, a failure of either the

Safety Injection System (SIS) for feed or the Safety
Depressurization System (SDS) for bleed will result in core damage.

| Following the tornado strike, the dominant failures of the basic
| events that cause sequence TRND-4 to occur include Station Service

1

| Water System (SSWS)' intake structure blocked by tornado generated I
; debris. Blockage of the intake structure causes the emergency l

I diesel generators to become inoperable due to loss of cooling
water. As a result, power for long-term heat removal equipment is
also lost. The sequence cutsets for TRND-4 are presented in Table

j 19.9.3.1-3.

| The second dominant Tornado Strike event sequence is TRND-SBO.
| This sequence is a tornado induced station blackout with battery

depletion. This event is treated as a special event. Following a
tornado strike station blackout event, both offsite and onsite |
(diesel generators) power are unavailable. Therefore, the only
mitigating system available is the Emergency Feedwater System
(EFWS) turbine-driven pumps since these pumps are provided with 125
VDC control power. However, when the batteries are depleted after
8 hours, there would be no mitigating system available and core
damage will occur.
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Following the tornado strike, the dominant failures of the basic
,

! events that cause sequence TRND-SBO to occur include the failures
j that results in thi diesel generators and batteries being

| unavailable. The se. Mence cutsets for TRND-SBO are presented in
Table 19.9.3.1-9.

The third dominant Ternado Strike event sequence is TRN0-5. This
sequence includes a tornado strike, successful reseating of the
PSVs, successful delivery of emergency feedwater, failure of long-

| term decay heat removal and failure of SDS for bleed operation.

| This sequence is similar to TRND-4, except the bleed portion of the
Feed and Bleed fails. For this sequence, failure of the SDS'

results in the inability to remove decay heat from the reactor
core, and therefore, core damage will occur.

Following the tornado strike, the dominant failures of the basic
events that cause seq 2ence TRND-5 to occur include the SSWS intake
structure blocked by tornado generated debris, and the operator
fails to initiate Feed and Bleed. Blockage of the intake structure
causes the emergency diesel generators to become unavailable due to
loss of cooling water. As a result, power for long-term decay heat
removal equipment is also lost. The sequence cutsets for TRND-5
are presented in Table 19.9.3.1-4.

The core damage frequency for each of the other tornado strike
,

sequences is less than 1.00E-09. The cutsets for these non-'

dominant sequences are presented in Tables 19.9.2.1-2 (TRND-3),
19.9.3.1-5 (TRND-8), 19.9.3.1-6 (TRND-9), 19.9.3.1-7 (TRND-11) and
19.9.3.1-8 (TRND-12). No cutsets were generated for the tornado
strike sequence TRND-7 because the core damage frequency is below
the cutoff value.

|

|

|
|

O
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TABLE 19.9.3.1-1'

CORE DAMAGE FREOUENCY CONTRIBUTIONS FOR
TORNADO STRIKE EVENT (TRND)

CORE DAMAGE SEOUENCES

Core Damage Frequency
Contribution

Sequence - Error
Number Seauence Events / Year Factor

TRND-3 (TRND)(PSV Reseat)(Delivery of Emergency Feedwater 1.52E-10 7.82
OK)(Long-Term Decay Heat Removal Fails)(Feed &i

( Bleed OK)(Failure to Cool IRWST)

TRND-4 (TRND)(PSV Reseat)(Delivery of Emergency Feedwater 2.50E47 6.36
OK)(Long-term Decay Heat Removal Fails)(Safety
Depressurization for Bleed OK)(Safety injection for
Feed Fails)

TRND-5 (TRND)(PSV Reseat)(Delivery of Emergency Feedwater 4.08E-09 8.99
O OK)(leng-Term Heat Removal Fails)(Safety|

i ! Depressurization for Bleed Fails)

TRND-7 (TRND)(PSV Reseat)(Failure to Deliver Emergency - -

| Feedwater)(Feed & Bleed OK)(Failure to Cool IRWST) -
'

i

TRND-8 (TRND)(PSV Rescat)(Failure to Deliver Emergency 9.47E-10 8.65 |
j

Feedwater)(Safety Depressurization for Bleed OK)
(Safety Injection for Feed Fails)

TRND-9 (TRND)(PSV Reseat)(Failure to Deliver Emergency 1.81E-11 6.22
Feedwater)(Safety Depressurization for Bleed Fails)

TRND-11 (TRND)(Failure of PSV to Reseat)(Delivery of Safety 4.67E-12 9.33 |
Injection flow OK)(Failure to Cool IRWST)

TRND-12 (TRND)(Failure of PSV to Reseat)(Failure to Deliver 7.93E-10 9.83 |
Safety Injection flow)

TRND-SBO (TRND)(Station Blackout with Battery Depletion) 1.69E-08 2A2 |t

|

2.53E-07* 7.08

This value represents the mean of the combined Tomado Strike event sequences, and not the sum of the
*

|

j mean for each sequence.

V
,
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V 19.9.3.2 Internal Fire Event

As described in Section 19.7.1.6, a detailed quantitative analysis
was not performed at this stage of System 80+ plant design since
sufficient detailed information for the cable routing and the fire
detection and fire suppression systems is not presently available.
However, a scoping evaluation was performed to assess the risk due
to internal fires which is described in Section 19.7.3.3. This
scoping evaluation quantification was performed by substituting the
fire frequency value determined in Section 19.7.3.2 for the
initiating frequency in the sequence cutsets for the " Loss of One
Division of CCW" model and requantifying the cutsets. It was
conservatively assumed that the fire failed all equipment in the
affected division. However, loss of CCW does not affect certain
components such as the turbine driven EFW pumps and the Rapid
Depressurization Valves. Therefore, the failure rates for
components in the division affected by the fire that were not
affected by loss of CCW but would be affected by the assumed fire
were set to 1.0 for the requantification. The contribution to the
core damage frequency due to fire outside the containment is
determined to be 6.1E-8 per year.

A fire that is assumed to fail all equipment in the affected
division will cause the loss of two CCW pumps, one charging pump,

[] and, depending on the affected division, the loss of the Dedicated
\ / Seal Injection System (DSIS) pump. Assuming that both the charging
'" pump and the DSIS pump are failed due to the fire, the failure of |

the charging pump in the unaffected division would result in loss
of seal injection flow to two of the RCPs due to loss of flow from

|

the charging pumps and the DSIS pump. (NOTE: The seal injection |
line contains a normally open motor operated isolation valve that i

fails as is on loss of power and an air operated temperature
control valve that fails open on loss of air or power. In
addition, there is an air operated valve in the seal injection
header line to each RCP. These valves also fail open on loss of
air or power. A fire that resulted in loss of air or power to
these valves would not cause an isolation of the seal injection
flow path to the RCP seals.) The fire is also assumed to cause
failure of the CCW pumps in the affected division. This, coupled
with loss of seal injection flow due to the loss of the charging
pumps and the DSIS pump', results in loss of seal injection and seal
cooling to two RCPs. The NRC contends that under these conditions
the RCP seals will fail and result in a LOCA. Based on the robust
seal design for the RCPs used in the System 80+ design and on the
results of tests and operating experience, ABB-CE asserts that the
RCP seals will not fail. (See Section 19.4.8.3 and Section
19.10.4.) However, in the interests of completeness, an assessment
of the potential for a fire induced RCP seal LOCA was included as
part of the quantitative fire scoping evaluation.

m

(G\
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|Core Damage due to fire induced RCP seal failure could be modeled
by the following logic equation:

CDRCP Seal = (Fire Occurs in one division) AND (Seal
Injection from unaf fected charging pump fails) ;*

AND (RCP Seal Fails Given Loss of Cooling and J
; Seal Injection) AND (Safety Injection System

Fails to Mitigate the RCP Seal LOCA)

A simple fault tree model of the above equation was constructed
with basic events for " Fire" and "RCP Seal Failure" and fault tree
models for Safety Injection and Seal Injection. The Safety
Injection System Fault tree model was modified to represent only
one division. The Charging system model was modified to include
only one charging pump, one gravity feed line from the BAST and the
seal injection line valves. Only one division of support systems
was available for both models. The scoping fire occurrence
frequency, as calculated in Section 19.7.3.2, is 4.56E-02 per year.
As calculated in Section 19.10.6, the probability of an RCP seal
failing given loss of cooling and seal injection to two RCPs is
8.2E-03 per demand.

Based on the above information, the core damage frequency due to a
postulated fire induced RCP Seal LOCA was estimated to be 5.2E-10
per year.

In NUREG-1150, 0.6 was used as the probability of RCP seal failure
given loss of seal cooling and seal injection. This value is
applicable only to Westinghouse pump seals. The Westinghouse RCP
seal design evaluated in NUREG-1150 is significantly different from
the CE-KSB seal design. If the NUREG-1150 RCP seal failure rate is
used instead of the RCP seal failure rate calculated based on CE
operating experience and test data, the estimated core damage-

frequency due to a postulated fire induced RCP seal LOCA increases
from 5.2E-10 per year to 3.8E-8 per year.

The containment is a single fire zone. The containment contains
safe shutdown equipment from both divisions. This equipment
includes the motor operated Shutdown Cooling suction isolation
valves for each division, the Rapid Depressurization Valves, and
instrumentation associated with the steam generators.

A fire inside containment that would damage all equipment inside
containment is not believed to be credible because of the limited
amount of combustibles inside containment, the spatial separation
of equipment, and the physical barriers within containment. Thus,
the maximum credible fire would only affect a limited complement of
equipment inside containment. The fire protection hazard analysis
for safe shutdown following fire inside containment in Section
9.5.1.3.8 and the evaluation of protection of redundant functions
in Section 9.5.1.3.9 conclude that a fire inside containment will
not damage redundant safo shutdown functions.
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19.9.4 INSIGHTS

j A review of the core damage frequency contributions shows that not
'

all of the accident sequences delineated in Section 19.4 of this
report are significant contributors to core damage. The tables
presented in Section 19.9.2 of this report were used to identify
the accident sequences that are significant contributors to the
overall core damage frequency for internal events. Because several
thousand cutsets were generated during the quantification process,
the ' cutsets for accident sequences with frequencies less than
1.00E-12 per year were considered to be non-significant |
contributors and were therefore eliminated from further
consideration. The cutsets for accident sequences that survived
this screening process were then merged to provided a master list
of cutsets for the internal initiators. These cutsets are used to

! calculated the importance measures at the system level and also at
! the component level.
|
| 19.9.4.1 System Importance

Risk Achievement and Risk Reduction importance measures were also
calculated for the mitigating systems of the System 80+ design.
These importance measures provided insights regarding how each
system influences the overall core damage frequency for internal

O events. The system importance measures are defined as follows:
\ /

A. RISK ACHIEVEMENT WORTH - The Risk Achievement Worth is
expressed as a ratio giving the factor by which risk increases
due to a system not being available. The Risk Achievement
Worth importance measure is expressed as:

RA = F(top /S=1)/F(top).

B. RISK REDUCTION WORTH - The Risk Reduction Worth is a measure
of the risk that would be reduced by reducing the
unavailability of the system of interest to zero. The Risk
Reduction Worth importance measure is expressed as:

RR = F(top)/F(top /S=0).

Where, in the above expressions:

F(top) - is the overall core damage frequency,
F(top /S=0) - is the overall core damage frequency

given that system S is available,
F(top /S=1) - is the overall core damage frequency

given that system S is not available.

In performing the importance analysis at the system level, the
master list of cutsets is quantified to determine the point

(A) estimate value for the overall core damage frequency of internal
v
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1 Oevents. This value is referred to as the base case and is used to
quantify the above importance measures.

The Risk Achievement Worth at the system level is calculated in a
manner which is similar to the way in which it is calculated using
the expression given above. At the system level, all components
within the master cutset file that are associated with the system
of interest are assumed to fail (i.e., the component probabilities
are set to 1.0) and a new value for the overall core damage
frequency is then re-quantified. The ratio of this new core damage
frequency to the base case frequency is the estimated Risk
Achievement importance measure for the system.

The Risk Reduction Worth at the system level is calculated by
assuming that the components associated with the system of interest
never fails (i.e., the component probabilities are set to 0.0). A
new value for the overall core damage frequency is then calculated
using this assumption. The ratio of the base case value to this
new value is the estimated Risk Reduction importance measure for
the system.

The system level measures of importance are provided in Table
19.9.4-3 for the System 80+ mitigating systems. The results are
sorted on the Risk Achievement measure, with the most important
systen (highest Risk Achievement Worth) listed first followed by
the next and the least important (lowest Risk Achievement Worth)
listed last. The table shows that the Emergency Feedwater System
(EFWS) and the Electrical Distribution System (EDS) would adversely
impact the overall core damage frequency for internal event the
most, and the insights for these systems are therefore discussed
below.

Table 19.9.4-1 shows that if the EDS were assumed to always fail,
then the calculated frequency of core damage for internal events
would increase by a factor of 4.01E+05 (Risk Achievement Worth).

| This shows that the EDS would probably have a significant impact on
the overall core damage frequency for internal events if the
reliability of EDS components were allowed to decrease
substantially. Except for the relatively small number of passive
systems, the EDS supports all the mitigating systems modeled in the
System 80+ PRA. The EDS provides power at various voltage levels
to the major equipment of the mitigating systems as well as other
supporting systems. Without power the active mitigating systems
would be unable to perform their functions when required. The Risk
Reduction importance measure for the EDS shows that the overall
core damage frequency for internal events would decrease by
approximately 5% if the EDS were assumed to be always operating
(i.e., the EDS never fails). Although generic reliability data is
used in the System 80+ PRA, a good maintenance and inspection
program should be developed and implemented to enhance the

Amendment V
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V The top fifty basic events in the importance list include four

independent faults. Three of which are associated with the
condensate storage tank makeup valves. A manual valve and check
valve in series are provided to allow makeup from the condensate |

'

storage tank to the emergency feedwater storage tanks. As
previously discussed, when the inventory in the emergency feedwater
storage tanks is depleted makeup from the condensate storage tank |

must be provided to continue the secondary heat removal process. |

The makeup valves of the condensate storage tank must open in order !
to replenish the inventory of the emergency feedwater storage
tanks. If the manual valve were assumed to never open, then the
core damage frequency would increase by a factor of 1.30E+02. In
a similar manner, the core damage frequency would increase by a
factor of 1.28E+02 if the check valve were assumed to never open.
It is believed that these valves will be located outside the
nuclear annex. Therefore, these valves should be provided with
reasonable protection from the effects of the environment in which
they are located. Proper and adequate access to the manual valve
should be provided so that the operator is not hindered or impeded

'

in performing the actions required to establish makeup to the
emergency feedwater tanks. The fourth independent fault is
associated with failure of the PSVs to reseat following a loss of
condenser vacuum event. Following a loss of condenser vacuum
event, the primary pressure may increase to the lift pressure of,,

( \ the PSVs. If these valves open, they should reclose once the( ,) primary pressure decreases below the lif t pressure of the PSVs. If
it is assumed that the PSVs open and never reclose following a loss
of condenser vacuum event, then the core damage frequency would
increase by a factor of 3.31E+02.

:
The results of the importance analysis for the first top fifty
basic events show that the importance of the basic events ranges
f rom 8. 53E+05 to 1. 66E+01. The majority of basic events within the |
top fifty include common cause failure of components. This

,

I

indicates, with the exception note above, that the core damage
frequency of System 80+ design would not increase significantly if
a single independent component hardware failure were to occur.
Several design features and enhancements have been incorporated
into the System 80+ design, thus improving the system reliabilities
which in turn cause the core damage frequency to decrease
substantially when compared to current generation light water
reactors. The alternate AC source is included as an enhancement of
the System 80+ design. The primary purpose of this enhancement is
to accommodate the loss of offsite power events. If this

.

enhancement were not available, the core damage frequency would
increase by a factor of 1.43, according to the results of the
importance analysis. It should be noted that the alternate AC
source was treated as recovery action and as such was not
explicitly included in the system models. It is therefore,
conceivable that the frequency of certain accident sequence cutsets

,

(~N) may have been lowered below the screening value when the alternate(
V AC source was considered and these cutsets were therefore not

included in the master cutset list. Because of this, it is
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believed that the importance of the alternate AC source may be
higher than the value obtained from the importance analysis, and of
such adequate programs should be in place to ensure the reliability
of the alternate AC source.

The importance analysis shows that the core damage frequency for
internal events would increase if the reliability of certain
components decreased. In performing the System 80+ PRA, generic
reliability data was used. This generic data is based on current
generation of light water reactors that are in commercial
operation. As a result, the data reflects inservice inspection and
maintenance programs which are utilize within the industry. These
programs have incorporated acceptable engineering practices,
operating procedures, and manufacturer's recommendations regarding
the reliability, maintainability, and inspectability of plant
equipment. Therefore, to maintain the current risk level for the
System 80+ design, a good maintenance and inspection program should
be developed and implemented to enhance the reliability of the
electrical buses, motor control centers, and load center
transformers. The program should also target the reliability of
motor-operated valves. Programs and procedures should be developed
to minimize or prevent common or related failures of redundant
equipment, especially those used in safety related systems.

O

I

O
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19.10 SENSITIVITY ANALYSES - LEVEL 1

As discussed in Section 19.2.7, PRAs include a number of data
analysis and modelling assumptions. A set of eleven sensitivity
analyses were run to evaluate the potential impact of modelling and
data analysis assumptions for the System 80+ PRA. The initial
quantification of core damage frequency was performed in four |

steps:

1) The core damage cutsets were generated for each core
damage sequence.

2) Recovery analysis was performed for each core damage
| sequence and the cutsets for each core damage sequence
'

were requantified.

3) All core damage sequence cutsets associated with each
initiating event were combined into initiating event core
damage cutset' files. Each initiating. event core damage
cutset file was quantified to generate an overall core
damage frequency for each initiator.

4) The initiating event core damage cutset . files were-
combined to form a Total Core Damage Cutset File. The
cutsets in this file were requantified to generate the |
total core damage frequency. '

| Several of the sensitivity analyses were performed by requantifying -
| the Total Core Damage Cutset File with temporary data changes in
j the data base files. The following paragraphs describe the
| individual sensitivity analyses and there results. Table 19.10-1
| summarizes the results of the sensitivity analyses.

19.10.1 OPERATOR ERROR RATE - GENERAL

The System 80+ fault trees and event trees include basic events
representing failure of the operators to perform specific tasks.
The probability that the operator failed to perform the specified

i

tasks was determined using the SHARP" methodology as described in !

Sections 19.2.5 and 19.5.5. There is uncertainty in the
quantification of Human Error Probabilities (HEPs) because of the |

various assumptions that are made in the ' calculation process.
Previous PRAs have shown that the core damage frequency can be
sensitivity to the HEPs used in the . analysis. A sensitivity
analysis was performed to determine the potential impact on the
System 80+ total core damage frequency. All operator error rates
presented in Table 19.5-5 and the non-recovery probability for
recovery action, RCVRMOV, in Table 19.5-7 were increased by one
order of magnitude and the total core damage cutset file was
requantified. The total core damage frequency increased from
1.67E-06/yr to 9.40E-06/yr, a f actor of 5.63 increase in total core |"
damage frequency. This indicates that the System 80+ PRA results
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are somewhat sensitive to human error probabilities. Table 19.10-2
presents the dominant cutsets for this sensitivity analysis. As
can be seen from these cutsets, eleven of the seventeen cutsets
with frequency greater than 1.0E-07 per year involve failure of
long-term cooling and include two or three operator errors.

19.10.2 OPERATOR ERROR RATE - CONTROL ROOM RESPONSE

In general, the operator errors included directly in the f ault tree
models or added as non-recovery actions can be classified as errors
committed before the initiating event (pre-existing maintenance
errors), failure to perform actions in the control room, and
failure to perform local actions (actions outside of the control
room. A question has arisen as to the impact on core damage
frequency if only operator actions that can be performed from the
control room are credited. A sensitivity analysis was performed to
evaluate this issue. The failure probability for all
@HFD@@@@@@@@@@@ (post-trip local action) components in Table 19.5-5
were set to 1.0 w1xh an error factor of 1.0 and the non-recovery
probability for RCVRMOV in Table 19.5-7 was set to 1.0 with an
error factor of 1.0. The Total Core Damage Cutset File was then
requantified. The core damage frequency changed from 1.67E-06/yr
to 1.89E-04/yr, a factor of 113 increase in core damage. This
indicates that the System 80+ PRA results are sensitive to the
assumption that the operators can and will perform local actions.
Table 19.10-3 presents the dominant cutsets for this sensitivity
analysis. As can be seen from this table, for most of the cutsets,
the main operator error involving failure to perform a local action
is AHFDCST, operator fails to align CST to EFW storage tanks. In
these scenarios, there is more than adequate time for the control
room operators to dispatch equipment operators to align the proper
valves. Therefore, it is considered realistic to assume that this
type of local action would be performed.

19.10.3 MOTOR-OPERATED VALVE FAILURE RATE

A large number of motor-operated valves are used in the safety
related systems in a nuclear power plant. In general, these valves
must change position to perform their safety related function. In
the past, there has been some concern that the failure rates for
motor-operated valves have been under-estimated. A sensitivity
analysis was performed to evaluate the impact of increasing all
motor-operated valve (MOV) failure rates by one order of magnitude. |

The base MOV failure rates in the .TC file (see Table 19.5-1) were |

increased by one order of magnitude. This included the base )
failure rates for VMA, VMB, VMD, VMF, VMQ, and VMT. In addition, i

|the common cause failure rate for all MOV related common cause
failures as presented in Table 19.5-3 were increased by one order i

'

of magnitude. The Total Core Damage Cutset File was then
requantified. The core damage f requency increased from 1.67E-06 to ;

8.46E-06, a f actor of 5.1 increase in core damage frequency. This 4

|
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! seals can cope with SBO Conditions without developing significant
seal leakage. However, a sensitivity analysis was performed'to
evaluate the potential impact on core damage frequency if there is
a finite probability that the System 80+ RCP seals will fail j
following a Station Blackout (SBO) or Loss of Component Cooling
Water initiating events.

The impact on core damage frequency of RCP seal failure following
an SBO can be estimated by creating a new core damage sequence,
SBORCP, generating the cutsets, and quantifying the cutsets to get
an incremental core damage frequency that can be added to the
overall core damage frequency. The new sequence can be expressed
as:

SBORCP = (Station Blackout Occurs) AND [19.10-1]
(RCP seals fail given that the SBO has occurred)
AND-(Offsite power not recovered in time to prevent
core uncovery and damage)

An SBO is defined to be a Loss Of Offsite Power (LOOP) with demand
failure of both diesel generators and failure of the Standby AC
Source. If, following an SBO, RCP failures occur, core damage can
be prevented if offsite power is restored and the injection pumps
started before core is uncovered. The available time to recover
offsite power is a function of the RCP seal leak rate. For_this'

sensitivity analysis, it was assumed that the RCP seal leak rate
was such that the time available to recover offsite power before
the core would become uncovered was one hour. The fault tree
presented in Figure 19.10-1 was used to model the new sequence,
SBORCP.

The initiating event, Loss of Component Cooling Water, will result
in the loss of cooling water flow to the seals of two of the four
RCPs. At the same time, cooling water flow to the charging pumps
may also be lost. This would result in loss of seal injection flow i

to the RCPs also. In January, 1992, ABB-CE committed to install a
| backup seal injection system to provide additional protection for
| the RCP seals given loss of seal cooling and seal injection. This
| backup system will consist of a positive displacement pump that
! will provide seal inject flow via the existing seal injection lines

in the CVCS system. In order to provide seal protection for loss
of CCW, this pump will be self cooled. The pump driver will be
powered from one of the four 4.16 KV vital buses which can be
powered by offsite power, the emergency diesel generators or the
standby AC source. This pump will be manually loaded to an,

j available 4.16 KV bus when needed.
!

| The potential impact of an RCP seal failure following loss of )
| component cooling water on core damage frequency can be estimated |

| by creating a new core damage sequence, LCCWRCP, generating the
cutsets, and quantifying the cutsets to get an incremental core
damage frequency that can be added to the overall core damage
frequency. The new sequence can be expressed as:

,

|
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LCCWRCP = (Loss of Component Cooling Water. Occurs) AND
(Backup Seal Injection System Fails) AND (RCP seals
fail given that the loss of component cooling water
has occurred) AND (Safety Injection System fails to
provide inventory control)

The fault tree presented in Figure 19.10-2 was used to represent
this sequence.

The data for all basic events on the above models, with the
exception of RCPSEAL4, RCPSEAL2, and RCPSIBU, is presented in the
data tables in Section 19.5. The calculations of the values for
RCPSEAL4, RCPSEAL2, and RCPSIBU are presented in the following
paragraphs.

ABB-CE plants are designed with Reactor Coolant Pumps (RCPs) with
multiple stages, in series, each able to hold the full prirary
pressure. The earlier plants have Byron Jackson pumps and seals
with 4 stages in a replaceable seal cartridge. The three newer
plants have KSB pumps using seals with 3 stages. Four plants are
using Bingham seals (4 stages) on BJ pumps. All of the seal
designs have the characteristic that each stage is able to hold the
full primary pressure. Reference 73 summarizes the pumps, seals
and operating experience for ABB-CE reactors. In the analysis
presented here, the full assembly of the three or four stages will
be referred to as the seal and the individual sections are called
the stages.

ABB-CE reactors have accumulated 190 reactor years of operating
experience to date. There has never been a seal induced LOCA at
any of these plants for any reason, including loss of seal cooling.

In the April 19, 1991 Federal Register Notice, the NRC announced
the release of their proposed resolution to Generic Issue 23 in
Draft Regulatory Guide DG-1008 and supporting documents. In
response to that draft, the CEOG had ABB-CE survey the CE reactor
owners and document their RCP seal performance in CEN-408"". In
addition, earlier seal events were identified from References 74
through 87. These events are both from reactor operations and
planned tests. Table 19.10-6 summarizes the events. The first two
columns give the dates and plant. Tests are noted with a "T". The
number of pumps or seals are noted in the next column. The fourth |
column gives the number of stages that were exposed to loss of
cooling. The fifth column gives the number of leaks reported. All
but one leak with reported leakage rates were 3 gpm or less. The
only exception was the 8/1/88 event where a 20 gpm leak was
observed and two stages were reported damaged in a single seal. A

,

leakage of 20 gpm is still well below the maximum capacity of the I

charging pumps for all the ABB-CE plants and therefore not a LOCA. j
Even under SBO conditions, this rate of coolant loss would not lead i
to core uncovery until well over 24 hours which is well over the |
NRC mandated " coping time" of 4 hours. This one event was |

considered as a common cause failure and used in calculating S. In

i
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C/ some cases, the pumps were kept running for a period after cooling !
'

loss. These conditions are considered more severe than SBO
conditions because more heat is imparted into the seal. No events
(with or without seal cooling) at ABB-CE reactors have been seal
LOCAs.

Details of the exact type of damage to the stages was lacking in
most event descriptions. In normal operation the seals leak
slightly by design (about 1 gpm bleed-off). This bleed-off is
necessary for lubrication. In most events, no increase in bleed- ,

off was observed. Where there was an increase in leakage, most |
Ireported leakages were 3 gpm or less. In a few events it was

reported that a stage was damaged.

The approach taken in this analysis was to first calculate the
conditional probability of a stage failure given loss of cooling I

and then calculate the probability of having all three or four 4

stages in a single seal fail by using the Multiple Greek Letter |

Method *. First, optimistic and pessimistic stage failure rates |
were estimated. The optimistic failure rate was based on the
assumption that the only stage failures were the events where a j
stage failure was reported. The pessimistic failure rate was j
estimated assuming that any increase in leakage was caused by a i

stage failure. The median value was then calculated by assuming a |

\ ]/[ log-normal failure probability distribution and the optimistic |

f ailure probability represented the 5% fractile and the pessimistic )'' estimate represented the 95% value. |
|

Having calculated the probability that a single stage would fail,
it is now possible by using the multiple greek letter method of
common cause failure analysis, to calculate the probability that 3
or 4 consecutive stages in a complete seal would fail
simultaneously. The equation for the probability of a complete
seal assembly failing is:

Q=S*y* 6 *P [19.10-2]m

where: Q= probability per demand of total seal
failure given loss of cooling.

#= conditional probability that the common cause
of a component f ailure will be shared by one or

| more additional components.

y= conditional probability that the common cause
of a component f ailure that is shared by one or
more components will be shared by two or more
components additional to the first.

6= conditional probability that the common cause(g') of a component failure that is shared by two or
( ,) more components will be shared by three or more

components additional to the first.

!
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and P,t g. total failure probability of a stage due to=

all independent and common cause events.

There was one event where two stages were reported as failed. This
permits the calculation of S. Since no events reported the loss of
three or more stages, the values used for y and 6 will be
recommended values' of 0.5 and 0.9 respectively. For a three stage
seal, 6 = 1.0.

The optimistic estimate of the stage failure probability is based
on reported stage failures and assigned a 5% fractile in a
probability distribution. From column 6 of Table 19.10-6 there
were 6 reported stage failures in 245 stage exposures or 2.45E-2/d.
The 95% fractile was based on the assumption that any 'eakage
increase was a stage failure (column 4 of Table 1) and is 15 stages
in 245 stage exposures or 6.12E-2/d. Assuming that the failure
probability distribution is log normal, the median value is the
square root of the product of these two extremes and is equal to
P,t.g. = 3.87E-2/d.

# is the ratio of stages that failed in a common mode to the total
number of failed stages. With the 8/1/88 event being the only
common mode failure, # = 2/(3.87E-2 * 245) = 0.211.

The equation for the probability , Q, of a complete seal assembly
to fail given loss of cooling is:

Q=$*7* 6 * P ,t,9, [19.10-3]
where: Q= f ailure probability per demand of RCP seal

given loss of cooling

S= 0.211

7= 0.5

6= 0.9 for four stages
1.0 for three stages

and P,,t g,= 3.87E-3/d

This results in:

Q4 .t ge. = 3.7E-3/d

Q3 t..ge. = 4.1E-3/d |

For a Station Blackout event, all four RCP seals are exposed.
Therefore the probability of a seal LOCA is four times that for a

|

single RCP. Thus:

RCPSEAL4 = 4 * 4.1E-03 = 1.64E-02/ demand.

Amendment M
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V An error factor of 3.0 was assigned to this value.

For a Loss of One Division of Component Cooling Water, only two RCP
seals are exposed. Therefore, the probability of an RCP seal LOCA
is two times the base RCP seal failure probability. Thus:

I
' RCPSEAL2 =2 * 4.1E-03 = 8.2E-03/ demand.
I
| An error factor of 3.0 was assigned to this value.
!

| As stated above, this backup system will consist of a positive
| displacement pump that will provide seal inject flow via the

existing seal injection lines in the CVCS system. In order to
provide seal protection for loss of CCW, this pump will be self
cooled. The pump driver will be powered from one of the four 4.16
KV vital buses which can be powered by of fsite power, the emergency
diesel generators or the standby AC source.

Only a general design for the standby seal injection system has |
been developed. However, a system unavailability can be estimated

| based on the above information. The system will have one positive
displacement pump. For the purposes of this analysis, it is'

assumed that a motor driven pump will be used. The following
information was extracted from the KAG* :

v) P(f) = 2.5E-05/ hour for a motor driven pump.(

Q = 2.0E-03/ demand

Assuming a mission time of 24 hours, the system unavailability
contribution due to the pump is:

U = 2.0E-3 + 24 * 2.5E-05 = 2.6E-03.p

It is also assumed that the system will have four motor-operated I

valves that will have to open. It is assumed that these valves
will be powered from the 125 VDC vital buses. Based on data in the j
KAG m , the unavailability contribution attributable to the valves |
not opening would be: I

Qy =4 * 4.0E-03/ demand = 1.6E-02

Thus the total estimated unavailability of the system is:

U, = U + Qy = 2.6E-03 + 1.6E-02 1.9E-02=
p

For the purposes of this analysis, this value was rounded up to
5.0E-02 to account for operator errors. Thus:

RCPSIBU = 5.0E-02

) An error factor of 5.0 was assigned to this value.(w)

Amendment P
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The fault trees for SBORCP and LCCWRCP were quantified using the
data above and the base failure data from Section 19.5. The
resultant core damage frequency for SBORCP was 3.59E-09/ year. The
resultant core damage frequency for LCCWRCP was calculated to be

| 1.04E-09. Thus, the calculated increase in core damage frequency
attributable to RCP Seal LOCAs would be 4. 63E-09. This would be an

'

increase of less than 1%. Thus, the System 80+ PRA core damage
; frequency results are not sensitive to the assertion that the RCP

seals will not fail following an SBO. Additional analyses were
performed to further evaluate the impact on core damage frequency
of variations in the assumed conditional probability of RCP seal
failure on SBO. The values used for the conditional RCP seal
failure rate in these analyses included the 5th percentile values
for RCPSEAL4 and RCPSEAL2, the 95th percentile values and an order
of magnitude increase for the mean values. In addition, the impact
of the conditional RCP seal failure rate value of 0.6 used in

| NUREG-1150* was evaluated. The 0.6 value is applicable only to the
Westinghouse seal design which is known to have RCP seal leak
problems on station blackout. The Westinghouse RCP seal design
evaluated in NUREG-1150 is significantly different from the CE-KSB
seal design

As shown on Figures 19.10-3 and 19.10-4, Station Blackouts with an
assumed RCP Seal LOCA do not cause a significant increase in the
total System 80+ core damage frequency over the entire range of
evaluated conditional seal failure probabilities. Even using the
conditional seal failure probability for Westinghouse seals would
result in only a 10% increase in total core damage frequency.
Thus, the System 80+ core damage frequency is not sensitive to the
assertion that the RCP seals will not f ail as a result of a station
blackout. These sequences would be expected to have little impact
on the containment performance analyses because they are similar in
nature to other sequences that have been evaluated and SBORCP and
LCCWRCP have low frequencies (less than 1% of the total). For
example, LCCWRCP would map into PDS 167 which has a total frequency
of 5.2E-08 (see Table 19.12.1-7).
19.10.7 COMPONENTS UNAVAILABLE DUE TO MAINTENANCE

Components in safety related systems are periodically tested per
technical specification requirements. In some cases, the
components may be unable to perform their safety related function
during the test. In addition, if the component is found to be
f ailed during the test, it is taken out of service for maintenance.
While the component is out of service for maintenance, it is unable
to perform its safety related function. Component unavailability
due to test and maintenance was included in the System 80+ PRA
modeln. The basic events for component unavailability due to test

,

and maintenance are presented in Table 19.5-4. A sensitivity |
analysis was performed to evaluate the impact on core damage i
frequency if it was assumed that all components were able to l

perform their safety related function while in test and that no
maintenance was performed on safety related equipment while the ,

!
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plant was at power. .This was done by setting the' failure rate for I

all basic events in Table 19.5-4 to 0.0 and re-quantifying the U
total core damage cutset file. The total core. damage frequency did i

not change from the base value of 1.67E-06/yr. ' This indicates that | |
the results of the System 80+ PRA would not improve if there was no
testing or maintenance unavailability for . safety related
components.

-19.10.8 ADVERSE MTC

An ATWS is an event in which an anticipated transient occurs but
the reactor is not shutdown'by automatic insertion of the control-
rods. One factor that influences the progression of an ATWS event ,

is .the Moderator Temperature Coefficient (MTC) . If the MTC is more
'

positive than a.. calculated critical value, the peak RCS pressure
;will exceed the level C stress limit pressure and a non-mitigatable
lLOCA is assumed to occur (see Section. 19.4.13.1). For System 80+,

the critical MTC was calculated to be -0.30E-4 Ap/'F. For.MTC'
values more positive than -0.30E-4 Ap/ F, the peak RCS. pressure

.'

will exceed the level C stress limit pressure if less than three
{'

PSVs open. For System 80+, it has been determined.that the MTC .

value should be less than -0.30E-4 Ap/*F for 99% of the core: life '

(see Figure 19.5-2). The dominant ATWS. core damage. sequence'is *

(ATWS occurs) AND.(MTC is adverse). A sensitivity analysis was.run
to evaluate the impact on core damage frequency ' if the MTC was

. found to be adverse over a larger fraction of~the core life. For
this sensitivity analysis, the value for SE-MTC, _ adverse MTC, in'

the CAFTA data base was increased from 0.01 to'O.1, and the Total
Core Damage Cutset File was requantified. The total core ~ damage
frequency increased from 1.67E-6/ year to 2.18E-6 per year, a factor |of 1.3 increase in core damage frequency. .This indicates that the
overall System 80+ core damage frequency is not very sensitive to
the adverse MTC probability.

!
19.10.9 LOSS OF OFFBITE POWER FREQUENCY !

For the System 80+ PRA, the core damage - frequency contribution
| attributable to events initiated by a Loss Of Offsite Power (LOOP)

j
|- was calculated to be 2.8E-08/ year. .This represents only 1.8% of |

'

the total core damage frequency for internal events. In past PRAs,
'

the core damage frequency attributable to LOOP has been greater in
both absolute value and relative contribution to the total. There jare a number of reasons for the reduction in the core damage j

frequency contribution for LOOP for System 80+. These include the '

capability of the main turbine / generator .to. runback and pickup
| hotel load on loss of offsite power, two separate switchyards for

incoming power, a four train EFW system with two 100% capacityt

turbine driven pumps, 6 vital' batteries which provide an 8 hour
coping capability and a standby combustion turbine which can backup -
the diesels; Based on the first three features described in the

i preceding sentence, the Loss.Of Offsite Power (LOOP) . initiating
{event was defined as a loss of site power which required the astartup and loading of the emergency diesel generators. The~ LOOP *

Amendment T
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frequency calculated for System 80+ (see Section 19.3.3.7) is 5. 0E-
3 per year. This is almost an order of magnitude lower than a LOOP i
frequency based purely on the failure of the grid. This value, as
presented in the KAGm , is 3. 5E-2 / year. A sensitivity analysis was
performed to determine the impact on the overall core damage
frequency if the LOOP frequency was increased by an order of
magnitude. The value for the event, LOOP, was increased from 5.0E-
3/ year to 5.0E-2/ year in the CAFTA database. The Total Core Damage
Cutset Fi10 was then requantified. The total core damage frequency
increased from 1.67E-6 to 1.96E-6, an 12% increase in the total
core damage frequency. This indicates that the System 80+ overall
core damago frequency is not highly sensitive to the LOOP
frequency.

An additional LOOP sensitivity analysis was performed to evaluate
the effect of changing the base Loss of Grid frequency from
0.035/ year to 0.15/ year. The effective System 80+ LOOP frequency
for this case was 2.32E-2/ year as opposed to the base case
frequency of 5.0E-3/ year. For this case, the total core damage
frequency increased from 1.67E-06/ year to 1.82E-06/ year, a change
of only 9%. This is not a significant increase.

19.10.10 OTHER SENSITIVITY ANALYSES

19.10.10.1 Vessel Rupture

| Vessel rupture was originally evaluated in WASH 1400"C. It is
typically defined as a rupture of the vessel or a large LOCA in
excess of the ECCS capabilities. Vessel rupture is assumed to
directly lead to core damage. This event and its initiating
frequency have essentially been accepted as is since WASH 1400
because it has little impact on the overall core damage frequency
for existing plants. However, it contributes approximately 6% of
the total core damage frequency. With current materials and
current manufacturing methods, it has been questioned as to whether
or not vessel rupture is a credible event for an ALWR. A
sensitivity analysis was performed to evaluate the impact on plant
core damage frequency if vessel rupture was assumed not to be
credible. This was accomplished by subtracting the vessel rupture
core damage frequency contribution from the total plant core damage
frequency. As expected, the plant core damage frequency decreased
from 1.66E-06/ year to 1.56E-06/ year, a decrease of about 6%.

19.10.10.2 Common Cause Failures

As discussed in Section 19.9.4, the System 80+ plant core damage
frequency is dominated by common cause failures. It has been
contended that with complete divisional separation, improved staff
training, improved maintenance techniques and proper selection of
components, the potential for common mode failure can be

i

j
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essentially eliminated. A sensitivity analysis'was performed to
evaluate the impact on plant core damage frequency of the
assumption that all common mode failures'except for diesels'and |
batteries were eliminated. This analysis was performed by setting

'

all common mode failure rates except for those for diesel
generators and batteries to 0.0 and requantifying the Total Core
Damage Cutset File. The plant core damage frequency decreased by
essentially an order of magnitude, from. 1.67E-06/ year to

,

2.41E-07/ year. This is a significant decrease. Combining the )
assumption that vessel rupture is not~ credible and that common mode l

f ailure of equipment other than the diesel generators and batteries
are not credible results in a total core damage frequency of 1.41E-
7/ year. This is a factor of 11.8 decrease from the base corc
damage frequency. The combined impact of these two' assumptions on
plant core damage frequency is significant.

19.10.10.3 Startup Feedwater System Actuation

The PRA assumed that the Start-up Feedwater System (SFWS) will be
started automatically when demanded. Since the PRA was performed,
changes to SFWS actuation are being considered. These changes
include starting the SFWS manually instead of automatically as
currently assumed. As a result, an assessment of the impact of a.
manually actuated SFWS on the overall core damage frequency was

's performed. In performing this assessment it was assumed that the
y operator error probability for starting the SFWS when required is,

1.0E-02. Based on this assumption, the SFWS unavailability almost
doubled (i.e., changed from 1.25E-02 to 2.22E-02). However, there
was no measurable change in the overall core damage frequency.
This implies that the core damage frequency for ' the System 80+
design is not sensitive to whether the SFWS is ' started
automatically or manually.

O
N 1v
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19.10.11 RAPID DEPRESSURIZATION VALVE D ' ':E RATE

The Rapid Depressurization Valves (RDVs) are used to depressurize
the RCS for feed and bleed cooling if the EFW system is unavailable
or to depressurize the RCS prior to vessel failure during a severe
accident. These valves are potentially significant from a risk
standpoint. The RDVs are not tested at power due to concerns about
induced LOCAs. They are, therefore, only tested during refueling
outages every 18 months. The ALWR KAG"' provided only a demand
failure rate for motor operated valves. This demand failure rate
is most likely based on data for valves tested on a quarterly
basis. To address the 18 month test interval for the RDVs, the
demand failure rate was converted to an hourly standby failure
rate, conservatively assuming that there was no " pure demand"
component for the demand failure rate and that the demand failures
were due to standby stresses. The calculated hourly standby
failure rate was 3.65E-06/ hour. The hourly failure rate was then
used to calculate a demand failure rate for an 18 month test
interval using the equation:

Q = XT/2 (19.10.11-1)

The resultant demand failure rate is 2.4E-02/ demand for an 18 month
test interval.

The ALWR KAG"' for evolutionary plants does not present error
factors. Therefore, an error f actor of 5.0 was used to account for
the uncertainties in the raw data and the method of calculating the
demand failure probability.

Because of the importance of the RDVs, a sensitivity analysis was
performed to determine the impact on total core damage frequency of
changes in the RDV demand failure rate. In this sensitivity

| analysis, the demand failure probability was set to 1.24E-01 by
increasing the standby failure rate to 1.89E-05/ hour. The total
core damage frequency increased from 1.68-06 per year to 3.30E-06
per year. This is a factor of 1.96 increase in core damage
frequency. A second sensitivity analysis was performed in which
the beta factor used to calculate the common mode failure rate was
increased by a factor of 2. The core damage frequency increased
from 1.68E-06 to 1.80E-06, a 7.1% increase in core damage
frequency. It is thus concluded that the total core damage
frequency is slightly sensitive to changes in the RDV demand
failure probability for the 18 month test interval and is not
sensitive to the beta factor used to calculate the common mode
failure rate.

O
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19.10.12 BGTR OPERATOR ERROR FAILURE RATES

Several operator actions are required to mitigate a steam generator
tube rupture (SGTR) event. These actions are performed to minimize
the leakage of reactor coolant to the secondary side, to isolate
the ruptured generator, and to control the level and pressure of
the ruptured steam generator. By performing the following operator
actions when required, plant cooldown will occur in a timely manner
and the integrity of the secondary side will be maintained (i.e.,
prevent a steam generator bypass condition from occurring). Note
that the event which represents failure to perform the action is
shown in parentheses.

* Operator Performs aggressive secondary side cooldown
following a SGTR (AHFFASCSGTR),

Operator recloses turbine bypass valves (KHFFTBVS),*

|
Operator recloses atmospheric dump valves on rupturedt *

steam generator (DHFFRECLOSEADV),;

!

! Operator establishes RCS pressure control (PHFFRCSP)', |*
'

|

Operator opens atmospheric dump valve on ruptured steam || *

generator (DHFFADVS-SG2), I

* Operator re-fills IRWST following a SGTR- event
(UHFDRFIRWSTSGTR).

Seven sensitivity analysis cases were performed to evaluate the
impact of operator error rates on the SGTR core damage frequency. |
The first case involved increasing the above operator error rates |

by a factor of 10, collectively. The second through the seventh
case also involved increasing the operator error rates by a factor
of 10, but on an individual basis. The impact of operator error
rates on the overall core damage frequency for internal events was
also evaluated for each of the seven sensitivity cases.

After the operator error rates were increased for the sensitivity
case of concern, the SGTR core damage cutsets and the overall core
damage cutsets for the System 80+ design were requantified. The
results for the sensitivity cases are shown in Table 19.10-7.

, The results presented in Table 19.10-7 indicate that_the SGTR core

| damage frequency (Case 1) would be affected significantly by the
! cumulative effects of the increased operator error rates. The SGTR

core' damage frequency would increase from 3.01E-07 to 3.76E-06 per |
year. This is a factor of 12.5 increase in the SGTR core damage
frequency. For Case 2, the SGTR core damage frequency would
increase from 3.01E-07 to 2.79E-06 per year, an increase by a

C f actor of 9.27. The result for each of the other sensitivity cases<

shows that the SGTR core damage frequency would increase by less

Amendment V
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than a factor 2. It is thus concluded that the SGTR core damage
frequency is highly sensitive to the cumulative effect of
increasing the operator error rates by an order of magnitude. The
SGTR core damage frequency is also highly sensitive to an increase
in the operator error rate for failing to perform aggressive
secondary side cooldown by an order of magnitude. It is also
concluded that except for failure to perform aggressive secondary
side cooldown, the SGTR core damage frequency is insensitive to
individual operator error rate which is increased by a factor of
10.

The results presented in Table 19.10-7 for Case 1 also indicate
that the overall core damage frequency for internal events would
increase from 1.67E-06 to 4.37E-06 per year. The overall core
damage frequency would increase by factor of 2.6, and the increase
is caused oy the cumulative effect of increasing the operator error
rates associated with SGTR by an order of magnitude. For Case 2,
the operator error rate for failing to perform aggressive secondary
cooldown was increased by an order of magnitude. Due to this
change, the overall core damage frequency increased by a factor of

| 2.29. The results for the other sensitivity cases show that the
core damage frequency for internal events would increase by 14% or
less. It is therefore, concluded that the overall core damage
frequency for internal events is sensitive to the cumulative effect
of increasing the operator error rates associated with SGTR by an
order of magnitude. It is also concluded that the overall core
damage frequency is sensitive to an increase of an order of
magnitude to the operator error rate for failure to perform
aggressive secondary side cooldown.

|

t

|

|
|

i

O
|
|
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V SEVERE ACCIDENT PHENOMENOLOGY AND CONTAINMENT19.11

PERFORMANCE FOR THE SYSTEM 80+ PWR

19.11.1 INTRODUCTION

The PRA indicates that design improvements of System 80+ have
decreased the likelihood of core damage by a factor of about 128
over System 80. As a result of this effort a more balanced
design has been achieved, and the contribution to severe accident
risk from loss of offsite power (LOOP) events (including station
blackout) has been significantly reduced. The design

enhancements are discussed in response to NRC Requests for
Additional Information (RAIs) on CESSAR-DC and are contained
within the Level 1 PRA section.
This section provides a description of the severe accident j

mitigation features of the System 80+ design and provides a
technical basis for the severe accident phenomenology modeling
assumptions employed in the PRA. In addition it discusses
containment performance of the design for selected event

sequences leading to severe accidents. It a ?.F O contains the
responses to several RAIs relating to containment performance and
establishes a fundamental basis for the interpretation of System

'] 80+ Level 2 PRA.

_

|
1

|
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019.11.2 SCOPE

This section will describe major System 80+ severe accidentmitigation features. However, it is not intended to restate the
| basic design information found elsewhere in CESSAR-DC. Instead,this document will highlight the details of various reactor
systems, discuss them from the viewpoint of severe accidentmitigation and management and clarify the impact of thesemitigation features on the System 80+ PRA.
Section 19.11.3 describes the System 80+ severe accidentmitigation design features. The System 80+ design features
considered include (1) a large dry steel primary containment, (2)a reinforced concrete secondary containment with an annulusventilation filtration system, (3) a reactor cavity floodingsystem, (4) a hydrogen mitigation system to prevent in-containment hydrogen concentration from reaching detonation
levels, (5) a safety depressurization system, (6) a large reactor
cavity designed for retention and cooling of core debris, (7)missile protection structures, and (8) an inte grated shutdown
cooling and containment spray system.

Section 19.11.4 provides a concise discussion of severe accident
phenomenological issues and a technical basis for their treatmentwithin the System 80+ PRA. Experimental data or analyses used to
support PRA conclusions / assumptions and Supporting Logic Model(SLM) structure are identified.

Section 19.11.5 provides representative analytical assessments of
the severe accident containment performance of the System 80+design. Assessments presented in these sections are obtained
from analyses performed with an enhanced version of the MAAP 3.0BRev 16. Enhancements have been included to allow properrepresentation of unique System 80+ design features.Representative performance of the System 80+ containment to a
typical spectrum of severe accidents is provided.

Section 19.11.6 contains the conclusions with regard to the
System 80+ design's containment performance under severe accidentconditions.

O
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19.11.3 SYSTEM 80+ DESIGN FF7,.URES'FOR SEVERE ACCIDENT

MITIGATION

19.11.3.1 Containment Design .

l

19.11.3.1.1 Description of the Steel Containment |

The System 80+ containment vessel, including all its
penetrations, is a low leakage spherical steel shell which is
designed to withstand the postulated Loss-of-coolant-Accident
(LOCA) or a Main Steam Line Break (MSLB) while limiting the
postulated release of radioactive material to within the
requirements of 10 CFR 100. Additionally, the containment vessel
provides a barrier against the' release of radioactive materials
which may be present in the containment atmosphere following an

| accident.

The containment spherical shell~is 200 feet in diameter and is,

| constructed of steel plates with wall thicknesses of_two inches |
| at the anchorage region and one and three-quarter inches outside

'

the anchorage region. The material of ' construction is SA537
| Class 2 steel. The containment shell is supported by sandwiching
! its lower portion between the building foundation concrete and

the internal structure base of a spherical depression 'in an
O intermediate floor of the shield building. Shear bars are welded ;

I to the containment vessel in the embedded region to provide !

j restraint against sliding. The containment is a free standing
' structure above elevation 91'+9". The shield building (see
| Section 19.11.3.2) is a reinforced concrete cylindrical building
'

with a hemispherical dome which totally encloses the containment.

The spherical containment provides 3.34 million cubic feet of net
free volume with its internal structures arranged in a manner to
(1) protect the steel shell from missile threats (see Section
19.11.3.7), (2) promote mixing throughout the containment
atmosphere (See Figure 19 11.2.1-1), and (3) comfortably
accommodate condensible and non-condensible gas releases from
design basis and severe accidents. The internal structures,

,

which are made of reinforced concrete, enclose the reactor vessel'

and other primary system components. The internal structures
; provide biological shielding for the containment interior and
'

missile protection for the reactor vessel and containment shell.

19.11.3.1.2 Containment Shell Pressure Limits

In severe accident scenarios the containment vessel is the last
fission product barrier protecting the public from potentially
large radiation -releases. Therefore, it is of paramount
importance to provide a strong containment design to meet severe
accident internal pressurization challenges. To this end,g

i j several structural analyses have'been performed to characterize
'v/ the System 80+ containment strength. These analyses have

investigated containment strengths based on design, ASME Service,

|
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Level "C" and ultimate failure criteria. The results of these
assessments are summarized below.

19.11.3.1.2.1 Design Basis Pressure Capacity

[ To determine the design basis pressure capacity, the containment
vessel is analyzed to determine all membrane, bending and shear
stresses resulting from the specified static and dynamic design
loads. In this analysis, the vessel is idealized as a three

| dimensional thin shell using the finite element method of
! analysis. The stresses and deflections produced in the shell
| under the applied loads are calculated with the ANSYS computer

program (Reference 207).

Seismic stresses and deflections are calculated using the
response spectrum method in the ANSYS computer code. The
frequencies of vibration, corresponding modes shapes and
participation factors are determined using the normal mode

j method. Modal responses are combined as described in Regulatory
| Guide 1.92 (Reference 208). The appropriate damping level for

the applied response spectra is defined in Regulatory Guide 1.61
(Reference 209).
The containment is evaluated for buckling using a rigorous

| analysis as described in Article NE-3222 of the ASME Code. This
analysis is performed on a three dimensional model with the ANSYS'

finite element computer code using a large deflection option.
The model is the same as the three dimensional model used in the
stress analyses of Section 3.8. 2. In the analysis the deflection
under load is continuously used to redefine the geometry of the
structure, thus producing a revised structure stiffness during
iterative load steps. By observing the rate of change in
deflection per iteration, the stability of the structure can be
estimated. Two design basis loading conditions are evaluated for

| stability of the steel containment vessel: 1) a combination of
| dead weight, external pressure from inadvertent containment spray
I actuation, and seismic loads; 2) a combination of dead weight,

internal design pressure, and thermal loads using the design
basis temperature of 290 F.

A third condition is considered for stability with Severe,

'

Accident conditions; a combination of dead weight, internal
design pressure and thermal loads using an accident temperature
of 450*F.

Based on the above evaluations, the System 80+ design basis
pressure limit for containment internal pressurization was
determined to be 53 psig. The design basis differential pressure
limit for subatmospheric containment pressurizations was
calculated to be -2 psid. The analyses documented in
Section 6.2.1 of CESSAR-DC demonstrate that (1) the peak
containment pressures calculated for the limiting design basis
accident is 48.34 psig which is less than the design pressure
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19.11-4 December 31, 1993

, - _ . .. _ --



_ -. _ _ _ - .._ _

.

:

CESSAR !!na m.4

,

i
s

4

i

19.11.3.1.2.2 ASME Service Level "C" Stress Evaluation

| An evaluation was performed to determine the containment pressure
; that may be reached without exceeding the ASME Boiler & Pressure
' Vessel Code, Service Level "C" allowable stress intensities, i
I ASME Service Level "C" loading conditions allow material strains

representative of incipient yield assuming minimum material:

I properties and consequently provides a conservative estimate of
i the containment ultimate capacity.
;

The analyses considered a range of containment temperature values
,

: representative of severe accident degraded containment

| performance and the effects of dead ' weight and penetrations.
These evaluations were performed using a three dimensional ANSYSi

| model of the containment spherical shell which accounts for the
i presence of major penetrations (equipment hatch, personnel air
j lock, etc.). Results of this evaluation are presented in Figure
i 19.11.3.1-2. These calculations indicate that pressure limits
j determined in accordance with ASME Service Level "C" criteria
'

decrease. from about 145 psia at- an average steel shell.

j temperature of 290*F to 135 psia at a temperature of 450 F.

j 19.11.3.1.2.3 ' System 80+ Ultimate Capacity Evaluation for
PRA

k)
'

j 19.11.3.1.2.3.1 Structural Analysis Methodology'-

1
'

The System 80+ containment is to be. constructed from high
strength SA537 carbon steel. A feature of this material is that.

! at pressures above yield the containment stress-strain curve is
relatively flat (from a strain of 0.002 to 0.006) m (see
Reference 210). Above 0.006 strain, the material demonstrates
strain hardening. As a result of this flat strecs-strain curve,
once the yield point of the material is exceeded the shell may
rapidly grow by up to 7.2 inches. This growth is likely to be
sufficient to create a small area separation between the shell
and some of the larger penetrations.

Considering the above feature of the containment material, the
ultimate strength of the shell was established using an l

axisymmetric shell model with added local mass to represent the
shell penetrations. Ultimate containment failure was assumed to
occur (due to penetration failure) once the global shell stress
exceeds the yield point. The median ultimate containment'
strength was established by pressurizing the axisymmetric shell
model until the median material yield stress was reached. For
these analyses the median yield stress was conservatively set to
be 10% above minimum material properties (A more realistic

A
I [, m This feature is common to high strength steels used in PWR

designs.
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assessment would be 15%, see Section 19.11.3.1.2.3.2)(u. Median |
ultimate containment failure pressures are tabulated below for a

| range of containment temperatures.

Median
Temperature Yield Stress Failure Pressure|

(*F) (psi) (psia)

150 63,250 188

290 57,728 171

350 56,210 168

| 450 53,680 160

The 150 F to 450*F temperature range selected for the analysis
was based on anticipated plant transient performance during
design basis accidents, as well as " wet" and " dry" cavity severe
accident scenarios (see Section 19.11.5).
19.11.3.1.2.3.2 Considerations Regarding Containment

; Stress / Strain relations and Fragility

develop a fragility curve, it was assumed thatIn order to
failure would follow once material yield properties | i

containment i

are exceeded on a global basis. Therefore, a fragility curve was
developed which explicitly accounts for material property
variations at the yield point.

Results of a review of test data for the mechanical properties of
1.5 to 1.75 inch carbon steel plates composed of SA537 or similar
material are presented in Reference 210. Data from one hundred |and twenty two tests were considered. This data sampling
indicated that the mean yield stress of the material was 69.1 ksi
with a standard deviation of 3.3 ksi. This implies a mean
stress / minimum stress ratio of 1.15. To conservatively represent
this data, the mean value of the shell material for the ultimate
pressure analysis was set at 110% of the ASME code minimum
property for SA537 carbon steel plate. The maximum material
property was set at only 120% of the minimum value.

| Using the minimum, mean and maximum yield values defined above a
series of ultimate yield strength calculations were performed at
temperatures of 290, 350 and 450*F. Results of these
axisymmetric shell analyses are summarized in Table 19.11.3.1-1.

'" Measured stress-strain curves from a NIPPON steel plate of
similar material composition to SA537 indicated a yield

I stress of 80,000 psi.
|

L
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19.11.3.1.2.4 Containment Fragility Curve

I-
; The above failure probability information was used in conjunction !
; with containment shell design basis and service- level "C" '

analyses to establish a correspondence with System 80+ strain- 1

j calculations and containment failure. I
,

a 1

! The rules applied in constructing the System 80+ containment
'

fragility curve were as follows: |

A. The_ probability of containment failure while the containment '
i material remains well within the elastic range.of the shell

material was defined as zero. This probability was applied
to an internal pressure up to 1.5 times the design pressure

j (see Reference 107). |
1

i B. Material strains associated with the Service Level "C"
i criterion and developed using the three dimensional ANSYS |

model, were assumed to be representative of minimum local4

incipient yield conditions and will consequently have a low
j failure potential. Under these conditions the probability

of containment failure was set at 0.03.
'

i

! s C. Containment failure was considered unlikely provided the
predicted local stress using code specified minimum material |,

3 properties is below the ASME Level "C" stress on'a global |
t shell wide basis. The pressure associated with this stress !

j was based on the axisymmetric ultimate failure analysis
discussed in Section 19.11.3.1.2.3.1 and was assumed to have,

t a containment failure probability of 0.05.
!

j D. Containment failure due to failure of a penetration, was
: considered likely (probability = 0.5) once the global shell

| stress, exceeded the mean material yield stress. |

For purposes of this evaluation, the 0 was defined as7p,nomin,3
1.10* o and c = 1.2 *-cyp,,in ; minimum properties areyp,,in yp , ,,,

taken as defined by ASME code.

Using the above definition, containment failure implies a
small gradual leak around the penetration. A. global

; catastrophic failure of the containment is highly unlikely.
i

Based upon the aforementioned rules the containment fragility
-

curve was constructed using the following tabular data:e

3
1

$

4
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Internal
Pressure Failure

Pressure Level (psia) Probability

Design 68 0.00

1.5 x Design 94 0.00

ASME Level "C" (Local 3D) 145-135 0.03

ASME Level "C" (Global) 157-147 0.05

Nominal Yield (mean 172-160 0.50
properties)

Maximum Yield (max. 187-174 1.00
properties)

This method was used to translate data obtained from containment
stress analyses to fragility (probabilistic failure) curves at
temperatures typical of both early and late containment failure.
It was assumed that early failure stress curves allow greater
strength because of the lower shell temperatures expected prior
to containment failure. In these instances, containment failure
is due to a rapid pressurization process to which the shell
cannot thermally respond. The design basis accident (DBA) peak
temperature (290'F) was selected as the conservative temperature
for evaluation of the early containment failure.

Late containment failure includes a gradual overpressurization
process that takes from hours to days; therefore, failure is
expected to occur with a " hot" wall. The late containment
failure fragility curve for " wet" sequences was conservatively
established assuming the 350*F peak containment environmental
temperature. The dry cavity overpressurization scenario was a
conservative upper bound of the median shell temperature (See
Section 19.11.5).
The fragility curve generated using the pressure-failure
probability points of the above table are shown in Figure
19.11.3.1-3 for a containment environmental temperature of 290 F.
This curve is conservatively biased in the low pressure tail of
the curve and consequently results in a modestly conservative

| bias within the PRA (see Appendix 19.11H). This is confirmed by
comparison of the piecewise linear fragility curve developed in
this section with alternate methodologies employing a lognormal
containment fragility curve construction. (See, for example,
Reference 111).

O
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19.11.3.1.3 Containment Penetrations

The System 80+ containment pressure boundary is made up of the
containment shell and several mechanical and electrical
containment penetrations. These penetrations include a twenty-
two foot diameter equipment hatch, two ten foot diameter
personnel locks, containment piping penetration assemblies to -

provide for the passage of process, service, sampling- and
instrumentation pipe lines into the containment, electrical
penetrations for power, control and instrumentation and a fuel
transfer. tube. All major penetrations were explicitly considered
in the containment shell ultimate pressure capacity analyses.
Minor penetrations are expected to be sufficiently strong so as
not to.prematutely compromise the integrity of the containment
shell. Details of the containment penetratiot are presented in
Section 3.8.2.1.3 of CESSAR-DC.

The penetrations are provided with stiffeners to limit distortion
of the penetration such as buckling or ovalization-under severe
accident conditions such that leakage is not excessive.

19.11.3.1.4 Containment Penetration Seals

The NRC has performed considerable research on the survivability
of seals around containment penetrations. with a pressurized
containment building. These results are contained in References
117 and 228 through 230. The results of these tests concluded
that seal degradation and failure were a- function of absolute
temperature, time of exposure and the seal material. *

Elv ;rical Penetration Assemblies (EPA) (References 117 and
229)

Seal leakage and survivability tests resulting from the
exposure of typical EPAs to a high temperature (361 F) and
pressure (143 psig) for 10 days indicated a negligible
failure potential. These conditions bound all " wet" reactor
cavity sequences (see Section 19.11.5) and are-generally
representative for the low probability " dry" cavity severe
accident sequences. Consequently, failure of EPAs is
considered to be remote and is not ' credited in the PRA.

|- This is a conservative position since failures of EPAs would
'

result in very small containment leakage and may delay or
prevent an otherwise catastrophic containment failure.

Mechanical Penetrations (References 117 and 228) |

Tests for loss of seal integrity indicated that the onset of
rapid failure of seals was above 625*F provided the. seal was

{ constructed from either a ethylene-propylene (EP), neoprene,
or silicon. Seal failure was defined as the inability of
the seal to maintain a high (approximately 150 psig)

Amendment V
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| containment pressure. Gradual degradation of these seals

were noted at temperathres in the 350 to 400'F range.
Detailed capabilities of various seals are summarized in
Figure 9 of Reference 117. Based on this figure it can be
concluded that typical EP seals will require more than 20
hours to fail when subjected to a sustained period of high
temperature exposure. Silicon based seals provide for even
longer high temperature stability. The capability of either
sealant material is sufficient to ensure containment

; integrity for periods of more than 1 day for all " wet"
| cavity sequences. These sequences comprise more than 90% of

the severe accident transients. Dry cavity sequences
potentially lead to containment temperatures that slightly
exceed 400 F for a short time period.

Additional mechanical penetrations include both process ,

| (steam and water flow) penetrations and.the personnel air |
| lock (PAL). Process penetrations utilize mechanical bellow i

seals which will be designed to survive ASME service Level l
! C stresses on the containment. The PAL is designed with two !

double sealed doors, one located at the containment |
interface and the other located in the nuclear annex. The '

PAL is expected to maintain its leak tightness for all
credible severe accidents.

It is the intent of the penetration design to ensure that
the selected seal and mounting will provide for a minimum of
1 day containment integrity. This will be accomplished by
a combination of selecting high quality and high capability
seals, protectively mounting the seal so that it is not
directly exposed to the containment environment, and
providing double seals (" inner" and " outer") whenever
possible.

As a consequence of the ABB-CE design philosophy for the
system 80+, seal failures will not cause a failure of the
containment prior to 24 hours, and for all " wet" cavity
sequences the probabilistic consequences of seal failures
are bounded by the assumption of catastrophic containment
failure once the containment stress reaches yield. Dry
containment sequences that do not result in containment
overpressure or basemat melt-through are assumed to fail due

| to temperature degradation of the seals. In order to
| estimate the consequences of a containment seal f ailure, the

seal failure area was estimated to be 0.1 ft2,

1

|

O
|
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| Ficure 19.11.3.1-3

Fracility curve for System 80+
(Containment Temperature = 290*F)
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19.11.3.3 Cavity Floodinc System

19.11.3.3.1 Purpose of the CFS

The function of the cavity flooding system (CFS) is to provide a
means of flooding the reactor cavity during a severe accident for i
the purpose of cooling the core debris'in the reactor cavity and j
scrubbing fission product releases. The CFS is manually actuated 5

and is designed (in conjunction with the containment spray
system) to provide an inexhaustible continuous supply of water to
quench the core debris.

19.11.3.3.2 System. Description

A detailed. description of the CFS can be found in Section 6.8.
The CFS is designed as a manually actuated severe - accident
mitigation system. Procedures.and guidance for actuating the CFS
are included in the System 80+ Emergency Operating Guidelines
(EOGs). The CFS is designed to make use of:available containment ;

water sources along with active and passive System 80+ design i

features.

The components of the CFS include the In-Containment Refueling
Water Storage Tank (IRWST), the Holdup Volume Tank (HVT), the-~

# reactor cavity, connecting piping, valves and associated power
supplies. This system is used in conjunction with the containment
spray system (see Section- 19.11.3.8) to form a closed or
recirculating water cooling system by providing a continuous.
cooling water supply to the corium debris. The quenching of the
corium produces steam which is condensed by the containment spray
flow. The CFS takes water from the IRWST and directs it to the
reactor cavity. The water flows first into the HVT by way of the
four 12 inch diameter Holdup Volume Tank (HVT) spillways and then
into the reactor cavity by way of two 10 inch diameter reactor
cavity spillways. A schematic drawing emphasizing the salient
features of the cavity flooding system is presented in Figure
19.11.3.3-1.

The CFS . valves are powered from the Class 1E 125 VDC Vital
Instrumentation and Control Power System as described in CESSAR-
DC Section 8.3.2.1.2.1. Each of the four holdup volume flooding
valves are powered from, separate. Class 1E channels and each of
the two cavity flooding valves are powered from separate Class 1E
divisions (See Table 8.3.2-3 of CESSAR-DC). The Class 1E' busses
are normally supplied from offsite power sources. Upon loss of
offsite power, power to the busses can be supplied by the diesel
generators or the batteries. In addition, the diverse Alternate
AC source (combustion turbine generator) can power these busses
upon loss of all other AC power.

b
(
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Once actuated, movement of the water from the IRWST source to the
cavity occurs passively due to the natural hydraulic driving
heads of the system. Actuation of the CFS results in the opening

i of the HVT spillway valves allowing water from the IRWST to flood
! the HVT. The motive force for this flooding is gravity and the

static head of water between the IRWST water level and the HVT
water level. Flooding of the HVT progresses until the water
level in the HVT reaches the reactor cavity spillway at which

t time reactor cavity flooding commences. Flooding ceases when
' water levels in the IRWST, HVT and reactor cavity equalize.

Fully flooded, the reactor cavity will fill to near the 17 foot
! elevation. The time to fill the reactor cavity is dependent on

the number of operational flood valves. The CFS has been
| designed to effectively flood the reactor cavity to the 5 foot
: level in about 30 minutes. The time to completely fill the

reactor cavity to the equilibrium elevation was calculated to be
about 72 minutes with two HVT spillway valves and one reactor
cavity spillway valve open and about 88 minutes with one HVT
spillway valve and one reactor cavity spillway valve operational
(See Figures 19.11.3.3-2 and 19.11.3.3-3).

To ensure a rapid water delivery to the reactor cavity, while
simultaneously protecting the valves from direct corium attack,
the HVT spillways are located approximately 5 feet above the
basemat (approximate elevation: 67.0 ft). The HVT spillways and
the reactor cavity spillways are equipped with remote manual
motor operated valves. The reactor cavity spillways are located
low enough to ensure sufficient flooding of the reactor cavity
when the IRWST water level is at its minimum. The valves are
rated for submerged operation, since valve operation is typically
not expected prior to submergence.

Minimum equilibration levels were established to ensure that
operation of the CFS does not compromise the minimum ECCS pump
NPSH requirements. The maximum equilibration level was
established so as to avoid contact between the cavity flood water

| and the In-Core Instrumentation (ICI) plates below the reactor
vessel lower head. This latter requirement was established to
minimize consequences of inadvertent operation of the cavity

| flooding system.

Flooding of the reactor cavity is an EPRI URD evolutionary plant
design requirement and serves several purposes in the overall
strategy to mitigate the consequences of a severe accident.
These include:

A. Minimize or eliminate corium-concrete attack.

B. Minimize or eliminate the generation of combustible gases
(hydrogen and carbon monoxide).

C. Reduce fission products released due to corium-concrete
interaction.

Amendment V
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19.11.3.5 Safety Depressurization System

19.11.3.5.1 Purpose of the BDS

The Safety Depressurization System (SDS) is .a multi-purpose l
'

dedicated system.specifically designed to serve important roles
in severe. accident prevention and mitigation. Section 6.7 ;

j provides details of the SDS. . In the context of severe-accident ;

prevention, the SDS performs the following functions:

A. Venting of the Reactor Coolant System (RCS)

The Reactor. - Coolant - Gas Vent (RCGV) function of the SDS
provides a means of venting non-condensible gases.from the
pressurizer and the reactor vessel upper head to the Reactor-
Drain Tank (RDT) during post-accident conditions. In
addition, the RCGV provides:

1. Safety-grade means to depressurize the RCS in the event
that pressurizer. Main Spray and Auxiliary Spray systems
are unavailable.

2. Means of venting the pressurizer and reactor vessel

Of upper head during pre-refueling ' and post-refueling
operations.

B. Rapid Depressurization (bleed process);of the RCS.

The Rapid Depressurization (RD) function, or bleed function,
provides a manual means of quickly depressurizing.the RCS- !

when normal and emergency feedwater (EFW) are unavailable to I

remove core decay heat through the steam generators. This
function is achieved via remote manual operator. control.
Whenever an event, e.g., a total loss of feedwater (TLOFW),
results in a high RCS pressure with a loss of RCS liquid-
inventory, the SDS rapid depressurization or bleed. valves
may be opened by the operator, causing a. controlled rapid |
depressurization of the RCS. As the RCS pressure decreases,
the Safety Injection (SI) pumps start, initiating feed flow
to the RCS and restoring the RCS liquid inventory. The RD
function allows for both short and long-term decay heat
removal.

The rapid depressurization feature of the SDS also serves an
important role in severe accident. mitigation. In the event a
high pressure meltdown scenario develops and the feed portion of
feed and bleed cannot be established due to unavailability of the
SI pumps, the SDS can be used to depressurize the RCS to ensure
that a High Pressure Melt Ejection (HPME) event does not occur
thereby minimizing the potential for direct containment heating
following a vessel breach (VB).

Amendment V
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19.11.3.5.2 System Description

Desian Reauirements for Rapid Depressurization

The Rapid Depressurization (RD) design requirements are
summarized in Section 6.7. Of particular interect to severe
accident mitigation is the capability to depressurize the RCS
from 2500 to about 250 psia prior to reactor vessel melt-through.

Power to SDS Valves

The power supply for each rapid depressurization valve is from a
DC bus. The power is provided such that in case of a loss of
offsite power, both emergency diesel generators (EDGs), the
combustion turbine, and one battery bank, a RD bleed path can be
established. Each generator DC load group is provided with a
separate and independent 125 volt battery charger. The battery
chargers are powered from Division I and II of the Class 1E
Auxiliary Power Systems. Each battery is sized to supply the
continuous emergency loads of its own load group for a period of
2 hours. Battery management strategies ensure battery
availability of a minimum of 8 hours following a station
blackout.

19.11.3.5.3 System Performance During Severe Accidents

Rapid Depressurization (RD) Evaluation

The RD valve size was selected to meet both the feed and bleed
and DCH severe core damage depressurization goals. The following
RD valve sizing criteria were established for the worst case

| Total Loss of Feedwater (TLOFW) event to ensure adequate feed and
bleed capability:

Criterion 1. The primary system shall maintain a two-phase
mixture level two feet above the top of the core
when a single feed and bleed valve is opened
simultaneously with the primary safety valves
and two SI pumps operational.

Criterion 2. The primary system shall maintain a two-phase
mixture level of two feet above the core when
two equally sized feed and bleed valves are
opened after the primary safety valves lift with
four SI pumps operational.

The severe core damage depressurization goal is to ensure that
the RD can depressurize the RCS from 2500 to 250 psia prior to
a reactor vessel melt-through.

G
|
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The ability of the RD system to accomplish these goals were
validated via CEFLASH and MAAP analyses. MAAP analyses
confirmed that the RD system can be used to depressurize the
RCS prior to vessel failure provided the RD is actuated within
two hours following pressurizer safety valve lift during either
an extended total loss of feedwater or a station blackout
scenario.

19.11.3.5.4 Analysis of SDS Operation During Severe
Accidents

In a severe accident mode, the primary need for the SDS occurs
when the RCS pressure is high and a core melt is in progress.
This condition typically will occur in conjunction with a total
loss of feedwater. If safety injection is available the use of
the SDS facilitates once-through-core-cooling. Otherwise, the
SDS operation will depressurize the RCS to a pressure below the
threshold for significant corium entrainment and cause Safety
Injection Tank (SIT) water to be injected into the RCS thus
extending the period of core coolability. Depressurization can
also be used to reduce the RCS pressure to a point where the
containment spray / shutdown cooling pumps can be aligned to
inject IRWST inventory into the RCS. |,

Successful SDS operation resulting in " feed and bleed" heat
D removal will not progress to a core melt scenario. In the

context of this discussion, the operation of the SDS was
| investigated in the absence of a feed source (no SI or any

other alternate water source). To study the capability of this'

system in this operational mode, a computer simulation of
various total loss of feedwater events and SDS operational
schemes were investigated using the MAAP code (Reference 203).
The intent of these studies' was to confirm that RCS
depressurization to about 250 psia can be achieved with timely
operator actuation of the SDS. Typical RCS depressurization
scenarios are presented in Figures 19.11.3.5-1 and 19.11.3.5-2
for an instantaneous total loss of feedwater with the SDS valve

| opened at the time of PSV lift and 1 hour after PSV lift. Both
| cases clearly indicate that operation of SDS will successfully

| depressurize the RCS to pressures in the vicinity of the debris
: entrainment threshold. These results demonstrate that should
l the operator fail to perform the RCS depressurization at PSV

lift he can delay this action for an additional 1 hour and
i still achieve comparable results.

The System 80+ reactor cavity is designed to retain most of the
| ejected corium debris regardless of the RCS. pressure. However,

even under this scenario, depressurizing the RCS will mitigate
,

the DCH load by transferring hydrogen in the RCS to more remote
! areas of the containment.where it is less likely to participate

in the DCH induced containment loading.
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19.11.3.5.5 Role of the BDS in Accident Management

19.11.3.5.5.1 Feed and Bleed Cooling

f The RD function is performed by opening the rapid
| depressurization valves located on the top of the pressurizer.

In situations where rapid depressurization is used to establish
once-through-core-cooling (OTCC), the Safety Injection pumps
can be activated to provide a continuous source of RCS
inventory.

The RD function is normally not used alone and is primarily
intended for mitigating the consequences of a beyond design
basis event such as a total loss of normal and emergency
feedwater, or as an emergency means of RCS depressurization and

; pressure relief when the pressurizer main spray, auxiliary
spray, and the reactor coolant gas vent system (RCGVS)
functions are not available. In a severe accident environment,
the RD may also be used to depressurize the RCS prior to a
projected RV lower head breach. This action will add residual
SIT water inventory to the RCS and drop the RCS pressure to
below the anticipated corium dispersal threshold value.

The OTCC RD function is accomplished by means of a manually
operated system, utilizing certain components and equipment
from the following systems:

A. The In-containment Refueling Water Storage Tank (IRWST)
which provides a quench volume and heat sink; (see |Section 6.8).

B. Four Safety Injection pumps and associated direct vessel
injection lines which provide the feed function; (see
Section 6.3). |

C. Two Shutdown Cooling System heat exchangers; (see section | ,

5.4.7). )
D. Two Shutdown Cooling System pumps (see section 5.4.7). |

Opening the rapid depressurization or bleed valves results in a
rapid depressurization of the RCS which allows the SI pumps to
be automatically started to refill the RCS and provide cooling
of the core.

Core decay heat removal, using the RD function, is accomplished
by a once-through cooling process in which water is injected
directly into the reactor vessel downcomer via the Safety
Injection System. Once in the reactor vessel, the cooling fluid
passes through the vessel downcomer to the lower plenum, up
through the core (where decay heat is removed) and out to the
hot leg, through the surge line to the pressurizer and out
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19.11.3.6 Reactor Cavity Design

19.11.3.6.1 Reactor Cavity Design Philosophy

The System 80+ reactor cavity is configured to promote
retention of, and heat removal from, the postulated core debris
during a severe accident, thus, serving several roles in
accident mitigation. Corium retention in the core debris
chamber. virtually eliminates the potential for significant DCH
induced containment loadings. The large cavity floor area
allows for spreading of the core debris enhancing its
coolability within the reactor cavity region.

j 19.11.3.6.2 Description of the Reactor Cavity

Figure 19.11.3.6-1 shows a schematic of the System 80+ reactor
cavity design. The-important features of the System 80+ cavity
include:

1. a large cavity volume
2. a closed vertical instrument shaft
3. a convoluted gas vent
4. a large recessed corium debris chamber

| O 5. a large cavity floor area
| Q 6. a minimum concrete thickness of 3 feet from the

cavity floor to the containment embedded shell. |
7. robust cavity strength

The significance of these features to severe accident plant
performance is discussed in the following paragraphs. |

19.11.3.6.2.1 Large Cavity Volume

The System 80+ cavity includes approximately 32,000 cu. ft. of
free volume. This large volume benefits the plant design when
cavity pressurization issues are considered. Large and well
vented volumes, such as those in System 80+, are not prone to
significant pressurization resulting from vessel breach or
during the corium quench processes. Post-accident steam cavity
pressurization analyses performed for System 80+ indicate peak

| cavity pressure loadings to be less than 100 psid (see Section
| 19.11.4.1.4.2). MAAP analyses confirm that peak cavity
| pressures are well below the 188 psid cavity design basis.
|

| 19.11.3.6.2.2 Closed Vertical Shaft

The instrument shaft design serves an important purpose in the
severe accident mitigation for System 80+. First, by orienting
the instrument shaft vertically and providing limited gas
venting in this path, the possibility of corium carryover is,

| minimized. Analyses provided in Appendix 19.11C indicate that
i

!
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only 10% of entrained corium could be expected to initially be
carried upward into the vertical shaft even if the shaft were
vented to accommodate significant gas flows. Gas /corium
outflow from the top of the instrument shaft is restricted via
an instrument seal table with a design strength of 200 psid.
The remainder of the corium not entering the vertical shaft
will be captured in a large debris retention chamber located at
the base of the ICI chase (see Figure 19.11.3.6-1) or carried |
out the cavity into a closed HVAC room.

19.11.3.6.2.3 Convoluted Gas Vent Escape Pathway

In the design of the System 80+ containment a significant
effort has been made to ensure that actual venting to the upper
containment either by the vertical shaft (See Figure
19.11.3.6-2) or around the RV annulus is restricted. As
discussed above, the presence of the seal table prevents upward
corium discharge through the instrument shaft. Similarly,
obstructions associated with the corbels and shield plugs
(beneath the hot and cold legs) serve to restrict the flow
through the RV annulus. Thus, the primary steam exits via a
convoluted pathway above the top of the core debris chamber and
into an HVAC room and out through louvered vents under the
refueling pool (See Figure 19.11.3.6-2). As a consequence the
dominant hot gas and corium carryover pathway will be to the
lower portion of the containment where the containment shell is
fully protected by the crane wall (See Section 19.11.3.7). It
should be noted that this pathway provides limited resistance
to gas flow, but is considered very deleterious for the
entrained solid flow. As a consequence little corium is
expected to be entrained in the gas flow.

19.11.3.6.2.4 Core Debris Chamber

The cavity region of System 80+ is designed to minimize debris j
entrainment and subsequent debris dispersal into the upper i

compartment of the containment. As discussed above, by )
maximizing debris retention and minimizing debris dispersal to
the upper compartment, containment threats resulting from High!

| Pressure Melt Ejection (HPME) processes (in particular, DCH)
can be virtually eliminated.

l System 80+ is equipped with an offset core debris chamber
designed to de-entrain and trap the debris ejected during a
reactor vessel breach. The reactor cavity debris chamber and
exit shaft have been designed such that following a failure of
the reactor vessel high inertia corium debris would de-entrain
and collect in the debris chamber while the lower inertia
steam / hydrogen / air mixture would negotiate a right angle turn
and exit the reactor cavity via a convoluted vent path. The
chamber has been sized according to ARSAP guidance (Reference

| 115) to hold twice the post-severe accident maximum corium |
|
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volume. Once deposited in the debris chamber, the debris would

| be difficult to re-entrain since the retention zone would

|
exhibit a low velocity recirculation flow pattern. . Any corium
negotiating .the 90 degree turn would be de-entrained by the'

! reactor cavity concrete ceilings and seal table structure,

j Using a correlation established from data obtained from HIPS
| tests the amount of debris expected to bypass the core

retention chamber was about 10 % of the ejected mass (see
'

Appendix 19.11B). Even if this mass were to escape the
retention chamber, most of it .would deposit in a confined
cavity ventilation room. 'The DCH contribution to this corium
pathway is considered very small. This conclusion is
particularly supported by recent DCH IET tests (see Section
19.11.4.1).
Other secondary pathways for debris transport are also
possible, but these are considered to be relatively minor
because the gas flow patterns are adverse for corium
entrainment, and flow areas are restrictive and cavity exits
may be partially sealed, at least initially. These corium
debris pathways include the pathway up the cavity annulus and
through the nozzle cutouts or via failure of the permanent
refueling pool seal upward into the refueling pool. An
alternate pathway up the ICI chase is also possible should the
ICI seal table fail. However, this failure is highly unlikely.,

None of these pathways provide a direct uninterrupted pathway
j of the corium to the upper compartment. The upward annulus
j flow path requires the cavity flow pattern that would levitate
' corium vertically upward in a gas flow which is expected to be
| predominantly lateral. Once entrained vertically the corium

must not be de-entrained by the corbel which blocks about 75%
; of the entrance to the annular region. Once in the annular
| region, velocities must be sustained to carryout debris in the
| presence of de-entraining piping structures. Furthermore, any
; carryout of corium debris through nozzle cutouts will also
! reduce the fraction of debris upwardly entrained. All corium

debris not upwardly entrained will not significantly impact
DCH. Upflow through the instrument shaft and out a failed seal
table location is theoretically a second alternate path.
However, evaluation of the seal table _ structure suggests it can
sustain a 200 psid load. Therefore, the potential for failure
of the seal table is considered small.

19.11.3.6.2.5 Floor Area

The reactor cavity is sized and configured to spread out the
ejected core debris over the floor surface area during a
postulated severe accident so as to meet the proposed EPRI URD
(Reference 7) criteria of 0.02 m /MWt of flat surface area2

below the vessel. The minimum cavity floor' area is 693 f t2, j
p As a consequence of this large floor area the maximum depth of

corium covering the cavity floor would be relatively shallow
(less than 10 inches).
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Experimental data appears to support the coolability of corium
debris beds at least in the long term (Reference 212). The
primary consideration in corium coolability is that the corium

| debris not be impermeable to water. Even if the debris beds
are not fully cooled, partial cooling will quench the upper
layers of corium and ultimately retard any concrete attack.
Additional details on the core concrete interaction process and
the System 80+ anticipated performance are presented in
Sections 19.11.4.2.1 and 19.11.4.2.2.

The containment shell is adequately embedded in concrete in the
reactor cavity area to preclude direct contact of the core
debris with the containment. The level of embedment varies
from 3 to 5 feet (see below) . Note that since the lower shell
provides no structural strength contribution, failure of the
shell via melt-through has no mechanical significance.
Furthermore, the gap separating the shell and the concrete is
minimized by the application of grout at high pressure. Thus,
significant separation of shell and concrete foundation is
considered unlikely. The sufficient tortuosity of the pathway
separating the shell and concrete is therefore considered to
preclude fission product releases to the environment.

19.11.3.6.2.6 Floor Thickness / Sump Protection

The reactor cavity is designed to satisfy the URD requirement
that the minimum distance between the floor elevation and the
embedded portion of the containment shell is a minimum of 3
feet. Directly under the RV this distance increases to a
maximum of 5 feet. An additional 15 feet of concrete is
available below the liner elevation.

Assuming corium is spread evenly over the cavity floor (not
including the inclined portion of the cavity debris chamber),
and that the shell is assumed 3 feet below the floor, the

| minimum time to shell contact for a dry cavity erosion process
will be at least 18 hours. Dry sequences are assumed to both
fail the shell and the concrete basemat. For wet sequences
penetration of the lower shell is not expected (see Section
19.11.4.2.2). See Sections 19.11.4 and 19.11.5 for additional
details on these analyses.

| Corium-concrete interaction analyses have been performed which
demonstrate that the reactor cavity sump will not produce a
premature local shell penetration (see Section 19.11.4.2). :

Based on the results of this study no protection is planned for
the System 80+ reactor cavity sump.

19.11.3.6.2.7 Cavity Strength
|

The reactor cavity is to be designed for 188 psid with an ACI |
calculated ultimate pressure of 235 psid. This cavity strength |
is typical of later designed PWR cavities and is relatively l

;
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robust when compared to most cavity loading expected during a
severe accident.

;

The reactor cavity has an ultimate static pressure capacity of- |

235 psid. The 235 psid ultimate static capacity corresponds to |
an actual design static pressure capacity of 188 psid. Three j
horizontal hoops of #18 reinforcing bars at 12" vertical
spacing, three vertical rows of #18 reinforcing bars at 12" l
horizontal spacing, and #5 bar single leg stirrups at 12"- 1

~

spacing both vertically and horizontally are.provided in the
lower cavity wall. This reinforcing layout is designed to |

accommodate the severe accident pressure loading.

The lower portion of the reactor cavity has a dynamic pressure
capacity of 288 psid, assuming a rectangular shape is used.for )
the load pulse forcing function. This equates to an impulse ;

2capacity of 1.44 pound-seconds /in . (If- a more realistic
triangular forcing function is assumed, the lower reactor
cavity would have a dynamic pressure capacity.of 518 psid).

The concrete corbels supporting the reactor vessel will have an
ultimate static pressure capacity in excess of 1,057 psid. The
1,057 psid ultimate static pressure capacity corresponds to an
actual design static pressure capacity of 846'psid. Two layers

[ of #18 reinforcing bars, with 7 bars in each layer, are
provided in the bottom of each corbel. In addition, six layers
of #7 bar double leg stirrups, with three stirrups in each
layer, are distributed up through each corbel. It should be
noted that this reinforcing layout is also designed for severe

| accident pressure loading.
|

The corbels have a dynamic pressure capacity of 930 psid,
assuming a rectangular shape was used for the load pulse
forcing function. This equates to an impulse capacity of 4.65

2pound-seconds /in . (If a triangular forcing function is
assumed, the corbels would have a dynamic pressure capacity of
1,370 psid).

The requirements of ACI 349 were used in determining the
ultimate static pressure capacity and the dynamic pressure
capacity of both the cavity and the reactor vessel support

! corbels (except no load factors were applied to the loads
! because of the highly unlikely. occurrence of a severe accident
I and the one time loading condition). As such, potential

additional margins in reinforcing strength, concrete strength,-
and material ductilities beyond Code allowables were not used
in determining the aforementioned static and dynamic capacities
of the structures. The method used-to determine the reactor
cavity ultimate static and dynamic pressure capacity is
described in Appendix 19.11.L.

O It is apparent that both the cavity and the corbels are very
[ Q stiff structures that have natural periods of 11.5 ms and'

4.5 ms, respectively. These periods are close to -the 2 to 5
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millisecond impulse load duration possible for ex-vessel steam
explosions (EVSE). As a result, the structures respond to a
large percentage of the dynamic load (i.e., large dynamic load
factors are necessary). The corbels have more strength than
the lower cavity region becaune of the amount of reinforcing
provided.

19.11.3.6.2.8 Impact of Cavity Wall Damage

Calculations show that the reactor vessel and the upper cavity
could continue to be supported even if the entire lower cavity
walls below the corbels were either eroded by corium attack or
destroyed by a steam explosion. Reinforcing steel provided
between the interface of adjacent walls with the upper reactor
cavity wall provide enough resistance through shear-friction to
provide this support without relying on support from the lower
cavity wall. These calculations have been performed in
accordance with the requirements of ACI 349 (except without

| load factors applied), and, therefore, a high-level of
confidence is associated with this support mechanism for the
reactor vessel.

19.11.3.6.2.9 Cavity Fragility Curve

The cavity dynamic structural analysis was employed to
establish strain based dynamic fragility curves for the reactor
cavity. The fragility curve is shown in Figure 19.11.3.6-3.
Since this curve is intended for response to dynamic loads,
fragilities are defined in terms of the ability of a structure
to survive an impulsive load.4

The cavity wall fragility curve was established based on strain
levels in the cavity rebar. The cavity wall impulse load
presented in Section 19.11.3.6.2.7 is based on a maximum
material ductility of 3 (0.5 % strain). At this level of
damage, the cavity wall is expected to be extensively cracked,
but otherwise, intact (see Reference 213). A cavity wall
failure probability of 0.03 was assigned to this condition. As
the impulse loading increases, so does the material strain and
the wall failure potential. At a material strain of 4% the
rebar is still below its ultimate stress and the structural
displacement is about 7 inches. Wall failure under this
condition was considered likely and assigned a failure
probability of 0.50.

A detailed fragility curve for the corbel was not developed.
The lower limit of failure as assessed in Section 19.11.3.6.2.7
was assigned a failure probability of 0.03.

O
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19.11.3.6.2.10 Basemat Composition

In order to best accommodate the overall goals of SECY-90-016
and SECY-93-087, the System 80+ basemat will be constructed of

common sand or limestone aggregate typeeither limestone -

concretes.

Either of these materials provides good resistance.to concrete
erosion. While non-condensible gas generation is non-
negligible for these concretes, the large System 80+ volume
allows for the luxury of using either of these materials to
function as " core catchers" without posing- an undue
overpressure threat to the containment.

19.11.3.6.3 Response to Severe Accidents

19.11.3.6.3.1 HPME Loads Including DCH

The current models, supported by available test data, predict
that the System 80+ cavity design mitigates-the DCH effect by
limiting the amount of debris leaving the cavity as finely
fragmented particles.

The estimate of_the fraction of the debris able to negotiate

ON
the turn into the vertical cavity shaft was established using a
Sandia National Laboratories correlatior for debris impingement |
determined from high pressure melt ejection tests (See Appendix
19.11C). Application of this model to the System 80+ cavity j

geometry results in a prediction that 90% of the corium debris j
would be de-entrained into the debris chamber and that 10% of i

the debris could potentially negotiate the turn into the '

reactor cavity shaft.

Recent experimental data obtained from the IET (Integral
Effects Tests) experiments show that even if corium dispersal
rates from the cavity are large (up to 100%) the contribution
of the exothermic reaction and stored energy to the post HPME
global containment pressurization will be negligible provided |
the issuing debris flowpath will be obstructed prior to mixing
in the upper containment (See Section 19.11.4.1). Thus, the
precise dispersion fraction while believed to be very low for
System 80+ will have only marginal impact on influencing
post-VB containment threats.

B) Fuel Coolant Interactions

Fuel coolant interactions within the reactor cavity can
produce large static and dynamic loadings within the
reactor cavity. Should the loadings exceed the cavity's
capability a cavity wall collapse is possible. It is

i believed that the loss of RV support is highly unlikely

] and even if this should occur it will not induce a
containment failure (see Section 19.11.4.1.2).
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As discussed above, the large cavity wall strength
provides considerable robustness of the cavity to this
loading. Furthermore, the collapse of the cavity wall
will not necessarily induce a containment failure.

C) Core Concrete Attack

MAAP analyses of basemat erosion indicates that even for
dry cavity conditions, corium penetration of the
containment shell wall require more than 18 hours. Under
this condition full penetration of the basemat into the
extended foundation will require about 8 days.

Wetted cavity analyses suggests that lower containment
shell integrity can be assured as long as the overlying
maximum heat flux from the corium into the overlying water
is greater than about 200 kw/m ,2

O
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19.11.3.7 Missile Protection

19.11.3.7.1 Purpose

The missile protection design features for Seismic Category I
structures, systems and components of System 80+ design are
described in Section 3.5 of CESSAR-DC. This section discusses
those features of the System 80+ reactor cavity design which
are specifically designed to protect the containment from the
hot corium debris and induced missiles during a severe
accident..

During severe accidents, missile protection of the containment
shell is primarily accomplished' by the use of protective
shields and barriers either near the source of a potential
missile or in front of the containment shell (such as the crane
wall).

During a severe accident, containment threatening missiles can
be generated by a variety of sources including:

A. Core debris which may be ejected from a breach in the
reactor vessel.

B. RV top head /CEAs resulting from in-vessel steam explosions,

( (Alpha Mode Failures).

C. Containment internal structures following a rapid flame
acceleration or hydrogen detonation.

The means by which System 80+ protects the containment shell
from these loadings are summarized in the following sections.
19.11.3.7.2 Protection From Hot Core Debris
A multi-faceted approach is used to ensure containment
integrity during a severe accident. The first emphasis in the
protection of containment integrity is prevention. That- is
both prevention of a severe accident and should a severe
accident occur, prevention of a direct challenge to the
containment shell by "in cavity" retention.

Section 19.11.3.6 describes the cavity geometry. The cavity is
arranged such that any corium debris leaving the cavity will
exit via the door or louvers in the HVAC room, above the IRWST
pool (see Figure 19.11.3.6-2) or via the nozzle cutouts.
Corium debris released.in these areas will likely interact with
either the crane wall or refueling pool wall and ultimately
deposit in these areas. In the highly unlikely event that the
corium debris is projected upward out of the cavity annulus,
the Head Area Cable Tray System (HACTS) serves to protect the) containment shell from a direct corium attack of thej
containment shell.
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\ O19.11.3.7.3 Protection From Missiles Generated via Top
' Head Failures

Details of the System 80+ missile protection features are
presented in Section 3.5 of CESSAR-DC. Missiles generated viai

failure of the top head and top head components are considered
under the general severe accident category of "in-vessel" or
" alpha" mode failure. In these scenarios the upper head or
control rod missile will be intercepted by a the Head Area

| Cable Tray System (HACTS) located directly above the RV upper
! head. An assessment of the consequential failure of the steel

containment due to the failure of a pressurized System 80+
vessel is considered highly unlikely. Additional discussion of
" alpha" mode failures is presented in Section 19.11.4.1.1.

| 19.11.3.7.4 Protection Following Induced Missiles Caused
by Rapid Deflagrations / Hydrogen Detonations
and Ex-Vessel Steam Explosions

This section is concerned with protection of the containment
shell from missiles produced either via a steam explosion or
hydrogen burn in containment. The phenomenology of the Ex-
Vessel Steam Explosion (EVSE) is described in
Section 19.11.4.1.2. The EVSE may occur when corium debris

| contacts a water pool. Such processes may occur in the reactor
cavity following a RV breach. While EVSEs are considered
plausible, their consequences on containment integrity are
small. This arises from the fact that EVSEs are not expected
to be capable of damaging the reactor cavity structures
required for support of the RV/RCS. Furthermore, all "in-
cavity" structures that may be damaged by such explosions and
any missiles generated by EVSEs will be confined within the
cavity and thus will not compromise containment integrity.

.

I
Rapid deflagrations and detonations have the potential for
generating missiles of sufficient strength to potentially
damage the steel shell. To prevent such potential challenges,
care has been taken to locate potential missiles within the
crane wall and to protect the steel shell with a protective
barrier of at least three feet of concrete wherever practical.
This barrier level is maintained in the containment with the
exception of a small region above the top of the refueling pool |
and in restricted basemat areas beneath the corium debris
chamber and the HVT sump. There are no unintercepted missile:
anticipated in regions above the refueling pool thus additional
missile shielding is not required. Since the HVT sump is in a
containment region free from potential missiles and isolated
from corium, additional concrete in this region is not
considered necessary.

O
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19.11.3.9 Hydrocen Purce Vent

19.11.3.9.1 Description of System

system 80+ is equipped with two 3 inch diameter hydrogen purge-
vents which can be used for purposes of containment venting.
The vents are intended for use in a post LOCA condition for
diverting hydrogen into the station recombiners. The vents
will be powered by a battery not used in the station blackout
(SBO) coping guidance.

19.11.3.9.2 Potential Application

An analysis of the potential application of the venting
capabilities of the hydrogen purge piping was' performed using
the MAAP computer code. This analysis conservatively simulated

2hydrogen purge as a 0.049 ft (represents the area of one purge
vent) equivalent area opening in the containment. A
hypothetical accident management strategy was considered,
whereby the hydrogen. purge system is used to vent the
containment once the containment pressure reaches 80 psia. The |

analysis results indicated that opening a small purge vent at
'

the time the containment reaches 80 psia will enable the

(. containment to maintain its pressure well below the containment !

( failure threshold (see Figure 19.11.3.9-1).

The containment venting feature is discussed here only for
information purposes as it is not currently intended for use
within the System 80+ accident management strategies.

O
Amendment V

| 19.11-43 April 29, 1994
|
:
I

_ _ _ _ _ . . . . . --, .--



- - -

|

C S An a'5'a"'
Et CERTIFICATION

j
,

I

h

O'
!
i

|

THIS PAGE INTENTIONALLY BLANK

O
Amendment Q

19.11-44 June 30, 1993

- _ __ __ __, _ _ _ _ _ _ _ _ _ _ _



.- _ - - . .-. . . - - _ - _ - - .-

.CESSAR Minc.=
.

|

v-

19.11.4 SEVERE ACCIDENT PHENOMENOLOGY.

|

This section provides an overview of the severe accident
methodology issues and discusses the relationship of the various
postulated containment. failure modes to the System 80 + PRA and the
EPRI ALWR Utility Requirements Document (URD). Specifically, this |

section provides support for the PRA containment performance
quantification and the' resolution of SECY-90-016 and SECY-93-087
(References 114 and 116) deterministic severe ~ accident issues.
19.11.4.1 Mechanisms for Early Containment Failure

For purposes of the System 80+ PRA phenomenology discussion, early
containment. failure is defined as containment failure prior to or a

within 1 hour after the core debris penetrates the reactor vessel.

The above definition of early containment failure is a relative
one, driven by severe accident phenomenological processes. (For
the source term and risk' assessments, early containment failure is
driven by'the severity of the potential radiological release and
population evacuation concerns. In these instances- early
containment failure implies a containment failure within 12 hours
of the severe accident initiation). Early failures of containment

important since these' events will result in reduced warning
C' aretimes for initiating off-site protective measures and reduced time

available for the decay and deposition of radioactive materials
within the containment. The mechanisms for producing. early
containment failure cover a range of phenomenological processes.
Potential early containment f ailure ' modes include containment
overpressurization due to direct containment heating, hydrogen
combustion and steam generation and containment structural failure
due to missile generation, cavity overpressure, and corium debris
impact on the containment steel shell. |

| The one hour post VB time interval chosen to represent the end of
| the early containment f ailure mode was primarily driven by a desire

to separate the characteristics of a late containment hydrogen burn
and an early post-VB hydrogen burn. Otherwise, the time' frame
associated with late and early designations are easily discernable. |
For- the vast majority of "early" containment threats the I

containment challenge occurs within a few minutes of VB.
Similarly,.the vast majority of late containment threats occur a
day or more after VB. The only exception to this rule appears to
be the post-VB hydrogen burn (considered under the "early" portion
of the containment event tree (See Section 19.12) and the late
hydrogen burn which occurs after considerable core concrete
interaction. This " late" burn can occur as quickly as 2 hours
after VB.

In designing System 80+, several containment / cavity enhancements
g (see Section 19.11.3) were made to existing PWR designs to minimize

j the risk of early containment failure. This was typically
accomplished by developing the System 80+ design in accordance with
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EPRI/ Utility Requirements Document (URD) for the Evolutionary PWR
(Reference 7). |

The following sections provide a summary overview of the early
containment failure severe accident challenges, the associated
phenomenological issues and quantitative assessments of the impact
of these challenges on System 80+.

19.11.4.1.1 Direct Containment Heating

During certain severe reactor accidents, such as those initiated by
station blackout or a small-break LOCA, degradation of the reactor
core can take place while the reactor coolant system remains
pressurized. If unmitigated, core materials will melt and relocate
to the lower regions of the reactor pressure vessel and ultimately
melt through the RPV lower head. Once the RPV is breached,
fragmented core debris will be ejected from the RPV and transported
directly to the containment atmosphere. During the ejection
process, metallic constituents of the ejected material, principally
zirconium and steel, exothermically react with oxygen and steam to
generate chemical energy and (in the case of reactions with steam)
hydrogen. Concomitant with the High Pressure Melt Ejection (HPME)
process, there is the potential for hydrogen combustion and
vaporization of available water. The sensible neat loss to the
containment atmosphere and its associated features are typically
referred to as " Direct Containment Heating". By directly
transferring large quantities of sensible energy from the corium
and corium-steam reactions into the containment atmosphere, the
containment may pressurize to a point where failure is possible.
Since the containment threat is associated with vessel breach (VB)
high containment radiation releases would accompany this type of
containment failure.

This issue is of considerable concern to the present design of
PWRs. Consequently, mitigation features have been factored into
the EPRI Utility Requirements Document (Reference 7) and the NRC
advanced reactor licensing basis (References 114 and 116). A
detailed discussion of DCH and HPME aspects of vessel breach
associated with the evolutionary ALWR design is presented in
Reference 115. This information along with results of recent DCH | 1

'

related experimentation and analysis have been factored into the
deterministic demonstration and probabilistic quantification of the
robustness of the System 80+ containment design. These issues are
discussed below in more detail.

19.11.4.1.1.1 Description of Phenomena

The containment loads following an HPME event can be loosely
combined under the heading of " Direct Containment Heating" (DCH).
DCH loads arise from the addition of mass and energy into the ,

'containment via several sources:
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1. Blowdown of reactor coolant system steam and hydrogen into the 1

containment.

2. Combustion of hydrogen produced prior to and during the High |

Pressure Melt Ejection (HPME) event. )
l

3. Interactions between molten core debris and water on the i

|

cavity floor. |

4. Transfer of sensible heat from the debris to the containment
atmosphere.

I

l As can be seen from the above, the DCH containment threat is
synergistic in nature, typically involving several of the above
processes. Factors affecting the above processes are discussed
below.

19.11.4.1.1.2 Parameters Affecting DCH

The . . magnitude and the occurrence of DCH is influenced- by both
phenomenological factors and the plant geometrical layout.

19.11.4.1.1.2.1 Phenomenological Aspects of DCH

19.11.4.1.1.2.1.1 Reactor Pressure at Time of Melt-Through

The ability of gases flowing from the reactor vessel breach to
fragment, entrain, or otherwise " sweep out" a significant amount of,

core debris from the reactor cavity into the lower compartment
containment volume is dependent upon gas velocity which is
functionally dependent upon the reactor pressure at the time of
failure, and the size of failure of the lower head.

In general, the dispersal function follows an "s" shaped
entrainment curve with three distinct regions. At low RCS
pressures and small RPV breach sizes, the entrainment curve . is
characterized by a low pressure entrainment cutoff. At RV failure
pressures below this level, debris entrainment.will not occur. At
pressures greater than this threshold, the entrainment function
monotonically increases with the RV' failure pressure. Above RV
failure pressures of 600 to 800 psia, the entrainment from the
reactor cavity is nearly complete and relatively constant.
Analyses and experiments have been performed on debris sweepout to
establish details of the debris entrainment function and'the RV
failure low pressure threshold, in particular. This . sweepout
threshold pressure is a function of the failure area at vessel
breach and the cavity configuration. For typical cavity
configurations, a threshold pressure 250 psi (see for example,
References 115 and 216) will preclude entrainment of core debris
into the upper compartment. In a similar assessment BNL estimated
that the threshold vessel breach pressure can be as high as 350

V psia (Reference 120). Thus, DCH can be significantly mitigated by
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taking steps to depressurize the RCS, or if depressurization occurs
because of induced RCS piping or SG tube creep f ailures during core
melt progression (See Reference 117). |

19.11.4.1.1.2.1.2 Debris Mass Released at Reactor Failure

As part of the NRC task on the Integrated Structure and Scaling
Methodology for severe accidents (Reference 179) S. Levy |
established a basis for estimating the debris expected to be
dispersed following an unmitigated station blackout scenario for a
PWR with lower mounted instrumentation (see Appendix G of Reference
179). Using information based on several computer simulations a |
synthesized set of lower plenum conditions at VB were established.

Levy noted that there is no consensus on the location or mode of
vessel failure. Consequently, pre-VB corium compositions were
synthesized for two vessel failure modes. Three core melt
progression scenarios derived from a station blackout were
considered. Based on the review suggested DCH conditions at VB were
defined.

Some minor adjustments were considered necessary in order to apply
these results to System 80+. The synthesized System 80+ pre-VB
lower plenum corium composition was established by using a
normalized total core inventory (so that the actual fuel, zircaloy
and steel masses within the System 80+ design can be specifically
considered) and a conservatively adjusted mass distribution to
reflect the higher zircaloy content cf the C-E System 80+ PWR. In
particular, the SASM data was adjusted as follows:

1. Since C-E PWRs use very little Ag-In-CD, significant amounts
of control rod material will not occur in the ejected melt.
Therefore, the mass of material associated with the molten
control rod was lumped into the steel inventory.

2. As a consequence of the use of zircaloy in the fuel bundle
grid and guide tube, the System 80+ melt will have
considerably less steel in the melt and a greater zirconium
content than in the Reference plant. To account for this
feature, the SASM model was adjusted such that for high
pressure scenarios the steel melt associated with the core
failure (4000 Kgs) was removed from the steel melt and added
to the pure molten zircaloy contribution. For low pressure
scenarios 100% of the structural zircaloy (approximately 9000
Kgs ) was assumed to be added into the melt as unoxidized
zirconium.

3. All zircaloy considered to be involved in eutectic formations
with Uranium and oxygen was conservatively assumed to be in a
free metallic form.
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Results of this assessment are presented in Table 19.11.4.1.1-1. 1

Based on this review it was estimated'that if VB were initiated I

from a high RCS pressure, the total ejected mass could range from I
40 to 60 percent of the core weight. For conservatism, greater than |
80% of the ejected mass is taken to be molten, with the ejected ,

retallic constituents divided between molten zirconium and molten I

steel.-The precise distribution and magnitude of the ejected mass
was not strongly dependent upon whether the VB resulted from
penetration failure or creep failure (See Reference 179, j
Appendix F).

Low pressure releases of corium following VB were found to be more
massive, however, a much greater fraction of the ejected mass was
assumed to'be composed of solid oxides. Furthermore, because of )
the extended VB failure time a much lower fraction of the ejected
mass is unoxidized zirconium. Since the low pressure melt is not
associated with significant debris dispersal this melt combination
is not considered further within the context of DCH,

| The high metallic content in this mixture is a conservative over-
| estimate and will result in bounding estimates of hydrogen

| production and exothermic chemical energy releases during HPME.
|
l 19.11.4.1.1.2.1.3 Debris Fragmentation

very finely fragmented debris allows very efficient means of energy
exchange with the environment. If the debris particle is large,
both the heat transfer to the surrounding gases and the rate of
chemical reactions will be relatively slow and insufficient to

.

cause a DCH threat. HPME experiments suggest corium debris-will I
fragment into 0.1 to 10 mm particles. These particle sizes will
allow efficient heat transfer and particulate oxidation (References
115 and 216).

19.11.4.1.1.2.1.4 Chemical Reaction Kinetics

Chemical reactions can occur with unoxidized metals in the
i discharged debris. If steam is available and is well mixed with

finely fragmented corium, oxidation processes will occur producing
a large amount of hydrogen. This hydrogen could in turn burn,
further contributing to the DCH pressure buildup. If oxygen
remains in the cavity and the debris is mixed with it, the metals
will oxidize, producing a large amount of energy without producing
hydrogen. A coniparison of the energy released during these various

| processes is illustrated in Table 19.11.4.1.1-2.

Recent DCH counterpart experiments performed at Sandia and ANL,
fully exploring DCH consequences in realistic simulated geometries
suggest that the DCH contribution to the HPME process may not

; significantly contribute to a containment threat. Instead the HPME
I I induced loadings are associated primarily with the blowdown and the
| post-VB hydrogen combustion which may occur immediately thereafter

l
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(References 123, 189 and 190). Furthermore, the energy released |
during the chemical reactions appear to be retained within the
solid material without significant energy transfer to the upper
containment. A major reason for this conclusion is that when
obstructions are properly considered, the debris either
equilibrated within the cavity or is intercepted by above cavity
structures which limits their interaction with the containment to
one or more highly localized regions. This results in high local
temperatures in the vicinity of the corium, reduced heat transfer
from the debris and minimal impact on global containment pressure.*

19.11.4.1.1.2.1.5 Containment Transport and Mixing

Containment pressurization from DCH can occur due to transfer of
energy from the debris to the gas and from the combustion of
hydrogen generated prior to or coincident with the event. For the
former to be significant, it is necessary for the debris to
interact with a significant fraction of the containment atmosphere.
Otherwise, the heat capacity of the gas which does interact with j
the debris will be so small that its temperature will rise
significantly and relatively little energy will be transferred.

This conclusion has been confirmed by recent experiments in the
Limited Flight Path and IET test series (References 144, 189 and
190). Even when essentially all debris is entrained out of the
reactor cavity, if it is subsequently confined to a small region
adjacent to the cavity exit, relatively little pressurization was
observed to occur due to heat transfer from the debris. In
Reference 144 Pich concluded that the presence of containment |
structures can be a " major mitigator of DCH".

In System 80+, this effect is expected to be even more significant,
since the reactor cavity is designed to inhibit debris entrainment

'

and since the region immediately adjacent to the cavity exit is i
well confined.

19.11.4.1.1.2.1.6 Water Availability

The impact of the availability of water within the ALWR reactor
cavity at the time of RV breach has been investigated in Reference
115. This study concludes that DCH loads would be mitigated |
provided the reactor cavity is " wet". (For this analysis it
implies a " wet cavity" contains 60,000 gallons of water. This>

water inventory will fill the System 80+ reactor cavity 15 feet.)
High pressure melt ejection into a water pool is treated as part of
the rapid steam generation induced containment failure mode (See
Section 19.11.4.1.2).
The role of water in the mitigation of DCH loads was explored
experimentally as part of the IET test program (IET Tests 8A and
8B, See Reference 190). These tests released high pressure corium |
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into a 1/10 scaled Zion reactor cavity half flooded with water.th

Results of these tests suggested the DCH pressurization was
actually a combination of partial hydrogen burns and steam
explosions / generation displaced in time.

In the System 80+ PRA, the issues of "ex-vessel" steam explosions
and hydrogen combustion are treated separately from DCH. DCH loads
are not significant when the cavity is full of water, but the
containment can be threatened by rapid steam generation, "ex-vessel
steam explosion", or hydrogen burns. A discussion of "ex-vessel"
steam explosions is presented in Section 19.11.4.1.2.2. Hydrogen
combustion issues are discussed in Sections 19.11.4.1.3 and
19.11.4.2.4).

19.11.4.1.1.2.7 HPME induced Hydrogen Generation and
Combustion

At VB the steam leaving the RCS will come in contact with and
oxidize the molten metals in the corium melt. As a consequence of
this oxidation process considerable quantities of hydrogen can be
produced. This hydrogen and the hydrogen discharged from the RCS
can be ignited via an auto ignition process. The oxidation of
ejected molten materials is expected to be high, limited by the

/^'N amount of steam available to oxidize the zirconium and the time the
i 1 melt is entrained in the steam flow. While complete oxidation of

the zirconium is expected over time, experimental results suggest
the oxidation process continues beyond the time of the DCH pressure
spike. This suggests that the oxidation process during HPME is
incomplete.

Experimental observations regarding combustion of hydrogen indicate
that the auto-ignition process will ignite only the hydrogen
leaving the reactor cavity. Hydrogen previously released to the
containment (if ignited at all) will likely undergo only incomplete
combustion and will not significantly contribute to the containment
loading at the time of VB.

Both ANL (IET-8) and SNL (IET-5) IET experiments indicated that if
the containment atmosphere is inerted with steam prior to VB
hydrogen combustion can be suppressed.

19.11.4.1.1.2.2 Physical / Geometrical Features Influencing DCH

The presence of structures within or just outside the reactor
cavity can help de-entrain debris previously entrained by the HPME
process. This feature has been demonstrated by several corium
stimulant dispersal experiments and DCH tests performed in the SNL
Surtsey and HIPS Test Facilities. The factors which govern the
effectiveness of the geometrical cavity de-entrainment featuresn

) include abrupt area changes, small flow turning radius, low(V
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velocity recirculation regions and intervening structures normal to
the debris flight path.

In a recent series of counterpart DCH experiments performed to
investigate DCH scaling, it was concluded that the most important
aspect to the DCH pressurization is the presence of
subcompartmentalization in the containment in the region above the
reactor cavity (Reference 217). In fact, it was noted that the
details of the subcompartmentalization was not as important as the
fact that some identifiable subcompartmentalization could be
discerned. The presence of subcompartments restricts the amount of
steam and air available to interact with the hot corium debris and
hence minimizes the debris-air / steam heat removal. In practice,
this feature results in the corium thermal energy (and exothermic
energy) being retained in the debris or transferred to the adjacent
wall structures. The DCH threat reduces to that created due to the
ancillary RCS blowdown and hydrogen combustion processes.

Entrainment of corium is primarily expected to occur in the
direction of the debris chamber. Significant entrainment of debris
into the cavity annulus is expected to be limited since the pathway
is restricted by the RV core supporting corbels and neutron shield
plugs. In addition, the dominant entraining flow stream will be
perpendicular to the secondary flow stream necessary to upwardly
entrain the corium. ARSAP assessment of the System 80+ cavity
design estimated upward entrainment of corium debris to be less
than 10% of the ejected melt stream (see Appendix 19.11B).

Furthermore, in System 80+ the de-entrainment processes associated
with the debris retention chamber, results in the retention of
large amounts of corium debris in the reactor cavity and a
significantly smaller amount of debris in the lower containment
region below the containment operating deck. Restricting the
corium within these regions will significantly reduce the ability
of the corium to ef ficiently mix and release the energy directly to
the containment atmosphere.

19.11.4.1.1.3 RCS Depressurization Prior to VB

Prior to vessel breach (VB) the RCS is expected to be
depressurized. Depressurization is associated with (1) a thermally
induced failure of RCS piping (hot leg / surge line) or (2) operator

| activation of the Rapid Depressurization (RD) valves of the SDS.
Both means of depressurization are assessed to be highly likely for

| System 80+. A discussion of these depressurization mechanisms are

| discussed below.

19.11.4.1.1.3.1 Thermally Induced Depressurization
|

As noted in Section 19.11.4.1.1.2.1.1 depressurization of the RCS
prior to reactor vessel lower head f ailure can substantially reduce
the DCH challenge to the containment. References 115 and 179 have,

: Indicated that the core uncovery and heatup process can potentially
|
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induce natural circulation flows within the RCS that can heat up
the primary system hot leg, pressurizer surge line and/or the steam
generator tubes to the point where a creep failure of one or more
of these components will occur prior to failure of the RV lower
head. This position is supported by INEL structural ' integrity
calculations which demonstrate that,at an average wall temperature
of slightly greater than 1000'K (1340'F), a hot leg is likely to- |

'

fail in a few minutes time due to creep rupture. This issue was
studied as part of the expert elicitation to NUREG-1150 "In-Vessel ;

|
Issues" (Reference 118) for several representative PWR NSSSs.

19.11.4.1.1.3.1 NUREG-1150 Opinions on RCS piping Failure' !

Prior to'VB

in support of the NRC Reference Plant PRAs, several experts were
surveyed to establish a. basis for probabilistically quantifying

,

i various severe accident issues. The issue of thermally-induced RCS
failure prior to VB was addressed in Reference 118. In this

| elicitation the experts were queried as to.the probability of a
i thermally induced failure of a hot leg, surge line or- steam

generator tube following a severe accident. !

Based on the expert elicitation on these issues, the following
conclusions were reached regarding hot leg / surge line failure:

1. For conditions where (1) the RCS pressure is near a safety
relief setpoint, (2) steam generators are dry, and (3) no ;

significant prolonged forced flows exist in the RCS during
core melting, the likelihood of an induced hot leg / surge line
failure has a probability greater than 0.95. The probability
that the RCS depressurization would be sufficient to decrease

,

i

the RCS pressure to 600 psia was estimated to be 0.84. The
equivalent probability that the RCS depressurization was below
200 psia was 0.64 (See Table C.6.1 of Reference 182).

2. Intermediate pressure core melt transients such as those
associated with an unmitigated small LOCA with a total Loss of
feedwater were not likely candidates for an induced hot
leg / surge line failure. The potential for hot leg / surge line
failure was estimated in Reference 118 to be only 0.13 for
these sequences.

3. For transients where steam generators serve as an effective
heat sink, the potential for induced hot leg failure was
judged to be negligible.

While considered significantly less likely than induced hot leg
failure, induced SGTRs are considered possible. The NUREG-1150
expert elicitation panel considered that for a station blackout,
induced SGTRs would occur prior to hot leg failure only 1.5 % of
the time. Induced steam generator tube ruptures are of potential

~

concern because of the possibility of creating a containment bypass
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i condition. It should also be noted that induced SGTR is possible

for only those transients where the steam generator is allvoad to
dry out. If water is on the secondary side, steam generator tube

| temperatures will be too low to induce failure.

19.11.4.1.1.3.2 Applicability of the NUREG-1150 Creep Failure
Elicitation to System 80+

A review of the NUREG-1150 documents supporting the conclusions
regarding hot leg and surge line failure for the Reference plant
large dry PWRs indicates that these conclusions can be applied to

| the C-E System 80+ reactor. This conclusion is based on a semi-
| quantitative review of the major parameters influencing hot leg /
| surge line failure, core melt progression and V3, and a comparison
| of Reference plant PWRs and System 80+.

Hot leg creep failure arises as a result of natural circulation
flows, developed during the core melt progression, which transfer
considerable energy from the core to the upper portion of the RCS
(upper plenum, hot legs etc.). Transfer of this energy
considerably raises the temperature of the hot leg even while the
core is partially filled with water. This provides the opportunity
for an induced hot leg / surge line piping failure prior to VB.
Thus, RCS induced depressurization represents a race between the
natural circulation induced heatup / creep induced structural
failure of the hot leg / surge line and the core uncovery/VB failure

i process. The heatup process is driven by decay heat and exothermic
| energy released during the zirconium oxidation process. The hot

'

leg creep f ailure response is governed by the hot leg flows, PSV or
SDS operation, and steam / hydrogen superheats as well as the thermal
and structural properties of the hot leg / surge line material.
The parallel VB process is governed by the details of the core melt
progression and mode of RV failure. The similarities and
differences between System 80+ and the Reference Plants
(Surry/ Zion) with relation to hot leg / surge line failure and VB
process are discussed below:

1. Comparison of Natural Circulation Driving Force of Reference
plant and System 80+

The natural circulation driving force is strongly linked to
| the level of Zirconium-Water reaction and the associated
| exothermic energy released in the core region. The System 80+

| PWR design contains approximately 30% more zirconium per MW of
thermal power than does either Surry or Zion. This additional

| zircaloy content arises from the fact that C-E employs a high
neutron economy fuel design that uses zircaloy for the
construction of fuel spacer grids and control rod guide tubes,

| as well as, fuel cladding. Therefore, it is anticipated thati

'

the natural circulation flows between the cute and the steam
generator region will be of higher Lemperature and high

| flowrate than that of the Reference Plants.
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2. Comparison of Thermal Hydraulic Features of Reference Plant-
and System 80+ hot legs

j

The precise location of an creep induced RCS failure is
uncertain. For scenarios where. a significant through-flow is

Iexpected through the pressurizer, it is likely the RCS f ailure
will occur in the surge line. For less dynamic flows the RCS

| failure may occur towards the exit of the RV' hot leg. nozzle ,

| either in the RV nozzle, hot leg or the connecting field weld.

|- While the NRC in Reference 127 considered field welds as a

|
good prospect .for failure, lack of detailed information|
prevented any detailed analysis in this area. Hot leg failure;

! was assumed to occur either at the exit of hot leg nozzle or
the entrance to the hot leg.

Both the System 80+ and Surry RVs and hot leg nozzle are
constructed of Carbon Steel. The| lip of the nozzle on the
Surry nozzle is thinner and the nozzle diameter is smaller
than for System 80+.

C-E hot legs are constructed of Carbon Steel with a wall
thickness of 4.4 inches. This differs from-the surry design
which utilizes a 2'5 inch thick stainless steel pipe. .~For.

much of the temperature range of interest and for similar
p thermal loadings the Biot number and the characteristic heat

conduction time of the two materials will'be similar.+

The characteristic time required to conduct heat into the hot
legs is proportional to x /a where a is the thermal2

diffusivity of the material and x represents the-
characteristic length of the structure (wall thickness) . This
parameter is approximately equal to 1000 seconds for both the
Reference plant and System 80+ PWRs hot legs.

3. Comparison of Creep Properties of Reference Plant and System
80+ Hot Leg Material

Experimental evidence demonstrates that the creep properties
of carbon-steel and stainless steel are different. In fact,
carbon steel will be susceptible to a creep failure at
temperatures below that of stainless steel. Consequently, if
RCS failure occurs in the hot leg, for similar thermal
loadings, the System 80+ hot leg will be more likely to-fail
than the Reference plant.

4. Comparison of Upper Plenum Designs

The design of the upper plenum physically is very different
from that of Surry. Thus, different and larger hydraulic-
resistances can be expected for System 80+. However the
natural circulation flows are only weakly sensitive to this
parameter (typically, natural circulation flows are inversely
proportional to the cube root of the hydraulic resistance).,
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5. Comparison of Core Melt Progression

The core progression between the Reference Plants and System
80+ is expected to be different in many details. However, the
overall timing of the core melt progression will be similar.
Additional zircaloy in System 80+ will likely drive the RCS to
hotter temperatures as a result of additional energy release
to the RCS via zirconium-water reaction.

6. Comparison of VB Failure Mode

The vessel failure mode and timing associated with both the
Reference Plant and System 80+ designs are considered similar.
Both designs employ lower heads with instrument penetrations.
Differences in vessel thicknesses and radius are not
considered significant in the timing and mode of the RV
failure.

7. Comparison of Surge Line Design

Surge lines of both the Reference Plant and the System 80+ are
designed with similar materials and dimensions. The System
80+ pressurizer relief valves are designed with a large
blowdown band. This results in longer times of valve
operation once the valve setpoint has been reacled. A longer
opening time will allow additional time for the surge line to
heat up. Thus the surge line failure potential should be
greater for System 80+.

While a detailed quantitative assessment of the RCS induced piping
failure mechanism is not available, it is likely that the more
extensive zirconium -water reactions expected for System 80+ would
result in higher hot leg / surge line temperatures during the melt
progression. The ef fect of this increased heatup is expected to be
offset by the increased hot leg wall thickness. Consequently, it
is expected that the application of the NUREG-1150 expert
elicitation on this subject can be applied to the quantification of
this issue for System 80+.

It should be noted that while hot leg / surge line induced RCS
f ailure is credited in the PRA its actual impact on the analysis is
small because of the high expected availability of the Rapid
Depressurization Valves (see below).

O
|
|
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19.11.4.1.1.3.2 Depressurization Via the SDS

| The RCS'can be depressurized via actuation of one or more of the
SDS Rapid Depressurization (RD) valves. These valves are intended |-
to provide the operator with a mechanism to depressurize the RCS to.
a low pressure prior to VB. Depressurization of the RCS serves to:

1. allow alternate sources of' water to inject into the.RCS
2. minimize the loads imposed at the time of HPME
3. prolong the integrity of the RV prior to VB-

As discussed in Section -19.12, most transients that pressurize the
|RCS to the safety valve setpoint remain at that pressure as-a

result of.an error on.the part.of'the operator to not. actuate the
SDS when required to establish feed and bleed. For purposes of RCS |
depressurization, .the operator can fail this initial task and still
recover the SDS depressurization capability provided the SDS is.
open within two hours following the sustained PSV lift.- Since the' |
operator has sufficient indications that core uncovery is imminent

|-or in progress, and a reversal of the transient through re-
establishing feedwater is unlikely, a delayed operator action
opening the SDS valve is considered highly likely. ,This recovery
action has'been factored into the Level 2 portion of-the PRA.

A
i i 19.11.4.1.1.3.3 RCP Seal Failura
G

RCP seals typical of C-E PWRs are not expected.to fail prior to VB'
provided the operator does not operate them for extended periods of
time (greater than 30 minutes) without seal cooling.

19.11.4.1.1.4 Summary-of Experimental Evidence

19.11.4.1.1.4.1 DCH and HPME
,

|

Experiments contributing to the current understanding of DCH have I
been performed at Sandia National Laboratories (SNL), -Argonne )National Laboratory (ANL), Brookhaven National Laboratory (BNL),
and Fauske and Associates Inc. (FAI) in the United States and at
Winfrith in the U.K. A summary of these experimental efforts is
presented in References- 115 and 179. This information is
summarized in Tables 19.11.4.1.1-3a and 19.11.4.1.1-3b. These
tests investigated debris dispersal and DCH in test facilities
with scale variations from smaller than 1:100 up to 1:10. It
should also be noted that the vast majority of these experiments
studied the Zion reactor cavity design.' This particular cavity j
design is believed to have an unusually high potential for.

'

dispersing debris at relatively low RCS pressures. However,
several different reactor cavity designs were experimentally
investigated, particularly with unheated debris and at the smaller

/~~N scales.

U
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While these results can not be considered directly prototypic of
System 80+ (see Reference 115) due to differing cavity design, |
these tests do provide considerable insight into the mechanical and
thermodynamic processes associated with HPME and DCH process and in
particular the role of geometry in limiting debris dispersal and
heat transfer.

Key test observations were as follows:

1. Obstructions to debris dispersal in the cavity can
substantially increase the threshold pressure required to
obtain debris dispersal. Given sufficient RCS pressure, debris
dispersal was observed to be relatively complete. However,
none of the tested configurations is judged to be as resistant
to debris dispersal as the System 80+ design.

2. RCS debris dispersal pressure thresholds were clearly
observed. For modest RV failure sizes (typical of an
instrument tube failure) threshold pressures for debris
dispersal can exceed 600 psia for non-dispersive geometries
similar to the Watts Bar cavity. For large lower head f ailures
threshold pressures for debris dispersal were between 150 to
350 psia, depending on reactor cavity design.

3. Cavity offset areas, or low velocity legions within the
reactor cavity could efficiently collect and retain

corium!debris (See Reference 115).
4. The degree of subcompartmentalization within the containment

will have a direct influence on DCH induced pressures.
Results of the Limited Flight Path (LFP) (Reference 144) and
Integrated Effects Tests (IETs) (Reference 125) performed at
the SNL Surtsey facility indicate that even at the modest
levels of subcompartmentalization typical of large dry PWRs,
DCH induced pressure load contribution will be limited
(typically less than several atmospheres).

5. In the presence of steam, unoxidized metals released during a
,

HPME can react to produce metal oxides and significant j
quantities of hydrogen. Furthermore, the hydrogen produced can i

be auto-ignited by the locally hot corium debris.

6. Evaluations )f integral experiments including consideration of
subcompartmentalization shows that direct transfer of energy
from the debris to the containment atmosphere can be virtually i

eliminated for reactor containment configurations including
ex-cavity subcompartments capable of intercepting dispersed
corium.

O
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4. As seen in the IET tests, a limited fraction of the hydrogen

discharged to containment prior to VB burns. This-fraction
j' was conservatively established at 25% percent of available
; upper compartment hydrogen.

! 5. A larger fraction (50 percent) of the hydrogen released during

| the blowdown or produced during debris dispersal is burned.
'

6. All burns are adiabatic.

For the expected condition of HPME, the hydrogen combustion process
is not expected to exceed pressures of 110 psia even when the
ejected mass into the upper compartment is artificially' increased,

'

to 50% of the . total ejected mass. This value- is below the
containment pressure associated with ASME Service Level C allowable
stresses.

! 19.11.4.1.1.5.2 Analyses to Support DCH mitigation via the
| Rapid Depressurization Valves |
!

Analyses performed to support the design of the RD valves of the
SDS have been performed at the ABB-CE and FAI (Reference 115) . FAI
analyses demonstrated that if the operator takes action to
depressurize the RCS before the time the core exit temperature
reaches 1200*F the RCS can be successfully depressurized to about |
250 psig prior to RV breach.

Similar analyses have been performed by ABB-CE to support a plant
| specific assessment of the SDS valve capabilities. These analyses

were performed with the System 80+ version of1MAAP 3.0B. The |results of these studies are discussed in Section' 19.11. 3. In-

summary, the RD valves were found to successfully depressurize-the. |
RCS to the DCH entrainment threshold, so- long as the SDS is
actuated within two hours after a systained PSV lift for a |
transient with an early total loss of 'feedwater. Thus, the
operator is expected to have sufficient information and time to
utilize the RD valves for RCS depressurization should that action |
become necessary.

19.11.4.1.1.5.3 Quantitative Estimate of Debris Entrainment
Scale model experiments (Reference 125) have indicated that debris
can be entrained out of- the cavity through the RPV/ biological
shield annulus as well as through the in-core instrument tunnel.
For System 80+, of the debris that passes through the tunnel, very
little of the debris is expected to be carried out of the cavity

| into the HVAC room and from the HVAC room into the bulk of
, containment. Thus, any debris participating in energy transfer to
! the bulk containment must be dispersed upwards through the reactor

cavity annulus. The fraction of the total flow area out of the
reactor cavity represented by the annulus flow area about the
corbels is 25 percent. As discussed previously, this represents an

) upper bound on the fraction of the debris that could be dispersed
upwards into the upper containment, since the upward debris motion
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will be limited by availability of debris below the RV and
entrainment will be impeded by the presence of corbels, the neutron
shield plug (which obstructs more than 50% of the annulus gap) and
the hot and cold legs. Initial assessments of upward debris
entrainment performed by ARSAP suggested the appropriate upper
limit on debris escape from the System 80+ reactor cavity to be 10%
of the ejected mass (see Appendix 19.11C).

19.11.4.1.1.6 Significance of DCH Containment Threat to
Byatem 80+

As discussed in Section 19.11.3.6, the System 80+ has been
specifically designed to mitigate containment threats from HPME and
DCH processes. System 80+ mitigation features include from the
availability of a safety grade Rapid Depressuritation capability
within the Safety Depressurization System (SDS) to reduce RCS
pressure to below the debris entrainment threshold, a debris
retentive cavity configuration with sharp turns, overhangs,
flowpath offsets and a " cavity trap", and a convoluted steam
discharge path from the cavity which will promote de-entrainment of
the core debris within the cavity while allowing adequate cavity
steam relief.

In addition to the above features, the System 80+ cavity is
designed to be floodable by the operator prior to RV lower head
failure. As indicated in the NRC Draft Final Safety Evaluation
Report on the EPRI Utility Requirements Document for the
Evolutionary LWR, simultaneous dispersal of debris and water should
ensure that the containment threat resulting from the HPME is
minimal (Reference 161).

Thus, DCH is a credible threat only for those situations where the
RCS is at the CRV setpoint prior to VB while simultaneously the
reactor cavity is dry. These conditions create a situation where
the potential hydrogen combustion associated with the HPME event
may be high at a time when all other DCH energy transrer mechanisms
are maximized. This set of conditions is limited to about 3.7% of
PDSs. These initiate from high pressure with a CRV RCS leak rate
and the CFS system malfunctions or is not actuated prior to VB.
Further, this fraction is considerably reduced when one considers
that CRV sequences are estimated to have a 0.95 probability of hot
leg failure and a 0.65 probability that the failure will be large
enough to depressurize the RCS below the DCH entrainment threshold.

| Furthermore, use of the RD valves also has a high probability of |
'successfully depressurizing the RCS. Based on a current

interpretation of DCH containment loading as primarily a hydrogen
based threat, blowdown of the RCS prior to VB also implies re-
distribution of hydrcgen from the RCS into the upper compartment.
Based on IET test results, this hydrogen redistribution will reduce
the hydrogen available for combustion immediately af ter VB. Use of

| the RD valves thus virtually e2iminates any credible DCH i

'

containment challenge. (Following VB and RCS blowdown, this
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hydrogen can potentially burn and challenge the containment as'a
hydrogen threat. ) The percentage of' potential DCH threats can
therefore be reduced to under 1% of all . accident sequences.
Furthermore,.since the DCH peak containment pressure results in a
containment challenge that is below Level C stress intensity, less
than 2% of these remaining sequences will proceed"to containment
failure. Following the preceding arguments one concludes that the
conditional containment failure probability given a core melt
condition occurs will be less than 0.0002 (See section

19.11.4.1.1.7).

19.11.4.1.1.7 Application to the PRA

This section discusses the quantification of the DCH induced
containment threat for application to the System 80+ PRA.

19.11.4.1.1.7.1 Quantification of RCS Depressurization
Parameter RC8HIGH

(1) High pressure transients with successful operation of SDS
or- low pressure core melt scenarios.

For high pressure transients where the SDS is actuated in a

(N timely manner or where RV failure follows low pressure RCS
transients, the potential of a DCH induced containment failure
will be taken as 0.0. That is, DCH ' induced containment
failures from low RV failures under low RCS pressures is not
deemed credible.

(Early containment threats following low pressure RV failure
are primarily considered to result from hydrogen combustion or
a steam explosion; see Section 19.11.4.1.3 and 19.11.4.1.2.2,

|
respectively.) 1

(2) High-Intermediate pressure transient depressurization and
the SDS is not actuated.

Operator actuation of the SDS prior to RV failure is included
within the System 80+ Emergency Operating Guidelines (EOG).
Consequently, there is a high probability that the RD valves

,

will be actuated in a timely manner so that any DCH threat may '

be averted prior to significant core uncovery. |
l

| However, for high pressure severe accident scenarios where the i

| SDS is either unavailable or not activated, the probability of
' RCS depressurization caused by induced hot leg failure is

assumed to be 0.65. This value represents the probability of
an induced DCH failure reducing the RCS pressure to below the
DCH core debris entrainment threshold as determined ' by,b NUREG-1150. This value is conservatively selected.as less

\
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I than the RCS hot leg failure probability of 0.95 established
| in Reference 127 for partial RCS depressurization. Recent
| information on RCS depressurization imply that the primary -

! contributor to containment threat following HPME is not so
much entrained debris as it is an induced hydrogen burn.
Failure of the RCS hot leg will allow most of the hydrogen,

| trapped in the vessel to enter the containment and hence
! substantially reduce any resulting DCH burn. While the lower

value is retained for purposes of conservatism, the 0.95 value

| for DCH mitigation may, in fact, be more appropriate.

The probability of an induced RCS failure occurring as a
| result of a SG tube rupture in a dry steam generator (allowing
i potential fission product containment bypass) for sequences at

the PSV pressure is estimated to be 0.015. This estimate is
i based on a review of NUREG-1150 expert elicitations for RV
| failure phenomena in Zion and Surry and are considered
| boundary for System 80+.

For intermediate pressure transients, the potential for an
induced RCS hot leg failure will be conservatively neglected
(See Section 19.11.4.1.1.3). The likelihood of induced steam
generator tube rupture is also assumed to be negligible.

19.11.4.1.1.7.2 Quantification of DCHSTREN :DCH Containment .

Failure Probability
|

Given a high RCS pressure and that RV lower head failure occurs
into a " dry" reactor cavity, the containment failure probability is
conservatively based on the results of a high level decomposition
of the DCH event into its principal contributors. Peak pressures
were established for a variety of conditions and a weighted
containment failure probability was established. The process was
performed separately for DCH events that are initiated from PDS
where the RCS leak rate is governed by a cycling relief valve (CRV)
and for the high and intermediate pressure state where a continuous
RCS leak is present. Results for this assessment were established
using the "two cell" DCH model discussed in Section
19.11.4.1.1.5.2. A description of the decomposition process and
the resulting containment failure potentials follow.

19.11.4.1.1.7.2.1 Decomposition of the DCH Pressurization
Process

This section utilizes the analytical "Two Cell" DCH method provided
in Section 19.11.4.1.1.5.2 and described in Appendix 19.11D to
quantify the various outcomes of a DCH containment threat. For
purposes of the System 80+ PRA, the DCH event is decomposed into

| the following major parameters and processes:

1. Fraction of the ccre oxidized pricr to VB (FEOX)
| 2. Mass of Material Ejected from the RV at the time of VB(MDEB)
l
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TABLE 19.11.4.1.1-1

MELT COMPOSITION AT VB FOLLOWING A STATION BLACK 0UT
IBASED ON REFERENCE 179

High Pressure With High Pressure With
VB Creep Penetration Low Pressure

! Failure Failure Failure

TOTAL MASS 40 34- 63
1

EJECTED (%)

FRACTION OF 0.815 1.00 0.445
EJECTED MASS IN A

MOLTEN STATE

MOLTEN MASS

COMPOSITION (KGs)

STEEL 16,000 8,500 28,700

bV ZR 15,000' '15,000 13,000

UO, 24,000 34',300 5,000

Zr0 0.00 0.00 0.002

SOLID MASS
COMPOSITION

(KGs)

STEEL 0.00 0.00 0.00

UO 12,200 0.00 59,1002

Zr0 0.00 0.00 0.002

* TOTAL CORE MASS = 168,000 KGs (including lower support structure)

O
(.)
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TABLE 19.11.4.1.1-2

COMPARIS0N OF VARIOUS EXOTHERMIC REACTIONS ASSOCIATED WITH DCH PROCESSES

Heat of reaction
per unit mass of

Reaction reactant (MJ/Kg). Reference

Zr +2 H 0 --> Zr0 + 2H 6.74 169 |2 2 2

Fe + H O --> Fe0 + H 0.43 169 |2 g

3Fe + 4 H O --> 4H + Fe 0 0.98 169 |2 2 34 ;

2Cr + 3 H 0 --> 3H + Cr 0 4.2 169
2 2 23

H2+ 1/2 02 --> H 0 1.04 178
3

0

|

|
!

l

;

;

O
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p TABLE 19.11.4.1.1-4

INITIAL CONDITIONS FOR "TWO CELL"'
DCH PRESSURE CALCULATION

Small LOCA Small LOCA
Without With Station

Parameter Sprays- Sprays _ Blackouts

Mass of U0 in Lower 77200. 77200 77200
2

Plenum (lbm)
|

Mass of ZR in Lower Plenum 33000 33000 33000
(lbm) |

Mass of Steel in Lower 26500 26500 26500 g
Plenum (lbm)

Mass of Steam in RCS at 15900 15900 48260 I

CRV Pressure (Ibm)

RCS Pressure ~ Prior to VB 750 750 2500
(PSIA)

O RCS Temperature Prior to 700 700 900
(,/ VB (F)

Mass of Hydrogen in RCS 50 50 470-
(KG)

Containment Pressure 35 20 20 ,

(PSIA)

Containment Temperature 215 135 100
(F)

Mass of Hydrogen in 1455 1455 530 i

Containment (lbm) 1

|

|

Lower plenum inventory is equal to about 37% of the core inventory*

including structure

'u]
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peCastal (RV support) structure was considered in the' Grand Gulf
PRA (see Appendix C of Reference 180). |

19.11.4.1.2.2.2 Parameters affecting EVSE

Parameters affecting ex-vessel steam explosions are essentially the
same as those for IVSEs with the following exceptions. Ex-Vessel,

l steam explosions occur exclusively at low pressure and typically
| the cavity geometry allows for steam relief. The details of the
I cavity / containment design will also influence the consequences of

an EVSE event.

19.11.4.1.2.2.2.1 Containment Pressure
|
| EVSEs will typically occur at low pressure. Results of FITS

experiments at ambient temperature and pressure indicated that the
probability of a spontaneous EVSE given a coherent melt subcooled
water interaction was 0.86 (See Section 19.11.4.1.2.1). However,
at a system pressure of only 5 bars (75 psia) spontaneous steam
explosions could not be triggered by a discharge of corium into-a
subcooled water pool.

19.11.4.1.2.2.2.2 Cavity Water Temperature

O- The propensity for the development of a steam explosion was
experimentally found to be dependent on the proximity of the water
pool temperature to saturation. Results of FITS experiments
indicate that when a melt interacts with a saturated water pool,
the probability of an EVSE drops from 0.86 to about 0.25.
Furthermore, steam explosions in saturated water typically occurred
towards the top of the pool generating very low explosive forces
within the pool.

19.11.4.1.2.2.2.3 Mass of Corium Involved in the Explosion

The short duration of the explosion process will limit the corium
mass involved in the process. The actual mass of corium that will
be involved in a steam explosion is highly uncertain. Estimates of
corium involvement in ex-vessel steam explosions typically consider
the mass of corium injected into the pool during the time interval
in which corium initially enters the water pool and falls to the
pool floor as the mass of corium involved in the steam explosion
process. This position is founded primarily on the experimental
observation that the steam explosion can be triggered by the
contact of the corium with the basemat. While water surface
explosions are possible they are less likely particularly if the
water pool is subcooled (as is expected for System 80+).
In System 80+, as with many PWRs, the corium ejection occurs
primarily from the lower head instrument tube failure. Following

( this failure the mass of molten material residing in the lower head
of the RPV is ejected. This ejection process involves a molten
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| mass between 100,000 and 150,000 lbms. During this ejection
process the molten material ablates the initial hole area to a much
larger size. The molten mass ejection process takes between 4 and
10 seconds dependent upon RCS pressure at VB and the details of the
ablation process (See Appendix 19.11F).

Support for the instrument tube ejection failure mode is provided
by a recent review of RV lower head failure modes has been
performed by Rempe, et. al (Reference 184). These analyses |
generated failure maps that suggest that for a PWR with lower head
penetrations, at low RCS pressures the likely RV failure mode will
be that of instrument tube failure (See Appendix 19.11F). This
failure mode dominates until the RCS pressures are in the vicinity
of the RCS setpoint where both penetration failure and global creep
failure vie for the dominant mode.

For the System 80+ design, instrument tube failure represents an
initially very small failure area. As a result of the ejection of
molten material this small hole could ablate to a maximum discharge

2area of about 0.5 ft . These analyses are consistent with analyses
provided in support of the DCH SASM program (Appendix J of
Reference 179). !

Estimating the mass of corium involved in any given steam explosion
is not precise. However, if the RV failure results from a single
hole in the RV lower head (for example following a local creep
failure or ICCI tube ejection) the maximum mass of corium involved
in the explosion may be established by assuming the explosion is
initiated at the point of contact of the corium with the basemat
floor, and that all the corium residing in the column of melt from
the top of the pool to the basemat floor participates in the
explosion process. Since some of this corium would be quenched in
the pool prior to basemat contact and that the trigger mass and the
top of the pool are separated by approximately 15 feet, this
criterion for defining the corium mass involved in an explosive
event is considered bounding. Using a typical RV lower head hole

2size of 0.5 ft (the upper limit for an ablating RV penetration
hole), the mass of curium involved in the explosion can be computed
as follows:

Mass of corium = (RV Hole Area) x (Depth of x (Corium Density)
Cavity Pool)

|

|

0.5 sq. ft. x 15 ft x 550 lbm/ft3=

4125 lbm=

|

Steam explosions occurring at intermediate hole sizes would involve
smaller corium masses.

O
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19.11.4.1.2.2.2.4 Shock Wave Attenuation

The ability of the structure to withstand a shock or missile
loading is dependent upon the structural response characteristics
and the magnitude of the impulsive load (or kinetic energy of the
missile) upon impact. For shock loads, the wall loadings are
diminished from the initial pulse inversely as a function of the
square of the distance from the explosion and via shock
inter' actions with free surfaces of the liquid pool. The missile
load is diminished by the conversion of the kinetic energy of the
slug to potential energy in raising the slug to the target
elevation.

Large containment structures can also mitigate the impact of |

impulsive and shock loadings by virtue of their natural response |characteristics. EVSE loads are typically on the order of 2 to 5
milliseconds. Thus, cavity designs with significantly greater
natural periods will transmit impulsive loadings inefficiently, |

thereby reducing its physical impact. The estimated lowest mode |
period of the System 80+ reactor cavity is 11.5 milliseconds. A |
dynamic structural analysis of the cavity suggests that the median !

cavity failure impulse is about 3 psi-seconds (See Section
19.11.3.6). This impulse can be related to a peak incident wall
pressure by assuming a loading shape and duration. For a 3 |

(n) millisecond triangular pulse load (representative of a steam j
C/ explosion), this implies a peak incident pressure of about 2000 j

psia. A similar assessment for a three millisecond square pulse 4

will result in an equivalent incident pressure of about 1000 psi.
The inherent strength in the System 80+ cavity represented by these
values is expected to be sufficient to survive potential steam
explosions following VB. ]

I

19.11.4.1.2.2.2.5 Vulnerability of Containment Structure to
Cavity Failure i

The steam explosion is a short term dynamic process acting over a
period of milliseconds. Steam explosions can damage containment |

structures by either transmitting impulsive shock loadings to j
various containment structures or by transmitting the energy to a

'

liquid pool and creating an energetic liquid slug.
;

The major concern with EVSE is the ability to cause damage to the i
containment either indirectly via failure of important RCS !

supporting structures or generation of containment threatening |
missiles, or directly via dynamic loading of the containment walls.
System 80+ is designed such that there is no direct contact of the
containment walls and the cavity water pool. Therefore, direct
containment threats due to shock wave formation or missile
generation cannot occur. The expected containment failure mode is

( ])
[ considered an indirect one, whereby a steam explosion occurring ;

within the reactor cavity weakens and or collapses the RV
" supporting structures (e.g., cavity walls, RV supports). Failure
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of the RV supports may lead to excessive motions in the RCS piping

) which can ultimately cause failure of a containment penetration.

) Structural evaluations of System 80+ RV supports, RCS piping and
cavity design suggest that even under conditions of complete
failure of the reactor cavity a subsequent failure of containment
integrity is unlikely. This conclusion is a result of the
following features:

1. The ability of the cavity to support the reactor vessel and
the dead load of structures and equipment subsequent to corium
attack, or ablation, was analyzed assuming no credit for
support from adjacent structures. The results of this
analysis indicated that 5' by 5' triangular shaped horizontal
cross-sections of concrete remaining in each of the four
corners of the lower cavity would be sufficient to maintain
support of the reactor vessel and other equipment and
structures on the lower cavity.

Additional calculations show that the reactor vessel and the
upper cavity could continue to be supported by structures
adjacent to the cavity even if the entire lower cavity wall
below the corbels were either eroded by co7;ium attack or

| destroyed by a steam explosion. Rebar provided between the
interface of adjacent walls with the upper reactor cavity wall
provide enough resistance through shear-friction to provide
this support without relying on support from the lower cavity
wall. These calculations have been performed in accordance
with the requirements of ACI 349 (except without load factors
applied), and, therefore, a high-level of confidence is
associated with this support mechanism for the reactor vessel

| (see Section 19.11.3 and Appendix 19.11G). Since this
alternate load path is available for supporting the reactor I

'vessel, further attempts to increase the strength of the lower
cavity to accommodate severe accident pressure are not
necessary.

|

This feature of the System 80+ cavity design guarantees that
steam explosion loadings in the reactor cavity (even those
that fail the cavity lower walls) will not be sufficient to
induce a failure of c.antainment integrity.

2. Even if significant RV motions are postulated, motions of the
RCS are restricted via several mechanical restraints which
prevent excessive motion of major structures such as the steam
generator. If the steam generator remains well constrained
(as is currently expected) piping connected to the generators
will not fail. Structural integrity of Ern connected piping
is also expected.

O
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3. Should a failure of the RV supporting structure occur, and the |
motion of piping connected to the RCS results in a piping
failure, the failure will likely be contained "in
containment". Thus, containment integrity will not be
compromised. This conclusion is primarily a result'of the
high flexibility associated with the smaller RCS connecting
piping and the tendency to design piping penetrations stronger
than the connecting piping.

19.11.4.1.2.2.3 Summary of Experimental Evidence
'

A discussion of steam explosion experiments is provided in
'

Subsection 19.11.4.1.1.

In addition to these experiments, steam explosions have also been
observed in SANDIA HPME experiments performed as part of SPITS and
HIPS test program (Reference 158), investigating pressurized melt
ejection into the water pools. This program included five flooded
cavity tests. All tests were observed to produce steam explosion
loads characterized by short duration (several milliseconds), high

'

amplitude pressure pulses that typically disassembled the test
apparatus (Reference 158). These tests injected an iron-aluminum
melt into small relatively enclosed cavities. These tests were not

( conducted within the framework of the Severe Accident and Scaling
i Methodology (SASM) effort and therefore were not assessed.to be

prototypical of steam explosion loads within PWR cavities.

Additional DCH tests have been performed with flooded cavities as
part of the 1:10 scale IET DCH program performed at Sandia (IET
tests BA and 8B). These tests injected a corium melt simulant into
a one half flooded Zion cavity. Test IET-Ba injected water from a
vessel initially around 150 psia. Test IET-8B was conducted from
a nominal initial pressure of about 900 psia. DCH effects were
clearly suppressed. Steam explosions were observed for both tests.
The experiment with low pressure core melt injection resulted in a
single delayed steam explosion raising the cavity pressure to about
600 psia. The high pressure melt ejection transient produced
several smaller (200-400 psi) steam explosions (Reference 190) .

A recent experiment performed as part of the Beta Core-Concrete
Interaction Program in Germany (BETA V6.1) has produced a steam
explosion that lifted a 7 ton cylinder several meters off its
foundation (Reference ~ 185). While the precise details of this
experiment are unavailable, loads were produced which were
equivalent to a 3% conversion efficien'cy of the corium thermal
energy into kinetic energy (Reference 185). A review of this test
performed by G-E (Reference 186) suggested that the loading that
developed during Beta V6.1 were due to a rapid quasi-steady

/ ] pressurization of the KWU reactor cavity.
The KWU reactor cavity

is relatively tight with a free volume less than 1/6 th of that of
Q System 80+ and with minimal steam relief capability. Therefore, the
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| KWU cavity design will be far more susceptible to this steam
pressurization loading pattern than System 80+.

19.11.4.1.2.2.4 Quantification of EVSE Loads

This section describes alternate methods that have been proposed
|

for use in quantifying loadings caused by EVSEs.
|

19.11.4.1.2.2.4.1 R. Henry Estimate of EVSE Shock Loading
(Reference 169)

The steam explosion shock wave is generated from a rapidly
expanding vapor mass whose growth exceeds the ability of the
surrounding fluid to relieve the pressurization. Qualitatively,
once formed the shock wave will rapidly attenuate as it moves away
from the initial region of rapid vapor growth. R. Henry has termed
this region the interaction zone. Thus, if one were to establish
the pressure in the interaction zone, then the wall loading could
be established by assuming a suitable decay of the shock wave as
the wave propagates toward the cavity walls.

Unlike chemical explosives, the ability of a steam expansion to
support a large local pressure pulse in a free field is limited by
the relative volume increase which is a decreasing function of
pressure. Reference 169 suggests that a reasonable upper magnitude
for a steam explosion pressure in the steam-corium interaction zone
would be about one half of the critical pressure (about 1450 psia) .
These loads were noted to rapidly decay as a function of distance
from the source event.

The passive ALWR has developed a simplified methodology for
evaluating bounding steam explosion loadings by defining an
interaction zone of with a uniform peak pressure of 1450 psia and
a square law power decay and an effective duration (See
Reference 169). Applying this methodology to the System 80+ cavity
an effective interaction zone of about 5 feet is defined. For the ;

System 80+ cavity geometry the resulting peak wall pressure load '

would reduce to about 500 psia. Experimental data suggests the
steam explosion has a rapid, nearly instantaneous, pressure rise
followed by a linear time decay for a duration of about 2 to 3
milliseconds. Applying this characteristic to the calculated |

pressure spike one can infer a consequential impulse of under 1
psi-seconds.

19.11.4.1.2.2.4.2 F. Moody Estimate of Steam Explosion
Loadings (Reference 171)

Moody studied the significance of steam explosions to GE BWRs in
Reference 171. In this study a steam explosion was defined as a
rapid cubmerged steam formation from numerous corium droplets that
is sufficient to propel an overlying liquid mass so that it can
exert an impact on target structures. A simplified methodology for
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establishing the kinetic energy of the liquid s' lug and the-
submerged pressure spike were also established. Employing Moody's- ,

Imethodology to discharged corium masses between 25 Kg and 2,500 Kg
of molten corium one finds the predicted submerged pressure spike i

to be between 10 and 60 psi. These. loads are well within the
capability of the containment structures. However, it should-be i

noted that in defining the methodology, Moody considered the
maximum heat transfer from the corium to the pool to be governed by i

enhanced film boiling. These heat transfer rates produce steam at
a far slower rate. than the 30 Mw/m identified by Henry in2

Reference 169,-as being typical of steam explosions. |

19.11.4.1.2.2.4.3 TNT Equivalent Methodology

Considerable information is available.on the explosive capability-
of TNT for use in depth charges. Much of -this early work is
. documented by Cole in a classic treatise on Underwater Explosions '

(Reference 170). This methodology was the basis of the NUREG-1150 |
EVSE loading assessment for Grand Gulf pedestal integrity
assessment.

By assuming the stored thermal energy.within a superheated mass of
corium can be related.to a charge of TNT, approximate estimates of
the impulse loading on various structures can be estimated using )fmI equation 7.6 of Reference 170. .This equation defines a ' TNT | |

\_/ impulse, I, (in psi-sec) as follows
,

|
i

d33( gA,33 0.89
'

I=1,46 B R)

Where, W is the TNT weight equivalent (lbm)
R is the radial location of the structure from the
explosion source (ft)

Assuming (1) the corium to be discharged from the.RV at 5040*R, and
(2) the EVSE process results in a 3% thermal to mechanical energy
conversion efficiency, corium induced steam explosions will produce
approximate potential-impulse loads.of between 0.5 and 9 psi-s for
corium mass discharges of between 500 and 60,000 lbm (See Table
19.11.4.1.2-2). (Note that the definition of impulse is area under
the transient pressure pulse, for a square pulse this is the
pressure rise multiplied by the pulse duration.),This corresponds
to a range of participation in the EVSE of between .15 to 18 %'of
the System 80+ core inventory. TNT loading equivalents tend to
overestimate the true loading. Furthermore,. the 3% energy

O conversion is representative of the upper limit of the energy

Amendment Q
19.11-85 June 30, 1993



CESSAR EnWicari:n

conversion efficiencies noted in the FITS Tests and was observed in
fewer than 5% of the FITS experiments.

| 19.11.4.1.2.2.4 Significance of EVSE to System 80+

For System 80+, it is expected that the cavity flooding system will
be operable and actuated prior to the reactor vessel failure.;

| Therefore, fuel-coolant interactions (FCI) is likely following!

vessel breach and the possibility of " steam explosions" cannot be
excluded. The estimates provided above indicate that the
consequences of steam explosions following reactor accidents is
highly uncertain. Impulse fragility curves established by

| structural analyses on the System 80+ reactor cavity indicate that
| pressure impulses below about 1.5 psi-sec pose no threat to the

System 80+ lower reactor cavity. (The corbel region of the reactor
cavity can withstand dynamic loadings in excess of 5 psi-sec.) The

! lower cavity wall failure threat increases incrementally with
! loading. An impulse of approximately 2 psi-sec will have a cavity

failure potential of under 0.10. Impulses above about 3 psi-sec
have a potential for cavity failure greater than .50. Considerably
larger impulses are required to fail the corbels.

Provided Henry's hypothesis on the interaction zone maximum
pressure limit is accurate for free surface loadings, the maximum
pressure impulse anticipated during a steam explosion is less than
1 psi-sec (below the level of containment threat). Even if Henry's
estimate of the peak pressure in the interaction Zone increases to
7500 psia (twice the stean, critical pressure) , the nominal steam
explosion pulse experienced at the cavity walls will be less than
3.5 psi-sec for a triangular pulse loading of .003 second duration.
At this loading the resultant lower cavity wall failure probability
is about 0.50.

A similar deterministic assessment performed using the more
conservative TNT equivalent approach considerably overestimates the
containment threat. This assessment is dependent upon the corium
mass involved, therefore, the level of predicted containment threat
depends somewhat upon the RV lower head failure mode. Assuming an
upper bound mass involvement of 5,000 lbm (approximately 5% of the
ejected mass) of corium debris instantaneously participates in a 3
per-cent ef ficient steam explosion event, the resulting containment
threat results in an impulse load on sections of the cavity walls
of less than 2 psi-sec. The mean cavity failure probability for
this condition is less than 0 10. At the average corium conversion
factor of 0.015, the act a1 threat to the cavity will become
negligible.

O
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19.11.4.1.2.2.4.1 Impact of EVSE on Severe Accident Reactorj
Cavity Flooding Strategy

System 80+ is equipped with a manually operated reactor cavity
,

I flooding system for use during severe accidents. The intent of
this System is to provide large quantities of water to the reactor
cavity prior to VB so that the consequences of. vessel failure can
be minimized and the ensuing corium discharge may be cooled and
quenched and cavity fission product released scrubbed. Initially,
the post-VB steam explosion was considered as a containment threat,
but was generally dismissed as not being' credible based on the
facts that (1) the cavity water did not directly interface with the
containment, so that induced loadings had no direct containment
load path and (2) an unlikely failure of the cavity would not
compromise containment integrity (either via generation of cavity

|

| missiles or induced penetration failures). The advent of the
j_ mishap in Beta test V.6 has lead to a reassessment of the EVSE

threat. Based on this reassessment it was concluded that large'-
impulsive loadings sufficient to " damage" the cavity walls can
potentially be produced during an EVSE. However, detailed analyses
support the initial judgements that induced containment failure is;

unlikely. In this context the pre-flooding of the reactor cavity
prior to VB appears a useful strategy whose potential benefits are

p expected to outweigh its small risk (See Section 19.11.4.1.2.2.6).!

; Since the System 80+ cavity flooding is operator driven, the
timing of the operation can be adjusted to minimize risk. Based on

i current research it is concluded that pre-flood of the reactor
cavity is the most efficacious strategy. However, being operator
driven, the strategy can be adjusted to coincide with advances in
our understanding of the consequences of EVSE or debris
coolability. Furthermore, because of the relative simplicity of
the CFS design and the location of key equipment in the holdup
volume, there is not expected to be significant environmental
consequences of a delayed CFS actuation. While the reactor cavity
will be exposed to a thermally and radioactivity hotter
environment, the holdup volume equipment environment for the CFS
valves will be relatively constant because of the concrete wall

,

separating the reactor cavity from the holdup volume and the fact'

that for either scenario'(pre-VB or post-VB flood) the CFS valves
will be submerged.

!
,

s
,
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19.11.4.1.2.2.6 Application of EVSE to the System 80+ PRA

19.11.4.1.2.2.6.1 Decomposition of the EVSE Process

The System 80+ PRA explicitly considers the potential for Ex-Vessel
Steam Explosions and their associated consequences. To establish
a median containment failure probability given an EVSE occurs, the
EVSE containment failure event was decomposed into the following

| basic event and parameters:

1. MASS: Mass of Corium Involved in Steam Explosion

2. EFF : Efficiency of Steam Explosion

3. CAVF: Loading Fails Cavity

4. CF : Cavity Failure Induces Containment Failure

This decomposition and quantification is discussed below:

MASS: Mass of Corium Involved in the Steam Explosion

| This parameter is highly uncertain. Four participating corium mass
ranges were established as follows:

Low (L) : Participating Corium Mass is below 1000 lbm

Intermediate 1 (I1): Corium Mass is between 1000 lbm and 5,000
lbm

Intermediate 2 (I2): Corium Mass is between 5,000 lbm and 10,000
lbm

High (H): Corium Mass is greater than 10,000 lbm

Lower plenum conditions were established prior to VB in Table
19.11.4.1.1-1. Based on this information it is expected that about
120,000 lbms of molten corium mass will be ejected during VB.
Estimates of the time dependent discharge mass for a representative
lower head failure at high and intermediate pressures are presented
in Appendix 19.11 F. These figures show that the corium ejection
process requires less than 10 seconds and that the maximum hole in
the RV will be about 0.5 ft (See Appendix 19.11F) . During this2

ejection period (Reference 179) steam explosions are possible. For
the quantification of the participating mass it was assumed that
the EVSE mass could be established by the mass of corium in the jet
spanning the height of the water pool. The distribution of masses
was directly related to the fractional time that the RV hole was
below a specific area. In addition, it was assumed that there was
a 10% probability that the total mass participating in the EVSE was

,

|

above the value that would be calculated using the maximum hole

i
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area. The time frame of the steam explosion is on the order of
several millseconds. The mass distribution participating in the
corium melt is established based on a time-failure area
relationship (See Appendix 19.11F).

EFF: Efficiency of steam Explosion

Data from FITS tests indicate that the median steam explosion
efficiency is 1.5 % with a range of observed values between 0 and
3%. Two ranges of efficiencies will be considered. These are
efficiencies less than 1.5% and efficiencies greater than 1.5%. l

These groups will be considered equally probable (0.50/0.50) and |
quantified at the extremes of each range.

CAVF: Cavity Fails due to Loading

This parameter provides the probability that the cavity load
condition resulted in containment failure. These conditions are l
summarized in Table 19.11.4.1.2-3B.

TNT loadings were established using the maximum conversion |

efficiency identified in each of the Low and High groupings. The
failure rates were conservatively established by considering the

O average failure probability anticipated by the TNT equivalent model
J predictions.

LJ
CF: Cavity Failure Induces Containment Failure |

|

Based on discussions presented in Section 19.11.4.1.2.2.2 above,
there is support for the position that the failure of the reactor |

,

cavity will not compromise containment integrity. This is due to
'

the f act that adjacent concrete structures, external to the cavity,
can provide support to the RV and corbels even if the lower cavity
structure carries no load. In addition, the hot and cold legs can
provide additional support to the RV. Even if the reactor vessel |
supports should fail, large RCS motions can be restrained via
motion limiting devices on other RCS components. Furthermore, if
large RCS motions were to occur, structural analyses indicate that
a consequent containment failure is still unlikely. It is our best
judgement that for realistic loading conditions, cavity collapse
will not occur. However, in the remote possibility of a cavity
collapse sufficient structure will still remain, so that a failure
of the RV sufficient to induce a subsequent failure of containment
integrity is unlikely. In light of this evidence, the probability
that cavity failure will cause a consequent failure of containment
integrity is conservatively assigned a value of 0.05.

,Y
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19.11.4.1.2.2.6.2 Quantification of EVSEFAIL

The event tree resulting from the EVSE decomposition process is
presented in Figure 19.11.4.1.2-4. This tree illustrates the
potential consequences of an EVSE event occurring in the reactor
cavity on the containment integrity. Eight of the outcomes are
identified as potentially resulting in containment failure (CF).
The resulting conditional containment failure probability was
estimated to be <.01. Thus, EVSEFAIL will be set to .01. EVSEFAIL
is defined in Section 19.12 as the conditional probability that a |

j
containment failure occurs given an EVSE has occurred.

19.11.4.1.2.3 Post-vessel Breach steam Spikes

19.11.4.1.2.3.1 Description of Phenomena

Steam spikes following.RV breach result from the relatively rapid
pressure increase within the containment produced by both (1) the
discharge of high pressure water / steam from the reactor vessel and
(2) generat>.on of steam associated with the quenching of
superheated core debris. These processes can provide a very rapid
(occurring in several seconds or less) steam addition to the
containment followed by a modest pressure spike. In general,
pressure loadings resulting from this process will exceed
containment design limits but will be well within ASME Service
Level C limits (See Section 19.11.3.1). This containment challenge
is discussed in more detail below.

19.11.4.1.2.3.2 Parameters Affecting Post-Vessel Breach Steam
Spikes

In the context of the PRA, Post-Vessel Breach Steam Spikes will
include both the steam released into the containment following
vessel breach (VB) and the vaporization of liquid during the corium
quenching process. The impact of these releases are considered
along with the pressurization prior to VB to establish the rapid
steam generation containment challenge. Consequently, the
parameters affecting the magnitude of the post RV failure pressure
spike are:

a. Containment pressure prior to VB

| b. .RCS conditions at VB

c. Mass and Superheat of corium ejected into the reactor cavity

d. Water availability in the reactor cavity.

|
|

| 0
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' TABLE 19.11.4.1.2-4
|

| STEAM INDUCED CONTAINMENT PRESSURE SPIKE FOR SYSTEM 80+
,

1-
! FOLLOWIF.'5 VESSEL LOWER HEAD BREACH
:

|

|
i: Containment Pressure
j Typical Scenario Followina-Breach
i
j
;

I

| 1. STATION BLACK 0UT < 67 PSIA (Design Basis)

! 2. "V" SEQUENCE LcCA < 67 PSIA (Design Basis)
|

) 3. LARGE LOCA 98 PSIA
(W/0 CONT. SPRAYS AVAILABLE)

i
;

!
l
i
i

i

!
i

|
t

1

2
4

1

$

!-

I
1

i
i
!
4

.

I

i

j
3
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19.11.4.1.3 Hydrogen Combustion

The production of combustible gases (principally hydrogen) within
the RCS and subsequent release to the containment following a
severe accident has been noted to be a potential contributor to ;

early containment failure for many PWR and BWR designs. Typically |

hydrogen combustion can influence containment failure by static
(deflagration) or dynamic (detonation) overpressurization, missile
generation, and equipment failure due to thermal or pressure
effects. )

19.11.4.1.3.1 Deflagrations

19,11.4.1.3.1.1 Description of Phenomena

A deflagration is a combustion process in which the combustion
front moves at subsonic velocity with respect to the unburned gas.
The pressure and temperature following a deflagration process are
spatially uniform and can be conservatively bounded by the
assumption of adiabatic, isochoric complete combustion (AICC).
Factors that determine the type and level of combustion include the
concentration of combustible gases (principally hydrogen), the
concentration of the oxidant (oxygen in air) and inertents

(Q)
/ (nitrogen and steam) and the initial temperature and pressure

conditions within the containment,
v

19.11.4.1.3.1.2 Parameters Affecting Hydrogen Combustion

19.11.4.1.3.1.2.1 Hydrogen Concentration

This section is concerned principally with the potential for a
early hydrogen combustion induced failure of the containment. |

Other combustibles significant to severe accident progression, such
as carbon monoxide are not considered in this section because they
will not be available until a considerable time after VB. The
concentration of hydrogen within the containment depends on (1) the
amount of hydrogen produced in the RV during the early core melt,

.

(2) how effectively the hydrogen is dispersed in the containment, )
(3) the threshold at which a hydrogen burn will occur, and (4) the
occurrence of prior burns.

19.11.4.1.3.1.2.1.1 "In-Vessel" Hydrogen Production

During a severe accident in an LWR, significant quantities of
hydrogen can be produced "in vessel" by oxidation reactions
principally between the zircaloy constituents of the core and to a
lesser extent the steel internal structural components and steam. |
Assessments of the level of "in-vessel" hydrogen production were
developed in support of the NUREG-1150 quantification (Reference

(m} 127) and for the Severe Accident Scaling Methodology (SASM)
v program. These assessments relied on a wide variety of analytical

and experimental sources of information applicable to PWRs. Based
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).on these assessments the maximum median expected level of "in-

vessel" hydrogen generation is less than that due to oxidation of |
70% of the zircaloy mass. The zircaloy mass oxidation will likely i
depend on the details of the severe accident scenario with higher |
pressure sequences being limited to lower zircaloy oxidation j
typically due to the shorter residence time between core uncovery '

and vessel failure and the limited availability of steam. These
assessments and additional supporting information regarding "in-
vessel" zircaloy oxidation issues are discussed below.

SASM Review of the Station Blackout Sequence

Recent assessments of zircaloy oxidation during the early stages of
a severe accident progression has been established for NUREG-1150,

Reference plants using RELAP/SCDAP and MELCOR/ TRAC (Appendix G to |Reference 127). Based on these investigations, Reference 179
concluded that for high pressure accident sequences, the degree of
zircaloy oxidation will be in the vicinity of 50% of the available
zircaloy mass. Accidents where core uncovery occurs at low
pressure were observed to result in oxidation levels on the order
of 60%. The higher oxidation levels occurring at lower pressures
is a combined ef fect of the increased steaming potential associated
with the passive discharge of the SITS, and larger lower head
failure times due to reduced pressure loading on the lower head.

Assessment of Hydrogen Production for NUREG-1150 Reference PWRs

Reference 136 summarized "in-vessel" hydrogen production!
assessments for Reference plant PWRs obtained using the MARCH
computer code. For the ZION PWR the "in vessel" metal water
reaction (MWR) was estimated to be in the range of 47 to 52 % of
the active cladding for small LOCAs and SBOs. Results for Surry
were similar to that of ZION, with the indicated "in vessel"
oxidation of about 50%.

Review of "In-Vessel" Zircaloy Oxidation During Severe Accident
Simulations and the TMI-2 event

Cronenberg (References 187 and 188) provided a comprehensive review
of the "in-vessel" hydrogen generation (zircaloy oxidation) issue
based on observations from USNRC funded experiments and findings of
TMI-2. The thrust of this effort was primarily to demonstrate that
the occurrence of core blockages will not impede continued zircaloy
oxidation of fuel. The review included an assessment of the LOFT
FP-2 experiment, as well as related severe core melt progression
experiments conducted within tm. smaller scale ACRR, NRU FLHT and
PBF programs. Results of these studies are summarized in Table |
19.11.4.1.3-1. These results indicate that oxidation levels during
severe accidents will be limited to the availability of steam
rather than physical blockages introduced by the melting process. i

Large scale severe accident experimental data suggest that |
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approximately 50% of the core will be oxidized in a severe accident j
scenario. 1

System 80 + Predicted "In Vessel" Hydrogen Production

In order to establish a bounding estimate of "in-vessel" hydrogen
produced for the various System 80+ PDS's a scoping set of MAAP;

l analyses were performed for representative transients spanning the
'

range of interest for transients with either IRWST or in
containment steam releases. To ensure a bounding hydrogen estimate
was established the baseline case assumed the.following: I

1. Two sided clad oxidation was assumed after fuel rupture
(FAOX=2)

| 2. Core blockage'does not limit hydrogen production (FCRBLK=0:
| Blockage Model Turned Off) i

I
3. Time to vessel failure after corium contacts lower head was ;

set equal to 10 minutes (TTRX = 600 ceconds) |

Results of this study are presented in Table 19.11.4.1.3-2.
I !

19.11.4.1.3.1.2.1.2 Hydrogen Production During HPME !
l

| An HPME event may provide an efficient mechanism for unoxidized
~

| metals within the corium to mix with the cavity water or RCS steam
and produce hydrogen. Hydrogen production during the HPME will be i
rapid and can be quite large. Results of IET tests ~(Reference 189 |

and 190) performed to estimated DCH loadings on the containment j

show that provided the discharge is not steam limited, the.HPME and !

post-HPME process will oxidize most of the molten metals ejected |
from the RCS.

19.11.4.1.3.1.2.1.3 Hydrogen Mixing within Containment

The transport and mixing of hydrogen inside containment are
critical in determining the time and nature of hydrogen combustion.
Rapid mixing could result in uniform distribution of hydrogen and
burns that are global in nature. Slow mixing may lead to localized
burning and locally detonable mixtures. The physical processes
which govern the mixing in gaseous' mixtures are forced convection,
natural convection and diffusion. The mixing processes are
affected by the rate and amount of hydrogen released into the
containment and the operability of the containment heat removal
systems, such as containment sprays.

%
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Containment design is also important in establishing the potential
for the development of localized high hydrogen concentrations. For
typical large dry containments, the concentration variation of
hydrogen throughout the containment is less than 3% (see
Section 19.11.4.1.3.1.3). Should isolated containment regions
exist, the localized hydrogen concentration could be quite high.
System 80+ has been configured to promote natural circulation
throughout the containment and minimize localized hydrogen
accumulations by providing high point venting for all partial
enclosures. Consequently, hydrogen concentration gradients within
the containment are expected to be small. For additional details
refer to Appendix 19.11K.

Local Hydrogen concentrations within the IRWST can temporarily
exceed let by volume hydrogen. However, this condition arises when
the IRWST is saturated with water vapor and depleted of oxygen
making the local environment inert to detonations.

|

'

19.11.4.1.3.1.2.1.4 Igniters

Operator activated igniters are included in the System 80+ design
package so that in the unlikely event of a severe accident, the

| plant staff can burn off accumulated hydrogen in a controlled
manner and at low hydrogen concentrations. Once igniters induce a
hydrogen burn, that amount of hydrogen is no longer available to
contribute to a large global burn, and hence the overall
containment threat will be reduced. Igniter systems have been

| adopted by existing ice-condenser type PWR and BWR Mark III designs
as a mechanism to mitigate containment threats due to hydrogen
combustion (Reference 134). The intent of the igniter system for

| System 80+ is to guarantee that the uniform containment hydrogen
concentration will be limited to no greater than 10 volume percent.
A detailed discussion of the System 80+ igniter system is presented
in Appendix 19.11K.

19.1;,4.1.3.1.2.2 Presence of Inertents

Inertents (such as nitrogen and steam) in the containment
atmosphere, reduce the concentrations of the active combustion
components and mitigate both the potential for and severity of a
hydrogen burn. Of particular interest to hydrogen combustion is
the availability of steam in the atmosphere. Experimental
investigations on small scale facilities (see also,

! Section 19.11.4.1.3.1.3) demonstrate that steam concentrations
| greater than about 56 v/o can ef fectively inert the containment and
! prevent combustion. The presence of an inert containment

atmosphere early in an accident can be expected only for those
severe accidents involving direct discharge of the RCS inventory to
the containment without first passing through the IRWST at a time
when containment sprays are unavailable. Under all other
conditions, hydrogen combustion will be possible provided a
sufficiently large concentration of hydrogen is available in the
containment atmosphere.
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19.11.4.1.3.1.2.3 Availability of Oxygen

The System 80+ PWR is designed to operate under standard
atmospheric conditions. Thus, oxygen will be available for
combustion.

!

19.11.4.1.3.1.3 Summary of Experimental Evidence

Considerable experimental work has been performed to understand the
hydrogen mixing, and combustion processes. This survey provides
only the most pertinent highlights of these efforts. A detailed
summary of experimentation related to hydrogen mixing and
combustion are presented in Appendix 19.11K.

19.11.4.1.3.1.3.1 Hydrogen Mixing Experiments

An experimental study of hydrogen mixing and distribution has been
performed at the Hanford Engineering Development Laboratory (HEDL)
(Reference 117). A 20-m high, 7.6-m diameter vessel was used to
simulate the lower compartment region of an ice-condenser
containment under two different hydrogen-steam (or helium-steam)
release conditions. Release locations were modeled to simulate
hydrogen release from a postulated small pipe break or a
pressurizer relief tank rupture disc. The results of the tests

Cjshowthat:
1. The compartment was well mixed during the source release

period with maximum helium or hydrogen concentration
differennes of about 3 volume percent between points in the
test compartment volume.

2. Gas entrainment caused by the high velocity jet was the
dominant mixing process for the test compartment during the
jet release period.

3. The test compartment was well mixed by natural convection I
after termination of the source gas for all cases.

4. The degree of mixing was not strongly dependent on source jet
release orientation.

Additional limited scope hydrogen mixing tests were performed for
a small scale mockup of a large dry containment at CEA in France
using a helium-steam mixture (Reference 135) . The results of these

C
(

Amendment V
19.11-97 April 29, 1994



CESSAR nai"lCATION

experiments were similar to that found by HEDL. In particular,
natural convection was sufficient to mix the containment atmosphere
to within 3 volume percent.

19.11.4.1.3.1.3.2 Hydrogen Combustion Experiments

| There have been numerous experimental programs on hydrogen
combustion performed in test volumes ranging in size from 0.017 to
2100 m' The large-scale simulation of accident environment was
performed at DOE's Nevada Test Site (NTS) (Reference 117). The
hydrogen combustion tests at NTS were conducted in a 16-m (52-ft)

3diameter spherical vessel whose internal volume was 2100 m (74,000
3

ft).

The NTS vessel is about two orders of magnitude larger than that
used in other, small-scale, experiments. One of the objectives of
the NTS tests was to study hydrogen combustion behavior under
simulated accident conditions in a reactor containment. Two types
of tests were performed:

1) Premixed tests for simulating single burns which may occur in
large open areas of a containment such as in a PWR dry
containment.

2) Continuous injection tests for simulating continuous or
intermittent hydrogen burning which may occur in containments
with igniters.

The premixed tests were performed with hydrogen concentrations
ranging from 5 to 13% and steam concentrations ranging from 5 to
40%. These conditions span the range of non-inerted hydrogen
combustion conditions expected within the System 80+ containment.
In the continuous injection tests, hydrogen flow rates were between
1 and 8 lbm/ min and steam flow rates between 0 and 62 lbm/ min. In
some tests, fans and sprays were operated to simulate the plant
emergency systems. The results applicable to hydrogen burn
phenomena in reactor containments as summarized in Reference 117
are:

1) Primary combustion parameters, i.e., gas temperature,
pressure, heat fluxes and burn fractions, increase with
increasing hydrogen concentration.

2) Steam acts as a diluent and reduces gas temperature and
pressure excursions, j

3) Increasing the steam fraction in the continuous injection I
tests tends to inhibit combustion, resulting in a shorter burn i

O|
time, smaller burn fraction and lower pressure rise.

|
1
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4) Operation of fans and sprays enhances turbulence and promotes
faster burn.

5) Spray operation results in lower peak pressure rise at the end ;

of the combustion period. This is due to quenching of the gas
!

and removal of steam by condensation.

NTS experiments did not include assessments of complete steam |

inerting. However, smaller scale experiments such as those
discussed in Reference 136 clearly demonstrate steam inerting with
steam environment concentrations in excess of 56%.

19.11.4.1.3.1.3.3 Igniters Effectiveness Experiments

The use of deliberate ignition strategies for controlling hydrogen
in post-accident PWRs were investigated in the'early 1980's. The
emphasis of these tests were to (1) determine if lean mixtures of
hydrogen can be reliably ignited, (2) establish what pressures are
generated by deliberate ignition and (3) ascertain the effects on
equipment and instrumentation caused by the temperature and
pressure induced by the deliberate burn. An overview of the

'igniter test programs is provided below. An expanded discussion of
this topic can be found in Appendix 19.11K.

O
& I 19.11.4.1.3.1.3.3.1 Small Scale Experiments
V

Several small scale test programs have been carried out to support
the feasibility of deliberate ignition as a hydrogen control i
strategy. These tests included experiments performed by Livermore 1

(LLNL), Sandia, Fenwall and the U.S. Bureau of Mines, AECL- |
Whiteshell, EPRI-ACUREX (See References 133, 137, and 143).
Theresults of these experiments indicated that ignition can be
initiated at about 4 % hydrogen concentration when the mixture is
agitated, as by a fan cooler. Under quiescent conditions, hydrogen
burns require hydrogen mole fractions closer to 8 %. In addition,
these tests noted that hydrogen burns, at low concentrations were
inefficient. As the hydrogen concer.tration increased to about 9 %
nearly complete combustion of available hydrogen was observed.

19.11.4.1.3.1.3.3.2 FITS Experiments (Reference 162)

Hydrogen combustion experiments were performed at the Sandia FITS
facility. The purpose of these tests were to clearly define the
combustion boundaries for a hydrogen-steam-air mixture in both
quiescent and turbulent environments. These tests indicated that
increasing the partial pressure of steam acts to reduce the
pressure increase resulting from the burn. Specifically, the
maximum pressure was observed to be between 40 and 90 % of the AICC
calculated maximum pressure values for steam concentration in

I excess of 40 v/o (volume percent). Furthermore, for deflagrations
( of hydrogen concentrations below 10 v/o the actual pressure was
' typically less than 50% of the AICC calculated value.
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19.11.4.1.3.1.3.3.3 NTS Experiments

The effect of location on glow plug igniter performance was
investigated under large scale conditions in the Nevada Test Site
(NTS) tests. Igniters at four locations were examined: top,

| bottom, center, and test vessel equator. For the continuous
| injection tests, hydrogen and steam were released at locations
| about 6 to 8 ft. above the bottom center of the test vessel. The

test results showed that:

| 1. Glow plugs could ignite mixtures down to 5.3 Vol% hydrogen and
; 4.2 Vol% steam during quiescent, bottom ignition in premixed

combustion tests. Top ignition location was less effective
'

| than lower ignition locations. Flame quenching on the vessel
! dome could inhibit flame propagation.
!

| 2. During the continuous injection tests, the "best" igniter
! location appeared to be in non-stagnant regions above the

hydrogen release point.

3. During the continuous injection tests, the turbulence promoted
by fans and sprays caused hydrogen to be dispersed throughout
the entire test vessel. Therefore, the time of ignition was
delayed when the preactivated igniter was located in the upper
portion of the vessel.

O
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19.11.4.1.3.1.4 Significance of Early Hydrogen Burn to System
80+

19.11.4.1.3.1.4.1 Deterministic Evaluation of Peak
Containment Pressure Following a Hydrogen
Burn

Reference 7 contains a set of design requirements for ALWRs'which
are designed to limit the threat to containment integrity from a
post-severe accident hydrogen combustion event. The ALWR hydrogen

| control guidance initially required ensuring that ". . . the hydrogen
! gas concentration in containment does not exceed 13 % under dry
| conditions for an amount of hydrogen equivalent to that generated
! by oxidation of 75% of the active fuel cladding surrounding the

active fuel." in a later revision to.this guideline the hydrogen
gas concentration requirement was reduced to 10% and the equivalent
oxidation level was increased to 100% of active fuel clad. In the
current System 80+ design, without the use of igniters, the
containment is sufficiently large so that oxidation of 75'% of the
active fuel clad will result in a maximum uniform -hydrogen
concentration about 10 v/0. System 80+ includes 56,655 lbm of
zirconium in the active core. The corresponding oxidation of 100%
active fuel clad equivalent will result in a maximum global average
hydrogen concentration of about 13.13 volume percent in dry air. |

( With igniters operational, the hydrogen concentration in
% containment will be well below 10 percent.

The significance of early hydrogen burns on System 80+ is evaluated
deterministically in accordance with the guidance of SECY-90-016
and SECY-93-087 (References 114 and 115). Specifically, an
analysis has been performed for the system 80+ design assuming a
hydrogen burn based on the complete combustion of hydrogen produced
by oxidizing 58,500 lbm of the System 80+ active zircaloy cladding
material. This corresponds to > 100% oxidation of the active fuel
cladding in the System 80+ core. A consistent set of containment
hydrogen challenges were considered by incrementally adding steam
to the containment atmosphere and the resultant mixture was assumed
to undergo (adiabatic isochoric complete combustion) AICC (See
Appendix 19.11E for a description of the burn model). The' post-
burn containment pressure trajectory n. 4 frution of steam ;

concentration is presented in Figure 19.11.4.1.3-1. In these I
~

analyses at steam concentrations greater than about 45 % the |
hydrogen / steam / air mixture was below the flammability limit. These |
analyses predicted that the most probable post burn pressure would
be about 99 psia, with the maximum possible pressure below 102
psia. Artificially extending the calculation beyond the
flammability limit to the 54% steam concentration (universal steam

j inerting concentration), the maximum burn pressure, assuming AICC,
would be 109 psia.

v
!
'
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It should be noted that burns occurring below 8 volume percent
hydrogen will be incomplete. Furthermore, combustion of hydrogen
outside the flammability region is not probable. The conservatism
associated with the application of the AICC methodology was
established by comparing normalized burn pressure rises predicted
using the Appendix 19.11E methodology and results of various
hydrogen burn experiments (See Figure 19.11E-1).

Based on the bounding results of the deterministic evaluation of
the containment hydrogen threat complete combustion of the hydrogen
produced due to 100% oxidation of the zircaloy cladding in the
active fuel region will result in a peak containment pressure of
less than 103 psia. This value is below ASME Service Level C
limits of about 140 psia and are well below the containment
ultimate failure pressure of 168 psia (See Section 19.11.3.1).

It should further be noted that the above demonstration ignores the
availability of igniters. When igniters are considered, the
hydrogen combustion contribution to containment pressure loading
will be small.

19.11.4.1.3.1.4.2 Mixing within the System 80+ Containment

The impact of nonhomogeneous hydrogen distributions were
established for the ALWR in Reference 149. In this analysis a
nodal representation of the ALWR containment was subjected to a
forced hydrogen production representing an equivalent 75% clad
oxidation during a Station Blackout (SBO) . This analysis indicated
that the vented IRWST hydrogen concentrations are only 2 v/0 greater
than the overall containment concentrations. These results are
consistent with predictions of System 80+ mixing analyses presented
in Appendix 19.11K.

System 80+ has been designed to facilitate a chimney type natural
circulation flow pattern between the steam generator housing
" riser" and the containment region outside of the crane wall
("downcomer"), between each floor. This flow pattern promotes
containment mixing and will minimize containment concentration
gradients.

19.11.4.1.3.1.5 Application to the PRA

In order to establish the probability of a hydrogen deflagration
induced containment failure associated with various Plant Damage
States (PDSs), the AICC model (Appendix 19.11E) was used to
quantify threats associated with various early containment hydrogen
threats.

The quantification of the hydrogen containment threat in the PRA is
based on best estimate assessments with regard to hydrogen
availability and ignition conditions at or prior to vessel breach.

Amendment V
19.11-102 April 29, 1994



CESSAR M%nc-
!

yy

( )
N. J,

| (1) Hydrogen Generation

Based on Section 19.11.4.1.3.1.2.1.1 it is assumed that hydrogen
| production within the RCS will be as follows:

- for all scenarios where the PD.~ results in a high or medium
pressure sequence the maximum hydrogen production within the
vessel prior to VB is bounded by that hydrogen which would be
produced by 75% oxidation of the active cladding (See Table
19.11.4.1.3-2).
For PDSs that are initially at low pressure, or high pressure-

sequences which depressurize to below the SIT setpoint prior
to VB, the maximum hydrogen production within the RCS is
bounded by the equivalent of 100 % oxidation of the active
cladding.

( - High and medium pressure melt ejection events are considered
to increase the potential post-VB early containment hydrogen
production to a level equal to 100% of the oxidat'lon of the i

active cladding.

The selection of these values should conservatively bound expected
,/~~~3 hydrogen production rates prior to vessel breach.

\ --) This approach is generally consistent with the NRC position'
,

expressed in the Draft URD Final Safety Evaluation Report which |
states that, "a 75 percent-equivalent cladding reaction ... is a i

'

reasonable design basis for hydrogen generation for severe
accidents in which the reactor pressure vessel remains intact".

It should also be noted that ISLOCAs and SGTRs that could
potentially lead to core damage will not release significant
quantities of hydrogen into containment and therefore do not have
the potential to develop a containment threatening hydrogen burn
upon vessel breach.

(2) Hydrogen Burns Prior to VB / Igniter Actuation |

Hydrogen burns prior to vessel breach are only considered if
igniter actuation has been credited. Igniters are expected to burn
off hydrogen once a hydrogen concentration of 5 to 7 v/o is
achieved. Thus, if hydrogen igniters are actuated and properly
function, no containment threatening hydrogen burn can occur.

The operator is instructed to actuate igniters for transients with |
sustained core uncovery. Igniter burns should produce pressure
spikes less than that associated with a 50% core wide oxidation.
As discussed below, burns at this hydrogen level pose a negligible

/ containment threat.(,)i
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| ('t) Post-VD Hydrogen Burn Pressures

| Post-VB hydrogen burn containment pressures depend upon the
following factors:

1. RCS steam discharge path prior to VB

2. IRWST subcooling

3. Availability of Containment Heat Removal Prior to Burn

For transients that discharge steam into the IRWST, or if the RCS
inventory is discharged directly into the containment and the
containment heat removal (CHR) is partially functioning (at least
one containment spray pump and an associated heat exchanger), the
hydrogen burn will be assumed to be initiated from the maximum
flammability limit (See Figure 19.11.4.1.3-1). This results in
initial pressures between 30 and 40 psia.

Transients that result in significant steam discharge into the
containment without availability of CHR will be assumed to have an
inert hydrogen mixture and will not burn within the early hydrogen
burn event. Instead this hydrogen is allowed to accumulate in
containment for potential ignition along with additional hydrogen
sources during the late hydrogen burn scenario.

These PRA conditions are summarized in Table 19.11.4.1.3-3 along
with the resultant containment failure probabilities, based on
applying the conservative burn pressure estimates to the System 80+
containment fragility curve (Figure 19.11.3.1-3).

19.11.4.1.3.2 Hydrogen Detonation

19.11.4.1.3.2.1 Description of Phenomena

Detonations are combustion waves in which heating of the unburned
gases is caused by compression from shock waves. The pressure
loads developed during detonations are essentially dynamic loads
(impulses) and can result in very short duration and localized
pressure spikes many times greater than that of a deflagration
initiated from similar conditions. As a result of these large
loadings, detonations, if they should occur, may potentially pose
a threat to containment integrity and to the continued operation of
mitigative equipment.

19'.11.4.1.3.2.2 Parameters Affecting Hydrogen Detonation

Two classes of hydrogen detonations are typically distinguished:
. (a) detonation via direct initiation by high explosives and (b)
| De f lagration--to-Detonat ion Transition (DDT) resulting from an

energetic burn in a confined obstructed geometry. Hydrogen
detonations are influenced by (1) hydrogen concentration, (2)

I presence of inertents, (3) the ignition source and (4) system
geometry (scale and configuration).

'
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19.11.4.1.3.2.2.1 Hydrogen Concentration'

Experimental evidence has indicated- that under favorable

geometrical conditions a hydrogen detonation in dry air is possibleDetonationsat values of hydrogen concentration as low as 9.5 v/o.
actually produced at these low hydrogen concentrations require a
hot, dry mixture and the use of explosive charges (See Reference
132). Based on this observation, the National Research Council
reached the conclusion that mixtures of 9 to'11 v/o hydrogen might

detonable. In practice detonations at this low hydrogen
beconcentration are not considered credible in a post severe accident

Even at hydrogen concentrations of 13% by volumeLWR environment.a substantial energy source would be required to directly initiate
a detonation (See Section 19 .11. 4'.1. 3 .1. 2 . 2 ) .

a detonation involves flameAnother mechanism for producing
acceleration. Flame acceleration occurs due to turbulence induced
by fans, structural roughness, obstacles, or changes in geometry.
Flame acceleration is only important for mixtures that can be
classified as highly flammable. Flame acceleration which results
in sonic propagation of a detonation front undergoes a deflagration |
to detonation transition (DDT) and requires concentrations greater
than 12% in dry air. The lowest concentration for which DDT has
been observed is 15% (See Reference 138), and even then only in dry
air and with ideal geometric conditions.

g

19.11.4.1.3.2.2.2 Ignition Source

Direct initiation detonation of lean hydrogen mixtures (below 13
v/o) in an open containment would require a trigger of more than 10
MJ (See Figure 19.11.4.1.3-3). In contrast the energy required to
initiate a deflagration is more than 10 orders of magnitude lower
than that for detonation. Therefore, without an appropriate energy
source hydrogen detonations are not possible.

19.11.4.1.3.2.2.3 Steam Inerting of Containment

The presence of steam in the containment atmosphere can decrease
the potential for, and severity of a hydrogen detonation.
Experiments performed to date suggest that volumetric steam
concentrations greater than about 30% will render even a >

stoichiometric mixture of hydrogen and oxygen in a non-detonatable
state.

19.11.4.1.3.2.2.4 Geometry

Geometrical features can have an important influence on the
potential for hydrogen detonation. In hydrogen mixtures which
spontaneously undergo DDT, the ability of the system to detonate is
dependent on the level of confinement and presence of obstacles.
Typically, open geometries are not favorable for the onset of |
detonation. Favorable geometries (such as confined areas

] containing obstructions with limited venting) can promote
detonation.
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19.11.4.1.3.2.3 Summary of Experimental Evidence

|

Numerous studies have been performed to investigate the parameters
affecting hydrogen detonation.

19.11.4.1.3.2.3.1 Small Scale Hydrogen Detonation Experiments
|

| Small scale hydrogen detonation experiments include tests conducted
| by Atomics International (AI, see Reference 137), and tests

performed by Sandia at the MINIFLAME facility (Reference 136) . The
AI tests investigated detonations in a 40 f t long,1.25 ft diameter
shock tube filled with various mixtureo of hydrogen and air. A

( water spray was also included in the test facility in order to
| assess the impact of containment spray. Without sprays available

detonation was observed at H2 levels of about 20%. Use of a water
spray delayed the onset of detonation and decreased the efficiency
of the detonation process.

The MINIFLAME facility is a 1:12.6 scale model of the FLAME
facility (see below). These tests were limited in scope and
studied the detonation potential of hydrogen-air mixtures
containing 20 and 30% hydrogen mole fractions. Qualitatively, the
MINIFLAME test results were similar to that of FLAME with the
exception that at the smaller scale DDT was not observed during the
20% hydrogen test series.

19.11.4.1.3.2.3.2 FLAME Experiments

The FLAME (Flame Acceleration Measurements and Experiments)
Facility was designed and constructed for the USNRC to study
hydrogen combustion problems associated with accelerated flames,
transition to detonation and combustion in simulated containment
geometries. The facility is a large rectangular channel 30.5 m in
length. The experiments specifically investigated several effects
that have been observed to be important to hydrogen detonation in
small scale tests; hydrogen concentration, obstacles in the path of
the combustion front and the degree of transverse venting. FLAME
tests studied hydrogen concentrations between 12 and 30 v/o (near
stoichiometric conditions).
The conclusions form the FLAME tests were as follows (See
Reference 138):
1. The reactivity of the mixture as determined by the hydrogen

concentration is the most important variable governing DDT.
For very lean mixtures no significant flame acceleration and
no transition to detonation was observed. The lowest hydrogen
concentration found to result in a DDT occurred at 15% in a
test with obstacles present and no transverse venting.

2. The presence of obstacles in the path of the flame front
greatly increases flame speeds and overpressures. In fact,
FLAME tests without obstacles did not result in DDT for
hydrogen mixtures up to near stoichiometric conditions.

Amendment Q
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3. Large degrees of transverse venting reduce flame speeds and

overpressures.

DDT results from the FLAME facility have been used by Sherman and
Berman (Reference 139) to develop a qualitative risk ranking scheme |' for estimating the likelihood of a detonation in containment during
a severe accident. This work was applied to the Bellefonte nuclear
power plant with a large dry containment (Reference 163) and was
used in the NUREG-1150 analysis of Sequoyah (ice condenser PWR).
The application of this ranking scheme to the System 80+ is
discussed in Section 19.11.4.1.3.1.4.1.

19.11.4.1.3.2.1.3 BMFT DDT Experiments (Reference 140)

This experimental effort involved a three test series with a total
! of 30 tests. The primary objective of these tests was to determine

the influence of steam on DDT.

The hydrogen and steam concentrations in the experiments varied
from 14 -to 35 v/o and 0.4 v/o to 33 v/o, respectively. Of.the,

! thirty combustion experiments only 5 were observed to undergo DDT.
The lowest hydrogen concentration DDT was observed was 18 v/o in a
1.2 v/o steam environment. As steam concentrations increased the,

| hydrogen concentration at the onset of DDT.also increased. No DDT
| N was observed as the steam presence in the mixture increased to 30
| v/o steam.
i

| 19.11.4.1.3.2.4 Significance of Hydrogen Detonation to System
80+

The potential for a direct hydrogen detonation, or a deflagration
to detonation transition in the System 80+ is discussed in this

|section.

| 19.11.4.1.3.2.4.1 System 80+ Ranking of Deflagration to
| Detonation Transition Potential
i

The System 80+ containment consists of a large dry PWR with an In-
Containment Refueling Water Storage Tank. The detonation potential

ifor this containment configuration has been evaluated in a semi- '

quantitative fashion using the Sherman / Berman DDT detonation i

Panking Scheme (see Reference 139). This procedure is based on the
assumption that the likelihood of DDT can be expressed as a
function of two variables; one based on the reactivity of the
mixture, and a second based on the flame acceleration potential of
the volume through which the flame propagates. The mixture

! reactivity or intrinsic flammability is based on the detonation
cell width, which is related to the hydrogen concentration. The
flame acceleration potential is based on the containment internal
configuration. For System 80+, this ranking was performed without
consideration of the HMS. If igniters are considered, the mixtureh reactivity will be controlled to sufficiently low levels so as to

;V preclude a detonable mixture.

; Amendment V
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The classification procedure for the System 80+ design is a three
step process. In the first step intrinsic flammability is
classified for various containment regions by classifying their
maximum expected hydrogen concentrations according to the
Sherman / Berman criteria (see Table 19.11.4.1.3-4). In the second
step the geometrical features of the various regions are compared
against the Sherman / Berman geometric classifications (See Table
19.11.4.1.3-5). In the last step of the process, the intrinsic
flammability ranking and the geometric class rankings are combined
to obtain a DDT likelihood ranking from Table 19.11.4.1.3-6.
Application of this methodology to System 80+ suggests that for
hydrogen concentrations typical of early severe accident
containment failure scenarios, local hydrogen concentrations would

| be below 15 v/o even accounting for hydrogen stratification. (Note
that at 100% active clad zirconium oxidation, the global hydrogen

| concentration in a dry atmosphere will be below 13% by volume and
the expected local maximum hydrogen concentration would be below
15 v/o.) That would rank the hydrogen mixture as either class 4

or class 5 mixtures (unlikely to
| u(DDT possible but not observed)(Lower rankings of mixture class were possible underndergo DDT).
certain circumstances for the IRWST however, these conditions were
associated with high steam content and the mixture was considered
inert to detonation.) A similar ranking of containment geometric
features show the containment to contain either class 3, 4 or 5
configurations. Geometric class 3 structures (which were most
conducive to DDT) were limited to the steam generator enclosures.
Geometric class 4 structures were associated with the reactor
cavity, letdown and regenerative heat exchanger rooms, HVAC header
and the IRWST. Such geometries are unfavorable to DDT. Mapping
the flammability and geometric classifications on the
Table 19.11.4.1.3-6 matrix indicates that the System 80+

| containment to be primarily a class 5 containment. This
classification implies that the potential for a DDT is highly
unlikely to impossible.

For selected accident sequences with significant hydrogen
discharges to the IRWST the local mixture classification within the
IRWST may formally increase, producing an overall resultant class
4 detonation ranking. This would imply that in a dry atmosphere
these mixtures can potentially detonate, but the process is
unlikely. The presence of modest amounts of steam expected in the

,

IRWST would likely render the mixture inert to detonation. Since!

the IRWST is expected to be steam inerted (and oxygen starved) ,
this ranking is likely overly pessimistic, and that the mixture is
closer to a class 5 system.

It should be noted that the Sherman / Berman Ranking Scheme was
developed for dry air-hydrogen mixtures. The addition of steam has
a profound effect on the detonation potential. Even small amounts
of steam (on the order of 1 volume percent) will be sufficient to
increase the minimum detonatable hydrogen concentration to above 15
v/o. Furthermore, above 30 volume per-cent steam concentrations,
hydrogen mixtures will be inert to detonations. These features are
also not fully considered in the current ranking procedure.;

i Amendment V
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19.11.4.1.3.2.4.2 Direct Detonation of Hydrogen Within the

system 80+ containment

A second source of hydrogen detonation can arise from direct
ignition of a flammable mixture. Direct ignition detonation
typically requires an explosive charge within a highly flammable
containment atmosphere. Reference 132 compared the energy required
for a detonation with ignition sources typically available in PWR
containments. This figure is reproduced as Figure 19.11.4.1-3.
From this figure it can be clearly seen that containment ignition
sources have energies which are more than three orders of magnitude
lower than that necessary to detonate a 13 v/0 dry hydrogen mixture
in an unconfined geometry. On the other hand all ignition sources
(even those of 10 orders of magnitude lower strength) are
sufficient to cause a deflagration.

Based on the above work and supporting analyses presented in
Reference 137, the possibility of detonation within the System 80+
containment is considered remote. Direct initiation of a hydrogen
detonation would be improbable within the System 80+ containment
while initiation of a deflagration during a severe accident is
virtually certain. Similarly, an assessment of the intrinsic
flammability and geometric features of the System 80+ containment
indicates the potential for DDT is highly unlikely to impossible,

p

(a) 19.11.4.1.3.2.4.3 Role of Hydrogen Mitigation System

For severe accident application, the purpose of the hydrogen
igniter is to respond to NRC concerns (References 114 and 116) with
regard to hydrogen control during a severe accident. Specifically,
the installation of hydrogen igniters is intended to satisfy
10CFR50. 3 4 (f) (2 ) (ix) " Additional TMI-Related Requirements". This
rule requires "a hydrogen control system that can safely
accommodate hydrogen generated by the equivalent of a 100 percent
fuel-clad metal water reactor. The system must also ensure that
uniformly distributed hydrogen concentrations in the containment do
not exceed 10 percent by volume A detailed description of"

. . .

the hydrogen igniter system can be found in Section 6.2.5 and in
Appendix 19.11K. It is expected that the hydrogen risk due to
detonation is negligible even without the presence of the HMS, as
indicated via the Sherman / Berman Ranking assessment. The
inclusion of the HMS is explicitly directed at meeting the
requirement that the containment atmosphere be controlled to below
10 volume percent hydrogen.

19.11.4.1.3.2.5 Application to the PRA

As discussed above the potential for hydrogen detonation within the
System 80+ containment is remote. This is particularly so when
considering early containment failure process since oxidation
processes associated with core concrete attack are not considered

(]~)
/ and the mixture class will be confined to class 5 conditions. (See

Section 19.11.4.2.3). In developing the PRA the hydrogen
combustion events were quantified as follows:

Amendment V
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Conditional probability that a hydrogen burn would either be
initiated as or become a detonation are defined as follows:

* For accident scenarios where the steam concentration is
expected to exceed 30 v/o, detonations are not considered
credible. Because of the large steam release associated
with the HPME, DCH events are not considered precursors
to detonations.

* For hydrogen concentrations below 10 v/o in dry air,
detonations within the containment are considered
impossible. Thus, detonations are not expected for
situations where igniters are functioning and early pre-
vessel breach hydrogen burns occur in the containment.

For conditions where the global hydrogen concentration is*

expected to be above 10 v/o in dry air and steam
concentrations are below 30 v/o steam (i.e containment
heat removal is successful), the fraction of hydrogen
burns that may become detonations is taken to be 0.01
(highly unlikely to impossible) for sequences which
discharge hydrogen directly to the containment.

For conditions where significant accumulation of hydrogen*

in the IRWST is expected and steam inerting cannot be
| guaranteed the probability for a potentially threatening

detonation was established at 0.05 (unlikely). This is
considered a conservative position since detonations in
even minimally inerted or sprayed regions are not
expected until hydrogen concentrations approach 20 volume
percent.

It will be assumed in the PRA that the occurrence of a detonation
will fail containment. This is also a very conservative position.
While the ensuing pressure spike occurring following a detonation
is very large compared to a deflagration pressure rise, the
detonation spike is nonuniform and of very short duration
(typically less than 10 ms) and consequently may not pose a threat
to large structural components, and the containment structure.
This is particularly true of the IRWST. While the outer walls of
the IRWST is defined by the containment walls, the actual
containment shell is separated from the water pool and sandwiched
in between two layers of concrete each approximately six feet
thick. When subjected to large detonation loadings, this
arrangement may result in extensive cracking of the IRWST
enveloping concrete, however actual failure of the containment is
not considered likely. Furthermore, any missiles generated during ,

a hypothetical IRWST detonation will be intercepted by the crane !

wall and not pose a threat to the containment. |

|
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TABLE 19.11.4.1.3-6
.

|

DEPENDENCE OF SHERMAN / BERMAN RESULT'CLASB*
ON MIXTURE AND GEOMETRY CLASS

|
Geometric Mixture Class |
Class *+

1 2 3 4 5

1 1 1 2 3 4

2 1 2 3 4 5

3 2 3 3 4 5

4 3 4 4 5 5

5 4 5 5 5 5

Result Class 1: DDT is highly likely
(''} Result Class 2: DDT is likely
I,' ,/ Result Class 3: DDT may occur |

Result Class 4: DDT is possible, but unlikely
Result Class 5: DDT is highly unlikely to impossible

NOTE: Shaded area corresponds to the System 80 + design i
range j

+ Hydrogen accumulation in the IRWST (Geometric Class 4) |

may result in lower mixture classes than indicated in
the above table. However, because of the high steam
content and low oxygen content associated with the '

IRWST vapor space, the resultant detonation class is
considered to be 5 (DDT is highly unlikely to
impossible).

+ Selected regions in the containment with a low
probability of hydrogen accumulation may have a lower
geometric class. However, the resultant class rank is
still expected to be in the range of 4 to 5 (unlikely
or impossible to detonate).

O
t \
'\s|
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FIGURE 19.11.4.1.3-1
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19.11.4.1.4 Other Early Containment Failure Mechanisms

19.11.4.1.4.1 Direct Shell Attack via Corium Impingement

19.11.4.1.4.1.1 Description of the Phenomena

This failure mechanism considers the containment failure potential
resulting from a high pressure'RV discharge of highly energetic,

corium debris interacting with the . stainless steel containment'

shell. Failure of the steel shell is assumed to be small and
localized to the points of corium impingement. .

19.11.4.1.4.1.2 Application to System 80+ Design

The System 80+ containment has been designed to provide adequate
| protection of the containment steel plate from debris and / or

missile attack. In the lower portion of the containment below the
92'-9" elevation, the' steel shell is imbedded in a minimum of 3 ft
of concrete (See Section 19.11.3.3). Above the lower compartment
floor, the crane wall provides a 5 ft thick (minimum) concrete
barrier separating the potential escaping core debris from the
lower portions of the containment shell. The upper containment
shell is partially protected from corium and RV generated missiles

( by the head area cable tray system (HACTS) located above the
! Reactor Vessel top head. HACTS is primarily designed to withstand,

\; a rod ejection event. This should provide some capability to serve
' as a shield for smaller particulate corium debris that may be

;

| generated following an HPME.

The remainder of the containment shell surface which is either not -|directly imbedded in concrete or separated via a missile shield is
located in a small portion of the upper containment elevation where
missile generation is not expected and energetic missile contact-is
highly unlikely due to the large vertical distance the missile

|would have to travel. Even if the upper shell were unprotected,
the corium debris will have insufficient kinetic energy to cause
shell penetration. Scoping calculations for a large corium debris |,

| particle 6 inches in diameter released from the. vessel at a 200 ft/
| sec velocity following an HPME will have a maximum kinetic energy

at shell contact of under 2.5 x 10** ft-lbf. This energy level is
well below the approximate one million ft-lbf required for this
size missile to penetrate the shell.

19.11.4.1.4.1.3 Application to the PRA

The probability that corium debris could be ejected from the RV and
reach the upper containment shell with sufficient energy to cause
a localized containment failure was established via engineering
judgement as follows:
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1. For high pressure RV lower head failures, (RCSHIGH) the i

conditional probability of containment failure due to direct I
corium impingement was assumed to be 0.0001. |

|
2. For low and intermediate RV lower head failures containment

'

shell failure due to direct shell attack was not considered I

credible.

It should be noted that this failure mechanism does not include
containment failure via combustion induced missile generation.
This failure mechanism is included in the discussion of hydrogen
detonation (See Section 19.11.4.1.3).
19.11.4.1.4.2 Cavity Overpressure Failure

19.11.4.1.4.2.1 Description of the Phenomena

Following a HPME, large quantities of steam and corium are
discharged into the lower portion of the reactor cavity. This
discharge can potentially challenge the integrity of the reactor
cavity and thereby threaten containment integrity. Cavity
overpressurization can potentially result in a structural failure
of the reactor cavity and associated RV supports. Failure of the
RV supports can produce excessive motions in the RCS and steam
generators potentially failing a containment penetration or
producing an unisolable breach in piping exiting the containment.

Potential sources of cavity overpressurization include the EVSE
event and the energetic failure of the RV lower head. The EVSE
induced failure of the cavity and or reactor internal supports is
considered in Section 19.11.4.1.2. This section considers
localized cavity pressurization induced by steam pressurization of
the reactor cavity space immediately upon RV lower head failure.

19.11.4.1.4.2.2 Significance to System 80+

System 80+ is expected to withstand cavity pressurization events
following RV lower head failure. This capability of System 80+
arises from the robustness of the System 80+ reactor cavity design
which includes (1) a high reactor cavity wall strength and (2) a
large reactor cavity volume.

The post severe accident cavity pressurization performance of the
System 80+ design was evaluated analytically for a simulated high
pressure superheated steam blowdown following a postulated breach
in the RV lower head. Analyses were performed using the ABB-CE
DDIF Mod 7 (Reference 141) cavity pressurization computer code. In
this analysis a multi-compartment representation (see
Figure 19.11.4.1.4-1) was assembled to provide a detailed
simulation of the reactor cavity. Pressurizations were established
using a spectrum of RV lower head failure sizes ranging from the
equivalent of a lower head instrument tube f ailure to a large creep
failure of the RV lower head. Results of these indicate System 80+
cavity loadings to be below 100 psid.
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MAAP analyses for similar transients indicates that the cavity
pressure rise associated with a best-estimate HPME event caused by
a single ICCI failure, will be' under 20 psi. For either
evaluation, predicted loads are below the cavity wall values of
approximately 188 psid (ultimate strength of 235 psid) and
consequently will not challenge cavity or containment integrity.

19.11.4.1.4.2.3 Application to'the PRA.

The cavity overpressurization induced containment failure is not
considered a credible threat to containment integrity. However,
for the purpose of completeness this failure mechanism has been
included in the PRA supporting logic models with a probability of
0.0001.

19.11'.4.1.4.3 Rocket Induced Containment Failure

19.11.4.1.4.3.1 Description of Phenomena

The issue of rocket induced containment f ailure was formally
addressed in the Oconee Level 3 PRA performed by'NSAC (Reference
216). In this assessment, Battelle Columbus reviewed the potential
for containment failure due to an in-containment reactor vessel ;

" lift-off" following a the failure of the RV lower head. The i
m

rocket analogy resulted in the authors of Reference 216 to identify
'

rocket induced containment failure as the " Saturn V" failure mode.
While Battelle Columbus staff does not believe this failure mode to
be credible, they could not discount the possible failure mode by
way of analysis. However, . a low conditional failure probability of
-about 1. 5 x 104 was assigned following a high pressure plant damage
state (PDS). .

Recently, the German evaluation of the rocket. containment threat |
was performed as part of Phase B to the German Reactor Risk Study
(Reference 130) . The German assessment considered the failure mode
of their RV integral lower head to be an instantaneous and complete
circumferential failure at the height of the corium upper surface.
This results in a RV lower head failure area of approximately 190

2ft. The RV loading due to this instantaneous failure was
established using RELAP 5/ MOD 3 calculations (Reference 205). The
resulting impulsive loadings were considered sufficiently energetic
to propel . the RV as _a rocket into the wall of the upper
containment with sufficient energy to cause a localized containment
failure. Specifically, the study concluded that-- at " internal-

pressures higher than 8 MPa (1160 psia) _ it can no longer be
excluded that the containment will also be damaged". Based-on the
probabilities reported in Reference 130 it appears that the
conditional containment failure probability associated with RV
lower head failure at high pressure was about .03.

hv
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It is interesting to note that this failure mode was included in
the German Risk Study whereas the alpha mode failure ("in-vessel"
steam explosion induced failure of the containment) was considered
incredible and therefore was not.

19.11.4.1.4.3.2 METHODOLOGY

In order to address the Rocket Failure issue, an issue
decomposition approach was selected. This method is similar to
that. employed by Theofoneous (Reference 129) in his quantification
of "in-vessel" steam explosion induced containment failure (Alpha 4

Mode). In the decomposition process the phenomenological processes
that are involved in leading to containment failure are identified
and quantified based on calculations and engineering judgement.
In order to assign probabilities to the decomposed events, the
following guidelines were used:

Probability Description

1/2 Behavior is possible and likely but precise value
is indeterminate

1/10 Behavior is within known trends but obtainable only
at edge-of -spectrum parameters

1/100 Behavior cannot be positively excluded but is
outside the spectrum of reason

19.11.4.1.4.3.3 ASSESSMENT OF ROCKET INDUCED FAILURE
PROCESSES

In order to proceed with quantification of the rocket induced
containment failure scenario it is helpful to decompose the event
into its constituent processes so that the various contributors to
the event can be independently quantified.

19.11.4.1.4.3.3.1 Event Scenario

In this event scenario it is assumed that either a high pressure
(HP) or intermediate pressure (IP) core damage scenario initiates
an unrecoverable core meltdown. While the RCS is at pressures |
above 1000 psia the RV lower head is assumed to fail |

instantaneously. This results in a short duration (impulsive) |

| pressure load on the RCS. This loading begins to displace the
upper portion of the RV and its connective piping and supports

| upward. Af ter several inches of movement the connecting RCS piping
(hot / cold legs) will make contact with the reactor cavity at the
top nozzle cutout elevation. Shear stresses within the RCS piping
and piping restraints will resist the upward impulsive RV loading. |

Should the upward RV loads exceed the restraining capability of the
|RCS piping, a " lift-off" of the RV is possible. The imparted

velocity and trajectory of the RV at " lift-off" to a large extent
determines the level of the resulting containment threat.
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The decomposition of the above event scenario is illustrated in
Figure 19.11.4.1.4-2.

,

1

19.11.4.1.4.3.3.2 Quantification of Rocket Induced
Containment Failure

This section discusses the detailed quantification of this event
scenario for high and intermediate pressure plant damage states
(PDSs).

19.11.4.1.4.3.3.2.1. Quantification of Issues Relating to the
Large Global Failure of the Reactor
Pressure Vessel

The potential for a large global failure of the RV lower head to
occur considers both the internal RV pressure (which drives the .

failure dynamics) and the thermal-structural mechanics of the lower I

head failure process.

The significant contributors to rocket induced containment failure
include:

1. RCS pressure prior to VB failure

Q 2. RV Lower Head Failure Size

3. RV failure timing

4. RV restraint capability

| S. Kinetic Energy at Vessel Launch
|

6. RV trajectory

These items are discussed below.

19.11.4.1.4.3.3.2.1.1 RV Pressure Prior to VB (Pmm)
The German Risk Study (Reference 130) concludes that if a full |
circumferential shear of the RV lower head occurs, rocket induced
containment threats are credible at RV pressures greater than about
1160 psia. Thus, it becomes an important question to ascertain
whether or not a significant RV depressurization (below-1000 psia)
occurs prior to lower head failure. Since this issue is of
considerable concern to DCH related containment threats, this topic
was also considered as part of the NUREG-1150 (Reactor Risk
Document) expert- elicitation process (See discussion in
Reference 115). This information is presented in

I Section 19.11.4.1. This study concluded that a high pressure melt
condition (driven by a cycling PSV) will have a median probability
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of not failing the hot leg in time to depressurize the RCS to
600 psi prior to vessel breach of 0.14 with an associated range of
(0.00 to 0.28). At intermediate pressures the similarly defined
RCS hot leg failure probability was estimated to be 0.83 with a
range of (0.5 to 1.0). In addition to induced piping failure, the
System 80+ RCS can intentionally be depressurized via use of the RD
valves.

In assessing the contribution of pressure of rocket failure it was
assumed that (1) PDSs that result in medium or low system pressures
or (2) events that are initially at high pressure but induce RCS
piping failure or intentional depressurization occurs prior to VB,
will not involve sufficient energy to threaten the containment.
Consequently, for purposes of quantification, the probability of
containment failure caused by these events was taken to be zero.

The combined probability of depressurizing the RCS prior to VB for
transients initiating from the PSV setpoint (either via RD valve
actuation or creep failure of piping) was conservatively taken to
be 0.10. For high pressure transients where the RCS is below the
PSV lift point, the probability of depressurization was assumed to
occur as a consequence of induced RCS piping failure.

19.11.4.1.4.3.3.2.1.2 RV Failure Size (Paytagan)

The net upward force on the RV is airectly related to the RV lower
head failure size. Structural analyses of the integral lower head
failure was established as part of the German Risk Study. In this
effort the GRS considered that natural circulation currents set up
within the RV lower head would cause preferential thinning of the
RV walls at point of contact between the corium surface and the RV
wall. This mode of attack was postulated to cause an
circumferential failure of the reactor vessel, unzipping the RV
lower head from the rest of the RV. This leads to a RV failure

2ar( of 192 ft for the German PWR. For the System 80+ design the
mos, likely lower head failure area at the time of RCS steam

2discnarge will be about 0.5 ft (See Appendix 19.11F). It is
believed this failure will arise from a failure of the lower head
ICCI penetration with subsequent hole tabulation. In the extreme,
the German approach to defining RV lower head failure based on the
unzipping of the RV at the corium-vessel interface, creep failure

2of the lower head can hypothetically reach 140 ft. This later
failure is not considered credible however for purposes of

| quantification of this event the RV failure area was established as
! a lognormal distribution with a conservatively bounding medium

2
| failure area of 1 ft and a maximum RV failure size (conservatively

defined with a .01 probability) of 140 f t2 These large failure
sizes were considered for purposes of establishing a quantitative
basis for the rocket failure threat only.

O
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A conservative assessment of impuls!vely loading the RV indicates |
that under high pressure failure conditions, RV lower head f ailure
areas above 75 ft may be sufficient to cause an impact induced2

containment failure. Based on this criteria the probability of
2exceeding a failure area in excess of 75 ft is about 0.013 for

j PDSs with high pressures prior to VB.

19.11.4.1.4.3.3.2.1.3 Instantaneous RV Failure (Pm.m)

The rate of opening the RV lower head influences the
depressurization of the RCS and consequently the RV loading.,

'

Analytical calculations of RV loadings resulting from a full
circumferential failure of the RV lower hr.ad was performed as part
of Phase B of the German Risk Study. These calculations were
based on a RELAP5 simulation of an instantaneous failure of the RV
lower head (Reference 205, See Figure 19.11.4.1.4-3). These |
calculations suggest that for tais instantaneous failure mode the

|

| RV pressure loads diminish to iow levels in about 0.3 seconds.
More gradual RV failures would reduce the net impulse imparted to

| the RV by effectively area weighing the system pressures. That is
small area openings will be associated with the early high system
pressures. As the hole in the RV grows the RCS depressurization
accelerates. Thus, the large hole areas would be associated w;1h
lower system pressures. Analyses of the contribution of holep)

g growth due to ablative considerations (See Appendix 19.11F and
U Reference 118) suggest this process to take several seconds.

Estimated failure times resulting from circumferential failures are
believed to be at least as long. Furthermore, since the large
failures tend to be induced at the upper portions of the lower
head, there exists a significant probability that the steam release
associated with the larger hole failures would significantly
depressurize the RCS and reduce any Rocket threat. The benefits of
a realistic assessment of failure dynamics is considered
indeterminate and is assigned a value of 0.5 with an uncertainty
of 0.25. This implies that realistic consideration of the pre
and post break process would likely reduce the range of failure
areas associated with containment failure.

19.11.4.1.4.3.3.2.1.4 Quantification of RV Launch

In order for the RV to rise f.td : Tho upper containment it must
first displace and shear off t.o not legs and 4 cold legs while
maintaining sufficient kinetic energy to launch the RV into a
destructive encounter with the containment. The energy at RV
" liftoff" required to turn the RV into a containment threatening
missile must exceed 130 million ft-lbf (Reference 206). Thisg
estimate is conservatively based on that energy needed to
vertically lift the RV and upper internals 100 ft to the
containment shell.

(
% ,,
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19.11.4.1.4.3.3.2.1.5 RV Not Restrained by RCS Piping

(P - m )

Approximate structural calculations performed suggest that the
median shear strength of the RV piping is sufficient to restrain
the RV following a high pressure lower head failure. These
calculations were performed assuming RCS hot leg piping at 800 F
and RCS cold leg piping at 600*F. Under these conditions, the two
hot legs and four cold legs can carry a median dynamic shear
vertical loading of more than 84 x 10** lbf. This capability is more
than sufficient to restrain the RV loading associated with lower
head failure area in excess of 225 square feet. RV support
anchorage provides considerable additional strength. Since the
most likely loading associated with System 80+ RV lower head
failure is less than 1 ft the probability that the RV is not2

restrained is considered remote at high RCS pressures and outside
the realm of reason at intermediate RCS pressures (about 1200 psia) .
In order to quantify this feature the restraint capability was
established as a lognormal distribution using material ultimate
strength and uncertainties associated with carbon steel pipe. This
distribution was evaluated against the maximum RV force based on a
140 ft RV lower head instantaneous failure. This resulted in a2

probability of the RV restraint (hot and cold leg piping) to not
restrain the RV from launch to be .002 at high pressure and .0002
at intermediate pressure. Even these values are considered very
conservative since in performing the calculations the restraint;

capability of the piping was reduced by a dynamic loading factor of'

2 commensurate with an instantaneous loading.

19.11.4.1.4.3.3.2.1.6 RV Kinetic Energy at Launch Greater
Than Threshold (Po)

This element considers the probability for a " free" reactor vessel
to be propelled through the containment with sufficient energy to
cause a breach of containment. Since the actual energy absorbed in
the initial RV translation and RCS piping failure has not been
considered, this element assesses the potential for energy
dissipation to be sufficiently large so as to reduce the RV initial
kinetic energy below the containment damage levels. This effect is
considered to be a real process which is difficult to quantify.
The issue is assigned as indeterminate and is given a probability

| of 0.5 with a range of 0.0 to 1.0.

19.11.4.1.4.3.4 Quantification
The quantification of the Figure 19.11.4.1.4-1 supporting logic
model is presented in Table 19.11.4.1.4-1.,

|
|

O
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19.11.4.1.4.3.5 Significance to System 80+
i

A review of the System 80+ reactor cavity and lower head design
suggests that this failure mechanism is not viable for the this
plant design. This conclusion is based on the fact that (1) the
RV lower head failure mode will be predominately governed by
instrument tube failures or modest creep RV failures and (2) the
likelihood for transients with a cycling relief valve at the onset
of core damage, that the RV will depressurize well below 1000 psia
prior to VB was very high.

,

'

19.11.4.1.4.3.6 Application to the dystem 80+ PRA

For completeness the rocket failure mode will be included in the
supporting logic model for the System 30+ PRA with a corresponding |
probability based on Table 19.11.4.1.4-1. For purposes of
quantification the RV rocket failure probability was artificially
increased to .0001 for PDSs initially at high' pressure and .00001 | ,

"

for PDSs initially at intermediate pressures.

19.11.4.1.4.4 Synergistic Issues

Many early containment failure mechanisms are a result of several |
(~'N containment threatening processes occurring simultaneously. For !
( ) the System 80+ PRA synergistic effects are typically considered

# under the umbrella of Direct Containment Heating (See |

Section 19.11.4.1.1).
|

Synergism between the hydrogen burn and steaming following VB can |
be established by estimating Hydrogen burn pressures at the |
uppermost de-inerted steam pressure (see Section 19.11.4.1.3). I

Missile threats to the containment are considered under the
phenomenological source of the missile. For example missiles
generated by hydrogen burns / detonations, IVSE and EVSE are
considered within their respective phenomenological section.

19.1.1. 4.1.4.5 Loss of Containment Isolation Prior to Core
Melt

19. .4.1.4.5.1 Description of the Phenomena
1

During power operation, the containment is required to be closed.
However, in rare instances procedures may be violated or common
cause valve failures may result in loss of containment isolation

| during plant operation. Severe accidents initiated from this
| condition progress in the presence of a compromised final fission
! product barrier and may release considerable quantities of fission

products early into the environment.c .s
| )
kj

l
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| 19.11.4.1.4.5.1 Application to the System 80+ Design

| System 80+ is designed so that loss of containnent isolation is
| highly unlikely. Preventive features in the System 80+ design to
i aid in maintaining containment isolation include:

1. use of double isolation valves for all containment
penetrations

2. use of diverse means of powering isolation valves

3. selection of isolation valve failure position consistent with
its safety related function.

Detailed information on the Containment Isolation System may be
found in Section 6.2.4.

In the unlikely event of a loss of containment isolation preceding
a severe accident, steam released from the RCS will pressurize the
containment and drive out some of the initial containment air early
in the transient. This feature leads to an interesting feature of

| this event. If an early steam discharge is immediately followed by
spray actuation and successful containment heat removal, the
pressure within containment may actually go subatmospheric (by less
than 1 psig) for a period of many hours, thus, minimizing the
environmental releases to that releases during the early steam /
air discharge. As a result of this containment vacuum, the
resulting radiation releases would be only marginally greater than
releases from an intact containment. Hydrogen burns may be more
likely during this scenario due to a low steam content in the
containment and a smaller noncondensible gas content.

19.11.4.1.4.5.2 Application to the PRA

Containment isolation f ailures are considered as early breaches of
containment. In these transients, the containment will lose
noncondensibles and steam (and airborne radionuclides) from the
initiation of the containment transient. As a result of the hole
in the containment, the containment pressurization will be low.

Three characteristic plant responses can be expected for this
transient. First, without containment sprays, radionuclide
releases will enter the environment with little scrubbing. In a
second instance, the containment spray function is available
without the heat removal function. In this scenario, all noble
gases will be completely released to the environment and iodine and
cesium releases will be considerably scrubbed due to the scrubbing
action of the containment sprays. In the final scenario, the full
containment heat removal system (sprays and associated heat
exchangers) functions. This last scenario is rather unique in its
fission product release characteristic. Since noncondensibles are
driven out of containment early in the severe accident (while
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19.11-120 April 29, 1994



. _ _ __.

,

CESSAR ninncu.

O
radionuclide releases are relatively low), the operation of
containment heat removal using containment sprays will ultimately
condense the containment steam, and cool the containment
atmosphere. Since the containment has a smaller and cooler non

This vacuum, while not indefinite, can retain fission |a partial vacuum is created within thecondensible gas component,
containment. 1

products without any leakage into the environment for about 48
'

hours depending on the initial scenario (see also Section 19.11.5) .

19.11.4.1.4.6 Containment Bypass

19.11.4.1.4.6.1 Description of the Phenomena

| NUREG-1150 (Reference 142) identified containment bypass as an |
| important contributor to the large, early releases of radionuclides

|
for the Zion and Surry PWRs. The principal contributors to these

- severe accidents are steam generator tube ruptures (SGTRs) with
! stuck open MSSVs or ADVs and interfacing-system LOCAs (ISLOCAs).

Should these events progress into. severe accidents, the radiation
! releases to the environment would be large and energetic and would

pose a significant radiation exposure to the general public.

19.11.4.1.4.6.2 Significance to System 80+
l
! 19.11.4.1.4.6.2.1 ISLOCAs

The core damage frequency associated with System 80+ intersystem
LOCA failures is estimated to be about'3x10 per reactor year. The4

low probability of these events is associated with the fact that
the System 80+ design incorporated much of the EPRI URD guidance in
designing to limit ISLOCAs. In particular, much of the connecting
piping for the RCS has been designed to meet the ultimate rupture !

strength criteria required in SECY-90-016 and considerable piping
that was previously routed outside of containment is now within the
containment envelop. To further reduce the possibility of ISLOCA,
interfaces between the RCS and connecting systems include, as
appropriate, design features to leak test valves, indicate valve
position and alarm high pressure in low pressure lines.

A detailed investigation of the sources of ISLOCAs has been
reported to NRC in Reference 145. This report investigated thej
source of potential ISLOCAs from the System 80+

- Safety Injection System

- Shutdown Cooling System

- Chemical and Volume Control System

- Process Sampling System
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19.11.4.1.4.6.2 Steam Ge"* ator Tabe Rupture

A Steam Generator Tube Rupture (SGTR) can provide a significant
pathway for radionuclide release from the RCS to the environment.
In System 80+ considerable effort has been expended to both reduce
the potential for and consequences of a steam generator tube
rupture. Improvements to System 80+ to prevent and mitigate SGTRs
include:

- Steam generator tubes made of thermally treated Inconel 690,
which has favorable corrosion resistance properties including
superior resistance to primary and secondary stress corrosion
cracking,

- A deaerator in the c'andensate/feedwater system for the removal
of oxygen,

- Condensate system with a full flow condensate polisher to
remove dissolved and suspended impurities,

- Main condenser with provisions for early detection of tube
leaks, and segmented design permitting the repair of leaks
while operating at reduced power,

- Lower operating temperature, which reduces the potential for
stress corrosion cracking of the steam generator tubes,

- N-16 radiation monitors, one per SG, provide a quick
indication that a SGTR has occurred.

The SGTR precursor to severe accidents can be quite important to
public risk. While these transients can potentially be very
serious threats to the public, most SGTRs (including those
resulting in severe core damage) will be such that environmental
radiation releases will be small. This is due to (1) secondary
water that is available to the SG secondary side will produce a
favorable environment (cool arid low steaming rate) within the
primary side of the steam generator tubes for fission product
plateout, and (2) when the secondary side water level covers the '

broken tube elevation most iodine and cesium that leave the primary !
side will be " scrubbed out" in the secondary side water pool.

O
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! 19.11.4.1.4.6.3 Application to the PRA
!

19.11.4.1.4.6.3.1 ISLOCAs.

The dominant ISLOCA sequence involves the . combined failure of'
check and isolation valves in the RHR line resulting in a
catastrophic failure of'this line outside of containment. This
ISLOCA will typically deposit RCS inventory into a watertight area
of the auxiliary building. Sufficient RCS-inventory will be.lo_st

.

'

to the auxiliary building prior to substantial core damage so that
the ISLOCA break location will be covered by several feet of water.
This water will' serve.to scrub fission product releases from the
ruptured safety injection pipe prior to entering the environment.
The PRA assumes a decontamination factor consistent with the pool '

scrubbing correlations developed by Powers (Reference 192). ,

19.11.4.1.4.6.3.2 SGTR s

The PRA . considers SGTRs due to both SGTR initiating events and
thermally induced SGTRs. The consequences of SGTR events resulting

~

from an initial SGTR will be established based on details of.the
plant damage state (PDS)~ prior to core damage. Induced SGTRs can
only occur when the RCS.is at the CRV setpoint with the SG tubes
uncovered and water inventory in the steam generator. Induced SGTR

Og would represent less.than.0.2% of the PDS and was therefore not .

>

explicitly considered in the baseline PRA. |I .

.

| i
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TABLE 19.11.4.2.1-3 |

|
COMPARISON OF CONCRETE CONSTITUENTS I

1

! -

Mass Fraction by Weight

Limestone l
| Component Basaltic Limestone Common / Sand'

!

i I
'

SiO 0.5484 0.036 0.358 !
2

!

Ca0 0.0882 0.4540 0.313
,

| \

| CO 0.015 0.357 0.21152

H 0-FREE 0.0386 0.0394' O.0272

H 0-BOUND 0.0200 0.0200 0.020
, 2

k
OTHER 0.2898 0.0936 0.0705 l

; i
1

|

!
l

! \
U

|
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TABLE 19.11.4.2.1-4

GAS EVOLUTION DURING THE THERMAL DEGRADATION OF CONCRETE' |

Gas Release From Temperature Range
Concrete 'F

1) FREE WATER 180 - 280*F

2) CHEMICALLY-BOUND 660 - 950*F

3) CARBON DIOXIDE 1000 - 1800*F

NOTES: 1. Oxidation processes within the corium melt may result in the |
chemical reduction of water releases to hydrogen and the
carbon dioxide releases to carbon monoxide.

O

O
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19.11.4.2.2.2.3 Debris Bed Coolability
1

Debris coolability has been assessed for ARSAP in Reference 150 in | |
support of the URD. Based on this assessment, it was concluded ;

that the availability of a water source and a floor area of at I

least 0.02 square meter per Megawatt of reactor power will be |

sufficient to guarantee long term debris coolability for the I

evolutionary ALWR. This assessment is based on (1) review of
experimental data which suggests that the final state of the corium
debris within the cavity would consist of a mixture of fragments i

and a relatively continuous, but porous and cracked, phase that I
Iwould be distributed uniformly over the basemat and (2) an

assessment of the heat removal mechanisms from the corium surface l

which guarantees that core debris in this configuration would be
able to remove the expected 0.5 Mw/m produced within the debris2

4

|bed in the long term.

Experiments pertinent to debris coolability are summarized in Table i
'

19.11.4.2.2-1. Additional details on these experiments as they
relate to the ALWR are presented below and in Reference 150. | |

19.11.4.2.2.2.3.1 Debris Configuration

It has been shown by several investigators that the morphology of
p ) quenched debris depends upon the relative amounts of liquid debris(
V and water present. Breakup of debris jets can occur if the water

depth is sufficient. Otherwise, channeling and accumulation of
debris can occur. Small particulate debris breakup (less than 1
mm) is typically not conducive to debris cooling in that packed
debris beds of low porosity exhibit a steam / water counter-current
flow phenomenon which makes water penetration difficult. |

Conversely, high porosity beds of modest decay powers typical of
that associated with decay heat at times greater than 3 hours after
shutdown, should be easily coolable by an overlying water pool.
Experimental evidence indicates that a mixture of both particulate
and a continuous phase occur.

Experiments of particular note are simulated corium drop
experiments performed by Benz (Reference 156) as well as the Corium |
Water Thermal Interaction (CWTI) and Corium-Coolant Mixing (CCM)
experiments performed by Spencer (Reference 148). In the Benz |
experiments molten steel or uranium dioxide changes were dropped
into an interaction vessel containing excess water and thej

|
resultant debris fragmentation was measured. Based' on these

j experiments the smallest average particle diameter was about 2 mm

| with more than 60% of the debris being greater than 4 mm.

The CWTI tests covered a range of experimental conditions. Of
; particular interest were tests CWTI-7 through CWTI-10 which

(3[
investigated the fragmentation of a uranium zirconium oxide and;

! ! stainless steel mixture which entered a water filled interaction

|
.
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vessel in circular jet. An examination of the debris indicated
that the oxide debris was in the form of an internally porous
(about 50% porosity) mass.

In the CCM experiment, the presence of deeper water pools resulted
in a greater extent of melt break-up and particulate formation
giving rise to the collection of loosely bound tebris and internal
porosity. Characteristic particle sizes ranged between 1 and 5 mm.

Based on these tests, ARSAP (Reference 150) concluded that for
prototypic debris and representative debris / water volumes, debris
fragmentation would be limited and the majority of the debris will
form a continuous porous slab.

Recent experiments conducted by NRC and EPRI suggest the potential
for a continuous crust to form at the upper portion of the corium
melt. In these tests where crusts were observed the heat transfer
appeared to be impacted by its presence. The WETMET and WETCOR
experiments (Reference 191 and 192) indicated that prior to crust
formation heat transfer from the corium debris would proceed at a
rate commensurate with nucleate boiling. Once a crust forms the
heat flux from the upper surface was observed to reduce to a

2stable, heat transfer to between 300 and 400 kw/m ,

The MACE test series conducted by EPRI (Reference 193) also
indicated a stable crust formation. These tests demonstrated high
initial heat fluxes (about 3.5 Mw/m ) followed by a decrease in2

heat removal from 600 Kw/m down to about 150 kw/m . The reduction2 2

in heat transfer was attributed to the development of an upper
crust that separated from the corium melt as the corium simulant
quenched. The ability of the crust to anchor on the test section
sidewalls, and the influence of the anchored crust configuration on
the test results are still under investigation as part of the MACE
program.

The formation of thick stable crusts may not be prototypic of a
reactor simulation. Several points in the MACE test are of issue
here. First, while the MACE facility is considered a "large scale"
facility (between 4 and 9 ft), the dynamics of the facility were2

observed to be influenced by the sides of the containment vessel
which apparently provided extra support to the crust. This
resulted in an anchored crust as the test progressed which allowed
a void to develop between the melt and the crust. The actual

| prototypical core melt will cover an area of approximately 700
square feet. In this regard, MACE should be considered small scale
and highly non-prototypical of an actual core malt sequence.
Second, the crust formation process in MACE is magnified by a test
feature which removes power from the region as it solidif3as.
Unlike decay products which would be retained in the frozen crust
the solidification process reduces the decay heat delivered to that
material. This behavior is expected to enhance crust stability.
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19.11-136 April 29, 1994



-------

| CESSAREnWimia
t

!

|

| |
| ( ) Third, the actual System 80+ design will employ a flooded cavity 1

I

| with 15 feet of water. Thus, with any additional system
' pressurization the crust will be subjected to a distributed

mechanical load in excess of 7 psi. While crust formation is
possible, it is likely that the process is both local and
transitory. A cycling process whereby corium crust insulates the
melt should increase the pool temperature thereby decreasing the
crust thickness and improving heat transfer. Furthermore, in a
severe accident, the weight of water will guarantee that the crust
and the pool are in intimate contact and that crust cracking should

j be expected.

19.11.4.2.2.2.3.2 Debris Bed Heat Transfer

Heat removal from the debris will be governed by the debris
configuration. Experimental observations of cooling of particle
beds indicate that for larger particle sizes (greater than about 3
mm) the heat removal rate from a particle bed are relatively
independent of depth to 100 cm and can be bounded by the flat plate
CHF limit (see Figure 19.11.4.2.2-1). This rate of heat removal
was analytically found to be sufficient to guarantee corium
coolability (See Reference 150). |

n The coolability of thick oxidic debris slabs have been demonstrated

(G)
in large scale magma experiments conducted at Grimsvolth (Reference
151). In this test water was poured on unconfined magma and the |
magma was observed to solidify over time via water ingression to a
depth of over 14 m.

Corium coolability has also been studied in experiments with
continuously heated simulated corium debris beds. In the SWISS
(Sustained Water Interaction with Stainless Steel) program, a 45 kg
cnarge of molten stainless mel was poured into a crucible with a
limestone concrete basemat. The effects of instantaneous and
delayed water cooling was st bled. The SWISS tests indicated that
the overlying water pool could remove heat from the debris at a

2 2
sustained rate of 0.8 Mw/m. This was less than the 1.2 Mw/m
generated in the debris and consequently the downward erosion of
concrete was not stopped. The lack of coolability in SWISS was
largely attributed to the facility's small scale and the stable
metallic crust which formed at the upper surface. Surface
stability of stainless steel prevented cracking and any subsequent
water ingression which limited the potential surface heat flux.
Sustained core-concrete interactico oxidic melt tests are being
conducted as part of NRC WETCOR tests and EPRI MACE test series.
To date, results of only one WETCOR test (WETCOR-1) and two MACE
tests (including one scoping experiment and one test of the first
test matrix point) have been performed. WETCOR-1 tests simulated
the corium charge with a 70 lbm mixture of alumina and calcium

O)
oxide heated in a 12 inch crucible. Results of this test were

( reported in Reference 152. This test indicated an initial short |
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2period of intense heat removal (1.5 Mw/m ) followed by a longer

2period of reduced heat removal of about 0.4 Mw/m . The reduced heat
removal was attributed to a stable crust that formed above the
corium. Reference 193 suggests that at this small scale stable |
crusts may be expected and therefore the results are not
prototypical of large scale reactor melts.

The MACE tests simulate the corium debris as a mixture of UO , ZrO2 2

and Zr. To date, the MACE tests have provided mixed results
regarding debris coolability. While the MACE scoping test only
established a maximum stable heat flux of 0.6 Mw/m which decayed2

in time, it was noted that the details of the test facility may
have contributed to providing an insulating debris surface. When

| the crust was not present during the test, heat fluxes were in
I excess of 2 Mw/m . The MACE scoping test involved a corium charge2

of about 300 lbm over an area slightly less than 1 square foot. The
| collapsed depth of the debris was initially 15 cm. The crust

stability was aided by the sidewall design. By the end of the test,i

a2 - 5 cm thick crust had formed (Reference 190). |,

l

The most Recent MACE test involved 960 lbm of simulated corium
concrete attack (Test M1B) in a 4 square foot test facility. The
test indicated substantial debris quenching and a long duration
vigorous heat removal of 2 Mw/m was observed. Six hours into the2

test, concrete erosion was noted to be between 15 and 20 cm and the
erosion rate had reduced to 1 cm/hr. At this time corium quenching
was observed. A power reduction step was investigated in order to
establish the debris erosion rates 24 hours after shutdown. As
with the previous MACE test an anchored bridge crust formed during
the experiment. This crust appears to have separated from the melt
as downward erosion progressed. This behavior is considered a
facility design issue and will not be prototypical of actual
reactor scales. During the initial contact the heat transfer from
the crust allowed a heat flux of upwards of 600 Kw/m . As the melt2

receded from their crust this heat flux decreased in time.

19.11.4.2.2.2.4 Melt Spreading

The ability of the corium melt to spread within a water pool was
investigated by Greene (Reference 157). These experiments were |
used to establish a correlation between a nondimensional spreading
thickness against a nondimensional spreading number. Applying
typical ALWR geometric data into this correlation (see
Reference 150), suggests that the spreading of the corium debris
can be expected to be relatively complete for the ALWR.

also indicates that even if full spreading is notReference 150 ability to remove heat via the sides of the debris |realized, the
bed would enhance debris coolability. Therefore, while full debris
spreading is expected, it is not required in establishing corium
coolability.
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The base transient analysis for this evaluation was a station
blackout scenario. In this scenario the core melt progresses
rapidly and RV failure occurs in about 3 hours. These calculations-
conservatively assumed that 100 % of the corium was involved in the
CCI process-(the energetics allowed for volatile fission products
to be released from the melt prior to CCI). This is a very
conservative position since it is expected' that a significant. ,

amount of core debris (on the order of 30% of initial inventory)
will remain in the reactor vessel after vessel breach as part of
the peripheral core bundles. or crusted "in vessel" debris.
Furthermore, for high pressure VB sequences, an additional 10% of
the corium released at VB will be ejected out of the reactor
cavity. Results of this assessment is presented in Tables
19.11.4.2.2-2 for limestone / common sand concrete. These studies
indicate that even when 100% of the core' interacts with the cavity
basemat, basemat erosion can be both permanently arrested within 24
hours and the concrete erosion-be maintained below 3. feet -(the
minimum basemat thickness above the embedded containment shell)
provided the heat fluxes from the melt to the overlying water pool
exceed approximately 150 kw/m2.(FCHF >.02). As FCHF.is reduced to
.01 (approximately 80 kw/m2), CCI is predicted to erode 3 feet of
concrete in about 18 hours for limestone /CS concrete. At this
level of heat removal the transient is progressive and wil1~not

O arrest (See Figure 19.11.4.2.2-2). At this rate of concrete
(' erosion full basemat penetration in the containment subsoil is

estimated to occur in 194 hours (8 days).

19.11.4.2.2.3.2 ANL System 80+ Calculations

ANL has performed System 80+ concrete erosion calculations
employing the most recent version of CORCON-MOD 3- Version 2.26
(Reference 201). This code has been developed by the NRC for the
explicit purpose of computing concrete erosion rates and profiles
during severe accidents. Unlike the previous analyses, the CORCON-
MOD 3 study computed heat transfer to the upper crust via
mechanistic heat transfer models which allowed for consideration of
growth and depletion of the crust. These models allowed the code
to select the most appropriate upper surface heat flux based on
the thickness and surface temperature of the corium crust. It is
tacitly assumed that the.corium crust and the corium melt are in
contact and that the melt is impermeable to water ingression.
Futhermore, the corium melt is assumed to be in the form of a
continuous layered slag. The melt composition was based on basemat
attack involving 100% of the molten core with a 75% equivalent
zircaloy oxidation prior to concrete attack. The decay ~ energy
driving the CCI process is associated with a vessel breach at 3
hours, and account for the release of volatile fission products.
The ANL study considered corium-concrete erosion in limestone,
limestone / common sand and basatic concretes. The basemat area
subjected to erosion was based on an equivalent area of 693 f t2,

N./
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Results of this analysis indicate that the average basemat depth
will not erode by significantly more than 3 feet in a 24 hour
period following initiation of CCI regardless of the basemat
composition. These results are tabled below. Note that CORCON
provides deterministic radial erosion predictions as well. Over
the 24 hour interval radial erosion is predicted to be
approximately equal to axial erosion (See Table 19.11.4.2.2-3).

Structural analyses indicate that integrity of the lower cavity
walls are not required for the support of the reactor vessel.
Therefore, radial erosion of concrete will not threaten containment
integrity. Peak erosion profiles for a representative CCI
transient with limestone / common sand, concrete and corium-water
heat fluxes predicted by CORCON-MOD 3 are presented in
Figures 19.11.4.2.2-3 and 19.11.4.2.2-4.

Deterministic calculations were also performed to establish the
concrete erosion profile within the cavity sump. The cavity
includes a small shallow sump (one foot deep and about 16 ft2 in
area). The sump is located such that the depth of concrete between
the bottom of the sump and the containment shell is about 3.2 feet.
Corcon analyses of concrete erosion in a sump geometry predicts the
downward erosion into concrete for a 24-hour interval to be between
2.3 and 3.4 feet.

19.11.4.2.2.4 Significance to System 80+

The System 80+ reactor cavity has been designed with a large
basemat area (consistent with the URD) and a Cavity Flood System
(CFS) (See Section 19.11.3.6) to ensure the presence of water in
the reactor cavity following severe accident scenarios.

The basemat penetration scenario for System 80+ is considered to be
relatively benign because of the high likelihood of an overlying
water pool, the large surface basemat area for corium spreading and
the ample depth of the reactor cavity basemat foundation (more than
20 feet). Furthermore, in the long term (> 12 hours after scram)
energy production rates within the corium should enable the corium
to be coolable even at the lower experimentally observed values of
debris heat removal (See Table 19.11.4.2.2-4) typical of heat
removal from a molten pool without crust / melt separation. MAAP
analyses performed by parametrically varying the 1cvel of the pool
boiling critical heat flux from a nominal value of about 0.8 Mw/m

1
2

2(FCHF = .1) down to below .10 Mw/m (FCHFs.01) show that erosion I,

will increase as the debris heat removal limits are decreased. |
These analyses further indicate that even for 100% complete corium-
basement attack, the initial penetration of the lower spherical |

shell (located between 3 and 5 feet below the basemat) will not
occur in a 24 hour period for heat removal rates above ~.2 Mw/m ,2

This value is well below the expected heat removal capability of
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the overlying water pool and that typically observed in experiments
with crust formation but without the separation of the crust and
the melt. As the heat removal is artificially diminished to below
.2 Mw/m the potential increases for local penetration of the shell2

plate within 24 hours after the onset of core damage.

The above MAAP analysis results were obtained by parametrically
varying the corium upward heat flux. This was accomplished by
adjusting the MAAP pool boiling heat flux multiplier, Fw. To
independently confirm these results a CORCON-MOD 3 analysis of the
basemat attack scenario was performed. This analysis provided a
deterministic calculation of the core-concrete attack due to an
impermeable corium morphology. This analysis demonstrates that
penetration of the lower shell can be delayed for more than 24
hours after uncovery.

Penetration of the containment shell by corium may theoretically
provide a release mechanism for fission products to the
environment. However, since the gap between the containment shell
and foundation is small, the peripheral corium/ concrete mixture
will likely solidify in the crevice between the shell and the
foundation and seal off any potential pathway from fission product
release. It is envisioned that the and corium would likely spread

(3 out underneath the shell as it continues the attack the basemat,
! ) significant flow of the corium to ground level is unlikely. The
'' gap between the shell and the reinforced concrete is filled with a

grout at high pressure and thus would provide a formidable barrier
to fission product release. Therefore, fission product releases
from such an event are considered to be primarily confined to below
ground and consequently will have minor radiological consequences
to the public. Furthermore, even if the gap is not perfectly
closed, the more volatile releases will be confined to the upper
regions of the containment and above the overlying water pool and
thus should be protected from environmental release via the same 1

crusting mechanism which prevented the initial corium coolability.
|||

1
The subsphere design of System 80+ incorporates an offset "below

!
reactor cavity" room, which hypothetically, can be penetrated. | |

Since the corium debris is displaced about 12 feet laterally from ;

the SI pump room, no significant consequences of radial concrete !

erosion is predicted since radial erosion is predicted to be self
,

limiting. Radial erosion is expected to be less than 6 feet at the |
I

elevation of the SI pump room. In the remote possibility that such
a corium penetration condition develops, any subsequent containment

; blowdown into this region will result in an above ground filtered
! radiation release from the containment. This failure mechanism is |explicitly constdered in the PRA. j

i ; a

/
~J

f i
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Basemat erosion can theoretically undermine the cavity wall >

foundation and cause a subsequent collapse. This situation was
s* tdied in the Grand Gulf PRA (see NUREG-1150, Reference 182) . The
potential for basemat erosion to cause a failure of System 80+
cavity wall has been structurally evaluated and is considered
remote. This is a consequence of several System 80+ cavity design
features. First, the sloping character of the debris trap confines
the corium radial attack away from a major supporting wall.
Second, structural analyses of the System 80+ reactor cavity shows
that the reactor vessel and upper cavity load can be supported
without any structural contribution of the lower cavity walls below
the 73 foot elevation. Thus, even the remote possibility of cavity
collapse, containment integrity will not be compromised.

19.11.4.2.2.5 Application to the PRA

In the preliminary version of the System 80+ PRA (Reference 146),
it was explicitly assumed that as a consequence of the cavity
design, the availability and actuation of the CFS was sufficient to
prevent a basemat melt-through scenario. While there is general
agreement that water will retard the corium progression into the
concrete basemat, there'is not yet conclusive proof that a deep
accumulation of corium will be fully coolable by an overlying
water pool. It is expected that the ongoing MACE (Melt / Debris and
Coolability Experiment) program will correct the test shortcomings
and shortlf provide this information to confirm the existing PRA
position. Until that time, future PRA assessments of System 80+
will allow for the potential for basemat f ailure in the presence of
large quantities of water.

Based on a review of Sandia and EPRI debris coolability
experiments, it was concluded that the median stable corium-water

2heat flux was about 0.5 Mw/m (with an uncertainty of about .2

Mwt/m ) provided that the corium crust and the molten material do2

not separate. As discussed above, the probability of the low heat
fluxes observed in the MACE experiments are not considered
prototypical. The likelihood that the corium-water heat transfer
is below 0.10 Mw/m2 (preventing corium quench and causing ultimate
basemat failure) is taken to be 0.01. It should be noted that while
these low heat transfer sequences may progress to basemat melt-
through, they will do su very slowly and in a well scrubbed
environment. Detailed CCI modeling is discussed in Section 19.12.

Dry cavity melt-through scenarios can occur if the CFS is disabled
| or not actuated. Dry cavity sequences comprise 8.3% of the System
80+ PDSs. These sequences can result in:

1. basemat melt-through to the containment subsoil

2. corium penetration into the subsphere

!
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3. corium erosion of cavity wall concrete, causing an induced

containment failure

For purposes of the PRA radiological release calculations basemat
| melt-through scenarios into the containment subsoil, will be
assigned a benign fission product release classification (See
Section 19.11.4.3). Failures into the subsphere or reactor cavity
wall failures will be considered as potential atmospheric releases.
Detailed computer simulations of basemat erosion process indicate
that radial penetration of corium into the SI room is highly
unlikely. The probability of radial penetration into the SI room
is conservatively defined as 0.05. Similarly, structural analyses
indicate that complete cavity wall erosion will not cause a failure

| of RV to be supported. Consequently, no induced above ground
containment failure is anticipated. For completeness this failure
mode is retained for this analysis and is quantified with a
conditional probability of 0.01.

O

O
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19.11.4.2.3 Temperature Induced Failure of Containment

Penetration Sealant I

|
During dry cavity corium attack sequences, the containment |
atmosphere has the potential to undergo a gradual, but significant
temperature transient. Analyses of typical System 80+ accident
scenarios suggest that sustained temperatures in excess of 450*F
can develop throughout the containment within 48 hours after :

accident initiation. At these temperature levels several common |

penetration sealants (e.g. , Nitril, Neoprene) will begin to degrade
and dependent on penetration design can potentially result in a
premature localized containment failure. Through penetration
design involving multiple seals and by specifying the specific
sealant at the time of actual equipment procurement, use of the
best material available will be ensured and containment integrity
will be maintained even in the presence of considerable basemat

,

erosion.

19.11.4.2.3.1 Significance to System 80+

Specific elastomers for use in the System 80+ penetrations have not
been finalized. To minimize the risk of thermal degradation of the
penetration sealant causing excessive containment leakage, a

Q multiple seal penetration design will be used where practical and
/ the best possible sealant available at the time of equipment

procurement will be selected.

19.11.4.2.3.2 Application to the PRA

This failure mechanism is included for purposes of completeness and
to allow it to be considered in PRA sensitivity studies to be
conducted at a later time.

19.11.4.2.4 Delayed Combustion

19.11.4.2.4.1 Description of the Phenomena

Combustion events can occur late in a severe accident scenario due
to the production of significant quantities of hydrogen and/or |
carbon monoxide. Delayed burns that significantly_ threaten l
containment can occur during transients where (1) previous hydrogen
burns have not occurred and (2) a significant corium-concrete
interaction has occurred which resulted in the oxidation of much of
the unoxidized metal in the corium thereby producing hydrogen and
carbon monoxide.

A delayed combustion event can occur anytime in a severe accident
once a sufficient quantity of hydrogen / carbon monoxide is
generated and the containment atmosphere is not inerted. The most
common scenario where a delayed hydrogen burn can occur is when a
hydrogen rich, steam inerted containment is sprayed with water _.
This process is typically operator initiated and can result in a
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hydrogen combustion event at pressures just below the steam |
inerting limit. Because of the large amount of steam and carbon
dioxide initially available, the combustion event is far more
likely to be a deflagration than a detonation. According to the
NRC Final SER on the URD (Reference 161), the late hydrogen burn;

issue can be addressed by considering combustion of the hydrogen
equivalent of 100% oxidation of the RCS zirconium. Results of
analyses presented in this section indicate that pressures
generated during this event will be below the containment Service
Level C and are well below the ultimate containment failure-

pressure.

19.11.4.2.4.2 Significance to System 80+

As discussed in Section 19.11.4.1, System 80+ is equipped with
igniters to burn off steam at low concentrations. These igniters
have been demonstrated effective in steam environments and
therefore, when actuated early in the transient they should fully
eliminate any significant hydrogen induced containment threat.

In the event that a significant accumulation of combustible gases |develop without the occurrence of early smaller burns, a single
large burn corresponding to the ignition of the hydrogen equivalent
of 100% oxidation of the zircaloy active cladding, initiated at a
system pressure just below the inerting containment steam
concentration will produce an AICC burn pressure of below 103,

psia (See Section 19.11.4.1.3). Burns in this range pose a small,
but finite threat to containment integrity.

19.11.4.2.4.3 Application to the PRA

A delayed hydrogen burn capable of threatening containment are
considered credible only if no previous burns have been assumed.
The presence of early burns via deflagration or diffusion flames is
assumed to consume sufficient hydrogen to make a large containment
threatening burn impossible. In the PRA this implies that early
operator actuation of the hydrogen igniters will prevent a late
containment threatening burn.

Since quenching of the corium debris will produce hydrogen, as will
the concrete attack process, the potential for a high level of
hydrogen is assumed.

For purposes of PRA quantification, situations where the igniters
are actuated early during the uncovery sequence and operated
continuously, the probability of a containment threatening hydrogen
burn was considered to be 0.0.

For scenarios where igniters were not actuated and no prior burns
occurred, the probability of a late containment burn was taken to
be 1.0. The zircaloy oxidation level and pressure peak associated
with the resultant burn was established for conditions with and
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without the occurrence of prior burns in containment and with and
without the potential of core-concrete interaction. Prior burns
occurring in the containment implies that some of the potential
available hydrogen inventory has been removed in a non-containment
threatening manner. Thus, the hydrogen available for a later burn
is reduced. The existence of core concrete attack will introduce

l additional quantities of hydrogen into the containment. To
i characterize the late hydrogen burn scenario bounding estimates of

hydrogen availability were assumed for the various containment
hydrogen conditions. The minimum late burn was assumed to consume
1923 lbm of hydrogen (75% oxidation of active fuel cladding) . Thisi

I condition was considered to occur for those situations where a
prior hydrogen burn had occurred in the containment and no CCI was
predicted. The maximum hydrogen burn was assumed to be equivalent
to 150% oxidation of the total zircaloy cladding. This hydrogen
equivalent can be achieved by complete oxidation of all the core
zircaloy inventory with the addition of oxidized steel. This
situation was predicted to occur for all scenarios where prior
burns have not occurred and CCI is considered to be in progress.
For the late hydrogen burn scenario, all burns are assumed to be
initiated once the hydrogen / steam / air concentration reaches the
minimum flammability limit and are calculated via AICC methods (See
Appendix 19.11E). This results in maximum containment pressure

.q initial conditions. A summary of the hydrogen burn pressures and
(di containment failure probabilities associated with the various

containment hydrogen conditions is presented in Table
19.11.4.2.4-1.

/O
\ )
\J
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i TABLE 19.11.4.2.4-1
'

)
SUMMARY OF LATE HYDROGEN I

BURN CONDITIONS
|
| 1

! Containment Hydrogen 1 Fraction of Peak Containment
Condition Available active clad pressure failure

(LBM) oxidized * (PSIA) probability
i

EARLY BURN OR CCI,

DCH

|- Y N 1923 0.75 94.2 7.04X10''
I

Y Y 2564 1.00 103.0 .00588
|

N N 3250 1.25 125.2 .01894

N Y 3846 1.50 140.0 .0276

(O)v

Active clad conservatively bounded by 58,500 lbm of zircaloy. |
*

1

~

l
i

I
|

|
|

l

I

\.)

Amendment V
April 29, 1994

_ __ , , ~ ,.. _-. . , _ _ _ . - , _ _ - - , _ . . . . .



;

L CESSAR Huhma
|

< ~.

)
19.11.4.3

'

Fission Product Release, Transport, and Retention
|

The consequences of the severe accident scenario are dependent on,

the amount of fission products that ultimately are released from
,

the fuel rods into the environment. This information, along with I

meteorological conditions and site demographics will determine the |
man-rem equivalent doses (event consequences) at variout ,"f-site |,

; locations possible during the various severe accident scenutios.
It is a goal of the URD that the ALWR cumulative probability of

;

releases greater than 25 rem one half mile from the reactor site to |
be less than 10-6/ year.

: 19.11.4.3.1 Models for Fission Product Release and Depletion
]

Two fission product release calculations are used to support the j

! assignment of System 80+ source term for various release classes. '

Both models are generally consistent with the advanced source term'

philosophy. In one approach, direct calculation of fission product
release and distribution are established based primarily on
predictions from the System 80+ version of MAAP 3.0B Rev 16
(Reference 203). The models governing fission product release are;

contained in PAAP subroutines FPRATP and METOXA. MAAP also
contains models that simulate all significant fission product'

transport and deposition due to both natural depletion and |9 engineered safeguards systems. These models are contained in MAAP
subroutines FPTRAN, FPTRNP. The.. MAAP calculations performed
utilize nominal fission product modeling assumptions. Additional
sensitivity calculations were performed on selected transients to

.

|

better understand the sensitivity of fission product releases to )
MAAP modeling assumptions. l

The second approach is an adaptation of the XSOR (Reference 193)
approach to fission product assessment. In this approach the ZISOR
source term generat.on program was modified to reflect System 80+

,

design features and update input to be consistent with the current |
research on fission product release, retention and deposition. The '

adaptation program which modifies ZISOR to reflect System 80 +
features has been named S80SOR. Information supporting the
development of S80SOR can be found in References 168 and 194 to
202. A description of S80SOR is presented in Appendix 19.11J.

Because of the flexibility and ease of use of S80SOR, this code was
used as the primary mechanism for quantifying fission product
releases. MAAP analyses were used to (1) establish the appropriate
energy at various release times (which is input to S80SOR and also |
the MACCS radiation dispersion program) (2) establish duration and
temporal characteristics of the release and (3) provide guidance
as to the magnitude of the release and its sensitivity to fission
product modeling assumptions.

(
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19.11.4.3.2 Advanced Source Term

The System 80+ fission product representation is based on features
associated with the advanced source term (Reference 168). The |
phenomenological features of the advanced source term are
highlighted below and discussed with reference to S80SOR and MAAP.
Additional details on the application of the advanced source term
methodology to the Level 3 (consequence) evaluation is presented in
Chapter 19.12. |

This section provides the phenomenological background supporting
assumptions employed in defining the source term environment
releases used in the System 80+ MACCS 1.5 consequence evaluation.
In presented this background the fission product source term
release has been divided into discussions on fission product

| release (including RCS transport and revaporization) and "in

| containment" deposition process. In establishing S80SOR source
terms the general recommendations associated with the Reference 168 |
have been adopted, with a limited number of System 80+ specific

; adMtions and modifications. System 80+ MAAP analyses utilize
advanced fission product release, transport and deposition models
and thereby provides general confirmation of S80SOR release class

,

predictions (see Section 19.12).|

19.11.4.3.2.1 Fission Product Release
i

19.11.4.3.2.1.1 Fission product Release from the Core
i

| 19.11.4.3.2.1.1.1 Application to S80SOR Predictions

Fission product release from the core has been evaluated by
Brookhaven based on data from fuel meltdown experiments and the NRC,

i NUREG-1150 Scurce Term Code Package (STCP) predictions (Reference
198). This evaluation provided expected inventory release |

| fractions for a molten core (FCOR) for use in an XSOR type code
package.

|

In the BNL/NUREG-1150 assessment, the core fission product releases
were subdivided into nine fission product release groups (See Table
19.11.4.3.2-1) and the releases were subdivided into two physical
categories: releases with low core-wide zircaloy oxidation and with
high core-wide zircaloy oxidation. Mean and median fractional
releases are summarized in Table 19.11.4.3.2-2. The high and low
oxidation categories were observed to have a marginal impact on

j fission product releases in the noble gas, iodine and cesium
groups. A noticeable impact was noted for the elements Te, Sr, Ba,
and Ru. These factors are considered generally representative of
the FCOR variable required by S80SOR and were therefore used as
input to the S80SOR FCOR input matrix.

O
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19.11.4.3.2.1.1.2 Application to MAAP Calculations /Modeling
!

Fission product releases are modeled in MAAP subroutines FPRATP and
METOXA. Fission product releases from the core can be computed via
either the steam oxidation (Cubicciotti) model or by NUREG-0772

i

| models (Reference 155). Tellurium bonding to Zr can be
approximated in MAAP through user input by setting ITEREL=0 and )
preventing "in-vessel" Te releases. The effect of zirconium ;,

oxidation on Te releases has been parametrically investigated using! '

MAAP. Use of the default models in MAAP predict higher "in-vessel" |
| release fractions of I, Cs and noble gases and a lower release of
'

tellurium.

19.11.4.3.2.1.2 Fission Product Retention in the RCS

19.11.4.3.2.1.2.1 Application to 880SOR Predictions

Fission products released from the fuel during core damage events
will be affected by physical and chemical processes during their
transport through the RCS which in turn affect the retention of
aerosols in the RCS. Retention of fission product aerosols in the
RCS can have an important effect on the ultimate >urce term,

t

| p Thermodynamic analysis and experimental evidence indicate that '

l -- iodine, cesium and the less volatile radionuclides. released from
the fuel during core damage accidents in LWRs will behave primarily
as aerosols. Substantial fraction of these aerosols deposit on RCS
surfaces or water reservoirs, especially for sequences with long
residence times.

Experimental evidence of aerosol RCS retention processes is
provided by the LACE and Marviken aerosol transport tests and the
INEL severe core damage test serien and LOFT test FP-2 (Reference
154). In general, the experiments consistently demonstrated high
levels of fission product deposition within the RCS with
significant levels of deposition noted within the first few meters
of the source.

| Based on NUREG-1150 expert judgement elicitation, fission product

| release from the RV (FVES) was classified for various PWR sequences
as shown in Table 19.11.4.3.2-3. The expert elicitation indicated;

| that high pressure sequences were estimated to have nearly complete
'

fission product retention (low releases to containment) while for
low pressure sequences about 50 % of the fission products released
from the core were retained in the RCS. Table 19.11.4.3.2-3 is
consistent with the summary of the fission product
transmission / retention in the RCS was provided by Reference 195.
The complete isotopic distribution of fission product transmission
characteristics may be found in Reference 195.

O
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19.11.4.3.2.1.2.2 Application to MAAP Calculations /Modeling

The MAAP code models "in vessel" fission product transport in
subroutine FPTRNP. Details of FPTRNP can be found in Reference
203. |

19.11.4.3.2.1.3 Fission Products Released During HPME
l

19.11.4.3.2.1.3.1 Applicable to 880SOR

| HPME occurs when the reactor vessel lower head fails while the RCS
i is at high pressure. In past PRAs for existing PWRs, HPME releases

have been credited for rapidly introducing considerable quantities
of fission products directly into the containment upper atmosphere.

The estimated quantification f or this process has been pr6sented in |Table 5.17 of Reference 195. Discharges of volatiles (noble gases,
| cesium and iodines) from the reactor vessel are assumed to be

similar for NUREG-1150 Reference Plants and System 80+. However,
since tne System 80+ includes a debris retentive cavity, HPME
discharges for this design are expected to have lower dispersal,

| fractions than for the other plants. Since detailed information on
| fission product distribution for System 80+ is not available, the
| HPME fission products released for the Te, Sr , Ba, Ru, La and Ce
i groups were conservatively applied to the System 80+ source term.
| The HPME discharge fraction (FDCH) for S80SOR are presented in
! Table 19.11.4.3.2-4.

19.11.4.3.2.1.3.2 Application to MAAP Calculations /Modeling

The role of DCH induced containment failure is negligible for the
System 80+ PWR as discussed in Section 19.11.4.1. Consequently,
detailed MAAP sensitivity studies investigating this issue were noti

performed. All release class assessments of fission product
releases from containment following a DCH induced containment
failure are established solely via the S80SOR methodology.

19.11.4.3.2.1.4 In Vessel Revaporization Processes

Because of the low vapor pressure of certain fission products such j
as CsI, CsOH, etc. may condense to aerosol form and after being
released from the high temperature fuel and " plate - out" in low ;
temperature regions of the RCS and containment. This process of |
"in vessel" fission product retention was discussed in Section !

19.11.4.3.2.1.2. For those conditions in which the deposited )
aerosol would be on a dry, uncooled surface, energy generated by |the fission product decay may be capable of reheating the deposited
fission products to sufficiently high temperature such that;

j revaporization may occur. The significance of the revaporization
i process typically depends on the level of fission products retained
! in the vessel prio' mo vessel breach, the temperature of the RCS

piping and the ability of the damaged RV to " flush" the residual
fission products from the RCS.
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The volatility of the fission products depends on its local
,

temperature. The greater the temperature of the surface upon which j
the fission product resides and the greater the RCS steam flows,
the greater will be the extent of revaporization. The elements ,

considered candidates for revolatilization include, iodine, cesium |
and tellurium. !

J

19.11.4.3.2.1.4.1 Application to 880SOR
1

Expert elicitation obtained for the NUREG-1150 Reference Plants on
this issue are considered applicable to System 80+. Specifically, j
the experts agreed that revolitalization is enhanced for conditions ;

where the RCS has two holes in .the plant (one created at VB and .one
associated with the initial accident). Under these conditions,
high velocity flow patterns can be set up in the RCS, .thus
increasing the transport of volitailized fission' products from the i

core and RCS piping into the containment. Transients subject to I

these'high flushing flows following vessel breach include LOCAs,
transients with' stuck open PSV or SDS valves and certain SGTRs.
Revolitailization during transients with cycling relief valve
discharges were considered unlikely.

19.11.4.3.2.1.4.2' Application to MAAP Calculations /Modeling j

Revaporization is modeled in MAAP in a mechanistic way via use of
group specific vapor pressures. Classical mass transfer relations-

are used to compute revaporization rates; chemical reactions
between depositied fission productU ind the constituents of the
steel are neglected. In general, AP predicted revaporization

,

behavior is consistent with advar source term predictions. !

However, MAAP predicted revaporiza . / ./a rates'can be affected by
user input and in particular the estimate of the. "not-through
insulation" heat losses. Large heat losses reflect a good ability
to reject heat and decrease the potential for revolatilization.
The System 80+ base MAAP model will establish "not through
insulation" heat losses based on System 80 heat losses. 'It should
be noted that MAAP results are only used to qualitatively confirm
the appropriateness of the S80SOR selected timing and containment
energy issues. Thus, modifications to the details of MAAP
revolitailization modeling will not impact PRA consequence
predictions.

19.11.4.3.2.1.5 Fission Product Releases due to Core-Concrete
Interaction (CCI)

Aerosols are generated from the interactions of molten core
material with concrete. As concrete is ablated water vapor and
carbon dioxide (mainly in limestone aggregate)ere released and
sparge through the melt. Sparging releases the volatile and

'

refractory radionuclides as well as inert aerosols. The advanced
q source term establishes fission product releases from the results

of CORCON-MOD 2 and VANESA computer code results. CORCON-MOD 2
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computes the gas evolution from the concrete while VANESA computes
the vaporization release of fission products and other melt
constituents into the gas bubbles and the aerosol formation at the
debris surface. Factors that effect the vaporization release due
to CCI include the type of concrete and the existence and stability
of an upper crust on the corium debris.

19.11.4.3.2.1.5.1 Application to 880SOR

Quantification of vaporization release in a dry cavity is based on
the expert judgement developed for NUREG-1150 Reference plants.
This information is presented in Reference 198 and for purposes of |
completeness is reproduced in Table 19.11.4.3.2-5 for
limestone / common sand concrete. A review of these releases
performed by Osetek (Reference 202) indicated that these releases |
are between a factor of 5 to several thousand times greater than
one would predict based on available CCI data. This
overconservatism is further magnified for situations where CCI is
predicted but an overlying water pool is predicted to cool the pool
and create a crust on the upper portion of the melt. This effect
was conservatively neglected in the S80SOR source term.

19.11.4.3.2.1.5.2 Application to MAAP Calculations /Modeling

Releases of fission products during CCI are modeled by MAAP in
subroutine METOXA. Scrubbing of released fission products in an
overlying water pool, if any, is calculated by subroutine POOLDF.
These subroutines are discussed in detail in Reference 203. |

19.11.4.3.2.1.6 Ex-Vessel Revaporization Releases

Experimental results of fission product speciation tests suggest
that at least 95% of the iodine entering the containment will be in
the form of CsI (See Section 19.11.4.3.2.2). Cs1 will exist
primarily in the form of aerosols for typical containment
temperatures and will ultimately settle out from the containment
atmosphere via natural deposition processes. Active fission
product removal processes, such as sprays will deposit aerosols

,

rapidly. Once the iodine enters the containment, however, |

additional reactions are likely to occur. iodine can be,

expected to dissolve in containment water pools or plate out on wet
surfac2s in its ionic form [I-] . Subsequently, iodine behavior
within the containment will depend upon time and the acidity (pH)
of the water. Because of the presence of other dissolved fission
products, radiolysis is expected to occur and lower the pH of the
water pools. Without any pH control, the test results indicate
that the dissolved iodine will slowly be converted to elemental
iodine and be ra-released into the containment atmosphere as
elemental iodine. Organic iodine will also be produced slowly over
time from reaction of the elemental iodine with carbon bearing
compounds. Evidence does show that when pH control is available and
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the pH is maintained at a value greater than 7, very little (less
than 1%) of the dissolved iodine will be converted to elemental
iodine. Elemental iodine and organic iodine compounds are gaseous
and will be transported from the containment in much the same
manner as noble gases with the exception that elemental iodine is
soluble and can be depleted from the containment atmosphere via
operation of sprays.

The vaporization temperature of CsOH is about 440*F. Thus, for
several delayed containment overpressure sequences, a significant
quantity of CsOH can revaporize and be available for release upon
containment failure. _This feature was not originally modeled in
XSOR, but was predicted by MAAP. To account for this release, MAAP
calculations were used to establish late releases of Cs for
conditions where the containment temperature exceeds 300'F.

19.11.4.3.2.1.6.1 Application to 880SOR

The ability for natural depletion'and the engineered safeguards to
remove fission products from the containment environment is
dependent upon the airborne form of the fission productc. This is
particularly true for cesium (Cs) and iodine (I). Experimental i

evidence presented in Reference 154, suggest that airborne Cs will
exist almost entirely as a water soluble particulate aerosol.
Iodine will exist as a mixture of particulate iodine, primarily
CsI, (97 %) , elemental iodine (2.85 %) , and organic iodine (0.15 %) .
NUREG-1465 provides similar values for this distribution: CsI
(particulate) 95%, and I/HI organic (gaseous) 5%. As long as a pH
of 7 or greater is maintainad in the containment, the evolution of
elemental iodine is limited and the presence of organic iodines is
limited to the long term elemental iodine concentration in the
containment.

NUREG-1465 further indi::ates that all other source term
constituents (with the exception of r oble gases) are overwhelmingly
particulate under the conditions of interest.

For purposes of post-accident iodine control and to minimize
corrosion of the stainless steel in the containment, the pH of the
water recirculated through the IRWST and thus of the containment
spray solution, is maintained at a minimum of 7.0. This is
accomplished by granular disodium phosphate stored in baskets in
the IRWST holdup volume. The trisodium phosphate becomes immersed |
and dissolves in the water that collects in the holdup volume. As
the RCS losses inventory, water will accumulate in the holdup
volume. This water accumulation will be sufficient to immerse and
dissolve the trisodium phosphate in the water. This water is |
ultimately mixed with the IRWST and the high pH water is
distributed throughout the containment via use of sprays.
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| The trisodium phosphate is stored in stainless steel baskets, which
are attached to the primary shield wall in the holdup volume. The
stainless steel baskets have solid tops and bottoms and mesh sides
to ensure dissolution of the disodium phosphate when submerged in
the water. The basket elevations are adequate to avoid inadvertent

| submergence, yet are below the IRWST spillways. The trisodium
phosphate basket arrangement is illustrated in Figure 6.8-2.

In S80SOR, the organic and elemental iodines are assumed to
comprise 5% of the containment iodine release. If sprays operate
elemental iodine will be scrubbed from the atmosphere, leaving only
.15% of the iodine source assumed to be in a gaseous state. If
sprays do not function, 5% of the initial iodine source will be
assumed to be in the containment atmosphere in the gaseous form.
The distribution used to describe the gaseous iodine content is
based on the Reference 194 expert elicitation.

|
19.11.4.3.2.2 Fission Product Removal In Containment |

l

Following a severe accident, the containment environment can
potentially contain significant quantities of noble gases, cesium
and iodine and to a lesser extent tellurium. Trace amounts of
other radionuclides may also be present. The distribution of
fission products remaining in the atmosphere as the accident
progresses is dependent upon the chemical form of the various
fission products, the precise pathway the various species take to :

enter the containment, the time after release, the existence of
additional sources of fission products (RCS revaporization or CCI)
and the presence of active engineered safeguards (containment
sprays) to scrub fission products from the containment atmosphere.

Noble gases cannot be scrubbed from the containment atmosphere, and
are relatively insoluble in water. Thus, once released to the
containment, the only mechanism for changing the quantity of these
gases is via the decay chain. Cesium and iodine are considered to
be primarily in the form of water soluble - particulates. Thus,
aerosol removal will be influenced by the natural depletion
processes associated with sedimentation and diffusiophoresis, and
to a lesser degree thermophoresis and will be significantly
af fected by the operation of containment sprays and passage through
water pools. Typical decontamination factors (DFs) associated with
the use of sprays have median values between 30 and 50. Passage of
scrubbable fission products through the IRWST pool or a flooded
cavity will have a decontamination factor of about 50, dependent
upon pool temperature and depth, if the pool is subcooled and
between 6 and 10 if the pool is deep and saturated. These models
are discussed below.

O
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19.11.4.4 System 80+ Severe Accident Manacement Issues

This section discusses two specific aspects of Severe Accident
Management for the System 80+ evolutionary PWR. These are:

(1) Equipment availability requirements for the
I management of recoverable and irrecoverable severe

accidents, and

(2) Severe Accident Management Guidance

The focus of the equipment availability discussion is to define the
minimum equipment required to be available to the reactor operator
so that for scenarios where sufficient plant inventory and heat
removal resources are available, he may maneuver a severely damaged
plant into a safe stable shutdown condition. Similarly, a smaller

| equipment list is identified for conditions where the core damage
'

| sequence is considered irrecoverable. In this instance, the goal
! of the residual equipment would be to aid the operator in

maintaining containment integrity. Qualification issues associated
with survival of this equipment in these severe accident
environment are also discussed.

An EPRI/NUMARC/ Owner's Group funded industry program is currently
, ,3

( i underway to establish accident management guidance (AMG) for the;

\ ,) spectrum of existing PWRs and BWRs operating in the United States.
'

This work is still underway for ABB-CE operating plants. Since
many similarities exist with the existing ABB-CE PWR designs, the
accident management program for System 80+ and the existing PWR are
expected to be conceptually similar. However, because of this
large ongoing ABB-CE AMG activity and in light of the fact that )
detailed NRC review of this program will occur independent of the |
System 80+ licensing effort, development of a prescriptive System i
80+ specific procedure is considered premature at this time. This
section will address itself to the general structure and key
elements of the System 80+ AMG. Specifically, this section
includes Severe Accident Guidance for the operation of evolutionary
severe accident mitigation equipment such as the Rapid
Depressurization valves, tydrogen igniters and the Cavity Flood
System (CFS) and their interface with the System 80+ and Emergency,

'

Operating Guidelines (EOGs) . Additional detail on this subject can
| be found in Appendix A to che EOG.

| 19.11.4.4.1 Equipment Availability for Recoverable Beyond
! Design Basis Accidents

Following the accident at TMI, the NRC issued several Regulatory
requirements directing operating plants and those to be constructed |
to ensure that an adequate equipment set (including
instrumentation) is available to the plant operating staff so that

['_) if adequate plant resources are available following the initiation
| y/ of a beyond design basis transient, the plant may be maneuvered
j into a safe stable state (see Section 7.5.1.1.7).
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Recoverable severe accident scenarios may arise from any of a ,

number of core damage sequences with a recovery of vital equipment
(e.g. power buses, SI pumps, etc.) or correction of misdirected
operator actions within sufficient time to preclude vessel breach.
These scenarios are typically categorized as events resulting in
inadequate core cooling (ICC). This guidance was captured in
Regulatory Guide 1.97 and was applicable to all operating PWRs and
BWRs. The ICC instrumentation is summarized in Section 3. In
addition, future large dry PWRs were required to also address
additional regulations contained within 10CFR50.34f and associated
applicable guidance contained within letters SECY-90-016 and
SECY-33-087. These documents require that a reasonable level of
assurance be provided so that sufficlent instrumentation and

| equipment will survive the consequences vf a severe accident and
will be available to the operator so that he may recover from and

| trend severe core damage sequences, including those scenarios which
result in 100% oxidation of the active fuel cladding.

In order for the operator to utilize previously available equipment
or make necessary assessments to take mitigative action following
an inadvertent onset of core damage, the operator must have
available, at the very minimum, instrumentation necessary for
ensuring that vital safety functions (i.e., RCS inventory control,
core heat removal, reactivity control and containment integrity)
are successfully being accomplished, and the required equipment
necessary to maintain the plant in a safe stable state.

System 80+ is designed to reduce the frequency of reaching a core
damage condition to less than three in one million per year.
Therefore, when one considers recovery from a severe accident, it
should be recognized that numerous safety systems and non-safety
systems have either mechanically failed or otherwise have become
inoperable. Thus, even when all necessary instruments are
available, recovery from these low probability accident scenarios
typically requires recovery of highly reliable vital equipment that
have already failed or are otherwise unavailable. Therefore,
recovery from severe accidents will be more likely to occur for the
slower core uncovery transients (such as, loss of feedwater with
8 hour battery depletion) than for large LOCAs when core uncovery
and the onset of the core melt progression are rapid. It should be
further be noted that the System 80+ PRA conservatively neglects
the potential for "in-vessel" recovery.

It is the purpose of this section to demonstrate compliance of the
System 80+ design with equipment survivability subsections of
10CFR50,34(f), SECY-90-016 and SECY-93-087.

O
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19.11.4.4.1.1 Definition of Safety Functions j

In the midst of a core damage sequence, operators are confronted i

with multiple failures of essential safety equipment and/or |

operator errors which have resulted in a damaged core condition.
If the operator is to effectively cope with this plant condition
and protect the general welfare of the public, he must be provided
with an equipment subset that he can be trained to use and
interpret, with the ultimate goal of achieving an "in-vessel" safe
stable state. As discussed above, in this context a safe stable
state requires:

1. RCS Inventory Control
2. RCS Heat Removal
3. Reactivity Control
4. Containment Integrity

19.11.4.4.1.1.1 RCS Inventory Control

|The goal of the RCS inventory control safety function is to assure
that a continuous and inexhaustible supply of water can be
delivered to the RCS so that the core region will be covered.
Inventory control is primarily provided via the System 80+ SI

p / and
System (see Section 6.3). Should the SI system not be available

t the RCS has depressurized below about 200 psia, inventory
control can also be provided via a realignment of the containment
spray or shutdown cooling system pumps to operate in an injection
mode. This later method of inventory control was not credited in
the PRA as a success path in conjunction with Rapid Depressuri-
zation valve actuation, since depressurization sufficient to pro-
vide inventory control prior to significant core melt could not be
assured.

19.11.4.4.1.1.2 RCS Heat Removal

Successful RCS heat removal requires that a pathway be developed to
reject heat from the RCS. Typical RCS heat removal pathways
following a severe accident scenario will probably be through the
steam generators via the establishment of EFW to at least one steam
generator or Once Through Core Cooling (OTCC), where the operator
feeds liquid inventory in the RCS via SI and bleeds off steam
and/or water (also known as, Feed and Bleed). Once a sufficiently |
low pressure has been established in the RCS, long-term heat
removal can also be accomplished via the Shutdown Cocling System
using either SCS or CS pumps and associated heat exchanger. |

'

V
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19.11.4.4.1.1.3 Reactivity Control

since core recovery may occur with a nearly intact core geometry,
it is important that the core be prevented from achieving
criticality. A return to criticality under these circumstances
will likely strain the meager plant inventory and heat removal
capabilities and compromise the establishment of a safe stable
state. Reactivity control is provided by insertion of control rods
and assuring the delivery of sufficiently borated water into the
RCS. Reactivity control is typically assured early in the
transient via insertion of control rods.

19.11.4.4.1.1.4 Containment Integrity

Containment integrity is necessary to prevent significant
radioactivity releases to the environment. Given that the highly
reliable containment isolation systems function, containment
integrity for the System 80+ containment requires that pressure and
temperature challenges within the containment have a low
probability of causing containment failure. If partial operation
of one train of containment sprays can be guaranteed, most
containment threats can be averted. If sprays are non-functional
for an "in-vessel" recoverable sequence and the RCS continues to
reject heat to the containment, containment failure cannot be

| averted unless the containment heat removal function is restored.
For "in vessel" recoverable sequences with sprays available, the
only containment threat is that associated with hydrogen
combustion. Analyses show that even under these adverse
circumstances the conditional containment failure threat associated
with hydrogen combustion is less than 0.01.

19.11.4.4.1.2 Instrumentation / Equipment Requirements in
support of "In-Vessel" Recovery

To enable the operator to have the opportunity to maneuver the
plant from a core damage state to a safe stable state where the

I core is indefinitely retained "in-vessel", the operating staff
requires the use of a set of vital equipment and key instruments.
The vital equipment is necessary to ensure that adequate inventory
and heat removal can be provided to the RCS, reactivity control is
maintained and that containment heat removal via sprays is

.

!

!

|

' O
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functional. Instrumentation is required to allow the operator to
confirm and trend the results of actions taken. This section
defines the "short list" of instrumentation and equipment its
potential severe accident operating environment, and 4.dentifies the
manner in which the operator will be expected to use this data.

I
19.11.4.4.1.2.1 RCS Inventory Control

In its simplest view, success of the inventory control safety
function ensures that the core is covered and cooled. In
conjunction with successful : RCS and containment heat removal a
covered core can be retained in a safe stable state indefinitely.
In order to achieve inventory control the operator must have an
inexhaustible source of water and a pathway to deliver .the water to
the RCS.. In order for the operator to monitor his use of scarce
plant resources, instrumentation must be available to confirm that
the inventory control function is being accomplished and the
resulting observable behavior is as expected.

Inventory control can be established in many ways. The selection
of the method of inventory control will be based on the initiating
event and the plant resources available at that time. Typical
mechanisms for inventory control include (1) isolation of the leak

p (if possible) and/or (2) delivery of water to the RCS. Potential |
'

sources of water for the RCS makeup are:

1. SI system via injection of IRWST water,
2. Shutdown Cooling System (low ' pressure delivery), and

under certain circumstances
3. CVCS via charging (this provides a high pressure

injection).
i

For inventory control to be successful, the required pump must be
powered and functional, the inventory water source must be
continuously available, the necessary piping from the suction to
RCS discharge must be open and the RCS pressure must be below the
discharge head of the pump and the delivery must be of sufficient |
capacity to match RCS boiloff.

Once a recovery pathway has been selected, sufficient
instrumentation must be available to the operator so that he may. I

trend the recovery, and confirm the appropriateness of his actions.
For System 80+ the core recovery function can be monitored.either
directly (through level measurements) or _ indirectly (through
temperature measurementaj depending on the status of the transient
prior to recovery and the details of the initiating event. The
devices for monitoring the inventory control function include:

1. RVLMS (Reactor Vessel Level Monitoring System), which
includes four HJTC probes and two separate and redundant

'

differential pressure sensors.s
~

2. CETs (Core Exit Thermocouples)
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3. Cold / Hot Leg RTDs (Resistive Temperature Devices) '

Two of the four HJTC sensors, the CETs and the RTDs are included in
the System 80+ Inadequate Core Cooling Instrumentation package and
satisfy the intent of NUREG-0737, Section II.F.2 (see Section
7.5.1.1.7).

The other two HJTCs are provided as recommended in generic letter
88-17. In addition to monitoring instrumentation sufficient
equipment must exist so as to ensure inventory delivery to the RCS
(see also 19.11.4.4.1.2.2).

| The HJTC probes are designed to monitor the RV collapsed liquid
level above the fuel alignment plate. This level is sensed by a
high temperature difference between two thermocouples, one of which
has an electrically heated junction (HJTC) the other is unheated
(UHJTC). Once covered with water the HJTC temperature drops to
within several degrees of the unheated thermocouple and hence a

j positive indication of water level is established. These probes
can be used to confirm the presence of water in the upper plenum
and hence that the core is covered and cooled at the very least,
via a two phase mixture.

Temperature sensing devices (such as, CETs, RTDs and the unheated
| junction of each HJTC probe (UHJTC) devices indirectly measure
liquid inventory by monitoring its effect on steam temperature. In
essence the thermocouples serve a combined role of indicating both
RCS inventory control and heat removal. Sustained increasing
UHJTC, CET and/or RTD temperatures are indicative of an
uncontrolled core heatup and inadequate inventory. Conversely, if
temperatures in the RCS are trending downward, core recovery is
likely in progress.

In addition to the above level / temperature monitors, RCS pressure
should also be available to ensure that the operator selection of
the inventory source is compatible with a subcooled or saturated
condition. RCS pressure will also enable the operator to better
understand the course of the transient by using both the RCS
pressure and core exit temperature to arrive at an estimate of the

| departure of the system from a saturated thermodynamic condition.

Instrumentation for use in monitoring RCS inventory are relatively3
robust and can be expected to survive a wide range of beyond design
basis conditions. Thermocouples and RTDs are expected to provide
useful information to the operator until their respective
temperature limits are exceeded; about 2300'F for Type K
thermocouples typically procured for "in-vessel" applications and
7 50 F f or RTDs . Measured temperatures in this range are associated
with significant core uncovery and should encompass a wide range of
recoverable severe accidents. (RTDs are actually functional to
1000'F; however, signal processing will not be directly available
to the operator at temperatures in excess of 750'F.)
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The availability of all these trending instruments may decrease as
'

the event unfolds and core degradation proceeds. Based on MAAP
3.0B evaluations of a typical core melt progression, it is expected

,

that the hot leg RTDs will be overranged shortly after core i

uncovery. In practice, these devices will still be functional
after core uncovery provided the sensing element does not exceed
approximately 1000 F. After considerable core degradation, loss of

,

core geometry will also be associated with failure of CETs (which |
pass through the core) and the likely failure of hot leg RTDs and
the portion of the RVLMS thermocouples located in the System 80+ |

upper plenum. However, even under severe core damage condition
with clad oxidation limits up to 100% of the active clad, many
UHJTCs will survive the recoverable severe accident due to the
renote location of the upper RVLMS UHJTCs in the upper head / upper
guide structure region of RV and its low flow environment which
both shield the upper RVLMS from high temperature steam but also |

protect it from a highly convective / radiation environment
associated with the RV regions below the upper' guide structure
support plate. Thus, for the complete gamut of severe accidents,
indication of RV inventory can be reasonably expected. While
survival of the UHJTCs may continue following VB, they provide no
useful function at that time.

19.11.4.4.1.2.2 RCS Heat Removal !

-4

The heat removal pathways to be utilized following a severe ,

accident condition will vary based upon the initiating transient,
and the current availability of inventory sources and heat sinks.

|The potential mechanisms for RCS heat removal include; j

1. Heat removal via the Steam Generator
2 Once Through Core Cooling (OTCC) or Feed and Bleed
3. Shutdown Cooling via Residual Heat Removal

The overall goal of removing heat generated ~in the primary system
and transferring the energy to an ultimate heat sink can be
accomplished via several avenues. However, the selection of the
optimum approach for a given scenario will depend upon many f actors
including whether or not the RCS leak is isolable, how soon in the |transient the recovery can proceed, the RCS pressure at the time of
equipment recovery and equipment availability.

Heat removal via steam generators is the preferred mode of recovery |
and depressurization provided the RCS is intact or has a small
leak. For these scenarios, the operator will use the steam |generators to reduce the RCS pressure to the shutdown cooling entry
condition and initiate shutdown cooling. This requires that | |

sufficient instrumentation be available for the operator to control
RCS pressure, temperature and SG level. These instruments are |
expected to be available during the course of a severe accident.
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| For events where SG heat removal has been lost and cannot be re-
established (such as a TLOFW), the operator has the option of

| converting the TLOFW event into a medium LOCA by opening the Rapid
Depressurization valves. The purpose of this action is to reduce
RCS pressure so that the SI, (if available) and eventually the SITS
will inject into the RCS. Once the RCS is depressurized SIS (if
available) will provide permanent inventory control. This cooling
method is referred to as either Feed and Bleed or Once Through Core

|

! | Cooling. For Feed and Bleed to be established in this manner
! requires both an inventory source (Feed) and a steam relief path

(" Bleed"). The bleed path may be established remotely by operator
| via the opening of Rapid Depressurization valves or the bleed path

may pre-exist as a result of an RCS piping failure.

| An indication of RCS pl. essure is necessary to confirm the SI can
deliver against the system pressure. Following a TLOFW event,
operation of the RD valves is stipulated in the EOGs to occur prior
V : ore damage. Without operation of the RD valves, a TLOFW would
maintain the RCS at high pressure while depleting the RCS
inventory, preventing SI inventory makeup until a " creep induced"
failure of RCS piping develops. In either event adequate pressure
relief is expected so that available SI pumps can begin to inject
into the RCS and potentially terminate the core melt progression.

If a pre-existing or " creep induced" steam relief path develops,
RCS heat removal requires use of the SI to provide sufficient
inventory to cover and cool the core. In this circumstance RCS
pressure will be monitored to assure that an RCS pressure
sufficiently below the SI shutoff head and valve positions
indicative of an open delivery path exist.

The success of the RCS heat removal process can be monitored via
any temperature sensing equipment including the CETs, RTDs and the

j unheated junction of the HJTC monitors.

19.11.4.4.1.2.3 Reactivity Control

Following recovery from a severe accident, the core geometry may be
sufficiently intact so that reactivity control may be required to
ensure the nuclear chain reaction remains permanently shut down.
To establish reactivity control, control rods must be inserted and
a borated water source is needed. Boration can be provided to the
RCS via either the CVCS system (through charging) or the SI system
(via injection of IRWST water). Reactivity control is confirmed
via control rod position indicators, and instrumentation associated
with inventory delivery.

O
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19.11.4.4.1.2.4 Containment Integrity

System 80+ is robust to most containment challenges. Successful
operation of the spray system eliminates the risk of containment
failure due to overpressure transients. If the RV is to remain
intact, the only remaining risk of containment failure is
associated with a hydrogen burn. Deterministic analyses performed
for System 80+ demonstrate that even when subjected to an AICC
hydrogen burn associated with the oxidation of 100% of the active J
cladding, the resulting pressure rise will be far below that of the
containment's ASME Service Level C rating. Use of igniters
further reduce this . risk. The HMS has been qualified in accordance
with the requirements of 10CFR50.34(f) of a 100% oxidation of |

active cladding including consideration. The overall system | |
operability requirement is also. included in the plant technical 1

specifications.

19.11.4.4.1.3 Summary of Required Instrumentation and
Equipment

,

i

A summary of the minimum instrumentation and equipment necessary to
function during a severe accident, consistent with 10CFR50.34(f), |
is presented in Tables 19.11.4-1 and 19.11-4-2. Instrumentation

,A that will be useful in helping an operator recover from a severe
i 1 accident include:
V

(1) RCS Temperature Monitoring via either |

RVLMS UHJTCs,

Hot and Cold Leg RTDs, or
|

CETs, |
I

(2) RCS Pressure Monitoring via either | ,

1

RCS or Pressurizer Pressure Indicators,

(3) SG Water Level indicator,

| (4) IRWST Water Level Indicator,
i

j (5) Containment Pressure Indicator,

i

O
|
l
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(6) Containment Temperature Indicator,

| (7) Containment Hydrogen Concentration Monitor, and

| (8) Containment Radiation Monitor.

Included in the instrument system are the instrument sensor and its
associated cables, terminals and junction boxes.

Items 1 thru 3 represent instruments that are required only for
"in-vessel" recovery sequences. These instruments are not required
to survive the post-VB containment atmosphere. The IRWST water
level, containment temperature and pressure sensors and containment
radiation and hydrogen monitoring will continue to provide useful
information to the operator even after VB and should have a
reasonable expectation of survivability in a post-VB environment.

Equipment that should be able to function in the severe accident
environments include:

1. Containment penetrations, airlock, hatch seals,
electrical / mechanical penetrations.

2. Containment Sprays / Spray Header, heat exchanger and
Piping and associated valves and heat sinks.

3. SDS valves and Actuation Circuitry of this system
is intended to be activated prior to core uncovery.

| 4. SIS and EFWS including valve position Indicators
and/or Flow indicators for water delivery flow
paths to RCS, containment and steam generator (for
"in-vessel" recovery sequences).

5. Hydrogen Mitigation System, including igniters,
IRWST vents, associated cabling, transformers and
power sources.

6. Cavity Flooding System including all valves,
actuators and valve position indicators. This
system is to be actuated prior to VB.

While availability of additional equipment would be useful and is
expected for most severe accident scenarios, its use in severe
accident mitigation is not essential to the operator.

O
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19.11.4.4.1.4 Severe Accident Instrumentation Survivability

Severe accidents are very low probability events. Accordingly, in
SECY-93-087 (Reference 116), the NRC has recommended to the
Commission that this equipment need not be subject to the
environmental qualification requirements of 10CFR50.49, quality
assurance requirements of 10CFR50 Appendix B; and the
redundancy / diversity requirements of 10CFR50 Appendix A. This
position has been subsequently accepted by the ACRS. It is
practical to define the capabilities of the instrumentation
required to achieve a safe shutdown and to establish a
qualification regimen that would provide reasonable assurance that
there is a high likelihood that vital equipment / instrumentation-
would operate during the vast majority of severe accidents.

19.11.4.4.1.4.1 Approach to System 80+ Equipment
survivability

Section 3.11 and Appendix 3.11A present the environmental |
conditions for meeting the equipment qualification requirements of
10CFR50.49 and 10CFR50 Appendices A and B. While these instrument
qualification conditions do not bound the locus of all severe
accident damage states, there is considerable evidence that the
conservative nature of the Design Basis LOCA and Main Steam Line
Break Appendix B, Class 1E environments results in reasonable
assurance that the instrumentation will survive a recoverable
severe accident. This assertion is generally valid even when the

) hypothetical, 10CFR50.34 (post TMI requirements) 100% cladding
oxidation requirement is considered.

It is the intent of this section to define the internal vessel and
containment environments associated with recoverable severe
accidents (with consideration of a potential 100% cladding
oxidation) and to demonstrate that the System 80+ Class 1E
qualified nuclear equipment is expected to perform adequately in
the resulting recoverable (as well as, unrecoverable) severe |
accident environment. This assessment is based on the following:

1. Severe Environment Experiments demonstrate the ability of
a wide spectrum of design basis event (Class 1E) quali-
fied equipment to survive severe thermal environments,
including the effects of hydrogen burns and zirconium
oxidation.

2. Some of the equipment / instruments needed by the operator
are expected to be available due to their location
outside the containment building which limits the
exposure to the severe accident environment.

3. For selected equipment, severe accident survival will be
enhanced for System 80+ by providing appropriate thermal
radiation equipment protection, siting instructions and
requirements which better enable the equipment to
function in harsh environments.

4. Analytical evaluations of expected and bounding severe
accident environments.

The observations are discussed in detail below.
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19.11.4.4.1.4.2 Equipment Survivability Experiments4

In assessing the survivability of instruments and equipment exposed
to a severe accident environment the following environmental
parameters are normally considered:

1. Temperature

2. Pressure

3. Moisture / humidity

4. Radiation field

In addition, timing of the event (short spike, versus steady
source) is also important. Following TMI-2, several test programs
were performed to investigate the survivability of equipment
exposed to environments with one or more adverse environmental
conditions.

A. NTS Experiments (EPRI) (Reference 117)

A large scale hydrogen burn test program was undertaken by
EPRI at the Sandia National Laboratory Nevada Test Site (NTS) .

| The NTS is a 74,000 ft3 dewar. Deflagrations of hydrogen
concentration up to 13 volume-percent were studied. These
tests included experiments which exposed nuclear-qualified
safety equipment to hydrogen burns of varying severity in a
large vessel. The safety equipment samples tested in the
EPRI-NTS tests were powered and their operation was monitored
during and after exposure to hydrogen burns. Tests included
large single burns temperatures of 2000*F and pressures in
excess of 100 psia. For continuous ignition tests the
temperature chamber was between 420*F and 800'F for a period
of 10 to 20 minutes. Equipment studied included pressure and
temperature transducers, instrument cables and associated
connectors, valves, switches, containment penetrations and
glow plug igniters. The authors of Reference 231 concluded
that, "The study showed that equipment qualified to operate
under LOCA conditions should be able to operate during and
after high temperature spikes produced by hydrogen burns...
Despite substantial external damage to the cables, only those
with pre-existing defects or cumulative damage from many burns
failed." No degradation of operability of equipment was noted

| in 99.6% of the post-test checks (Reference 117).

B. Sandia Central Receiver Test Facility (CRTF) (Reference 117)

A series of equipment survivability tests, simulating one of
the most severe NTS experiments were performed at the CRTF.
These tests investigated operational and thermal responses of
a nuclear qualified pressure transmitter, solenoid valve and
three brands of nuclear qualified cable. In the first test
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1' series, all equipment was unaged. Consistent With the NTS
| tests, all equipment functioned during and after testing.
i

! A. second series of CRTF tests specifically investigated
{ effects of aging .on nuclear qualified cables and pressure-
i transmitters. Tests included exposure to' heat fluxes three
; times as severe as that' experiences-by a-13% hydrogen ~ burn.

All. cables maintained.their- electrical integrity during-*

)' exposure with only one failure out-of thirty. (30) 'noted during
post exposure insulation testing. Tested transmitters
functioned properly throughout the tests.

j C. Severe Combined Environment Test Chambers (SCETCh) (References
j 117, 229, and 232).- |

These tests extended'the qualification of nuclear qualified
pressure transmitters -and cables. by exposing them to .a j

simulated LOCA/ hydrogen' burn environment in a large dry PWR. . | i
_I

(References 229 and '232). Experimental conditions' were-

established by hydrogen burn analyses performed for Zion and
TMI-2. These plants represent high power-density large dry
PWRs with potential hydrogen concentrations similar to that of i

System 80+. The SCETCh included a simulation of the computed |environment via simulation of burn heat flux, pressure. pulse,'
humidity and oxygen concentration. . Environments associated
with a single burn and those predicted to be associated with !

multiple burns (as identified by HECTR calculations of
deliberate ignition) were simulated. Typical peak burn

1

temperatures simulated reached 1200*F and lasted approximately
20 seconds.

SCETCh Sinale Burn Test

(1) Cable Tests

Cable Survivability tests were performed by maintaining
a LOCA environment (approximately 185'F corresponding to
a 30 volume percent steam mixture) for 4.4 hours. At
that time a simulated burn was initiated (the burn lasted
approximately 20 seconds). Following the burn the LOCA
environment was resumed for another 2 hours. Inspection ;
of the cable after the test confirmed that the cable is 1

capable of surviving a single hydrogen deflagration
initiated from a saturated steam environment. Since
burns are limited by the steam concentration, burns
superimposed at initial temperatures greater than about
250'F are unlikely for System 80+ due to mixture-
flammability considerations.
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(2) Transmitter Tests

Tests similar to that described above were conducted for
a Barton 763 pressure transmitter. This transmitter is
similar to most of the nuclear qualified pressure trans-
mitters available in the nuclear industry. Results of
these tests demonstrated the ability of the pressure
sensor to survive a combined LOCA/ burn environment.

SCETCh Multiple Burn Tests

These tests were intended to demonstrate the response of this'

equipment with a deliberate ignition environment,
characterized by multiple hydrogen burns. A simulated
environment with 59 individual low concentration hydrogen
burns was defined. The results indicated that multiple burns
could elevate the equipment temperature to failure.

The pressure transmitter was found to survive about 20
repetitive simulated calculated burns prior to failure.

D. HCOG 1/4 Scale Test Facility (References 222 thru 224)

These tests were performed by the BWR Hydrogen Control Owner's
Group (HCOG) to both validate the HCOG igniter system and to
establish anticipated containment environments for severe
accidents where a hydrogen ignitor system is activated.
Additional details of this test program can be found in
References 222 and 223. These tests are of considerable
interest to System 80+, since the 1/4 scale experiments
included tests with hydrogen discharge directly to a
suppression pool (analogous to the System 80+ IRWST) and
employed hydrogen release rates generally prototypical of
System 80+ (See Appendix 19.11K). Operation of hydrogen
igniter system (HIS) was not observed to result in discrete
repetitive pressure and temperature spikes, as was initially
predicted via computer simulations. Instead, the hydrogen |
igniter system consumed the evolved hydrogen continuously with
only marginal pressure and temperature excursions. Typical

| containment environments indicated that containment |
temperatures (even in the vicinity of igniters) were typically
below 350*F. In the NRC SER on the HCOG experiements
(Reference 224), it was noted that thermal conditions measured
as close as 15 inches above and 6 inches laterally away from |
the igniter were no more severe than recordings several feet I
away. This observation was further supported by a test which
included a thermocouple measurement 1 foot above the pool I
surface, directly above an active sparger. The temperature j
response did not exceed 425'F as a result of pool flames.

j
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This suggests that sustained high temperatures will not be
established in regions of localized combust' ion. These results
indicate that the local influence of igniters for a full scale
system would be lesa than 5 feet (4 times the 1.25 foot
localized influence orserved.

E. Qualification Testing for Nuclear Qualified Instrumentation

Duke Power Company has previously selected and designed
equipment to survive environments with anticipated hydrogen
burns (Reference 225). Survivability of cables was
established via a combination of experimentation _ e.nd analysis.
Cables investigated - included core exit thermocouple (CET)
cables, RTD signal cable and hydrogen igniter cables.

CET Cable Survivability Analysis

LOCA qualified cables are validated for an 8-hour exposure at
3 4 6*F. Analyses of'a hydrogen burning transient. indicate that
cables will not exceed temperatures greater than 385'F at the
outer armor of its armor insulated cable and that the layer of
insulation underneath the armor was 338*F and is thus
enveloped by the ice condenser PWR LOCA qualification
temperature. CET cables are typically similar to other lower

[ compartment cables.'

k
| RTD Cables

| RTD signals are typically transmitted-via two cables; one
' supplied by the vendor which attaches directly to the device

and a signal transmission cable supplied by the purchaser.
RTD cables supplied by Duke were established to survive a 6-
hour . exposure to 346*F LOCA temperatures. The cable was also

| observed to survive a temperature excursion representative of
a hydrogen burn. Duke tests were not adequate to demonstrate
survivability of the vendor supplied cable. However, tests
performed for the Segouyah Nuclear Power Plant (Reference 226)
indicated that cable was capable .of surviving repeated

t exposure to temperature of 1400*F without impatraent of its
| dielectric strength. This ' test program was reviewed and
! accepted by NRC.
;
'

HIS Cables

cables currently used for typical existing hydrogen igniter
systems are constructed of high temperature reinforced mica,,

j and are overall glass braid encased. These cables are
i designed for operation during a 45-minute continuous burn at
| 12 0 0 * F . Under these exposure conditions, cable temperatures

[- did not exceed 700'F. This indicates this type of c'ble.is
T robust for its application and has a substantial margin for

survivability. Igniter Cables used for System 80+ will also'

be expected to perform under these design conditions.
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19.11.4.4.1.4.3 Comments Regarding Expected Containment
Environments for and Unrecoverable
Recoverable Severe Accidenta

For purposes of ensuring equipment / instrument survivability during
severe accidents, two severe accident environments are defined.
These are classified as pre-vessel breach (pre-VB) and post-vessel
breach (post-VB). In the pre-VB environment, the RV lower head is
considered to be intact. This condition is a prerequisite for "in
vessel" recovery. The pre-VB environment is applied to all
equipment /necessary to achieve and maintain a safe shutdown of the
PWR and consists of two components; one in vessel (internal to the
RV) and one ex-vessel (associated with the containment during the
time frame the RV lower head is intact). The post-VB environment
is typically associated with a more restricted instrument list and
a containment environment which may be more harsh than earlier in
the sequence (that is, sustained higher temperature, pressure and
radiation fields).

Whereas the role of the equipment and environment prior to VB was
safe shutdown, post-VB the required equipment is intended to
mitigate and/or prevent containment failure.

Temperature / Pressure environments have been established in System
80+ based on a survey of MAAP analyses performed to support the
PRA. All environments are associated with 100% humidity. These
environments and associated instruments are discussed below.
Radiation environments are discussed in Section 19.11.4.4.1.4.5.

19.11.4.4.1.4.3.1 Pre-VB Severe Accident Environment

| 19.11. 4 . 4 .1. 4. 3.1. a Equipment and Instrumentation Required
for Safe-Shutdown

| The equipment and instrumentation required for achieving and
maintaining a safe-shutdown condition reside at various positions

| within the System 80+ plant and include locations (a) within the
RV, (b) inside the containment and (c) inside the subsphere/ nuclear
annex. The equipment / instrumentation identified in Table
19.11. 4. 4 -1 and -2 (minimum instrument / equipment lists) are located
as follows:

Equipment located within the RV

e UHJTC of RVLMS

Equipment located within the Containment and attached to
| the RCS via instrument tubing / piping

* RCS pressure transmitter or pressurizer pressure
transmitter

* Safety Depressurization System (Rapid
| Depressurization valve and piping)
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Equipment located within .the containment, but not
directly connected to the primary system,

SG water level pressure transmitterso

High level Radiation Monitorse

Hydrogen Ignitors*

Containment Temperature RTD*

Cavity Flooding Systemse

Containment Isolation System*

o Containment Penetrations

Instrumentation / Equipment located in-
Subsphere/ Nuclear' Annex

| * IRWST Water Level
! * ' Hydrogen Monitor

e- Containment Pressure Transmitter|

| e SI, EFW, CS Systems
| Post Accident Sampling System (PASS) |

e

19.11.4.4.1.4.3.1.b "In-Vessel" Environment Prior to VB

MAAP analyses of System 80+ have been used to estimate the "in-
vessel" thermodynamic conditions prior to VB for a spectrum of |
severe accidents. To maximize hydrogen generation in the reactor,

| Vessel, MAAP parameters were set to:
'

|
1. Turn off blockage model J

2. Use "two-sided" oxidation model-
3. Extend time of vessel breach

| In these analyses, oxidation levels reached 70% of the active
cladding (see Table 19.11.4.1.3-2). Based on these calculations,

; peak pre-VB temperatures varied significantly around-the RCS. Of
| particular concern to equipment survivability are the temperatures'

in the region of the RVLMS UHJTCs and the RCS and pressurizer
pressure taps. As a result of the remote location of the upper
portion of the RVLMS UHJTCs, and the massive nature of the upper
head internal structures, temperatures are expected to be below
1600'F, regardless of the severe accident transient. In the above
calculation, the oxidation of the zircaloy was limited by
availability of water within the reactor vessel. Extrapolating the
results of the base analysis to accommodate a water source
sufficient to oxidize 100% of the active zircaloy cladding,
critical temperatures in the RCS were established. For high
pressure RCS scenarios, water is expected to remain in~the loop
seal. Thus, temperatures in the cold legs will remain below 70b*F.
Temperatures in the pressurizer are found_ to be transient
dependent. For transients with flow through the pressurizer (SDSg-'s) activated or PSV cycling) the peak pressurizer preseure temperature5

\~/ prior to VB will be ~ between 1000'F and 1200*F. For all other
transients pressurizer temperatures are expected to be below 700*F.
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In addition to instrument interfaces, the SDS also interfaces with
the RV. The Rapid Depressurization valves are positioned
approximately 20 feet away from the top of the pressurizer. Both
regions tend to be isolated from the very high temperature core
environment that may accompany a core melt and result in high
expected availability for the equipment well into a degraded core
scenario. Thus, valve temperatures environments prior to operation
are likely to be low, due to the poor convective environment in the
dead ended piping and the relatively large thermal capacity of the
valve and piping.

The peak local RCS temperatures are typically associated with gross
core disruption, core relocation and high temperatures of the RCS
hot legs or surge line. At these times, structural temperatures
in the vicinity of the hot leg /surgeline are expected to be suffi-
ciently large so that for high pressure accident scenarios mechani-
cal failure of RCS connecting piping is imminent. " Creep induced"
rupture can rapidly depressurize the RCS to near containment
pressures and mitigate the RCS thermal environment. This induced
depressurization may allow re-introduction of SI (if available).
For certain scenarios, this may provide sufficient coolant to
terminate the transient and arrest the accident "in vessel". Even
following this limiting sequence RCS temperatures / pressure trending

| is expected to be available via the upperhead UHJTC and RCS
pressure measurements.

As a result of the above analyses maximum "In-Vessel" thermal-
hydraulic conditions during a recoverable severe accident are

| presented in Table 19.11.4.4-3.

19.11.4.4.1.4.3.1.c "In Containment" Environment Prior to VB

During the "In-Vessel" degradation process associated with a severe
accident, the containment is likely to become the recipient of the
lost RCS inventory and much of the hydrogen produced during the
core heatup. (For SGTR events and "V" sequences, much of the steam
and hydrogen produced during the transient can bypass the
containment.) In order for equipment to survive a recoverable
severe accident the components of the required systems must survive
both the "In-Vessel" and " containment" environments (where
applicable). MAAP analyses of containment environments for a
spectrum of System 80+ transients with a functioning igniter system
indicates that regardless of the event initiation Pre-VB
containment pressure and temperature conditions are bounded by the
design basis equipment qualification defined in Section 3.11
provided the region is not in the immediate vicinity of an igniter
and/or a hydrogen source (See Table 19.11.4.4-4). Results from I
these analyses may be found in Section 19.11.5 and Appendix 19.11K. !
A summary of pre-VB local and global containment conditions can be
found in Tables 19.11.4-Sa and b. These conditions apply for the
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full spectrum of recoverable severe accidents at locations away i

from dominant hydrogen flow paths and about 10 ft. from the )
igniters. I

19.11.4.4.1.4.3.1.d . Pre-VB Containment Environment Associated
with 100% cladding Oxidation

| |In accordance with 10CFR50. 3 5 ( f) (2 ) (ix) (c) , future PWRs are
required to provide reasonable assurance that equipment required to
achieve and maintain a safe shutdown condition be . available
throughout a recoverable severe accident scenario and survive the
environmental conditions attendent with the release of hydrogen-
generated by the equivalent ofLa 100% oxidation of the active fuel ,

'
cladding. In' practice, achieving this limit-is unlikely and.is
typically prevented by the unavailability of a water source, which
is also. associated with core heatup. It is the intent of'this
requirement to demonstrate the robustness of the equipment .to
survive a severe accident. The ability of the "in vessel"
equipment to survive the 100% oxidation thermal / hydraulic
environment is addressed in Section 19 .11~. 4 . 4 .1. 3 .1. b .

i
This Section defines the containment environment acsociated with
the combustion of hydrogen resulting.from the equivalent of 100% | ,( oxidation of the active fuel cladding for bounding accidents where I

( (1) igniters are functioning (local burning scenario), (2) igniters |
are artificially defeated early in the accident (condensation

,

induced global burn), and (3) containment temperature increases '

resulting from energy releases associated with the exothermic
zirconium - water reaction, i

i

Case 1: Igniters Function to Control Hydrogen Concentration
|

In this analysis, hydrogen is generated in the RCS until the |
equivalent 100% of-the active cladding is oxidized. This hydrogen
is released as it is generated and depending .on the release

| location, either directed.towards the IRWST and/or containment. To |
realistically model the igniter placement, a detailed MAAP 4 |

simulation of System 80+ containment was constructed. A discussion
of the resulting analyses performed with this model is presented in
Section 7.2 of Appendix 19.11K.

Results of these analyses were generally in qualitative agreement
of observations made during the HCOG 1:4 scale Mark III igniter
system experiment. In general, these experiments demonstrated that
a functioning igniter system was able to consume sufficient
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hydrogen so as to render the burning process benign except in local
regions immediately adjacent to hydrogen sources. In the vicinity
of the hydrogen sources, HCOG data indicated a continuous hydrogen
consumption with local igniter effects dissipating about 1.25 foot
from the active igniter (this corresponds to approximately 5 feet
at full scale). MAAP 4 analyses of the HCOG data were not
performed. However, MAAP4 analyses of the System 80+ igniter
system indicated similar trends to that observed in HCOG. That is,

1. Containment temperatures away from hydrogen source
regions were benign (below 330*F).

2. Burning occurred at low hydrogen concentrations with long
term hydrogen concentrations controlled near 5 volume
percent.

3. Containment pressures during igniter operation could be
maintained below 50 psia.

Thus, environmental conditions at positions away from hydrogen
source (e.g., SG compartments, IRWST and IRWST vents) are bounded
by existing design basis Class 1E EQ procedures (see Appendix
3.11A).

Global igniter environments in the presence of a functioning
igniter system will not threaten equipment survivability. However,
development of dif fusion flames (as experimentally observed in HCOG
experiments) and location of equipment in regions of active burning
can produce severe thermal environments for important post-accident
equipment and instrumentation. Consequently, instruments required
for achieving and maintaining safe shutdown conditions (Tables
19.11.4-1 and 2) will have transmitters located away from hydrogen
sources and positioned at least 10 ft, from an adjacent igniter
(that is, twice the scaled distanced observed in the HCOG tests for
igniter local influence). Furthermore, if necessary,
equipment / instruments will be radiatively shielded from thermal
radiation of potential diffusion flames that may result from
continuous hydrogen consumption.

Case 2: Igniters Inerted Prior to Global Hydrogen Burn

In this scenario, the Igniters are assumed to electrically and
mechanically function. However, steam released earlier in the
transient (such as a large LOCA without SI and without containment
heat removal) is suf ficient to inert the burning process and render
the igniters completely ineffective. Later on in the accident
scenario it is assumed that 100% of the active cladding has been
oxidized, and the resulting hydrogen is mixed within the
containment. Following that time, the containment sprays are
recovered and the containment atmosphere is suddenly de-inerted.
It is further assumed that the de-inerting of the containment
atmosphere results in a global combustion.
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In assessing the effect of the de-inerting process, the following
assumptions are made:

1. 100% cladding oxidation
2. Mixture burns at the minimum flammability point (see

,

Figure 19.11.4.1.3-1) '

3. Mixture combustion completeness is 50% (see |

Reference 227) based on hydrogen and steam concentrations

Based on the above assumptions, global combustion, following a
i| deflagration, can produce short duration burn temperature / pressure |

spikes below 590 F and 90 psia respectively. Burn times vary f
slightly throughout the containment, with typical burn times in the I

viciaity of important equipment expected to be approximately 30 |
seconds.

|

Based on these assumptions, the limiting global hydrogen burn can
be approximated by a temperature pulse initiated at a stable
temperature of 250*F rising to 600*F over 30 seconds and rapidly
decaying over the next 10 seconds to 250*F.

|

|

This quantification is expected to significantly overestimate the I

thermal and pressurization consequences resulting from the de- 1
inerting process. Data obtained at Whiteshell (Reference 19 of[] 19.11K) suggests controlled combustion in a condensing environment

i'/ will be a benign process, characterized by continuous hydrogen 1

consumption with very limited environmental consequences. V

i

Case 3: Containment Temperature Rise Resultina From Exothermic
Enercy Releases Following the Zirconium - Water Reaction
Process

;

The purpose of this assessment is to assess the impact of the
exothermic energy release of a severe accident resulting in 100%
oxidation of the active fuel cladding, on the containment
environment. MAAP-3B analyses provide a mechanistic evaluation of
the integrated core uncovery-containment heatup and pressurization
process. A review of a wide spectrum of these analyses indicated
that oxidation with the RV will be limited based on water
availability, with the typical levels of zircaloy oxidation falling
within 30 to 70% of the active fuel cladding. In order to complywith 10CFR50.34(f), it was required that the consequences of
extending the zircaloy oxidation process to include 100% of the
active clad be considered. This was accomplished by extrapolating
MAAP 3.0B analyses assuming a sufficient water source existed to
extend the zircaloy oxidatien process to a 100% zircaloy cladding
equivalent. in this analysis it was further assumed that water
interacting with the Zircaloy clad will result in the evolution of
hydrogen which is released from the RV at the extrapolated upper
plenum gas temperature and adiabatically added to the containment

O atmosphere. The resulting peak temperature remains below the
Ij existing Design Basis EQ (see Figure 19.11G-2). Details of this' calculation may be found in Appendix 19.11G.
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19.11.4.4.1.4.3.2 " Post-VB" Severe Accident Environment

Section 19.11.4.4.1.4.3.1 identified the pre-VB severe accident
environment for those instruments required to achieve and maintain
a safe-shutdown condition. Should insufficient equipment be
available to terminate the severe accident while the corium resides
within the reactor vessel ("in-vessel") , a breach of the lower head

| will occur, resulting in the relocation of the corium within the
containment ("ex-vessel"). At this point in the event, the
accident management strategy shifts from "in-vessel" corium

;

| coolability to that of ensuring containment integrity. This goal

| requires a smaller list of equipment for use by the operator.
Instruments required post-VB are:

* IRWST water level sensor
Hydrogen Monitor*

* Containment Pressure Sensor
Containment Temperature sensor*

High Radiation Level Monitor*

For accidents which proceed beyond vessel breach, it is the intent
of the past severe accident containment monitoring to provide the

| operator with a status of the containment integrity, an indication
'

of containment airborne radiation and hydrogen combustion
potential. This information may be used by the operator and
technical support center (TSC) staff to aid in defining venting
strategies, and the extent of off-site evacuation. To perform this

i

I task, the instrumentation required by the operator include (1) the
containment pressure monitor, (2) radiation monitoring via either
the in-containment high level radiation sensors or the Post
Accident Sampling System (PASS) and (3) the hydrogen monitor. All
required sensing capabilities can be performed using equipment
external to the containment and hence are expected to survive well
into the severe accident scenario, including post containment
failure. While use of the containment temperature, when available
can provide additional information, it is not considered essential
to these actions. The trending of the success of operator actions
to control containment integrity may be followed via use of the
containment pressure monitors (which provide a direct indication of
the approach to containment failure) and venting strategies can be
formulated using information obtained through radiation, hydrogen
and pressure monitoring.

l
Equipment required post-VB include:i

* Containment Spray System (including flow and valve
position sensors)
Shutdown Cooling System (as backup to Containment Spray)*

O
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O The post-VB temperature / pressure environment is dependent upon the
characteristics of the transient initiator. and event timings.
Based on MAAP analyses performed for the PRA (see Section 19.11.5),
the potential accident environments mostly fall into two
categories: events with containment sprays functional and events
with cavity flooding activated. The event characteristics are as
follows:

Category 1: Events with Containment Sprays Functional

Temperature < 250*F (with short duration spikes to
300'F)

Pressure < 40 psia
!
l These events comprise 90% of the Plant Damage States PDSs

Category 2: Events with Containment Sprays Disabled and Cavity
Flooding system Activated Prior to VB

Temperature < 330'F

Pressure < 80 psia

These values apply for containment conditions with 20 or more hours
after event initiation (typical event times exceed 30 hours, see%

for example Section 19.11.5).
!

The minimum mission time for the equipment is selected consistent
with SECY-93-087, approximately 24 hours, for those transients
where containment failure is anticipated (i.e. Category 2 events).
The existing design basis EQ presented in -Appendix 3.11A,

L conservatively bounds the severe accident environments with the
| exception of potential global burns associated with condensation

induced combustion in a high hydrogen content environment. This
'

later environment is defined in Section 19.11.4.4.1.4.3.1d and is
| also considered applicable for post-VB equipment survivability.

19.11.4.4.1.4.4 Assessment of Equipment / Instrument
i Survivability Following a Severe Accident
|-

'The temperature / pressure survivability requirements for the Table
19.1.4.4-1 and 2 instruments / equipment is . detailed .in Tables
19.11. 4. 4-5a through 5f. These tables provide the containment and,
if applicable, "in-vessel", thermal conditions associated with the
severe accident and hydrogen burn environments defined in the

| previous sections along with supplemental severe accident equipment
| procurement and location requirements. These items are discussed
! further in the following sections. For convenience, the
| ^\ equipment / instrument survivability environments have been dividedf
' Q into the following classes.
|
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1. Instruments with sensing elements residing within the RCS
2. Instruments interfacing with the RCS, not residing in the

containment
3. Instruments located within the containment
4. Instruments / equipment located primarily in the subsphere

or nuclear annex

The instruments / equipment residing on these lists are discussed
below.

19.11.4.4.1.4.4.1 Instruments With Sensing Elements Residing
Within The RCS

| The only instruments in this category are the UHJTC probes of the
RVLMS. While other instruments (such as the CET and hot leg RTDs)
will survive most severe accidents, the upper probes of the HJTC
string are likely to survive the complete spectrum of recoverable
severe accidents. This information is summarized in Table
19.11.4.4-5a. This instrument is useful for accident trending
prior to VB. Survival of the UHJTC Post-VB is not required.

Reactor Vessel Level Monitoring System (RVLMS)

The RVLMS con" m, in part, of four probes with heated and
unheated junct ermocouples. Two are part of the ICCI package.
The other two >vided for accurate level detection within the
hotleg. As a se temperature difference between thermocouple
pairs is a dire. .ndication of the presence or absence of liquid
inventory. The HJTC probes that are part of the ICCI package,
measure inventory above the fuel alignment plate. As a level
monitoring instrument, this instrument provides useful informrion
as the core uncovers and provides confirmation of core recom
The individual unheated junction thermocouples may also trend %
progression of core degradation by monitoring the gas temperacure
in the reactor vessel upper plenum.

| The HJTC probes utilize heated and unheated junction Type K
thermocouples for sensing the presence or absence of. liquid.
Unlike the CET, the RVLMS thermocouple string is top mounted and do
not pass through the core. In accordance with teh RVLMS design
requirements, several of tLee thermocouples are calibrated for
operation up to 1800*F. Consequently, these instruments will
continue to function far into the core degradation process. While

| not providing a direct indication of core degradation, the probes
provide valuable trending information to the operator. These
thernocouples are characterized by the vendor to survive beyond
2000*F. Therefore, many of these thermocouples (part A ?ularly
those located towards the upper part of the string above ti.a UGSSP)
will likely survive the 1600*F "in-vessel" upper / head environment

| following a recoverable severe accident.
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']| Since the HJTC string is top mounted, its junction boxes, and leads
will be routed away from active igniters. Therefore, exposure to

j high temperature diffusion flames are not expected.
i

19.11.4.4.1.4.4.2 Instruments / Equipment Interfacing I

With The RCS

Instrument / Equipment residing in this category includes the RCS and
j pressurizer pressure sensors, the SG level monitor and the RapidL

| Depressurization valves. The operating time frames and.
environments for these instruments are suumarized in Tablesi
19.11.4.4-1/2 and 19.11.4.4-5b, respectively,

a) RCS / Pressurizer Pressure Sensors / SG Level Monitors

| For the operator to appropriately utilize the plant's resources he-
-

must be able to assess the equipment limitations and operate the
; equipment properly and trend consequences of his actions. To this

-

end it is expected that the operator may;need an indication of'

j RCS/ pressurizer pressure, and SG Level.
1

Monitoring RCS pressure is necessary in trending -the RCS4

depressurization following operator actions taken to either
- establish feed and bleed conditions or to confirm the pressure is
[" sufficiently low to enter shutdown cooling.
's

: In the event that the operator must depressurize the RCS via the

8..
steam generator, the water level in.the SG should be tracked to
assure the presence of SG secondary side' inventory. To accomplish

| this task the operator must rely on the SG' level monitors.

All pressure transmitting devices are located outside of the RCS
boundary with the only direct interface being.a long length of-,

small diameter tubing connecting the'RCS to the high pressure side3

' of the pressure transmitter. The sensor tap is typically filled
with low velocity fluid. This length of pipe provides sufficient

,
heat loss and thermal capacitance to maintain the fluid temperature

d in the vicinity of the sensor to acceptable levels. Therefore, the
"in-vessel" environment will not significantly influence instrument

'

operation.
4

t All transducers, cables and associated signal conditioning 4

discussed above are contained within the 10CFR50 Appendix B design
basis instrument ' qualification. Typical instrument cables-have

'

been tested by Duke Power Company and have'been shown to withstand
a combined LOCA and hydrogen burn. Transducers will be located
beyond the outside of the cranewall and positioned away from-

hydrogen igniters so as to minimize any.' effects associated with
localized burning on direct thermal radiation. If necessary, these ,

Q] transducers may be radiatively shielded from the potential flame -

f l,

1 -source.

i
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The survival of DB EQ Class 1E pressure sensors was studied as part
of an industry wide instrument survivability test program. Based
on results of several high temperature burn experiments (see
Section 19.11.4.4.1.4), pressure cells (including associated
electronics) have been demonstrated to be robust to single and
multiple (up to 20) high temperature hydrogen burns. For
recoverable scenarios there is a high confidence in the
availability of this complete equipment set.

While detailed testing of transmitters has not been performed, the
design basis EQ (Class 1E) rating is indicative of a similarly high
level of thermal protection for the sensitive electronics package.
Once a final transmitter is selected for use in System 80+, analy-
ses can be performed to demonstrate the ability of the thermal pro-
tection to maintain the electronics package below its rated capabi-
lity during a burn initiating at 250'F and increasing to 600'F in
30 seconds (see Section 19.11.4.4.1.3.1d).

b) SDS Rapid Depressurization Valve

Following a complete and irrecoverable total loss of feedwater
event, the operator is instructed via the EOG to actuate the SDS
rapid depressurization valves and maintain inventory control and
heat removal via feed and bleed. If SI is unavailable for the
inventory feed operation, the operator is still instructed to
perform this operation- so that SITS can inject into the RCS. Thus,
the EOGs direct early actuation of the SDS in advance of core
uncovery.

While further delayed actuation of the SDS is unlikely, conditions
at the SDS valves will remain below its design basis qualification
temperature of 7003F for a considerable time into the core melt
event.

;

| For a TLOFW event that requires SDS actuation will result in valve
actuation either (a) prior to core uncovery or (b) under I

circumstances where most hydrogen produced in the vessel are not |

| released from the RCS, the Papid Depressurization valves are not i

required to survive the 10CFR50.34 (f) hypothetical hydrogen burn. j
Nonetheless, survival of the SDS valve is considered likely. To
ensure that a prolonged " feed and bleed" event is possible, the SDS
rapid depressurization valve will Pe designed to fail "as is".

19.11.4.4.1.4.4.3 Instruments / Equipment Located in
Containment;

The key instruments / equipment primarily located in the containment
| required for severe accident recovery and/or trending include:

Instruments

| containment temperature sensor*
'

high level radiation monitor*
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19.11-182f April 29, 1994

|



1

H
:

CESSAR !!Shm.
!
!

| ,m
! '( )
\ /-'

,

Equipment !

Hydrogen Mitigation System (igniters)*

containment isolation systeme

cavity flooding systemo

containment penetrationso

The. capabilities and requirements for these instruments / systems are j
j summarized in Table 19.11.4.4-5c. |

a) Containment Atmospheric Temperature Sensor

Cont'ainment temperature sensors for System 80+ . will provide
indication of containment temperature 'with a range from 0 to 400*F.
Survivability of these instruments at much higher temperatures is j
expected. These sensors may . be used to supplement or verify
containment pressure measurements, however, their direct importance |
to supporting recoverable severe accident scenarios is considered j

small. These instruments are considered part of the System 80+
post-accident monitoring system and are designed in accordance with
Category 2 of Regulatory Guide 1.97. Sensors are located-in the
periphery'of the containment and will be located at least 10 feet
away from direct ignition sources. These instruments can be
expected to survive the severe accident containment environment.

In selecting the above sensor for "in containment" use, the
| containment temperature sensor will be capable of ' surviving a
' Category 1 containment environment (See Section 19.11.4.4.1.4.3.2)

for an extended time period and a Category 2 environment for a
minimum of 24 hours. |

These specifications will ensure survivability of the containment
RTD following global "in containment" hydrogen burns and provide a
minimum of 24 hours of instrument operation for those transients
where containment failure is imminent. Since the utility of the
containment temperature is primarily for trending and confirmation,
requiring qualification of this instrument to the ASME service
level "C" ultimate pressure, operating environment is not deemed
essential. As a goal of the System 80+ procurement effort, a high
priority will be placed on obtaining a containment RTDs with'as
close to this capability as practical.

Typical RTDs are expected to be capable of achieving and surpassing
| these supplementary requirements. Typical platinum based RTDs can
( survive temperatures well in excess of 600*F. Recent EQ tests

performed for ice condenser PWRs and Mark III BWRs' indicate the
potential for instruments to survive traditional post DB EQ
environments. As discussed in Section- 19.11.4.4.1.4.2, typical
vendor supplied RTD cables have been qualified to repetitive 1400*F,

temperature (Reference 226). For Mark III BWRs the HCOG has
Q qualified Weed RTDs-to a 440 F, 90 psia environment.
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b) High Level Radiation Monitor

10CFR50. 3 4 (f) requires that the operating staff be capable ofs

| trending containment high level radiation throughout the severe
accident. The high level radiation monitor is resides outside the
cranewall. Placement restrictions will be placed upon the monitors
so that the monitor and cables are located at least 10 feet from
active igniters and, if necessary, will be shielded from potential
diffusion flames.

With the exception of the limiting global hydrogen burn, the
positioning of the radiation monitor, will be such that its
expected severe accident thermal environment is close to the DB EQ
envelop. As a result of the multiplicity of ways to establish
containment radiation levels throughout the transient, survival of
this equipment following a global hydrogen burn will not be
required. In particular, failure of "in containment" high level
radiation monitoring can be supplemented by radiation measurements
from sensors located within the subsphere or plant site and by
direct containment air sampling by the Post Accident Sampling
System (PASS). The PASS is designed to sample from a containment
temperature up to 350*F and containment pressure corresponding to
service Level C containment stresses. Therefore, PASS is expected
to operate during the later portions of a severe accident and aid
in core damage assessment. This later assessment may be delayed
since the PASS may not be on line for 24 hours following the
initiation of the accident. However, due to the low probability of
failure of high level radiation monitor and its potential backup
capability, additional precautions to ensure high temperature, high
pressure survival beyond the DB EQ is not required.

c) Containment Iso 3ation System

The CIS is actuated early in an accident sequence. Proper
operation of this system guarantees containment isolation
associated with isolatable containment penetrations. Since this
system requires actuation only once in a sequence, the required
bounding environment is the same as that used for DB EQ.

d) Containment Penetrations

Containment penetrations for System 80+ are discussed in Section
3.8. Containment penetrations include:

1. Equipment Hatch
2. Personnel Air Lock
3. Refueling Pool Fuel Transfer Tube
4. Mechanical Penetrations (e.g. process lines)
5. Electrical Penetrations

Containment penetrations will be mechanically designed to withstand
service Level "C" pressures. Furthermore, mechanical containment
penetrations will be afforded high temperature protection by
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providing them with sealant material that would guarantee a minimum |

" low-leak" seal for a time period of 24 hours following the onset |
of a sustained high temperature (350*F) in the containment.

In practice, containment penetration capabilities have a high like-
lihood of exceeding these requirements. A d.iscussion of the expec-
ted penetration capabilities based on Saadia conducted industry
tests for penetration designs similar to that expected to be used |
for System 80+ is presented in the following paragraphs. |

A. Eauipment Hatch

The System 80+ Equipment Hatch is designed with a double "O" ring
seal. These seal designs have been experimentally tested by i

Sandia. Seals have been observed to provide virtually leak free
service for simulated containment environments of at least 450 F
for silicon rubber double "O" ring seals and up to about 600 F for
ethylene propylene (EP) based seals.

B. Personnel Air Lock ( PAL _)_

| The personnel air lock is sealed using double door inflatable seals
located on doors at either end of the (PAL). Typically, seals used

("])
[ for the PAL employ an inflatable seal design. Inflatable seals

used for nuclear plant applications are constructed from EPDM E603-
60 material, reinforced with Kelvar. The inflation pressure of
these seals for System 80+ is expected to be above 90 psia
(manufacturer's recommendation is 30 psi above containment design
pressure). Based on an inflatable seal survivability test program
conducted at Sandia National Laboratory, it was noted that
inflatable seals maintained very low leakage for containment i

pressures in excess of 150 pcia and temperature of up to 350*F for I
8seals aged with a cumulative 2 x 10 rad radiation dose. Under

these conditions, no seal material deterioration was noted. Thus,
these experiments provide confidence that the present generation of
inflatable seal will remain intact for all severe accidant
sequences where the containment spray or CFS is actuated. At
higher containment temperatures the inner PAL door seal may
ultimately fail. However, regardless of the PAL door seal design,
the lower temperatures expected in the vicinity of the outer PAL
door, located beyond the shield building, will assure continued

| leak tightness of this penetration well beyond the goal of 24
hours.

C. Refuelina Pool Fuel Transfer Penetration

A typical RP fuel transfer penetration is presented in Figure 3.8-2
Sheet 7. The "in-containment" portion of the penetration consists
of a blind flange sealed with a double "O" ring seal. Theg) capabilities of this seal arrangement and associated test results

,

'

(V have been discussed for the Equipment Hatch.'

1
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D. Mechanical Penetrution

Mechanical penetrations include main steam /feedwater flow
penetrations and hot / cold process piping. These penetrations are
sealed with steel bellows. Typically these bellows are designed to
survive 5000 cycles of DB worst case loadings. Using standards of
the Expansion Joint Manuf acturers Association (EJMA), a minimum
factor of safety of 4 times the internal design pressure 'is
typically allowed for the burst pressure. Thus, considerable
margin will exist between the bellows failure pressure and the
severe accident containment failure pressure for System 80+.

E. Electrical Penetrations

Three vendors of nuclear qualified electrical penetrations provide
products in the United States. These include, Westinghouse, Conax
and D. G. O'Brien. Typical EPAs currently manufactured by these
vendors were tested for severe accident leak tightness. The
testing reflected their current application only, so that all EPAs
were not tested to similar conditions. Of the three, only the
D. G. O'Brien and Conax EPAs were tested to pressures in excess of
100 psia. Based on these tests the D. G. O'Brien EPA was found to
be capable of maintaining its integrity for greater than ten days
when the " simulated" containment environment was 361*F and 155
psia. The Conax EPA was tested for 8 days in a 700 F, 135 psia
environment. While the inside EPA seal was damaged at these high
temperatures, the outer seals of the EPA were subjected to much
lower temperatures (<340'F) , and remained intact. Consequently, no
significant leakage past the EPA occured. Both the Conax and the
D. G. O'Brien EPAs utilize a dr.a1 containment seal . Based on these
tests and the similarity in seal design, either the D. G. O'Brien
or the Conax EPA will adequately perform during System 80+ severe
accident threats.

Other EPAs would also likely survive the System 80+ environment
provided the design follows the guidance of IEEE-317-1976 and IEEE-
323-1974. Use of EPAs other than those discussed above should be
evaluated for their ability to provide performance comparable to,
or better than, that observed with the Conax and D.G. O'Brien EPAs.

In summary, an evaluation of the System 80+ penetration seal
designs indicates that the penetration seals are expected to
survive well beyond 24 hours following even the more challenging
low probability severe accidents. This capability results from:

(1) Use of dual seals interior and exterior to the
containment for the PAL doors, and EPAs which

9
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ensure one " leak ' tight" seal for .all credible
containment environments;

<

l

(2) Use of EP based (or equivalent) double "O" ring '

seals for .the equipment hatch and fuel transfer
tube flange, which ensures high temperature leakage
resistance of the penetration; and

(3) Metallic bellow seals, external to the containment
shell, for all mechanical process penetrations,

,

which are expected to survive containment pressures
above those associated with ASME Service Level.C.

e) Cavity Flooding System

| The purpose of the~SFS is to pre-flood the reactor cavity prior to
VB to accommodate enhanced cooling of the corium debris. The
System 80+ AMGs and EOG functional guidance. instructs the
operator / Technical Support Center (TSC) to flood the reactor cavity ;

whenever a sustained core uncovery is anticipated. This pre-VB- I
flood will occur in advance of significant corewide oxidation. - |
Thus, the CFS is expected to survive the DB EQ envelop, it is not
required to be subjected to the 10CFR50.34 (f) . hypothetical global

|, p burn (see Section 19.11.4.4.1.4.3).
t

.
. 1The location of CFS valves within the IRWST and Holdup Volume Tank I

walls suggests that valve mechanical operation will not- be
| influenced even if a global burn were to occur. As an added

precaution, the CFS cables will be routed at least.10 feet from
active igniters.

Since actuation of the CFS will not damage any plant' equipment or
significantly complicate accident recovery,' the ' operator and/or TSC
has a high probability of performing this task in accordance with

! the EOGs/AMGs.

| f) Hydrogen Igniters

The purpose of the HMS igniters is to control the hydrogen
concentration to levels below that possible for a localized

j hydrogen detonation. A detailed description of the HMS ignitiers
| are presented in Appendix 19.11K. The design of the igniter system
i precludes special placement or routing of cables. Therefore, the

HMS igniters and cabling must be capable of surviving its own
operation. 'This will require demonstrating that hydrogen igniter
cablea can survive sustained operation of igniters. For the ice
condenser PWRs the igniter cables can withstand a 45 minute 1200*F
burn and remain operating. System 80+ HMS cabling and connectors-
will also be qualified to these standards. This qualification will

b) provide a reasonable level of confidence of its ability to function|

(/ in a severe accident environment.
|
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It should be noted that the HMS igniters have been classified as '

being required Pre-VB cnly. This is not precise since for many
severe accidents, the HMS is also expected to control hydrogen
levels in the containment for a time period following vessel
breach. MAAP analyses indicate that operation of the igniters for
2 hours in a post-severe accident atmosphere will be sufficient to
control the System 80+ hydrogen concentration below 10 volume
percent.

19.11.4.4.1.4.4.4 Instruments / Equipment residing outside of
Containment

The key instruments / equipment primarily located out of the
containment and required for either severe accident recovery and/or
event trending are:

Instruments

Containment hydrogen monitore

e IRWST Water Level Sensor
* Containment Pressure Sensor

Post Accident Sampling System (PASS)| *

Equipment

Safety Injection Systeme

Emergency Feedwater Systemo

Containment Spray Systemo

Shutdown Cooling Systemo

The severe accident environment for these items are summarized in
Table 19.11.4.4-5d and Se.

a) Containment Hydrogen Monitor

Hydrogen monitors can play a useful role in accident management.
Hydrogen monitors sample the containment atmosphere and establishes
estimated hydrogen concentrations employing sensing devices outside
of containment. The hydrogen monitor will be capable of measuring
hydrogen concentrations up to 15 volume percent. Since this device
is located in a "non-harsh" environment instrument failure prior to
containment failure is unlikely.

The hydrogen monitoring system will be required to be capable of
sampling the containment atmosphere up to the ASME Service Level C
pressure and atmospheric temperatures of 350*F. This requirement
is in excess of the existing DB EQ.

b) Containment Pressure Indication

The availability of a containment pressure measurement during a
severe accident is primarily a concern when "in-vessel" recovery
actions are not expected to be successful. This instrument can
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| provide information required for emergency - planning purposes as
! well as information to ' the operator in support of accident
,

management and potential auxiliary. equipment needs. .The
| containment pressure sensor.is capable of monitoring pressures in

excess of 200 psia.

| ABB-CE's response 'to Appendix . B of . 10CFR50 ' requires that . - the
containment pressure cells survive design basis events.-Design'

| basis events involve' temperature and humidity profiles typical of-

-a severe accident. For example, the design basis' qualification for
post LOCA requires that safety related equipment survive long term
exposure to high humidity and high temperature conditions where the
temperature can exceed 3 00 *F- for tens of hours. . Furthermore-
steamline breaks require the ability of the instrument-to-survive

j short. term exposure to 400'F temperatures. Whil'e. these
temperatures do not ' bound the full range of severe accident
environments, they do encompass the majority of the accident

,
states.- Even the most limiting states are only marginally more )

! limiting. For. wet cavity severe accident sequences the containment '

temperature will not exceed'350'F.

'
The containment pressure transducer is located in a-"non-harsh"
environment. Consequently, instrument failure prior to containment

Ifailure is unlikely.

V .

IRWST Water Level i

'

c)
; I

The IRWST' water level will be monitored by a differential pressure !
'

cell located outside of containment. This device is not' subject to
the harsh environments associated with ' severe accident. harsh
environments.

d) Post Accident Sampling System;(PASS)

The PASS is intended to sample the post accident containment
environment and provide information with regard to the airborne and
sump activities and chemical composition. FOr severe accident
applications, PASS will be capable of sampling from containment
atmospheres with temperatures up to 350'F and pressures typical of
ASME severe Level C stresses,

e) Safety Injection System (SIS)

The SIS is required for inventory control for all LOCAs and TLOFW
events which proceed to " feed and bleed." Consequently, the SIS
must be available for recoverable accident sequences. This system

| is not required once a VB condition has occurred. . Since the SIS is
not located in the containment, it is not subjected to' hydrogen
burn consequences.

iv
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f) Containment Spray System

The CSS must be available at all times in a non-isolable severe
accident sequence that does not bypass containment. Since the CSS
takes suction from the same containment to which it discharges,
containment absolute pressure is not a direct concern and will not
interfere with system capabilitica. All active components of the
CS are located outside of containment. The CSS is restricted to
suction water temperatures below 350'F, to minimize cavitation.
These requirements are consistent with the existing System DB EQ.

g) Shutdown Cooling System.

The CSS and SCS employ identically-designed pumps which can be
interconnected to either system. Therefore, if necessary, the SCS
pumps may backup unavailable CS pumps.

h) Emergency Feedwater System.

When available, the EFW provides RCS heat removal. All Active
components of the EFW are located outside containment. The EFW

| System is not required once a VB has occurred.

19.11.4.4.1.4.5 Radiation environments of Severe Accident
Equipment

Radiologically, the qualification approach for System 80+ includes
both a Level 1 and a Level 2 components (as described in Section
3.11) with the Level 2 actue'.ly corresponding to a recovered core
melt. Therefore, for equip'. rent qualified to Level 2 there is no
distinction in terms of nutiological qualification between the
Design Basis LOCA and recoverable severe accidents. For non-
recoverable severe accidents. (those proceeding to the "ex-vessel"
phase as analyzed in the PRA) the post-accident radiation
environments will be mere severe than the qualification levels;
radiological survivability for such events is discussed below:

19.11.4.4.1.4.5.1 Survivability of Equipment in Post-VB
Accident Environments

Assessments have been made of the survivability of equipment beyond
the Level 2 qualification level described in Section 3.11. This
issue of survivability applies to severe accidents which are non-
recoverable (i. . , those which have either failed the lower reactor
vessel head ot would be expected to do so). A study was made of
radiation exposures levels for such events to determine the time-
frame over which the design basis Level 2 qualification levels
would not be exceeded, and these are presented below:

O
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| Qualification Time Time Available

at Level 2 For Containment For IRWST Water-
Atmosphere

|- 180 days 180 days 30 days

| 100 days 100 days ~ 10 days

| 4 days 4 days 1 day
;

| 3 days 3 days 0.8 day

| 1 day 1 day 0.5 day

The IRWST water values are for gamma radiation; the beta radiation
equivalency times would be slightly less, but these are relatively
less important since gamma radiation is the major issue for
recirculating IRWST water. The reason the containment atmosphere
doses for the Level 2 qualification and the non-recoverable core
melt are the same (i.e., exposure durations are the same) is that
the small increase in the releases to'the, containment atmosphere ,

for the non-recoverable core melt (as compared to the DBA) are more |
than compensated for by the best estimate spray removal l

coefficients characteristic -of more realistic severe accident i
assessments. (This is discussed more fully in Sections 15.6.5.4 i

d- and .5'which describe a " PAG Evtluation"' case, a non-recoverable- !

severe accident with containment and containment. systems intact
'

i.e., sprays operating). j

In performing these time equivalency assessments for the IRWST |

water, activity has been added directly from the reactor coolant _j
system; i.e., no hold-up in the containment atmosphere has been 1

credited. For the containment atmosphere assessments,
conservatively low removal rates have been used, with the DBA
assessment (corresponding to Level 2) being more conservative than
the non-recoverable severe accident assessment. To estimate the
atmosphere loading for the non-recoverable severe accident case, a
decontamination factor (DF) of 10 was used for the reactor cavity
water overlying the core debris. However, no credit was taken for

{the impediment to mixing of the reactor cavity water with the IRWST '

water due to in-flow from the hold-up volume; this was assumed to
be instantaneous. Decontamination due to overlying water pools is
shown on Figure 19.11.4.3-1. For a reactor cavity pool depth of
200-300 cm, a median DF value of 10 is a minimum.

Sprays are important not only in removing decay power- and
maintaining containment integrity, but they are also important for
keeping radioactivity in solution and away fron equipment that
might otherwise be exposed by radioactive sediments. Dry
sedimentation is unlikely to occur in any case because of steam
condensation, but nevertheless, spray operation will ensure'that
accumulation of radioactive sediments on equipment will not occur

y to the point where equipment survivability is affected. Estimates
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indicate that were sprays not to operate, the point in time where
beta radiation levels in deposited sediments could exceed

;

qualification levels (corresponding to beta radiation levels in the
containment atmosphere with sprays operating) would be of the order
of one to three days, the time-frame of containment failure without
sprays. Therefore, equipment survivability for such an event (non-
recoverable severe accident without sprays) is consistent with
containment survivability. Furthermore, the "in-containment"
equipment / instruments useful to the operating staff at this time
include only the high level radiation monitor and containment

; temperature sensor. The high level radiation monitor is backed up ,

with the PASS. PASS provides for an "ex-containment" monitoring of !

the airborne radiation via sampling of the containment atmosphere,
and is therefore not subject to beta radiation from deposited
sediments within the containment. The containment temperature
sensor while useful is not essential for operator guidance / action
under conditions of approaching containment failure (see Section-

19.11.4.4.1.4.3.2). On the other hand, with sprays operating,
sedimentation in the unsprayed region is less than one percent of
sedimentation without sprays, and equipment qualification levels
based on activity airborne would be bounding.

A summary of the integrated dose qualification time for equipment
required for recoverable and non-recoverable severe accidents are
presented in Table 19.11.4.4-6.'

19.11.4.4.1.5 Summary

A review of the instrumentation and systems required to mitigate a
severe accident was performed. Based on this review a short list
of critical instruments and equipment necessary for severe accident
mitigation and event trending was identified. Survivability
requirements for this equipment was reviewed from the standpoint of
recoverable and irrecoverable accidents. It was concluded that
with minor exceptions, existing Design Basis Class 1E equipment
qualification methods are sufficient to provide a reasonable level
of assurance that this equipment will function during a severe
accident. In order to address 10CFR50.34 (f) , supplemental severe
accident equipment instrument procurement / placement requirements
were identified.

19.11.4.4.2 Accident Management Guidance

The System 80+ design is robust to severe accidents. While
accident management is required it is the philosophy of ABB-CE (and
the System 80+ design team) that the surest way of dealing with a
severe accident is by means of its prevention. To this end the
Emergency Operations Guidelines (EOGs) will fully deal with all
aspects of the System 80+ design with the exception of those rare ,

Ievents that result in significant core damage. Since the EOGs are

O'
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rooted in a functional framework, maintaining safety functions will
simultaneously direct the operator to perform those measures that
are also necessary for accident recovery.

The Accident Management Guidance, per se, will:befa tool for use
primarily in the event of an irrecoverable accident and will be
focused primarily at protecting the public' from radiation releases.
The robustness of the System 80+ design gives the Technical Support
Center (TSC) time to consult the AMG and formulate and implement a
strategy for ensuring containment. integrity and maximizing fission
product retention in the containment'.

For additional information on Severe Accident Management Guidance,
see Appendix A to the System 80+ EOGs.

The hierarchal goals of the System 80+ accident management effort
are as follows:

(1) Enable ~the plant operating staff to alter the course of
a potential core damage sequence and recover without
significant fuel damage.

(2)- Enable the plant staff- to respond to an accident. scenario
leading to core damage that will result in "in-vessel"
arrest of the melt progression' and ' minimize radiation

\ releases to the public.

(3) If insufficient equipment is available to arrest the melt
progression the plant resources should be directed.at
prolonging "in vessel" retention' of the corium and
protecting all potential radiation release barriers
(establish containment integrity ).

(4) Given a severely damaged core "in vessel" and potentially
"ex-vessel", the plant staff will minimize potential
radiation releases by scrubbing fission products from the
containment atmosphere and ensuring adequate cooling
water is provided to submerge the corium debris.

19.11.4.4.2.1 AMG for Severe Accident Sequences with "In-
Vessel" Corium Retention

The primary role of the AMGs for System 80+ for severe accident
sequences when RV failure can be prevented is to instruct the
operator to utilize his resources to re-establish RV inventory and
RCS heat removal, control containment integrity (primarily hydrogen
. control) and to take actions to minimize environmental releases.
Actions to re-establish inventory control and RCs heat removal are
typically covered within the System 80+ functional portion of the
EOGs. Additional guidance is also provided.in Appendix A to the

fg EOGs. This section primarily deals with those' actions that
\j influence containment integrity issues and'are beyond the scope of

EOGs.
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19.11.4.4.2.1.1 Control of Containment Integrity

The EOGs are written to cope with reactor accidents where hydrogen
| generation is expected to be well below 4 v/o in the first 24 hours;

following the event. Under these circumstances the operator isi

instructed to control hydrogen concentration below this 4 v/o
flammable limit via use of recombiners. The presence of hydrogen
poses some damage potential for non vital in-containment equipment,
but even burns occurring at this level pose no credible containment

,

threat. The severe accident realm begins when core damage'

| approaches about 20% of core-wide oxidation. While serious
containment threats still do not exist, it is prudent for the
operator to be aware of the seriousness of this level of hydrogen
in containment and take prudent aggressive actions be taken for
hydrogen control. Specific guidance on the operation of the
igniters following events with inadequate inventory control is
provided in the EOGs.

While the operator cannot readily measure core-wide oxidation, the
operator can rely on indirect symptoms of the event progression to
establish whether or not the plant is in a potential severe
accident scenario. Typically this will become apparent when the
operator confirms lost RCS inventory control and heat removal and
expects this condition to last for more than several minutes.
Under these circumstances the EOG requires the operator to activate
igniters. This action would likely occur prior to core uncovery
and therefore, the igniters are expected to burn off the hydrogen
at lower concentrations. Continuous operation of igniters would
guarantee that global hydrogen concentration would not exceed about
6 v/o. This hydrogen level is sufficiently low so as to remove
potential containment and environmental hydrogen threats.

In addition to controlling hydrogen, the operator will also be
instructed to take appropriate actions to prevent an ensuing severe
accident from inducing a steam generator tube failure. Operator
actions to accomplish this task are generally consistent with those

,

already required in the EOGs. Induced steam generator tube !

ruptures can be prevented so long as water is available to the
secondary side of the steam generator. Efforts will be directed at
restoring this flow path if it unavailable. However, this action
is fully consistent with restoring the RCS heat removal function as
well and will therefore have no practical impact on the EOG.

,

19.11.4.4.2.1.2 Minimize Fission Product Release to the
Environment

| This requirement is not considered in the EOG. If large fission
products are released to the containment and the containment spray
system has not been automatically actuated as a result of the
accident sequence, the operator should periodically operate sprays
to " wash" the containment atmosphere of radionuclides (elemental
iodine, in particular).
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19.11.4.4.2.2 AMG for "Ex-Vessel" Sequences |

The goal of responding to severe accidents with expectation of core I

relocation into the containment ("ex-vessel") is essentially the !
same as those identified in the above section, that is, to maintain 1

the integrity of all remaining fission product. barriers (e.g. the
containment and intact steam generator tubes) and to minimize
releases of fission products to the environment.

1

l19.11.4.4.2.2.1 Maintain Containment Integrity
i

In a severe accident sequence ' that results in vessel failure,
several potential containment threats can develop. It is the goal
of this phase of accident management to: 1

1. Establish long term containment integrity, or if
that is not possible,

2. Delay the time of containment failure and reduce-
the subsequent radiation release at containment'

1

failure. l

! A summary of the major anticipated-actions expected of the plant
I staff are summarized below. Actions are divided into. two
| categories: actions taken prior to VB and action taken post-VB.

19.11.4.4.2.2.1.1 Actions Taken Prior to VB

A. Actuation of SDS

Probabilistic severe accident analyses of various PWRs, including
System 80+, clearly show that the threat to containment integrity
is reduced if the RV fails at low pressure. Low pressure failure '

of the RV will enhance the retention of corium debris in the
| reactor cavity and eliminate an HPME induced containment threat
'

such as DCH, or Rocket failure. Therefore, the operator should
| depressurize the RCS via the RD function when either:

!

(1) an unrecoverable total loss of feedvater has occurred,
and Feed and Bleed cannot be implemented due to lack of

| a water source. (For System 80+ this action will
depressurize the RCS to the SIT setpoint while
simultaneously adding additional water to the RCS.)

or,

| (2) the core is uncovered at high pressure (> SIT pressure),
thermocouple and/or containment hydrogen readings suggest
significant core damage has occurred and no inventory
water source is currently or anticipated to be available
in a short time.
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Early operation of the SDS is expected since the EOGs direct the !

operator to depressurize the RCS following sustained TLOFW event.

| B. Actuation of Igniters

Severe accidents, by their very nature will be associated with
considerable hydrogen evolution from the core. To control this
threat the operator / TSC will be directed to turn on the HMS

| igniters for transients which he has lost inventory control and
observes core exit temperatures in excess of 700*F. These
transients will be characterized by a loss of inventory with no
inventory makeup source available. The action to turn on the HMS
igniters is included in the inventory control " Continuing Actions"
section of the functional portion of the System 80+ EOGs.

C. Actuation of Cavity 71ood System

The CFS provides an operator initiated mechanism to flood the
reactor cavity and thereby establish cooling to trapped
molten core. The CFS will be actuated in the time period following
core uncovery and prior to vessel breach. Operator indications of
core uncovery can, for example, include the following:

1. Indication of no level above tho fuel alignment plate by
the RVLMS or CET temperature indicative of a superheat
condition ~700*F.

2. RCS makeup unavailable as identified by either a high
pressure in the RCS or unavailability of key safety
equipment.

Premature operation of the CFS will not affect utilization of ECCS
nor will it unduly complicate post accident clean up should the
event be arrested within the reactor vessel.

19.11.4.4.2.2.1.2 Actions Taken Post-VB

A. Establish External Spray Flow

Following a severe accident where containment pressure control is
lost the operator should regain pressure control with existing
equipment. If that is not feasible in a reasonable time frame
(less than about 16 hours) the TSC should take the necessary
actions to establish the alternate (external vessel) containment
spray capability. Establishment of spray flow by 24 hours
following the onset of core uncovery will extend containment
integrity for several days while alternate means of establishing
containment heat removal via repair of plant CHR and support
systems can be implemented.

O
Amendment V

19.11-182t April 29, 1994
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O
B. Vent to Containment Annulus |

System 80+ has two 3-inch pipes from the hydrogen recombiner system
which can be used to vent to the containment annulus from the |

control room. This vent size has the potential to maintain
containment pressure in the vicinity of 100 psia. This is not a
desired mode of pressure control since it is associated with

,

considerable releases of fission products. However, should internal I

and external sprays be unavailable, a last means of prolonging '

containment integrity and controlling the fission product release
will be to open these vents. Containment venting can also be used
in conjunction with external spray to both extend containment
integrity and mitigate the vent fission product release.

19.11.4.4.2.3 Summary

As is identified in the PRA, Syst0m 80+ has been designed so that
-the probability of the plant experiencing a severe accident is
remote (less than three in one million). The AMG for System 80+-is'
intended to aid the plant operating staff to cope with these beyond
design basis events,should they occur. The functional approach
inherent in the ABB-CE emergency procedures allows the basic EOG
to be the foundation for the "in-vessel" aspects of the AMG. This
guidance has been further supplemented by Severe Accident
Management guidance associated with the EOG. Actions discussed iny
this section for responding to an "Ex-vessel" condition are
directed at maintaining containment integrity and minimizing
fission product releases.

1

O
Amendment U

19.11-182u April 29, 1994
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Table 19.11.4.4-1 |p

V)#

Minimum List Of
System 80+. Instrumentation.

' Required For Severe Accident ;

Mitigation And Recovery i

.

REQUIRED REQUIRED
INSTRUMENT PRE-VESSEL BREACH (2) POST-VESSEL BREACH-

UHJTC (1) /- -

RCS Pressure or / -

PZR Pressure

SI Flow / - -

EFW Flow / - |
l

SG Water Level / -

IRSWT Water Level / / |

Hydrogen Monitors / / .

Radiation Monitor / /
,

,

Cont. Pressure / / !s

\ Cont. Temperature / /

CS Flow / /

1

NOTE: (1) Functionability require.d for thermocouples' located in | |
upper guide structure only.

(2) Instruments required in this column are used to achieve
,

!
a safe plant shutdown as per 10CFR50.34 (f) .

/ denotes yes

- denotes no

L)

Amendment U
December 31, 1994
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Table 19.11.4.4"2 |
|

Minimum List of |
System 80+ Equipment

'

Required For Bevere Accident Mitigation
And Recovery

OPERATION OPERATION
3

SYSTEM REQUIRED REQUIRED
PRE-VB POST-VB

Safety Injection (SI) / -

Emergency Feedwater / -

System (EFW)

Containment Isolation /

Safety Depressurization / -

System

Cavity Flooding System / -

Hydrogen Mitigation / /
Syst em (Igniters)

Containment Penetration / /
Integrity

Containment Spray (CS) / /

Shutdown Cooling System / /
(SCS)

/ denotes yes
- denotes no

O
.

Amendment V
April 29, 1994
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[ j'' Table 19.11.4.4-3

| \
| Maximum "In-Vessel" Pressure / Temperature Conditions'-

;
! Prior to VB

Temperature Pressure
RCS Location (*F) (psia) Comments

Uppor/ Head <1600 <2500 UHJTCS located |
(abave UGSSP)* Within this region.

Cold legs <700 <2500 RCS Pressure
(suction / i

discharge) i

Pressurizer <700 for <2500 Pressurizer
LOCAs pressure tap and |Rapid |

'

<1200 for Depressurization
Transients valve. interface i

with PSV with this region. I
cycling or
SDS open

* Upper Guide Structure Support Plate

{ h |

\) '

Table 19.11.4.4-4

Maximum Containment Pressure / Temperature Conditions
j

Prior to VB
t

|'f'
!

Containment Containment
Transient Temperature (*F) Pressure (psia)

"In Containment" <300* <75
Release Sequence

" Bypass /SGTR <250* <30
Release Sequence

:

U

Amendment V
| April 29, 1994
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TABLE 19.11.4.4-5A

SYSTEM 80+ INSTRUMENT /EOUIPMENT SURVIVABILITY

FOR

INSTRUMENTS LOCATED WITHIN THE PRIMARY SYSTEM REOUIRED FOR SAFE-SHUTDOWN

Bounding Accident Environment
Severe Accident

Instrument "In-Vessel" Containment Procurement / Comments
Placement

Considerations
Temperature Pressure Temperature Pressure Hydrogen

(*F) (psia) (*F) (psia) Burn

::FfTc. 1600 2500 <300 <75 Note 1 Thermocouples to be Consistent with a
functional above ceramically
2000 F. insulated Type

K,TC.
Cables to be
capable of survi- Cables to be
ving a limiting routed at least 10
hydrogen burn (see ft from active
Note 2) and igniter igniters and, .f

operation. necessary,
radiatively

Note 3 protected from
diffusion flames.

NOTES: 1. Expected bounding temperature spike from 250*F to 590 F for 30 seconds, pressure <100
psia.

.

2. Survivability required for temperature spike from 250*F to 600*F for 30 seconds, pressure
<100 psia.

3. Containment conditions within existing DB EQ.

- Amendment V
April 29, 1994
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TABLE 19.11.4.4-5B

(Sheet 1 of 21

SYSTEM 80+ INSTRUMENT /EOUIPMENT SURVIVABILITY FOR INSTRUMENTS / SYSTEMS ATTACHED TO THE RCS REOUIRED FOR SAFE SHUTDOWN

a

Bounding Accident Environment
Ir1trument/ "In-Vessel" containment Severe Accident comments

Eystem (Note 5) Procurement / Placement
Considerations (Note 5)Temperature Pressure Temperature Pressure Rydrogen

('F) (psia) (*F) (psla) Burn

RCS <700 2500 <300 <75 Note 1 Sensor cables to be required to DB EQ Bounds typical "in-vessel"
Pressure survive "in-containment" hydrogen and containment environments.
Mgasure- burn. (See Note 2.)

ment NTS tests indicate ability oi DB
See Note 3 for placement res- EQ pressure transmitters an*

(Note 4) trictions. cables to survive single an
limited number of multiple high

see note 8 temperature hydrogen burns.
Pressurizer <1200 2500 <300 <75 Note 1 Same as above. Same as above.
Pressure for "CRV" &
Msasure- SDS
nent Transients

(Note 4) <700 all
Other

Transients

(Note 9)
SG Water --- --- <300 <75 Note 1 Same as above. Same as above.
Level

SDS Rapid <700*F 2500 <300 <75 Notes 6 Operation of SDS depressurization Temperatures within pressurizer |Depressuri- &7 valve is included in EOG as an will continue to be low prior to '

zation action to be taken prior to case significant core damage. De-
Valves uncovery. layed actuation is still

| possible even in the event ofi
''

severe core damage.

Amendment V
April 29, 1994
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TABLE 19.11.4.4-5B

(Sheet 2 of 2)

SYSTEM 80+ INSTRUMENT /EOUIPMENT SURVIVABILITY FOR INSTRUMENTS / SYSTEMS ATTACHED TO TER RCS REOUIRED FOR SAFE-SHUTDOWN

NOTES: 1. Expected bounding temperature spike from 250'F to 590'F for 30 seconds, pressure <100 psia.

2. Survivability required for a temperature spike from 250*F to 600*F for 30 seconds, pressure <100 psia.

3. Placement restrictions on pressure cells and cables:

Locate transmitters beyond outer crane wall.*

Transmitters & cables to be positioned at least 10 feet from igniters and, if necessary, radiatively shielded from*

potential diffusion flames.

4. Post-accident RCS pressure can be tracked via either RCS or pressurizer pressure transducer; therefore, survival of only
one of these sensors is required.

5. "In-Vessel" temperature environments refer to thermal steam conditions within the RCS. Temperatures at the transmitter
are significantly lower due to thermal capacitance of the imbedded metal structure, lines or pressure taps and the heat
losses in the long length (between 20 to 80 feet) of piping connecting the RCS to the transmitter or valve.

6. No hydrogen burn requirement is stipulated for SDS rapid depressurization valves. This is a consequence of:

SDS valve actuation is included in the EOG as an action to be taken prior to core uncovery.a.

b. Even if significant case uncovery occurs for transients where SDS operation is required, most hydrogen produced
during core degradation is trapped within the RCS and is unable to cause a burn threat to the SDS Rapid
Depressurization Valves.

7. SDS rapid depressurization valves fail on "as is" condition.

8. Containment conditions within existing design bases EQ.

9. "CRV" refers to cycling relief valve.

Amendment V
April 29, 1994
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TABLE 19.11.4.4-SC

(Sheet 1 of 2)
SYSTEM 80+ INSTRUMENT / SURVIVABILITY

FOR

INSTRUMENTS LOCATED WITHIN THE CONTAINMENT REOUIRED FOR SAFE-SHUTDOWN AND/OR CONTAINMENT INTEGRITY

Bounding Accident Environment
Severe Accident

Instrument Procurement / Placement Comments
Temperature Pressure Hydrogen Considerations

(*F) (psia). Burn

! Containment <350 <100 Note 1 Sensor to be procured 1. Operability ofTemperature with a minimum operating typical platinumSensor range of 0 to 400*F. based RTDs exceed a
500*F sensing

Pressure limit to be capability, with
added to procurement capability to
specification. function to above

1000*F.

2. DB EQ is expected
See Note 3. to provide accept-

able performance
for this
instrument.

3. Typical'RTD vendor
cables can survive
repeated 1400*F
temperature spikes,

High Level <350 <100 Note 4 See Note 3. Required byRadiation
Monitor 10CFR50. 34 (f) .

| Amendment V
! April 29, 1994
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TABLE 19.11.4.4-5C

(Sheet 2 of 2)

SYSTEM 80+ INSTRUMENT / SURVIVABILITY
FOR

INSTRUMENTS / LOCATED WITHIN THE CONTAINMENT REOUIRED FOR SAFE-SHUTDOWN AND/OR CONTAINMENT INTEGRITY

NOTES: 1. Expected bounding temperature spike from 250*F to 590 F for 30 seconds, pressure < psia.
2. Survivability required for temperature spike from 250*F to 600*F for 30 seconds, pressure

<100 psia.

3. Device and cables to be located at least 10 feet away from igniters and, if necessary,
radiatively shielded from potential diffusion flames.

4. Survival from a hydrogen burn is likely for this instrument, but is not required due to
redundancy available for radiation assessments. This redundancy arises from:

event history which trends core damage up until the time of potentially destructivea.
hydrogen burn,

b. on-line sampling of the radiative environment via the PASS system (which is available
| within 24 hours following the event), see Table 19.11.4.4-5D and

c. indirect radiation monitoring via radiation defection devices located in the
subsphere, nuclear annex and site.

Amendment V
'
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TABLE 19.11.4.4-5D

(Sheat 1 of 2)

SYSTEM 80+ INSTRUMENT / SURVIVABILITY REOUIREMENTS
FOR

INSTRUMENTS / LOCATED OUTSIDE OF CONTAINMENT REOUIRED FOR SAFE-SHUTDOWN OR CONTAINMENT INTEGRITY

Required For Severe Accident
Instrument safe-Shutdown Bounding Accident Procurement / Placement Comments

or Cent. Environment Considerations
Integrity

IRWST Water / Post-VB: Pressure limit to be Water level to be
Level PS140 psia"' added to spec- sensed off IRWST

Ts350'F ifications. external to'
containment.

Containment / Post-VB: None. ' Pressure sensor to bePressure PS140 psia"3 procured at 4 times
Ts350*F design pressure.

DB EQ provides
confidence of sensor
operation at high
containment tem-
peratures.

Hydrogen / Post-VB Sampling lines of the ---

Monitor Ps140 psia hydrogen monitor will
Ts350'F be procured to

allowing sampling at
pressure up to 140
psia.

L

Amendment V
April 29, 1994
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TABLF__19.11.4.4-5D

(Sheet 2 of 2)

SYSTEM 80+ INSTRUMENT / SURVIVABILITY REQUIREMENTS
FOR

INSTRUMENTS / LOCATED OUTSIDE OF CONTAINMENT REOUIRED FOR SAFE-SHUTDOWN OR CONTAINMENT INTEGRITY

Required For Severe Accident
Instrument Safe-Shutdown Bounding Accident Procurement / Placement Comments

or Cont. Environment Considerations
Integrity

Post / P s 140 psia None. System located
Accident T s 350*F entirely in subsphere
Sampling and nuclear annex.
System

Instrument system
available for
radiological
monitoring within 24
hours of a severe
accident.

Flow / Not Influenced None. ---

Monitors by Containment
SI,EFW,CS,SD Thermal Environment

CS *

i __

/ denotes yes
m Temperatures / Pressures refer to monitoring ranges, not instrument exposure.

i

1

Amendment VG G April 29, 1994
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V TABLE 19.11.4.4-6

(Sheet 1 of 2)
SUMMARY OF EFFECTIVE INTEGRATED DOSE TIMES FOR SEVERE ACCIDENT

MITIGATION EQUIPMENT AND INSTRUMENTATION

Instrument / System Days of Operation Days of Operation
At'" Level 2 "In- At Maximum Dose2'

Vessel" Dose
~

'"System: |

SIS 100 N/A |

EFW 3 N/A
SDF 3 N/A
CFS 3 N/A
CIS 3 N/A
CS 100 10 '''

SDCS 100 10'3)

O Containment Penetrations 100 1 0 i33/100'43'" |

Instrumentation:

UHJTC Probes of RVLMS 180 N/A |

RCS 180 N/A
PZR Pressure 3 N/A

SG Water Level 3 N/A
IRWST Water Level 180 180

Hydrogen Monitoring System 100(" 100"' |
High Level Radiation 180 Backup with PASS

Containment Pressure 180 180'''
Containment Temperature 180 180'4)

|

Amendment V
April 29, 1994
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| TABLE 19.11.4.4-6

| (Sheet 2 of 2)

SUMMARY OF EFFECTIVE INTEGRATED DOSE TIMES FOR SEVERE ACCIDENT
MITIGATION EQUIPMENT AND INSTRUMENTATION

(" Level 2 dose refers to dose due to coolant activity, gap
releases and early core melting.

(2) NUREG-1465 dose due to gap and "early in-vessel", "ex-vessel"
and " late in-vessel".

" Based on dose within the sump.

"' Based on airborne radiation dose.

'" Location dependent

'" Equipment qualification per Reg. Guide 1.7 (See Section 3.11).

"' Instrumentation associated with these systems are qualified
consistently with the intended function of the specific system.

O

O
Amendment V
April 29, 1994
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APPENDIX 19.11G

CALCULATION OF TIIE EFFECT OF 100% OXIDATION
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1.0 INTRODUCTION

This appendix provides an assessment of "in vessel" and containment temperatures for a limiting
: condition associated with 100% oxidation of active cladding in System 80+. This information is

provided in accordance with the intent of 10CFR50.34(f) equipment survivability assessment.

i 2.0 BACKGROUND
,

During typical severe accident scenarios core heatup is associated with lack of inventory in the;

reactor vessel (RV). Once cladding temperatures exceed 1800*F the zirconium begins to aggressivelyd

! react with the RV steam environment, releasing energy and producing hydrogen. Due to the low heat
j carrying capability of the steam / hydrogen gas, most of this energy remains in the fuel and
j surrounding structures. The zirconium-steam reaction is ultimately arrested "in vessel" as a result

| of the physicallimitation of steam. During this process the peak gas temperature in the upper plenum
; (the RV region just above the fuel alignment plate) is less than 1900*F for all accident scenarios
! surveyed. Temperatures in the upper head, which is separated from the upper plenum by the Upper

| Guide Structure Support Plate, (UGSSP) will be below 1200"F. For these cases a maximum of 73 %

| oxidation of the active cladding occurred, limited by water availability. As a result of the inability
; of MAAP to continue the metal water reaction in the absence of water and the difficulty of preventing
j a rapidly quenched core in the presence of water, a bounding extrapolation of existing MAAP

analyses was performed to assess both the "in vessel" gas and containment conditions should the2

oxidation process be hypothetically extended to 100% oxidation of the active cladding,,

i
3.0 MAAP "IN VESSEL" CONDITIONS IN THE RV OUTLET PLENUM'

!
MAAP parameter "TGUP" represents the gas temperature in the RV upper plenum. Figure 19.1IG-1'

1

I
j presents a plot of TGUP as a function of the percentage of the core-wide active cladding oxidized for

; a spectrum of severe accident scenarios. Since MAAP analyses could not be extended beyond the
73% limit, the TGUP result was conservatively extrapolated to the required 100% active clad

i oxidation condition. Figure 19.1IG-1 shows this extrapolated temperature to be less than 2500*F.
3 This temperature actually occurs in the presence of a fuel " hot spot" in excess of 4000*F. The lower

.
gas temperature is a combined result of:

!

| 1) The core exit flow is based on the sum of several parallel flowpaths. Gas flows in the
j periphery of the core lose considerable energy to the core shroud which is below 1000*F.

i This gas flow will mix with the hotter fluid stream exiting the central core.
a

| 2) The " hot spot" is a local condition and does not consume the entire core.

i

3) In order to equalize pressure drop through the core, the outer assemblies with a higher density
'

(lower temperature) drive more fluid mass flow than the " hotter" core central region. Thus,
'

cooler regions are preferentially fed.

5
!

%
.

|

]

1

l 19.llG.1 Amendment V - 04/29/94
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4.0 MAAP-PREDICTED CONTAINMENT CONDITIONS

Containment conditions predicted by MAAP were reviewed for a spectrum of LOCAs. Predicted
,

temperatures at the time of vessel breech are presented in Table 19.llG-1 as a function of the
percentage of cladding oxidation. This table suggests that the ability of the passive heat sinks to
absorb energy and the timing of the energy release are the dominant contributors to the containment
temperature at the time of vessel breech. The majority of energy associated with the zirconium-steam
reaction is contained within the reactor vessel.

Other transients will discharge inventory into the IRWST and therefore will not result in a
temperature excursion (T < 150*F).

5.0 ANALYTICAL EXTRAPOLATION OF MAAP RESULTS

Based on the above information, a methodology was developed for conservatively estimating the
i resulting temperature in the containment following a plant condition where the time of vessel breech

is artificially extended. This methodology assumes that the zircaloy oxidation proceeds u'"il 100%
of the active clad has reacted, and water is continuously available for reacting with the zirconium.
However, this process proceeds without any associated core cooling. The containment temperature,
shown in Figure 19.llG-2, was calculated assuming that:

1) The initial oxidation level was equal to 50% of the active cladding.
,

2) The time of the oxidation occurs at 2 hours into the transient. This is typical of MAAP
calculated pre-VB times for representative LOCAs.

3) The core remains uncovered during the extended oxidation phase. This is accomplished by
providing a hypothetical water source covering the bottom 25% of the fuel. This oxidation
results in a steam release of 9.6 lbm/sec.

4) The hydrogen generated during the oxidation process exits the RV at 2500"F (see
Figure 19.llG-1).

.

,

5) The initial containment conditions for this calculation corresponds to the pre-vessel breech
MAAP containment temperature associated with a large LOCA (230 F).

6) The hydrogen entering the containment mixes with the air and steam and adiabatically raises
the containment temperature.

4

9
19.1 IG-2 Amendment V - 04/29/94
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j 6.0 SUMMARY AND CONCLUSION

!:

.) An analysis .was performed to establish the containment environmental consequences of the
'

! exothermic energy release associated with a recoverable severe accident which results in the oxidation

: of the equivalent of 100% of the active clad. The results of this analysis show that:
:

1) In order to oxidize 50% of the active cladding (about 29,000 lbm), the chemical reactio.n,

I requires that 11,445 lbm of steam must be generated and interact with the zirconium. ;

i
'

2) . The 11,445 lbm of steam will produce 1270 lbm of hydrogen. This hydrogen flows through
the core and upper plenum and is assumed to exit into the containment at 2500*F.

i
3) The added enthalpy associated with the introduction of 1270 lbm of hydrogen at 2500'F willa-

i adiabatically raise the temperature of the containment to 335*F.
! O
'

4). The oxidation process described in the analysis requires 20 minutes to complete.

2 !5) Assuming a lower bound containment heat transfer coefficient of 5 BTU /Hr/ft /"F (lower than..

!
the minimum Tagami heat transfer coefficient typical of this containment. condition, see ]

j Figure 6.2.1-33) a temperature decay response is calculated (See Figure 19.11G-2). '

i

f 6) The transient response _ presented in Figure 19.llG-2 does not exceed the design basis
! environmental qualification envelope (Figure 3.llA-6) . hence equipment survivability is
,' expected for this extrapolation of a recoverable severe accident.
,

j This analysis indicates that the resulting containment temperature transient is bounded by the existing
| System 80+ design basis environmental qualification envelope.
1
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TABLE 19.11G-1

CONTAINMENT TEMPERATURE PRIOR TO VESSEL BREECll-
FOR SYSTEM 80+ LOCA

Cladding Oxidized Temperature

32 % 230*F

48 % 220*F

64 % 200*F

O

O
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|O
; 1.0 INTRODUCTION
i

The construction of the containment fragility curve .used in the - PRA is described in
'

.
Section 19.11.3.1.2.4. The construction is based on general guidance used in the support of

'
NUREG-Il50. In estimating failure, it was assumed that once the material yield point is reached
using an axisymmetric shell model described in Sections 19.11.3.1.2.3.1 and 19.11.3.1.2.3.2, the

,

; containment will fail.

| The above procedure has been biased to provide a conservative estimate of the containment failure

! probability. This conservative bias arises from the following assumptions and procedures:
|

| 1. All properties are evaluated at high mean shell temperatures. It is expected that during most
containment challenges to which the fragility curve is applied, the average containment shell,

temperature will be between 150'F and 250'F. ' This temperature range is based on the fact
; that the PRA containment challenges with sprays operational will maintain a cool containment
; at_mosphere. For those transients where sprays are unavailable, the shell temperature prior to

,

i burn will be less than 250*F to ensure the containment atmosphere is not inerted. While burn !
. temperatures can be high, their short duration (less than 30 seconds) and the large mass of the
j steel shell results in only minor increases in the mean shell temperature. This assumption
j conservatively biases the median containment strength calculation from 2% to 10%. l
a

2. In the fragility curve construction, the median material yield stress was taken to be 1.10 times; c
j the minimum expected yield stress. Material data discussed in Reference 210 (see

Section 19.16) indicates that the median shell stress is actually 1.167 times the minimum yield1

~

stress. The difference between these values was taken to approximately account for effects of
material variations and modeling uncertainties.

i 3. The fragility curve used in the PRA assumed a linear fit between the points defined in the
! Table in Section 19.11.3.1.2.4. This procedure overestimated the failure probability of the
{ shell in the tail region of the fragility curve below the 3 % failure point (in the pressure region
'

between 94 and 145 psia). The fragility curve challenges for System 80+ were mostly,

! confm' ed to containment pressure below 145 psia. The highest containment challenge noted
!

for the very low probability high pressure direct containment heating (DCH) event resulted in
. a pressure of 151 psia (see Figure 19.11.4.1.1-4 A).
j

2.0 COMPARISON OF C-E FRAGILITY CURVE WITII TIIE METIIODOLOGY OF
j REFERENCE 1

An alternate method of defining a fragility curve may be established by defining a logarithmic;

standard deviation for material properties and for modeling uncertainty. Given a failure pressure
*

; calculated from mean material properties a mean failure pressure probability curve can be developed.
| The methodology is generally analogous to the seismic strength analysis employed in Section 19.7.5.
| For the ultimate pressure fragility curve, the truc mean containment failure pressure (@ 290*F) based
j on the Reference 210 data would be 180.7 psia (166 psig). The beta factor based on the variation
j in the material yield point is 0.09. Material uncertainty in this range is typically consistent for
:
;

4

1
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!fragility analyses. In order to account for other undefined property variations which are associated
with the imperfect experimental modeling of a real structure (variations in plate thickness, boundary
conditions, welds, residual stresses, etc.) the material uncertainty is combined with a second factor
of equal value (0.09). This factor is equivalent to the " delta" parameter of Reference 1. This
selection conservatively bounds the value of 0.05 used in that reference for this parameter. In
addition, Reference 1 also suggests the use of a modeling uncertainty of 0.05 for a spherical shell
geometry (see Reference 1, page 57). This selection is typically associated with the use of simplified
Reference 1 modeling equation 5.81. Calculations of pressure which result in the nominal yield
stress used in the System 80+ analyses were based on use of the ANSYS computer code. Therefore,
the variability factor is not considered applicable, but was retained for conservatism. (In fact,
Reference 1 indicates that ANSYS calculations tend to underpredict structural capability by
approximately 10%. This bias, as well as bias associated with the high temperature material property
selection, provides additional conservatism which is not reflected in the above statistical treatment.)

Following the procedure identified in Reference 1, a combined coefficient of variation, S, for the
spherical shell model was found to be:

g: , (o,99)2 + (o,99)2 + (0.05)2

and # = 0.137

For illustration purposes a combined standard deviation of 0.135 was selected for evaluating the-

fragility curve.

Assuming the fragility curve to be a log-normal distribution, the coefficient of variation, S, is as
follows:

# = In (P /P,) / K,m

4

A fragility curve explicitly accounting for material and modeling uncertainties can then be evaluated
as follows:

P exp (- K, #) |P, =
m

|
.

where'

P,: pressure with x probability of containment failure

P: median failure pressurem

K,: coefficient associated with x probability of contaimnent failure
|

#: combined standard deviation

|
. The results of this curve construction and the data used for the System 80+ PRA fragility estimates

'

are presented in Table 19.llH-1.
4
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- t.)' Using the current PRA values, the failure probability is significantly exaggerated in the low pressure
i region below 140 psia. Both methods yield similar results around 145 psia. Failure probabilities
'

computed using the beta method are somewhat higher than that used for the PRA in the pressure
range from 145 to about 160 psia, j;

;

'
A review of these differences illustrates that for the region of the fragility curve below about 145
psia, the net consequence of the use of the System 80+ PRA curve is to conservatively bias the |

overall shell failure probability. As discussed below, containment fragility curves are used in l

evaluating three containment threats: hydrogen burn, DCH, and rapid steam generation.
.

,

3.0 IAfPACT ON HYDROGEN BURN FAILURE POTENTIAL
,

t

Hydrogen burn failure probabilities are shown in Tables 19.11.4.1.3-3 and 19.11.4.2.4-1. For early
hydrogen burns the largest expected pressure threat was estimated to be below 106 psia. This was

; classified as having a containment failure probability of 0.006. Using the beta method, the
probability is virtually zero.

I A review of the late hydrogen burn sequences produce similar conclusions. The late hydrogen burn j

| pressure ranges are defined for three cases as 103,125.2, and 140 psia. This results in containment
failure probabilities of 0.006,0.0184, and 0.0276. Using the beta method, the failure probabilities j<

would be lower for the first two cases (less than 0.001) and about the same for case 3. i

!

f 4.0 15fPACT ON DCH CONTAIN51ENT FAILURE POTENTIALI

The DCH containment threat is evaluated in Section 19.11,4.1. Figures 19.11.4.1.1-4 (a through c)
. illustrate the use of the fragility curves and bounding pressures used in the quantification process,
i For all DCH events that result from an intermediate pressure reactor vessel failure, the largest
; containment threat is below 120 psia, and, therefore, use of the existing PRA model results in
| fragility estimates that are consistently biased high. For the high pressure reactor vessel DCH,

containment pressure threats are distributed between 99 and 151 psia; fewer than 2% of those threats

| are above 145 psia. The net effect on using the existing PRA approach would produce higher DCH
conditional containment failure probabilities than that using a beta approach.

!

5.0 151 PACT ON RAPID STEAh! GENERATION

| Rapid steam generation issues are discussed in Section 19.11.4.1.2. Table 19.11.4.1.2-4 indicates
j that the highest containment threat is 98 psia. This produces a small conditional containment

probability using the existing fragility curve. The beta developed curve would indicate this failure4

probability to be zero.
.

6.0 REFERENCE
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'
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O
TABLE 19.1111-1

| COMPARISON OF ESTIS!ATED FRAGILITY CURVE METIIODS

Linear Approximation used
in System 80+ PRA Combined Beta Method

| Probability of Failure Pressure (psia) Pressure (psia)
:
3

0.00 94 ---

!

0.001 95.2 124,

i
*

0.005 100 130.9
i

0.01 106 135.8

0.02 125 138.5

0.03 145 143.4
$

j 0.05 157 147.5

0.10 158 154.1

| 0.25 163.6 166.09

0.50 172 180.7
.

i
i
I
.

1

!

:

,

:
j

kJ \

!
l

Amendment V - 4/29/94
.

w-%.,. . ww = w..ew.y -..+.. v. ,- .i,,, apw.. , ,.--y - . - ,4, y .- - -. -- ,.,,



CESSAR !!'ecma

%

T

d Hydrogen is released both inside the IRWST and directly to!

containment.

The final " point of Release" value covers events in which reactor
coolant is released outside containment and to the IRWST. This

. type of release point is generally applicable to Steam Generator
*

Tube Ruptures (SGTRs).
.

19.12.1.2.4 Steam Generator Availability
;

i
The availability of the steam generators is important in
determining the fission product retention in the reactor coolant"

: system and core melt timing. The steam generators are defined to
be available if emergency feedwater flow is being provided to at
least one of the two steam generators. Steam generator4

availability is not appl.icable for large LOCAs or for medium LOCAs
involving a primary system piping break.

I 19.12.1.2.5 Containment Spray System Status
1

The containment spray system provides a means of removingi

radionuclides from the containment atmosphere. Because the sprays'

are more efficient at removing particulates than non-condensible
gases, the operation of the containment spray system affects the

i O source magnitude and content. The containment spray system is
j defined to be available if the flow from one of two containment
' spray pumps or one of two SCS pumps is being delivered to the

containment via one of the two containment spray headers.

19.12.1.2.6 Containment Heat Removal Status

The containment spray system, working in conjunction with the,

Component Cooling Water and Station Service Water systems, provides
the active containment heat removal function. The containment

1 spray flow is pumped from the IRWST through the containment spray
(or SCS) heat exchangers and finally discharged into the,

; containment atmosphere via the containment spray headers. The
',

Component Cooling Water System cools the containment spray flow
through the containment spray heat exchangers, thus removing the
decay heat from containment. If the decay heat is not removed from
containment, the containment pressure will gradually increase until
the containment fails due to overpressurization. Thus, -the

,
containment heat removal status is important with respect to

j determining the containment failure mode and timing. Containment
heat removal is defined to be available if the flow from one

i containment spray pump is being delivered to containment via one
containment spray header and the Component Cooling Water and
Station-Service Water systems are cooling the containment spray
flow in the containment heat exchanger.

OG
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19.12.1.2.7 Cavity Condition

The " Cavity Condition" parameter defines whether or not the cavity
was flooded prior to vessel failure. The amount of water available
in the cavity affects debris bed coolability, fission product
production via core -concrete interaction (CCI), the aerosol
production rate, the containment pressurization rate, the potential
for DCH, and the mode of containment failure. This parameter has
two values: (1) wet, or (2) dry. The cavity is defined to be wet
if cavity flooding is manually initiated by the operators, or if
the initiating event was a vessel rupture.

19.12.1.2.8 Core Melt Timing

Core melt timing has typically been used as one of the parameters
for defining core melt bins and plant damage states. It is defined
as the time between loss of long-term core cooling and the release
of radionuclides to the containment environment, or as the time
between the occurrence of the initiating event and the onset of
core damage. The second definition was used in this analysis.
This parameter is primarily related to the warning time for
evacuation. It affects the source term content and magnitude
through the time available for fission product decay and the
reduction of the decay heat. Three values were defined for this
parameter. These values are:

1. Early (less than 8 hours from the initiating event)
2. Medium (8 to 24 hours from the initiating event)
3. Late (greater than 24 hours from the initiating event)

19.12.1.3 Definition of Plant Damage States

The Plant Damage States are defined by combinations of the possible
values for each of the plant damage state parameters. The first
step in defining the PDSs was to develop all 6480 possible
combinations of parameter values for the eight plant damage state

| parameters. The ORACLE (23o database system was used to do this. An
ORACLE database table was created for each of the eight parameters

|and the parameter values were loaded into the tables. The total
PDS list was then generated by forming the cartesian product of the '

database tables. Next, a set of deletion rules were developed to
delete combinations wnich were considered not to be physically
possible er were counter to other definitions used in this
analysis. The rules used for deleting combinations are presented
in Table 19.12.1-2. These rules were then applied to the original
PDS table in the ORACLE database to develop the Filtered PDS list.
There were a total of 244 PDSs left after deleting the invalid
combinations based on the deletion rules. These PDSs are presented
in Table 19.12.1-3. In mapping the Plant Accident Sequences (PASS)
into the PDSs (see Section 19.12.1.4), it was determined that one
of the deleted PDSs needed to be retained. This PDS was added to
the final list of PDSs in Table 19.12.1-3 as PDS 245.

Amendment V
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O 19.12.1.4
l

Ouantification of the Plant Damage States
i

The next step in the analysis was to quantify the Plant Damage |
IStates. This is achieved by mapping the core damage sequences into

the appropriate PDSs. The core damage sequences contain enough
information to directly ascertain the RCS leakage rate, the RCS
pressure, the release point and the steam generator availability,
but they do not provide enough information to determine the
containment spray status, the status of containment heat removal or
the condition of the cavity. This information had to be derived
for each core damage sequence before it was mapped into the Plant
Damage States.

1
'

19.12.1.4.1 Containment Safeguards Event Tree

The Containment Safeguards Event Tree (CSET) was developed to
identify the status of the containment safeguards systems so that
the various containment safeguards system states could be combined
with the core damage sequences for quantification of the Plant
Damage States.

Figure 19.12.1-1 presents the Containment Safeguards Event Tree
(CSET). The CSET has three elements: (1) Containment Spray Flow,
(2) Containment Heat Removal, and (3) Cavity Condition.

The Containment Spray System provides a means of removing
radionuclides from the containment atmosphere. The Containment
Spray System is defined to be available if the flow from one of two
containment spray pumps or one of two SCS pumps is being delivered
to the containment via one of the two containment spray headers.

The primary means of active containment heat removal is provided by
the Containment Spray System working in conjunction with the
Component Cooling Water and Service Water systems. The containment |
spray flow is pumped from the IRWST through the containment spray
heat exchangers and finally discharged into the containment
atmosphere via the containment spra y headers. The Component
Cooling Water System cools the containment spray flow through the
containment spray heat exchangers thus removing the decay heat from
containment. If the containment spray pumps are not available, the
shutdown cooling pumps can be manually aligned to provide
containment spray flow through the containment spray heat
exchangers for containment heat removal.

If the containment spray headers are not available, the IRWST
inventory can be cooled. The containment spray or SCS pumps would
take suction for the IRWST. The IRWST inventory would be pumped
through either the containment spray heat exchangers or the SCS
heat exchangers where the Component Cooling Water System would cool
the IRWST inventory as it flows through the containment spray or
SCS heat exchangers. During the early phases of a severe accident,

Amendment N
19.12-11 April 1, 1993 |
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( )
L/ while the containment structures are still relatively cool, the

steam being generated in the cavity would condense on the
containment structures and the condensate would flow back to the
holdup volume and then back to the IRWST where it would be cooled
via the IRWST cooling flow path described above. The relatively
cool IRWST inventory would flow to the holdup volume and then to
the cavity. The mixing of the cooler IRWST inventory with the
inventory in the cavity would slightly lower the steam generation |

rate in the cavity. However, as the containment structures heat up
and reach thermal equilibrium, the condensation rate would
decrease. Thus, cooling the IRWST inventory would not be
effectively cooling the containment. Therefore, cooling the IRNST
inventory was not credited as a mechanism for containment cooling
during a severe accident.

Cavity Condition refers to whether or not the cavity was flooded
prior to vessel failure. This parameter has two values: (1) wet,
or (2) dry. In order to flood the cavity, at least one of the two
parallel valves between the holdup volume and the cavity need to be
opened and at least two of the four parallel valves between the
IRWST and the holdup volume need to be opened. These valves can be
opened from the control room. The cavity is defined to be wet if

,

I

the Cavity Flood System is successfully actuated by the operators, I

or if the initiating event was a Vessel Rupture. |p_
|( ,) As for the core damage event trees discussed in Section 19.4,

fault tree models were developed for each of the CSET elements and
i

the fault trees were solved to generate the cutsets for each CSET
sequence. The CSET has six end points, designated "A" to "F".
Each of these endpoints represents a specific containments
safeguards state, as listed in Table 19.12.1-4. Table 19.12.1-4
also presents the conditional probabilities for each branch. (NOTE:
These conditional probabilities can not be u=ad to directly
calculate PAS probabilities from the core damage sequence
probabilities because the support system failures would not be
treated properly. ) These containment safeguards states were linked
with the core damage sequences using fault tree linking to form
Plant Accident Sequences (PASS). The PASS contain enough
information to be mapped directly into the PDSs. To reduce the
amount of work involved, only core damage sequences with an
occurrence frequency of 1.0E-09 or greater were propagated through
the CSET. Twenty-six (26) of the 89 internal event sequences and
3 of the 9 tornado strike sequences met this criterion. The 63
internal event sequences and 6 tornado sequences which were
filtered out had a total core damage frequency contribution of
1.78E-08/ year. This is 0.90% of the total core damage frequency |
attributable to internal events and tornado strikes. Table
19.12.1-5 lists the core melt sequences with a frequency of greater
than 1.0E-09/ year, their core damage frequencies, the CSET end

)
points and the frequencies for the resulting Plant Accidentfm

(( Sequences. Prior to mapping the PASS to the PDSs, all PASS with a
v

Amendment T
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0frequency of less than 1.0E-09 were excluded in order to further !

reduce the number of PASS and PDSs that need to be propagated
| through the CET. (NOTE: Interfacing System LOCA was retained even
though its frequency was below the cutoff value.) A total of 109
PASS were excluded. The total core damage frequency associated
with these sequences was 1.24E-08, which is 0.63% of the total core
damage frequency. Thus, the sequences filtered out in the two
filter steps described above represent just slightly over 1.5% of
the total core damage frequency. Table 19.12.1-6 lists all PASS
with an occurrence frequency of 1.0E-09 or greater. The PASS are
identified by the initiating event, core damage sequence number and
the CSET endpoint designator. The core damage sequence numbers are
based on the core danage event trees presented in Sections 19.12.4
and 19.12.7.

The final step for quantifying the PDSs was to map the PASS into
the appropriate PDSs and then sum the PAS frequencies for each PDS
to determine the frequency for that PDS. Table 19.12.1-7 presents
the PAS to PDS mapping for internal events and tornado strikes.
Only those PASS with an occurrence frequency of 1.0E-09 or greater
were mapped into the PDSs. Six of PDSs were portioned into two
parts, the main part and the "A" part, to address a specific issue.
The partitioned PDSs are PDS181, PDS184, PDS193, PDS196, PDS218,
and PDS220. The PDS definition in general does not address
containment isolation failure. This is addressed directly in the
CET. However, for Steam Generator Tube Ruptures (SGTRU), the
scrubbing of in-vessel releases is a function of whether the
ruptured SG is isolated or not. For some SGTR related core damage
sequences, an isolation failure is explicitly modeled to have
occurred, and the in-vessel scrubbing model can be directly
quantified based on the PDS information. For other SGTR sequences,
an isolation failure is modeled as not occurring prior to core
damage and this is reflected in the PDS definition. however, the
containment isolation failure element of the CET models the
potential for a subsequent isolation failure. The basic events for
the CET and associated supporting logic models can have only one
value per PDS. Thus, the in-vessel scrubbing model basic events
for the PDS involving an SGTR with the ruptured SG isolated prior
to core damage can have their values set for the base isolation
case or the case for which an isolation failure is assumed to
occur, but not for both. To resolve this issue, the PDSs listed
above were split into two parts, the base part for which no
isolation failure occurred ar.d the "A" case for which an isolation
failure is assumed to have occurred. The PDS probability for the
"A" PDSs is the base PDS probability multiplied by the probability
of a containment isolation failure following an SGTR as discussed
in Section 19.12.2.2.4.2.

To provide some initial insight into the potential severe accident
progression, the relative split of the PDSs in Table 19.12.1-7
between parameter values for major parameters was evaluated. The
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TABLE 19.12.1-6 |
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: (Sheet 1 of 4)

PLANT ACCIDENT SE0VENCES |
|

PDS !

|Sea. Name Secuence Description' Probability No.

1

LL-3A (LLOCA)(SIT Ok)(SI Fails)(CSF Ok)(CHR 1.00E-07 3/4
Ok)(WET Cavity)

LL-3B (LLOCA)(SIT Ok)(SI Fails)(CSF Ok)(CHR 4.84E-09 1/2 ,

Ok)(DRY Cavity)

LL-4A (LLOCA)(SIT Fails)(CSF Ok)(CHR Ok)(WET- 4.43E-09 3 |

Cavity) |

ML1-3A- (MLOCA1)(SI Fails)(CSF Ok)(CHR Ok)(WET 1.29E-07 20/21
Cavity)

ML1-3B (MLOCA1)(SI Fails)(CSF Ok)(CHR Ok)(DRY 6.57E-09 18/19 ,

Cavity) |

m ML2-3A (hl0CA2)(SI Fails)(CSF Ok)(CHR Ok)(WET 1.48E-07 85/86
.

Cavity)

ML2-3B (MLOCA2)(SI Fails)(CSF Ok)(CHR Ok)(DRY 7.43E-09 83/84
Cavity)

SL-4A (SL)(SI OK)(EFW OK)(LTDHR Fails)(Bleed 8.48E-09 202-
Fails)(CSF OK)(CHR OK)(WET Cavity)

SL-10A (SLOCA)(SI f ails)(ASC Ok)(SCS Inj 8.47E-09 167
Fails)(CSF Ok)(CHR Ok)(WET Cavity)

SL-11A (SLOCA)(SI Fails)(ASC Fails)(CSF Ok)(CHR 1.49E-07 201
Ok)(WET Cavity)

SL-11B (SLOCA)(SI Fails)(ASC Fails)(CSF Ok)(CHR 8.15E-09 199
Ok)(DRY Cavity)

SL-llE (SLOCA)(SI Fails)(ASC Fails)(CSF 2.57E-09 212
Fails)(WET Cavity)

SGTR-8A (SGTC)(SI Ok)(EFW Ok)(Unisolable Leak 2.95E-09 220
in R SG)(MSHR Fails)(CSF Ok)
(CHR Ok)(Wet Cavity)

SGTR-9F (SGTR)(SI Ok)(EFW Ok)(RCS PC Fails)(R SG 3.07E-08 194' |
Not sol)(Refill IRWST Fails)(CSF
Fails)(DRY Cavity)

Amendment V
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(Sheet 2 of 4)

PLANT ACCIDENT SE0VENCES

PDS
Sea. Name Seauence Description Etobability H02

4

SGTR-12A (SGTR)(SI Ok)(EFW Fails)(BLEED 5.78E-09 218
Fails)(CSF Ok)(CHR Ok)(WET Cavity)

I

SGTR-16A (SGTR)(SI Fails)(ASC Ok)(SCS Inj 1.33E-08 284,

Fails)(CSF Ok)(CHR Ok)(WET Cavity)

SGTR-17A (SGTR)(SI Fails)(ASC Fails)(CSF Ok)(CHR 2.47E-07 184
Ok)(WET Cavity)

SGTR-17B (SGTR)(SI Fails)(ASC Fails)(CSF Ok)(CHR 1.29E-08 181
Ok)(DRY Cavity)

SGTR-17E (SGTR)(SI fails)(ASC Fails)(CSF 1.16E-08 196
Fails)(WET Cavity)

SGTR-17F (SGTR)(SI Fails)(ASC Fails)(CSF 1.03E-09 193
Fails)(DRY Cavity)

| LSSB-9A (LSSB)(EFW Fails)(BLEED Fails)(CSF 1.79E-09 235
Ok)(CHR Ok)(WET Cavity).

LOFW-4A (LOFW)(EFW Ok)(LTDHR Fails)(BLEED Ok)(SI 3.24E-08 136
for FEED Fails)(CSF Ok)(CHR Ok)(WET
Cavity)

LOFW-4B (LOFW)(EFW Ok)(s 70HR Fails)(BLEED Ok)(SI 1.87E-09 134,

for FEED Fails)i i Ok)(CHR Ok)(DRY
Cavity)

LOFW-4E (LOFW)(EFW Ok)(LTDHR Fails)(BLEED Ok)(SI 1.47E-09 148
for FEED Fails)(CSF Fails)(WET Cavity)

| LOFW-5A (LOFW)(EFW Ok)(LTDHR Fails)(BLEED 4.76E-09 236
Fails)(CSF Ok)(CHR Ok)(WET Cavity)

LOFW-8A (LOFW)(EFW Fails)(BLEED Ok)(SI for Feed 1.84E-08 135
Fails)(CSF Ok)(CHR Ok)(WET Cavity)

LOFW-8E (LOFW)(EFW Fails)(BLEED Ok)(SI for Feed 1.71E-09 146
Fails)(CSF Fails)(WET Cavity)

| LOFW-9A (LOFW)(EFW Fails)(BLEED Fails)(CSF 3.67E-07 235
Ok)(CHR Ok)(WET Cavity)

LOFW-98 (LOFW)(EFW Fails)(BLEED Fails)(CSF 2.02E-08 233
Ok)(CHR Ok)(DRY Cavity)

Amendment T
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'

PLANT ACCIDENT SE0VENCES I

PDS

Sea. Name Secuence Description Probability No.

1

LOFW-9E (LOFW)(EFW Fails)(BLEED Fails)(CSF 1.20E-08 243
Fails)(WET Cavity)

LOFW-9F (LOFW)(EFW Fails)(BLEED Fails)(CSF 4.48E-08 241
Fails)(DRY Cavity)

TOTH-4A (TOTH)(EFW Ok)(LTDHR Fails)(BLEED Ok)(SI _6.26E-08 136

for FEED Fails)(CSF Ok)(CHR Ok)(WET
Cavity)

TOTH-4B (TOTil)(EFW Ok)(LTDHR Fails)(BLEED Ok)(SI 3.01E-09 134

for FEED Fails)(CSF Ok)(CHR Ok)(DRY
Cavity)

TOTH-4E (TOTH)(EFW Ok)(LTDHR Fails)(BLEED Ok)(SI 2.27E-09 148
.

for FEED Fails)(CSF Fails)(WET Cavity)
|

t TOTH-5A (TOTH)(EFW Ok)(LTDHR Fails)(BLEED 6.28E-09 236 | |
Fails)(CSF Ok)(CHR Ok)(WCT Cavity) 1

TOTH-9A (TOTH)(EFW Fails)(BLEED Fails)(CSF 1.87E-09 235 |
l Ok)(CHR Ok)(WET Cavity)

TOTH-12A (TOTH)(PSV Fails)(SI Fails)(CSF Ok)(CHR 2.44E-08 118 )
Ok)(WET Cavity)

TOTH-12B (TOTH)(PSV Fails)(SI Fails)(CSF Ok)(CHR 1.23E-09- 115
Ok)(DRY Cavity)

LOOP-9A (LOOP)(EFW Fails)(BLEED Fails)(CSF 3.34E-09 235 |
Ok)(CHR Ok)(WET Cavity)'

|

| SB0BD-E (SB0)(Battery Depletion)(CSF Fails)(WET 1.80E-08 244'
; Cavity)

SB0BD-F (SBO)(Battery Depletion)(CSF Fails)(DRY 3.36E-09- 242
Cavity)

! LHV-5A (LHV)(EFW OK)(LTDHR Fails)(BLEED 3.51E-09 236 |
Fails)(CSF OK)(CHR OK)(WET Cavity)

ATWS-9A (ATWS)(EFW Ok)(Boron Delivery 2.64E-09 245 |
Fails)(BLEED Fails)(CSF Ok)(CHR Ok)(WET
Cavity)c

ATWS-29A (ATWS)(Adverse MTC)(CSF Ok)(CHR Ok)(WET 4.35E-08- 167',

Cavity)

Amendment T
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PLANT ACCIDENT SE0VENCES

PDS

Sea. Name Seauence Description Probability No.

ATWS-29B (ATWS)(Adverse MTC)(CSF Ok)(CHR Ok)(DRY 2.20E-09 165
Cavity)

ATWS-29E (ATWS)(Adverse MTC)(CSF Fails)(WET 1.44E-09 178
Cavity)

TRND-4A (TRND)(PSV Reseat)(EFW OK)(LTDHR 2.00E-08 136

Fails)(Bleed OK)(SI for Feed Fails)(CSF
OK)(CHR OK)(WET Cavity)

TRND-4E (TRND)(PSV Reseat)(EFW OK)(LTDHR 2.20E-07 148

Fails)(Bleed OK)(SI for Feed Fails)(CSF
Fails)(WET Cavity)

TRND-4F (TRND)(PSV Reseat)(EFW OK)(LTDHR 1.00E-08 145
Fails)(Bleed OK)(SI for Feed Fails)(CSF
Fails)(WET Cavity)

TRND-5E (TRND)(PSV Reseat)(EFW OK)(LTDHR 3.34E-09 244
Fails)(Bleed Fails)(CSF Fails)(WET
Cavity)

TRND-SB0E (TRND)(Station Blackout with Battery 1.40E-08 244
Depletion)(CSF Fails)(WET Cavity)

| TRND-SB0F (TRND)(Station Blackout with Battery 2.86E-09 242
Depletion)(CSF Fails)(DRY Cavity)

|
VR-A (Vessel Rupture)(CSF Ok)(CHR Ok)(WET 1.00E-07 3 |

Cavity)

ISL-F (Interfacing Systems LOCA)(CSF 5.20E-10- 17
Fails)(CHR Fails)(DRY Cavity)

4

O
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1 TABLE 19.12.1-7

-(Sheet 1 of 3)

PLANT ACCIDENT SE0VENCE TO PLANT DAMAGE STATE MAPPING

PDS PASS Mapped Into
No. PDS Description PDS Probability

1 (LL)(LOW)(INC)(SGNA)(CSA)(CHA) LL-3B 4.84E-09
(DRY)(EARLY)-

3 (LL)(LOW)(INC)(SGNA)(CSA)(CHA) LL-3A, LL-4A, VR-A 2.04E-07
(WET)(EARLY)

17 (LL)(LOW)(0VTC)(SGNA)(CSU)(CHU) ISL-F 5.20E-10
(DRY)(EARLY)

18 (ML1)(LOW)(INC)(SGNA)(CSA)(CHA) ML1-3B 6.57E-09
(DRY)(EARLY)

20 (ML1)(LOW)(INC)(SGNA)(CSA)(CHA) ML1-3A 1.29E-07
q_ (WET)(EARLY)

83 (ML2)(MED)(INC)(SGNA)(CSA)(CHA) ML2-3B 7.43E-09
(DRY)(EARLY)

85 (ML2)(MED)(INC)(SGNA)(CSA)(CHA) ML2-3A 1.48E-07 |
(WET)(EARLY) |

115 (ML2)(MED)(IRWST)(SGNA)(CSA) TOTH-12B 1.23E-09
(CHA)(DRY)(EARLY)

118 (ML2)(MED)(IRWST)(SGNA)(CSA) TOTH-12A 2.44E-08 |
(CHA)(WET)(EARLY) j

134 (ML2)(MED)(IRWST)(SGU)(CSA) LOFW-48, TOTH-4B' 4.88E-09 I
(CHA)(DRY)(MID) |

135 (ML2)(MED)(IRWST)(SGU)(CSA) LOFW-8A 1.84E-08
(CHA)(WET)(EARLY) I

136 (ML2)(MED)(IRWST)(SGU)(CSA) LOFW-4A, TOTH-4A, 1.15E-07
(CHA)(UET)(MID) TRND-4A

145 (ML2)(MED)(IRWST)(SGU)(CSU) TRND-4F 1.00E-08
(CHU)(DRY)(MID)

146 (ML2)(MED)(IRWST)(SGU)(CSU) LOFW-8E 1.71E-09
(CHU)(WET)(EARLY)

O
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|

(Sheet 2 of 3)

PLANT ACCIDENT SE0VENCE TO PLANT DAMAGE STATE MAPPI_NJ

|
,

| PDS PASS Mapped Into
No. PDS Description PDS Probability

i 148 (ML2)(MED)(IRWST)(SGU)(CSU) LOFW-4E, TOTH-4E, 2.24E-07
(CHU)(WET)(MID) TRND-4E

| 165 (SL)(MED)(INC)(SGA)(CSA)(CHA) ATWS-298 2.20E-09
(DRY)(EARLY)

167 (SL)(MED)(INC)(SGA)(CSA)(CHA) SL-10A, ATWS-29A 5.20E-08
! (WET)(EARLY)

178 (SL)(MED)(INC)(SGA)(CSU)(CHU) ATWS-29E 1.44E-09
(WET)(EARLY)

181 (SL)(MED)(VSG)(SGA)(CSA)(CHA) SGTR-17B 1.24E-08
(DRY)(EARLY) [No Isol Failurel

181A (SL)(MED)(VSG)(SGA)(CSA)(CHA) SGTR-17B 5.16E-10
(DRY)(E.ARLY) [Isol failure] [Isol Failure]

184 (SL)(MED)(VSG)(SGA)(CSA)(CHA) SGTR-16A, SGTR-17A 2.50E-07
(WET)(EARLY) [No Isol Failure]

184A (SL)(MED)(VSG)(SGA)(CSA)(CHA) SGTR-16A, SGTR-17A 1.04E-08
(WET)(EARLY) [Isol Failure] [Isol Failure]

193 (SL)(MED)(VSG)(SGA)(CSU)(CHU) SGTR-17F 9.89E-10
(DRY)(EARLY) [No Isol Failure]

193A (SL)(MED)(VSG)(SGA)(CSU)(CHU) SGTR-17F 4.12E-11
(DRY)(EARLY) [Isol Failure] [Isol Failure]

| 194 (SL)(MED)(VSG)(SGA)(CSU)(CHU) SGTR-9F 3.07E-08
(DRY)(LATE)

196 (SL)(MED)(VSG)(SGA)(CSU)(CHU) SGTR-17E 1.llE-08
(WET)(EARLY) [No Isol Failure]

196A (SL)(MED)(VSG)(SGA)(CSU)(CHU) SGTR-17E 4.64E-10
(WET)(EARLY) [lsol Failurel [Isol Failure]

199 (SL)(HIGH)(INC)(SGU)(CSA)(CHA) SL-llB 8.15E-09
(DRY)(EARLY)

201 (SL)(HIGH)(INC)(SGU)(CSA)(CHA) SL-llA 1.49E-07
(WET)(EARLY)

202 (SL)(HIGH)(INC)(SGU)(CSA)(CHA) SL-4A 8.48E-09
(WET)(MID)

O
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i PLANT ACCIDENT SE0VENCE TO PLANT DAMAGE STATE MAPPING

i

PDS PASS Mapped Into;

f No. PDS DescriDtion PDS Probability

.

| 212 (SL)(HIGH)(INC)(SGU)(CSU)(CHU) SL-11E 2.57E-09 j
3 (WET)(EARLY)

'

218 (SL)(HIGH)(VSG)(SGU)(CSA)(CHA) SGTR-12A 5.54E-09
(WET)(EARLY) [No Isol Failure]

: 218A (SL)(HIGH)(VSG)(SGO)(CSA)(CHA) SGTR-12A 2.31E-10 l

(WET)(EARLY) [Isol Failure] [Isol Failure]
2 220 (SL)(HIGH)(VSG)(SG0)(CSA)(CHA) SGTR-8A 2.83E-09

(WET)(MID) [No Isol Failure]
220A (SL)(HIGH)(VSG)(SGU)(CSA)(CHA) SGTR-8A 1.18E-10

(WET)(MID) [Isol Failure] [Isol Failure]
233 (CRV)(HIGH)(IRWST)(SGU)(CSA) LOFW-98 2.02E-08,

p (CHA)(DRY)(EARLY)

i V 235 (CRV)(HIGH)(IRWST)(SGU)(CSA) LSSB-9A, LOFW-9A, 3.74E-07 |
| (CHA)(WET)(EARLY) TOTH-9A, LOOP-9A

236 (CRV)(HIGH)(IRWST)(SGU)(CSA) LOFW-5A, TOTH-5A, 1.46E-08
(CHA)(WET)(MID) LHV-5A |

241 (CRV)(HIGH)(IRWST)(SGU)(CSU) LOFW-9F 4.48E-08
; (CHU)(DRY)(EARLY)

; 242 (CRV)(HIGH)(IRWST)(SGU)(CSU) SB0BD-F, TRND-SB0F 6.22E-09
| (CHU)(DRY)(MID)
'

243 (CRV)(HIGH)(IRWST)(SGV)(CSU) LOFW-9E 1.20E-08
j (CHU)(WET)(EARLY) i

; 244 (CRV)(HIGH)(IRWST)(SGU)(CSU) SB0BD-E, TRND-SB0E 3.20E-08
(CHU)(WET)(MID)

245 (CRV)(HIGH)(IRWST)(SGA)(CSA) ATWS-9A 2.64E-09 |
(CHA)(WET)(EARLY)

,

.

i

4
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19.12.2 DEFINITION AND QUANTIFICATION OF THE CONTAINMENT

EVENT TREE

|- 19.12.2.1 Definition of the Containment Event Tree

The purpose of the Containment Event Tree (CET) is to quantify
containment failure modes and the radionuclide releases. The
various containment failure modes and the major phenomena that have
a significant impact on the radionuclide release fractions are

i represented as top events on the CET. Detailed evaluation of
| phenomena _which' affect containment failure timing, fission product

| releases or which may have an impact on downstream top events are
! treated through the use of supporting logic models. This' approach
'

allows a relatively detailed treatment of the phenomena affecting
containment performance while maintaining a relatively simple and

| easily understood.CET. A further advantage is that each end point-
on the CET represents a distinct release class.

! The CET uses the plant damage states as input. The paths that a
given PDS can take through the CET depends on how the specific PDS
affects the various events modeled in the CET or the supporting
logic models. For a~given PDS, the path taken at each top event on
.the CET is based on probabilities. Thus, each PDS can contribute-
to more than one CET endpoint (release class) with- varying

O contributing to its total frequency.
frequencies, and each CET endpoint can have more than one PDS

Figures 19.12.2-1 through 19.12.2-6 present the System 80+ Standard
Design Containment Event Trees (CETs). _The potential for Early,
Mid and Late core damage timing was included in the PDSs (See Table
19.12.1-1). Since the release consequences are affected by core
melt timing and there are some differences in the various severe
accident progressions, separate CETs were established for the
different core melt timing conditions. The CETs present the
potential severe accident progression for early, mid and late core
melt events respectively. Each PDS was considered to have a

i

potential for loss of isolation. For convenience, the portions of '

the CETs pertaining to isolation failure are presented separately.
The resulting six CETs which address the various combinations.of

,

isolation status (failed /not failed) and core melt timings have over |

150 defined potential release states for each PDS. The process-for
the reduction of these. release states to a manageable number of
grouped release classes is discussed in-Section 19.12.3. In the
System 80+ PRA, each CET includes up to eleven top events with

i

seven of these events being further developed. with the aid of '

supporting logic models. The supporting logic models are presented
on Figures 19.12 . 2-7 .through 19.12.2-13. The following subsections
define the CET top events. The supporting logic models are
discussed in Section 19.12.2.2.

O
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19.12.2.1.1 Definition of CET Top Events

19.12.2.1.1.1 "Is Containment Bypass Prevented?"

This event determines whether the radiological release bypasses the
containment. The types of plant accident sequences considered for
this event are restricted to the Interfacing Systems LOCA (V-
sequence). For the V-sequence, the release is through a flooded
auxiliary building which provides some attenuation of the sourceJ

term.

19.12.2.1.1.2 "Is the Containment Isolated?"

This top event includes two fundamentally different loss of
containment isolation scenarios. These are (1) the steam generator
tube rupture (SGTR) with stuck open ADVs and (2) any "in
containment" core melt sequence in combination with the direct loss
of containment isolation due to a direct failure of the containment
isolation function. In the later case, the loss of containment
isolation can arise from either mechanical, electrical faults
and/or human error (e.g., failure of maintenance to cap off a
containment penetration). For the PRA, a direct isolation failure
is defined as leakage from containment at a rate exceeding 300
volume percent per day if the containment were pressurized to
design pressure levels. This leakage rate will preclude
overpressurization failure of the containment.

*

Radiation releases resulting from the SGTR with a stuck open ADV
are significantly influenced by the availability of liquid on the

,

secondary side of the SG. Fission product releases below deep'

saturated liquid pools can reduce releases of soluble fission
products by a factor of between 50 and 80 (see Section 19.11.4.3).

Transients occurring in the presence of an unisolated containment
may result in very low radiation releases if the combination of the i
transient sequence and containment spray operation render the
containment atmosphere subatmospheric. This feature of the
unisolated containment is discussed further in Section 19.11.

19.12.2.1.1.3 "Is Containment Failure Before Core Damage ,

Prevented?" |

This event determines whether a gross f ailure of containment occurs
before the onset of core damage. The type of accident sequences
that lead to containment failure before the onset of core damage
involve long term loss of containment F it removal. The accident
sequences include large and medium LOCAo within containment with
successful injection but f ailure of the Containment Spray System or
a transient with failure of secondary side heat removal followed by

,

successful feed and bleed cooling but with failure to remove the
energy from containment by cooling the IRWST. Analyses have shown

Amendment N
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that the time between loss of containment cooling and failure of>

containment is at least 40 hours. Following containment fa31ure,,

fuel damage and fission product releases would occur 11 core
cooling is lost. Core cooling would be lost if the HPSI pumps trip
at the time of containment failure and are not restarted or if the
HPSI pumps are available but the IRWST inventory is not replenished

,

; before the existing inventory is lost through the containment
breach.*

Core damage after containment failure contributed prominently in
the initial version of the System 80+ PRA. The addition of an
external spray connection / water source to the System 80 + design
resulted in a sharp reduction of the importance in this event..
This addition will allow containment spray to be recovered after
about 24 hours following a total failure of the containment spray
system. This addition was found to be a significant risk reduction
measure in the System 80+ SAMDA. In addition, overpressure failure
of containment prior to core damage can be prevented,- without
significant releases, by opening the purge valves to reduce
containment pressure. (Note: this mechanism was not credited in
the PRA.)

As a result of the addition of the external spray connection, all
sequences involving containment failure before core melt fell below
the sequence filter probability. The probability for theseV}e

sequences would be further reduced by crediting the use of the
purge system for depressurization. Thus, this top event has been
deleted from the CETs.

19.12.2.1.1.4 "Is Early Containment Failure Prevented?"

This event determines whether a gross failure of containment occurs
prior to, at or soon after reactor vessel failure. Early
containment failure is defined as containment failure occurring
either prior to or within 1 hour of reactor vessel failure. The
phenomena that could potentially contribute to early containment
failure are:

A. In-vessel steam explosion (IVSE)

B. Hydrogen burn before reactor vessel failure.

C. Direct containment heating (DCH).

D. Hydrogen burn after reactor vessel failure.

E. Rapid ex-vessel steam generation (RSG) and ex-vessel steam
explosion (EVSE)

F. Rocket induced containment failure

Amendment N
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G. High Pressure Melt Ejection (HPME) induced containment f ailure

The supporting logic model presented in Figure 19.12.2-7 was used
to evaluate the various phenomena potentially contributing to early
containment failure. A detailed phenomenological description of
these models and the bases for their PRA quantification is

presented in Section 19.11.4.

A dividing line between early and late containment failure has been
defined as 1 hour after vessel breach. For most transients this
definition is inconsequential and arbitrary since containment
failures will either occur prior to or immediately (within seconds
to minutes) following vessel breach or very late in the accident
sequence (typically, more than 24 hours following vessel breach
(VB)). However, this definition does effect the fission product
release following a post VB hydrogen burn. The 1 hour criterion
provides a demarcation between the potential hydrogen atmospheres
following VB and consequently their containment failure potential.
For sequences defined as early, it is assumed that insufficient
core concrete interaction can occur so that the hydrogen
contribution due to CCI is small. This resulted in a maximum
hydrogen production during the core melt progression equivalent to
100% oxidation of the active cladding. For late hydrogen burns in
the containment, hydrogen produced due to core concrete interaction
was assumed to be potentially available for combustion. This
results in the potential for a late (> 1 hour following VB) burn
involving up to the hydrogen equivalent of up to 150% of the active
core cladding. The value greater than 100% implies consumption of
all the zircaloy in the core (cladding, grids and guide tubes) and
limited amounts of steel.

19.12.2.1.1.5 "Is Late Containment Failure Prevented?"

This event determines whether a gross f ailure of containment due to
overpressurization occurs late in the accident sequence. (" Late"
is defined as being greater than 1 hour following reactor vessel
failure.) The phenomena that could potentially contribute to a
late containment failure are:

A. Overpressurization caused by production of steam and/or non-
condensible gases

B. Late hydrogen burn.

C. Core concrete interaction induced basemat erosion

D. Overtemperature failure of containment penetration sealants

The supporting logic model presented in Figure 19.12.2-8 was used
to evaluate the various phenomena potentially contributing to a
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U late failure of containment. Detailed discussion of these failure

modes are presented in Section 19.11.4.

For purposes of quantifying failure of containment integrity,
corium melt-through of the portion of the containment shell
embedded in the basemat concrete was considered to constitute
containment failure. In establishing containment failure releases
induced by concrete eroston three scenarios are considered:

A. Predominately axial concrete erosion resulting in a
containment breach to the containment building foundation
subsoil. Releases for this case pass between the containment
shell and the concrete embedment.

B. Mixed axial / radial concrete erosion into containment subsphere
(i.e., SI pump room). In this case, the releases are into the
subsphere area.

C. Radial erosion of cavity walls sufficient to cause failure of
RV supporting structures inducing a subsequent containment
failure. For this case, the releases are into the shield
building annulus.

These containment failure modes are associated with accidentO sequences involving inadequate cooling of the core debris bed.
h Scenario 1 implies a predominantly below ground release of

radioactivity. However, it is being quantified as a small ground-

level release. Scenarios 2 and 3 propagate the basemat melt-
through sequence into above ground radiation releases.

Successful cooling of the cavity debris bed implies erosion induced
containment failure modes will not occur and that the radiological
releases are those attributable to either an alternate failure mode
or containment leakage (assuming no other containment failure mode
is identified).
The supporting logic model in Figure 19.12. 2-8, pages 20 to 25, was
used to evaluate the phenomena potentially contributing to
containment melt-through.

19.12.2.1.1.6 "Is In-Vessel Fission Product Scrubbing
Available?"

This top event refers to the ability to scrub fission products
initially released to the containment during the core melt process.
Three scrubbing processes are considered in this assessment. The
processes are typically dependent on the location (direct
containment release, IRWST release or Steam generator release) of
the fission product release and the availability of either a
scrubbing water pool or spray system. This model is presented in

'

(o) Figure 19.12.2-9.
v
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19.12.2.1.1.7 "Is a Vaporization Release Prevented?"

This event determines whether a coolable debris bed is established
in the reactor cavity. Failure for this event means that a
coolable debris bed has not been established and that significant
core-concrete interaction and subsequent vaporization releases
occur.

A vaporization release involves a significant amount of tellurium
and low volatility isotopes not initially released during core
heatup and melting in the reactor vessel.

The supporting logic model in Figure 19.12.2-10 was used to
evaluate the phenomena potentially contributing to containment
melt-through.

19.12.2.1.1.8 "Is a Revaporization Release Prevented?"

This event determines whether volatile fission products deposited
,

in the primary system or containment water are revaporized and '

released in large amounts when the containment fails late in a
severe accident scenario.

Revaporization is only considered for late containment failure
scenarios. Early containment failures release fission products to
the environment at or near the time of reactor vessel failure.
This results in high release fractions. The effect of
revaporization would not be seen for this containment failure mode.
On the other hand, a late containment failure provides time for the
removal of fission product from the containment atmosphere by
various means. Thus, the release fractions at containment failure
are lower and the revaporization fission products may have a
significant impact on the total release fractions.

Revaporization of fission products can occur via
(1) revolatilization during the post severe accident heatup of RCS
piping, or (2) radiolytic evolution of elemental iodine from the
containment sump (IRWST and cavity water pool).

Revaporization of fission products from the RCS requires

A. Initial retention of fission products in the RCS.

B. Two large openings in the RCS (one at the vessel bottom and
one in the RCS piping) to establish natural circulation flows
through the reactor vessel and loop piping.

C. High temperatures in the RCS piping

Release of elemental iodine from the RCS sump water arises as a
result of radiation induced conversion of the iodine ionic form to
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elemental iodine which evolves from the pool as an iodine vapor.
Elemental iodine production within the sump water can be prevented
provided the sump water ph can be controlled at a level of 7 or 1

greater"'".

i The supporting logic model in Figure 19.12.2-11 was used to
evaluate the phenomena contributing to fission product retention in
the RCS and containment water pools.

19.12.2.1.1.9 Additional Fission Product Scrubbing

. The remaining four top events in the containment event tree relate
to various modes of fission product scrubbing. These top events'

are described below.

3 19.12.2.1.1.9.1 "Are Revaporization Releases Scrubbed?"-

Revaporization releases result in evolved gases from the RCS or
sump water pools. This event determines whether -there are
mechanisms other than natural plateout or gravitational settling

, ~
available for removing fission products from the~ containment!

atmosphere. The primary mechanism for fission product scrubbing
; from the containment atmosphere involves spraying into the

containment. Revaporization releases are considered scrubbed ifs
4 ) the spray pumps are injecting into the containment (See Figure

19.12.2-12). 1

|
19.12.2.1.1.9.2 "Are Vaporization Releases Scrubbed?" j

j Vaporization releases arise as a consequence- of core-concrete :

{ interaction. Given that CCI occurs, fission products including Te, |
j Ru, Rh, and various rare earths can be liberated-(or sparged) from i

the corium melt. The supporting logic model for this top event is
presented in Figure 19.12.2-13. The ability of these releases to'

'

be scrubbed within the containment consider the following:
1

A. Retention of fission products in the water overlying the*

debris bed in the reactor cavity. While water pools will be
i unavailable for dry cavity attack sequences, they will play a
3 major role in scrubbing fission products released from a

" wetted" corium debris bed. Deep saturated water debris>

typically exhibit decontamination factors (DFs) of about 50 to
, 8 0 '28'' .

B. Containment sprays are a very effective mechanism for removal
of particulate fission products .from the containment.

atmosphere. Since 98% of the iodine ~ released- to the
containment atmosphere is particulate (notable CsI) "''), sprays
will effectively and quickly remove the airborne iodine.

- Typical decontamination. factors associated with spray

'

;
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operation during vaporization sequences are on the order of
30"'".

1

Availability of either of the above situations will result in the |
required I

scrubbing.

It should be noted that scrubbing cannot remove all airborne
radioactivity equally well for all radioactive elements. This is

|particularly true of the noble gases which are considered
unaffected by either pools or sprays.

.

19.12.2.1.1.9.3 "Are the Radionuclides Released Through the 1

Auxiliary Building?"

This element determines whether the radionuclide releases pass
through the auxiliary building. This top event is activated for
loss of isolation sequences only. Because of the low containment
pressures associated with loss of containment isolation severe
accidents, there is a reasonable potential for additional depletion
of fission products within the auxiliary building. The potential
for additional deposition of fission products is considered only if
(1) the release point is considered to be well within the auxiliary
building or (2) the release point of the auxiliary building is

,
below the water pool, such that there is a long path to the
external environment and the driving pressure is low.!

19.12.2.1.1.9.4 " Secondary Containment Filter Operating"

This top event considers scrubbing of fission products leaked from
the containment shell into the annular gap separating the primary
and secondary containments. For sequences where power is
available, the annular gap atmosphere can be directly scrubbed via
routing the air in the annular gap through the annulus ventilation
filtration system. This system is designed to remove 95% of the
elemental iodine, 99% of particulate, and 95% of the organic
iodides leaked into the annulus gap. These filters are designed
primarily for design basis operation, however they will be
effective in providing considerable scrubbing of iodine releases.
In the PRA, the annulus filter system is assumed to be capable of
scrubbing fission products for severe accident sequences with
intact containment structures only.

O
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, d indicate that the structural integrity can be maintained with
'

reasonable confidence for 5 msec loadings of up to 500 psi. This
high strength provides considerable robustness in the ability of
the cavity to withstand short duration cavity loadings associated i

; with most high pressure melt ejection processes, j
,

,

19.12.2.2.2.4 Reactor Cavity Dynamic Characteristics

! The dynamic characteristics of the reactor cavity are defined by
the design and ultimate strength of the cavity and its natural
frequency. The dynamic response of the reactor cavity is important

! when one considers its response to'a large magnitude ex-vessel
;- steam explosion (EVSE). Current estimates of the fragility curve

{ for EVSE are based on extrapolations from an assessment of the
Grand Gulf fragility curve. This analysis is discussed in Section
19.11.4.1.2. Details of the cavity fragility curve are discussedj

. in Section 19.11.3.
I

19.12.2.2.2.5 Response of.RCS Piping Following RV Failure4

| Structural evaluations of System 80+ reactor vessel (RV) supports, |
IRCS piping and cavity design suggest that even under conditions.of4

complete failure of the reactor cavity, a subsequent failure of
,

i containment integrity is unlikely. This conclusion is a result of
the following features:

j A. Structural analyses of the RV support capability following a i

full loss of the structural load bearing capability of the |
| submerged RV cavity walls indicates that sufficient strength '

i remains in adjacent structures connected to the reactor cavity
; and the RCS piping so that RV motions will be limited. This
: feature of the System 80+ cavity design guarantees that steam
! explosion loading in the reactor cavity (even those that fail
) the cavity lower walls) will not be sufficient to induce
i failure of containment' integrity.

!|
B. Should RV supports fail, structural analyses indicate that the i

damaged RV can be supported by its four cold legs. If
significant RV motions are postulated, motions of the RCS are,

also restricted via several mechanical restraints which,

prevent excessive motion of major structures such as the steam
~

generators. If the steam generators remain well constrained, !
,

'

as-is currently expected, piping connected to the generators 1

will not fail.

C. Even if a failure of the RV supporting structure should occur,.

and the motion of piping connected to the RCS results.in a
j. piping failure, the piping failure will likely be contained
; "in Containment". Thus, containment integrity will not-be
p compromised. This conclusion is primarily a result of the-

ik high flexibility associated with the smaller RCS connecting.

4
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piping and the tendency to design piping penetrations stronger
than connecting piping.

19.12.2.2.3 Top Event 1: Containment Bypass

Top event i determines whether the fission product release bypasses'

the containment barrier. Success is defined as " containment is not
bypassed", and failure is defined as " containment is bypassed".

The accident sequences for which containment is bypassed include
the interfacing system LOCA sequences. The Steam Generator Tube
Rupture (SGTR) sequence with an unisolable path to atmosphere
outside containment is treated within the loss of containment
isolation top event, See Section 19.12.2.2.4.

Interfacing System LOCA sequences are considered in PDS 17.

The probability of containment bypass for the various PDSs is
summarized in Table 19.12.2.2.3-1.

O
4

!
'

!

s

O
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19.12.2.2.4 Top Event 2: Containment Isolation Failurc,
;

Top event 2 determines whether containment isolation was
successful. Success for this event means that the containment was-;

| successfully isolated before reactor vessel failure. Failure means
i that the containment was not successfully isolated before reactor

vessel failure. This event occurs at the beginning of the accident
i sequence before any radionuclides are released to the containment
# atmosphere.
1

i Containment isolation is provided to prevent the release of
3 radioactive materials from the containment to the environment
: following an emergency or severe accident condition. The
i components which comprise the Containment Isolation System are also
j those components which provide a barrier between the inside and the

outside of the containment wall. Therefore, these components are
,

found in any plant system which penetrates the containment wall.;

h
The three major containment penetrations identified for the System,

i 80+ Design are 1) piping, 2) electrical, and 3) personnel and
; equipment hatch. Because the detailed designs for the electrical

~

penetrations, personnel airlocks, equipment hatch and fuel transfer
tube quick closure hatch containment penetrations were not

. available at the time the analysis was performed, a detailed
! analysis was performed evaluating the containment isolation failure
i probability of the piping penetrations only. For the PRA analysis,
i an estimated value for the failure of the containment to isolate
i was developed based on a review of prior PRAs and historical data.
:

{ Section 19.12.2.2.4.1 presents the discussion and results of the
detailed analysis of the piping penetrations failure probability,4

; and Section 19.12.2.2.4.2 presents the discussion and results of
the estimated value for the failure probability of containment

i isolation.

1

; 19.12.2.2.4.1 Containment Piping Penetrations Analysis
i

For the PRA analysis, a detailed evaluation was performed for each4

I containment penetration, excluding at this time the electrical
i penetrations, equipment hatch, personnel airlocks, and _ fuel
i transfer tube because detailed designs were not available at the
8 time of the analysis. Each penetration to' the containment was
i first identified and then analyzed to determine its associated
j contribution to the total failure probability for containment
; isolation following severe acciden . conditions. Table 6. 2.4-1 from
! CESSAR DC was used as the basis for identifying each containment |

penetration. From this table, a new table was created listing each;

penetration with its associated failure probability. This table is
presented as Table 19.12.2.2.4-1 in this section.<

'
\

i-
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Each penetration was analyzed considering the valve arrangementi

around the containment wall which is referred to as the isolation
barrier, the status of each isolation barrier during severe
accident conditions, and the potential for various classes of
transients. Because many containment penetrations are similar in
arrangement, a calculation was done for each penetration that was |

'

unique. Then, each calculation was assigned a " type". Table i

19.12.2.2.4-1 lists the calculation types as well as the actual
failure probability for each penetration.

|
|A generic value was used for pipe breaks in the following

calculations. The reference for this calculation is NUREG/CR-4407,
EGG-2421, " Pipe Break Frequency Estimation for Nuclear Power
Plants", May 1987; p. 25 Table 16 " Pipe Breaks", column entitled
"CVCS piping" (which is the most conservative). The respective 5th
and 95th percentile values for the pipe break distribution are as
follows:

5th = 0.0041/yr = 4.10E-03/yr.
95th = 0.0217/yr = 2.17E-02/yr.

therefore, median = [(.0041)(.0217)]1/2 = 9.40E-3/yr

| EF = [ ( . 0217 ) / ( . 0041) ]i/2 = 2.30

Using the CERESMN utility code, the mean pipe break frequency is
1.07E-02/yr. Assuming a mission time of 24 hours, the estimated
probability that a pipe break will occur during this period is:

P= (1.07E-2/yr)/(8760 hr/yr) x 24 hrs = 2.93E-05

A list of all the detailed calculations performed for each
calculation type is provided below. Refer to Table 19.12.2.2.4-1
for the list of containment penetrations, description of the
penetration, flow direction in relation to the containment, and
reference to the calculation types presented below.

CALCULATION TYPE 1
,

1

Barrier: 2 check valves inside CTMT; 2 pneumatic valves outside I
CTMT (normally open)

Need to close during severe accident conditions (MFW to downcomer) .
Given Steam Generator Tube Rupture has occurred, therefore, pipe
break is a given. Therefore,

P= { (CCF check valves f ail to close) + (CCF pneumatic valves fail
to close) + (2 check valves fail to close) + (2 Pneumatic
valves fail to close))

P= [1.8E-4 + 1.36E-4 + 2(1.0E-3) + 2(1.55E-3)] = 5.42E-3

Amendment V
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P= Pipe break x 1 manual valve transfers open x 1 wanual valve
transfers open)

P= 2.93E-5 x 1.25E-7/hr x 24 hrs x 1.25 E-7/hr x 24 hrs
= 2.64E-16

CALCULATION TYPE 16

Fuel transfer tube quick closure hatch detailed containment
. penetration ' design not yet available for assessment. The most
likely failure of this penetration is caused by double failure of
the sealant material for the flange or weld failure. Hence, the
f ailure probability for this penetration is much less than 10-3

CALCULATION TYPE 17

Barrier: 1 MOV (normally closed) inside CTMT; 1 MOV (normally
closed) outside CTMT

Batch process, therefore it is assumed that the system would be
closed during severe accident conditions.

P= Pipe break x 1 MOV transfers open x 1 MOV transfers open

P= 2.93E-5 x 1.40E-7/hr x 24 hrs. x 1.40E-7/hr x 24 hrs.
g = 3.31E-16

,

CALCULATION TYPE 18

Barrier: 2 MOVs (normally closed) in parallel inside CTMT; 1 MOV
(normally closed) outside CTMT !

Batch process, therefore it is assumed that the system would be
closed during severe accident conditions.

P= Pipe break x (1 MOV transfers open + 1 MOV transfers open) x
1 MOV transfers open

P= 2.93E-5 x ((1.40E-7/hr x 24 hrs.) + (1,40E-7/hr x 24 hrs.)] x
(1.40E-7/hr x 24 hrs.) = 6.62E-16

CALCULATION TYPE 19

Barrier: 1 MOV (normally open)'inside CTMT; 1 MOV (normally open)
L outside CTMT

Need to close valves during severe accident conditions. Therefore,
P= Pipe break x ((1 MOV fails to close x 1 MOV fails to close) +

(CIAS fails) + (CCF MOVS fail to close)]
P= 2.93E-5 x 4.42E-3 x 4.42E-3 + 2.78E-5 + 2.0E-4 = 6.66E-9

Amendment S
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CALCULATION TYPE 20

Barrier: 1 check valve inside CTMT; 1 pneumatic valve (normally
closed) outside CTMT.

Assume line is closed during severe accident conditions'

(containment purge line). Therefore,

P= 1 check valve fails to close x1 pneumatic valve transfers 1
'open
i

P= 1.0E-3 x 1.6E-6/hr x 24 hours = 3.04E-08
CALCULATION TYPE 21

Barrier: 1 MOV (normally open) inside CTMT; 1 MOV (normally open)
.

outside CTMT |
;

|
Given Steam Generator Tube Rupture has occurred, therefore, pipe ;

break is a given. Assume valves are open during severe accident I
conditions. Therefore, |

.

P= [(1 MOV fails to close x 1 MOV fails to close) + (CIAS fails)
+ (CCF MOVS fail to close)] i

4

|P= (4. 4 2 E-3 x 4. 4 2 E-3 ) + 2.78E-5 + 2.0E-4 = 2.47E-4

CALCULATION TYPE 22-

i Barrier: 1 check valve in parallel with 1 MOV (normally open)
inside CTMT; 1 MOV (normally open) outside CTMT

|
Given Steam Generator Tube Rupture has occurred, therefore, pipe |
break is a given. Assume valves are open during severe accident
conditions. Therefore,

P= [(check valve fails to close + 1 MOV fails to close) x 1 MOV
fails to close] + CIAS fails + CCF MOV fails to close-

|P= (1.0E-3 + 4.42E-3) x 4.42E-3 + 2.78E-5 + 2.0E-4 = 2.52E-4
CALCULATION TYPE 23

Barrier: 1 check valve inside CTMT; 1 MOV (normally closed)
outside CTMT

Assumed MOV is closed during severe accident conditions (Fire
Protection Water Supply and Nitrogen Supply to SITS and RDT).
Therefore,

9
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| Needs to be_ closed following severe accident.

P= (Pipe break) x [(1 check valve fails to close + 1 pneumatic
i valve fails to close) x (1 pneumatic valve fails to close) +

(CCF pneumatic valves f ail to close) + (CIAS fails)];

! P= 2.93E-05 x [(1.0E-3 + 1.55E-3) x 1. 55E-3 + 1. 3 6E-4 + 2. 7 8E-5 ] |
- 4.92E-09

1

CALCULAT. TON TYPE 30-

i

j Barrier: 'l check valve in parallel with 1 MOV (normally open)
! inside CTMT; 1 MOV (normally open) and relief valve
j outside CTMT
!

] Need to be closed'following severe accident.

P= (Pipe break) x [(1 check valve f ails no close + 1 MOV fails to.

j close) x (1 MOV fails to close) + (CCF MOVs fail to close) +
! (CIAS fails)]
4

i P= 2.93E-05 x [ (1. 0E-3 + 4. 4 2E-3 ) x 4. 4 2 E-3 + 2. 0E-4 + 2. 7 8E-5] |
1 = 7.38E-09
.

CALCULATION TYPE 31

Barrier: 1 check valve inside CTMT; 1 manual valve (normally
I closed) outside CTMT
i

j Given Steam Generator Tube Rupture has occurred, therefore, pipe
i break is a given. Therefore,
;

! P= 1 check valve fails to close x 1 manual valve transfers open
i

| P= 1.0E-3 x 1.25E-7/hr x 24 hrs. = 3.00E-9
;

1 CALCULATION TYPE 32 )
1

I Number of electrical penetrations not available at this time. The
; electrical penetrations are solid cartridges. Failure of these )
{ penetrations includes mechanical failure of the weld or the
I cartridge material. Hence, the failure probability of the !

,

j electrical penetrations is much less than 10-'.

CALCULATION TYPE 33

; Barrier: 1 check- valve in parallel with 1 MOV (normally open)
{ inside CTMT; 1 MOV (normally open) outside CTMT
I

Needs to be closed during severe accident conditions. Therefore,,

;

e

4

"
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P= Pipe break x [(check valve fails to close + 1 MOV fails to
close) x 1 MOV fails to close) + CIAS fails + CCF MOV fails to

l close
|

|

|

!

!

O
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| 19.12.2.2.5 Containment Failure Before Core Melt |
| |

As discussed in Section 19.12.2.1.1.3, all sequences involving i

| containment failure before core melt had probabilities less than
i the cutoff filter value. Therefore this top event was deleted from
j the CET. )

<i

19.12.2.2.6 Top Event 3: Early Containment Failure
1

! Top event 3 determines whether a gross failure of containment
i occurs at, prior to, or soon after reactor vessel failure. For
: this event, early failure is defined to be the containment fails
! within 1 hour of the reactor vessel failure. Success is defined as
i the containment does not fail within the first- 1 hour af ter reacter

vessel failure. This event was quantified using the supportil-
i logic model presented in Figure 19.12.2-7, pages 1 to 19.

; There are seven general conditions which could potentially
j contribute to an early containment failure. These are:

A. In-vessel steam explosion.

|
'

j B. Hydrogen burn before reactor vessel failure.
;

C. Direct containment heating (DCH).

D. Hydrogen burn after reactor vessel failure.;
!

| E. Rapid ex-vessel steam generation (RSG) and ex-vessel steam
j explosion
!
; F. Rocket Induced Containment Failure
i
! G. High Pressure Melt Ejection (HPME) induced containment failure
i
; For completeness, all potential containment failure modes were
| explicitly considered in the System 80+ PRA. A detailed
i phenomenological discussion of these issues can be found in Section

19.11.4. The quantification of these failure modes within the PRA
i discussed in more detail below.
!

19.12.2.2.6.1 "In Vessel" Steam Explosion (IVSE)
|

,

The "in-vessel" steam explosion or " Alpha" mode containment
i failure, refers to the scenario whereby a large quantity of molten
! corium relocates "in-vessel" from the core / lower support structure |

|

to a water pool in the RV lower plenum. The superheated corium is.

j postulated to rapidly transfer its thermal energy into kinetic
energy by creating a rapidly expanding steam region within a liquid:

j pool. This rapidly accelerating bubble generates a shock wave in
; the liquid (steam explosion) which subsequently disassembles the' '
,

!
:

!
5
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RV and propels the upper head (as a blunt missile) against the
containment upper dome. The consequences of an " alpha" mode
containment failure will be a large area containment f ailure in the
containment upper dome.

A review of the "in vessel" steam explosion (IVSE) issue was
conducted by the Steam Explosion Review Group (SERG) as part of

|NUREG-1150ReferenceplantPRAsu2n . Based on this review it was
concluded that "in vessel" steam explosions were highly unlikely at
RCS pressures below about 250 psig and virtually impossible at
higher RCS pressures. This feature of the IVSE has been explicitly
modeled in the IVSE supporting logic model.

The IVSE model is presented on pages 17 and 6 of Figure 19.12.2-7.
The logic elements required for the IVSE assessment include an
assessment of the RCS pressure preceding vessel breach (RCSHIGH).
This condition is combined with the IVSE RCS pressure dependent
containment failure probability to establish the PDS specific IVSE
conditional containment failure probability. The basic events
supporting the IVSE logic models are described below. A detailed
discussion of the IVSE phenomena can be found in Section 19.11.4.

19.12.2.2.6.1.1 RCSHIGH: RCS Pressure High Prior to Vessel
Breach

This event defines the RCS pressure condition prior to vessel
breach. This event will factor into several containment failure
supporting logic models. For this event to be true, the RCS
pressure prior to reactor vessel lower head failure must be below
250 psig. This value is typically selected based on DCH
entrainment considerations, however, this limit may be
approximately applied to the IVSE, rocket and HPME failure modes,
as well.

For RCSHIGH to be true the initiating event must be a high/ medium
pressure sequence (HIGHPSEQ). In addition, the RCS must remain
intact (no hot leg / surge line or steam generator tube failure)
during the core melt progression (RCSINTACT) and the SDS system was
either disabled or not actuated (NOSDSDP) and the RCP seals remain
intact for a period of time to preclude depressurization prior to
VB (RCPSEALOK). These basic events are discussed below. The
values assigned to each of the basic events for each PDS are
presented in Tables 19.12.2.3-2 through 19.12.2.3-7.

19.12.2.2.6.1.1.1 HIGHPSEQ: Reactor Vessel Pressure High at
Onset of Core Melt

HIGHPSEQ refers to the initial RCS pressure at the onset of core
melt. All smaller medium (ML2), small and cycling relief valve
sequences are considered to have sufficiently high RCS pressures at
the onset of core melt to be classified as HIGHPSEQ. Thus:
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\ P(HIGHPSEQ) = 0.0 for PDSs where RCS Pressure = " LOW">

J

| P(HIGHPSEQ) = 1.0 for all others

19.12.2.2.6.1.1.2 RCSINTACT: RCS Pressure High Prior to:

Vessel Breach,

i

. This element is comprised of two basic events associated with
! potential RCS piping failures due to induced pipe creep rupture in

either the hot leg / surge line (HSINTACT) , or steam generator tubes
(SGINTACT). A creep induced cold leg failure was considered

3 incredible and therefore was not modeled.

; 19.12.2.2.6.1.1.2.1 HSINTACT: Hot Legs and Surge Line Remain
i Intact
.

| During high pressure core damage sequences, high temperature and i
j pressure steam is circulating through the Reactor Coolant System, i
; Research has indicated that the high temperature and pressure steam |might induce a temperature related creep rupture failure of the RCS I
,

pressure boundary prior to reactor vessel failure, thus-

depressurizing the RCS before vessel lower head failure. The
likely locations for such a failure include the hot legs or the
pressurizer surge line. This basic event represents the,

O probability that the hot legs and surge line do not undergo a creep'

related failure prior to reactor vessel failure. The probability
'

of this occurring is related to the RCS pressure at the approximate l,

; time of vessel failure. I
l

Suggested values for these events based on assessments of I,

Westinghouse PWRs was established as follows: I,

|
i A. Median probability of hot leg / surge line failure at high
j pressure was .95, while the probability that the failure size j

would be sufficient to'depressurize the RCS to below 250 psig,

j was given as only .65."*
;

] B. Median probability of hot leg / surge line failure for an RCS at
intermediate pressure was estimated to be 0.14."*-

4

I A qualitative review of C-E and Westinghouse plant design features |' suggests that the System 80+ is more likely to experience induced
j creep failure of RCS piping prior to RV failure. This conclusion

is based on the facts that:'

i

A. The System 80+ PWR contains a higher level of zirconium per
thermal Megawatt of power than does the Surry plant which was:

! used in the initial hot leg creep failure assessment. This
additional zirconium arises from the C-E high economy fuel

( design which incorporates zircaloy in the fuel grids and
( control rod guide tubes, as well as the fuel cladding.%
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oxidation of zirconium supplies and the production of hydrogen
supplies much of the driving energy for the natural convection
RCS piping heatup.

B. C-E hot legs are constructed of carbon steel hot legs with a
wall thickness of 4.4 inches. This , differs from the W design
which uses stainless steel with a 2.5 inch wall thickness.
Even so, for much of the temperature range of interest the
overall Biot number of the materials are similar because of
the differences in thickness compensates for the differences
in material thermal conductivity. Thus, the hot leg heatup
will be similar. However, the creep characteristics of carbon4

and stainless steels noticeably are different, with carbon
steels being more likely to experience creep failure when
subjected to high temperature stress than stainless steel.

C. The surge lines are of similar construction and will have
similar thermal and mechanical responses.

As a consequence of the above features, it.is believed that the
likelihood of induced RCS piping failure preceding VB will be at
least as likely for the System 80+ PWR, than for the NUREG-1150
Reference PWR. For PRA application, the induced RCS piping failure
probability will be set as follows:

P(HSINTACT) = 0.65 for PDSs with RCS leak rate ="CRV", and
RCS pressure = "HIGH"

P(HSINTACT) = 1.0 for all other PDSs

19.12.2.2.6.1.1.2.2 SGTINTACT: Steam Generator Tube Remain
Intact

During the core melt progression phase of the severe accident very
high temperature gases may circulate through the RCS. This is
particularly true if a loop seal is cleared and a full circuit
flow-pattern exists around the RCS. As a consequence of this gas
circulation there exists a remote possibility that one or more
steam generator tubes will fail due to high temperature creep
phenomena. The aggregate results of the expert elicitation of
NUREG-1150 indicated that the probability of a creep induced SGTR
was .014 for high pressure sequences near the safety valve setpoint
when the steam generators were dry (CRV PDSs) Creep failure of
the steam generator tubes could be averted at , ;wer RCS pressure or
under conditions when steam generator cooling is available. The
median probability of SGTR failure was estimated in Reference 118
at .014 at high RCS pressures and not considered credible at
moderate to low RCS pressures.

O
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(U For purpose
,

i of the PRA, the probabilities for this event were
selected as follows:

0.98 for PDS with RCS pressures = "HIGH'!P(SGTINTACT) =

and RCS-leakrate = "CRV";

1.0 all other PDSsP(SGINTACT) =

Thus,'as a base model it will be assumed that RCS depressurization
resulting from SG failure will not occur.

4

Note that the combination of CRV pressures and steam generator
;; availability were not considered compatible in' defining PDSs (See
i Deletion Rule 8 in Table 19.12.1-2). !

!'

| 19.12.2.2.6.1.1.3 NOSDSDP: RCS not Depressurized by SDS prior )
to Vessel Breach j

This element addresses the capability to depressurize a high or
medium pressure sequence to below the 250 psig target' threshold<

prior to vessel breach (VB). The primary impetus for this action
is to reduce the potential for DCH containment threats. In-

'

j addition, this depressurization will also reduce the potential of'
Rocket induced containment failure, as well as reduce the potential,

O for containment failure induced by cavity collapse resulting from
Q HPME loadings. Since steam explosions ' are more likely at low

pressures, the system depressurization will increase the potential
of alpha-mode failure. This basic event is quantified by review of
operator and mechanical / electrical failure elements of the Level 1,

|
SDS system failure event.

1

: Sequences in which RCS pressure is high at the onset of core damage
i basically include transients with failure of bleed for feed and
- bleed cooling and small LOCAs with failure of injection and failure
'

of aggressive secondary cooldown. Failure of the' bleed system (the
Safety Depressurization System) is dominated by the operator'

i failing to initiate feed and bleed cooling in time to prevent the
: onset of core damage. It was assumed that feed and bleed cooling

had to be initiated no later than when the safety valves lifted to
: prevent core damage. The time from when the safety valves lift to
4 the onset of core damage is approximately one hour. Vessel failure

occurs approximately one hour later. If the bleed valves are
-

opened after safety valve lift but before the onset of core damage,
there is adequate time to depressurize the RCS prior to vessel
failure. Given that bleed failure is dominated by failure of the-

I

operator to initiate feed and bleed cooling, it was assumed that
there is an 80% chance the operator would open the bleed valves in
time to depressurize the RCS during. core failure. Thus, for these
cases, NOSDSDP was given the value 0.2. For the small LOCA cases,

. feed and bleed was not addressed in the core damage sequence.'
Thus, the sequence contains no information on the status of the SDS

|
4
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system. However, as previously mentioned, SDS f ailure is dominated
by operator error. For these sequences, given the higher stress,
it was assumed the operator error rate would increase by half an
order of magnitude. Thus, for the small LOCA sequences, NOSDSDP
was assigned a value of 0.1. Medium pressure sequences occur
either as a result of medium LOCA 2 pipe break or a transient with
successful bleed operation. For successful bleed operation, the

,

model only indicates that at least one Bleed valve was opened by
the time the primary safety valves had lifted. Early analysis
indicated that the RCS could not be fully depressurized if one SDS
(Bleed) valve was opened at the onset of core damage. It was
assumed, however, that if one valve were opened at the time the
safety valves lifted, there would be a good chance that the RCS
would be depressurized by the time of vessel failure. Thus,
NOSDSDP was assigned a value of 0.1 for the sequences involving
successful bleed operation. For the medium LOCA 2 events, as for
the small LOCA events, the core melt sequence model did not address
the status of the SDS system. As for the small LOCAs, NOSDSDP was
assigned a value of 0.1 for these sequences.

Based on the above assessments, the probability of NOSDSDP is
computed as follows:

P(NOSDSDP) = 0.2 for PDSs with RCS Pressure equal to High
and Leak Rate equal to Cycling Relief
Valve (CRV).

P(NOSDSDP) = 0.1 for PDSs with RCS Pressure equal to High
and Leak Rate equal to Small LOCA (SL).

,

P(NOSDSDP) = 0.1 for PDSs with RCS Pressure equal to
Medium and Release Point equal to INC or
VSG.

P(NOSDSDP) = 0.1 for PDSs with RCS Pressure equal to
Medium and Release Point equal to IRWST
or IRWST+INC.

P(NOSDSDP) = 0.0 for all other PDSs. i

|
|

19.12.2.2.6.1.1.4 RCPSEALOK: RCP Seals Remain Intact During
Melt Progression

This event considers the probability that an RCP seal in a non-
operational RCP, initially intact at the onset of core damage, does
not fail prior to VB. For RCP seal failure to occur, the seal must
be exposed to a high temperature and high pressure environment for !

an extended period of time.

O
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( basic events by PDS is summarized in Tables 19.12.2.3-2 through
19.12.2.3-7.

19.12.2.2.6.3.1 EH2BFAIL: Early H2 Burn Causes Containment
Failure

Containment failure due to hydrogen combustion event (EH2BFAIL) is
considered.for deflagrations in elements EH2DEF and EH2DEF2 and
detonations in element EH2DET. The elements that comprise these
events are described below.

The logic model defines the potential for and magnitude of a
hydrogen deflagration to occur in the containment either preceding

' or shortly after vessel breach. Hydrogen combustion during the
HPME is addressed within the DCH supporting logic model.

| For convenience the probability of a containment failure caused by
a deflagration prior to VB is evaluated as DEFFAIL1, which the
probability of a containment failure due to a hydrogen burn shortly
after VB (an exclusive of DCH processes) is defined under DEFFAIL2.
The total probability of containment failure due to an early
hydrogen deflagration is the sum of DEFFAIL1 and DEFFAIL2.

| 19.12.2.2.6.3.1.1 DEFFAIL1: Early Hydrogen Burn Causes
i f5 Containment Failure Prior to Vessel Breach

| This issue considers the potential for a deflagration to occur in
| containment prior to vessel breach. Hydrogen burns occurring.at

this phase of the accident are highly likely. It is estimated that
the hydrogen concentration prior to VB can be as high as 9 volume-

percent (assuming no core recovery). MAAP analyses of System 80+.
using nominal parameters for zircaloy oxidation place this value
somewhat lower in the 6 volume percent range.

19.12.2.2.6.3.1.1.1 EH2DEF1: Early Hydrogen Burn Occurs
Prior to Vessel Breach

Early hydrogen burns prior to vessel breach can occur when (1) an
ignition source (ESPARK) is available (2) appropriate burn
conditions (BURNCOND) above the lower flammability limit of
hydrogen (> 4 volume per-cent) are established and (3) the ignition
source successfully ignites the mixture (IGNITPVB).

19.12.2.2.6.3.1.1.1.1 ESPARK: Spark Available Early and
Causes Burn.

This basic event is used to determine the probability of a spark
(electrical)' existing inside the containment ignites a combustible
hydrogen mixture. Sparks in containment have a higher likelihood

s of occurrence during severe accident sequences in which power'is-

V ) still available to equipment within containment. The availability
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of electric power was evaluated on a PDS-by-PDS basis by inspecting
| the plant accident sequences mapped into each PDS. This basic
! event is not applicable for containment bypass sequences and

sequences involving containment failure before core damage. This |

event was assigned probabilities as follows: !

P(ESPARK) = 0.99 for PDSs with AC and DC power available )
(PDSs including sequences with CSET <

end state A, B or C)
!
! P(ESPARK) = 0.9 for PDSs with AC or DC power available.

| (PDSs including sequences with CSET
i end state D or E)

P(ESPARK) = 0.1 for PDSs with no power available. (PDSs
including sequences with CSET end
state F.

,

i |

| P(ESPARK) = 0.0 for PDSs involving containment bypass or I

failure before core damage (not ,

applicable). |

19.12.2.2.6.3.1.1.1.2 BURNCOND1: Global Hydrogen Burn
condition Established Prior to Vessel
Breach

| This basic event is used to quantify the probability that enough
| hydrogen is generated to produce flammable concentrations in

containment. Early in a severe accident sequence, hydrogen is
primarily generated by the oxidation of zirconium. If only a small
fraction of the available zirconium is oxidized early in the
accident sequence, burnable concentrations of hydrogen would not be
produced in the containment even if the ignitors are not available. |
For this analysis, it is assumed that for all core damage '

sequences, enough hydrogen will be generated prior to VB to produce
a minimum hydrogen concentration in a dry System 80+ containment of
approximately 8 volume per-cent. This roughly corresponds to the
oxidation of 50 percent of the core zircaloy inventory. This value
is a reasonable upper bound for "in-vessel" hydrogen production
prior to vessel breach and is used to establish the containment
response to a hydrogen burn occurring while the RV remains intact.
For post vessel breach scenario the melt ejection process is
assumed to rapidly react with unoxidized core debris to produce the
net equivalent hydrogen production equal to 75 percent oxidation of
the core zirconium or approximately 100% oxidation of the active
zircaloy clad (see Table 19.11.4.1.3-2).

The ability for the global mixture to represent a potential early
containment threat is related to the hydrogen release point, the
containment steam concentration and igniter operation during the
time period of hydrogen production.
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p )
The elements composing BURNCOND1 are IGNITFL,

s

D ICSEQ, and LOWSTEAM.
These elements are discussed below.

3

19.12.2.2.6.3.1.1.1.2.1 IGNITFL: Igniters Fail to Burn
Hydrogen Before It Reaches High
Concentration.

This basic event is used to determine the probability that the
hydrogen concentration in containment is allowed to build up to the
level where it will burn if an ignition source is available. The j

; System 80+ containment has igniters'to burn the hydrogen near the !

hydrogen low flammability limit (LFL). At these -low4

] concentrations, the resulting energy release will be low and will
not produce a pressure spike that could challenge containment. |

'

'

Thus, containment threatening concentrations of hydrogen will be
'

creatad only if the igniters fail or are unavailable. Because of
+ the low hydrogen release to the containment, an early hydrogen burn

is not a concern for Interfacing System LOCAs and Steam Generator
Tube Rupture events. In these cases, the probability of the

*

ignitor failure is assumed to be 0.0.

; The three elements that comprise failure of the igniter system are
NOIGNITPWR, OPIGNITOFF and IGFAIL. These elements are discussed
below..

i l
Q 19.12.2.2.6.3.1.1.1.2.1.1 NOIGNITPWR: Power Unavailable to

; Igniters

'

The H2 Igniters used by System 80+ are of the glow plug type.
i

There are two divisions of igniters. The igniters in each division |
are powered from division battery for that division. . If power is
unavailable to the igniters, they will not burn the hydrogen at low

. concentrations. This element represents the probability that there
; is no power for the igniters. It was assumed that if AC power was
"

available, power would be available for the igniters. If only DC
power is available, it was assumed that there was a 50% chance that,

; there would not be sufficient power for hydrogen ignition. If no
j power was available, power for the igniters was not available. For
| Interfacing System LOCAs and Steam Generator Tube Ruptures, j
1 NOIGNITPWR was set to 0.0 to ensure that IGNITFL was 0.0 as '

#

discussed above. Thus, the probabilities for this element are set.
as follows: i

,

J

P(NOIGNITPWR) = 0.0 for PDSs with AC and DC power available.
1 (PDSs including sequences with CSET end

states A, B and C).
i

P(NOIGNITPWR) = 0.0 for PDSs involving Interfacing System
LOCA or Steam Generator Tube Rupture..

4 / -

0i
i
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P(NOIGNITPWR) = 0. 5 for PDSs with AC or DC power available
(PDSs including sequences with CSET cnd
states D or E).

P(NOIGNITPWR) = 1.0 for PDSs with no power available (PDSs
including sequences with a CSET end state
of F).

19.12.2.2.6.3.1.1.1.2.1.2 OPIGNITOFF: Operator Fails to Turn
Igniters On2

The Igniter System is a standby system that must be switched on
manually. This can be accomplished from the control room. It is
assumed that this action would be performed at about the same time
that the Cavity Flooding System would be actuated and under the
same conditions. For additional information, see GHFFCFSMOVS,
" Operator fails to initiate Cavity Flooding System" in Appendix
19.5E. The probabilities assigned to this element are as follows:

P(OPIGNITOFF) = 0.0 for PDSs involving Interfacing
System LOCAs and Steam Generator
Tube Ruptures. (This insures that
IGNITFL is 0.0 for these PDSs.)

P (OPIGNITOFF) = 3.0E-02 for all other PDSs.

19.12.2.2.6.3.1.1.1.2.1.3 IGFAIL: Igniters Fail

This basic event represents the probability that a sufficient
number of the igniters themselves would fail such that the hydrogen
would not be burned at a low concentration. This event requires
the failure of multiple igniters in each division. Therefore, this
element was assigned a probability of 0.01 for all PDSs except
those involving Interfacing System LOCAs or Steam Generator Tube
Ruptures. The probabilities assigned to this event are as follows:

0.0 for PDSs involving Inter Mcing SystemP(IGFAIL) =

LOCAs and Steam Generator Tubc Egtures. (This
insures that IGNITFL is 0.0 for these PDSs.)
1.0E-02 for all other PDSs.P(IGFAIL) =

19.12.2.2.6.3.1.1.1.2.2 LOWSTEAM: Steam Concentration Is So
Low It Does Not Inert Containment

The assessment of the containment steam concentration prior to
vessel breach is dependent on three PDS basic events. These define
the location of the release point (IRWST or in-containment) and the
spray status. The existence of low steam concentrations within the
containment are critical to the evaluation of the potential for and

.

i
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magnitude of hydrogen burns. Steam concentrations greater _than 53''

volume per-cent will effectively inert the containment and render
hydrogen burns impossible.-

The variables defining LOWSTEAM are (1) RLSIRWST (steam release is*

: into the IRWST), and (2) STMREMVL (RCS release point is in the
containment but the spray removes steam). STMREMVL is composed of'3

'

two events (1) RLSINCONT (steam release is predominantly to the
containment) and (2) CSSPRAY (containment spray quenches steam).'

These items are discussed in detail below.

19.12.2.2.6.3.1.1.1.2.2.1 RLSIRWST: Release Point Is the
IRWST

!
.'

The RLSIRWST basic event is used to determine the probability that
the initial release of RCS inventory is to the IRWST and not to

'

containment. If the initial releases are to the IRWST, the initial
; steam releases will be quenched in the IRWST so that the
; containment will not be inerted and the hydrogen will have an easy )'

path to the upper containment region. The initial release point

]
can be determined directly from the PDS definition. Thus:

P(RLSIRWST) = 1.0 for PDSs with IRWST releases only
i;

-~s !,

1 P(RLSIRWST) = 0.0 for all other'PDSs

19.12.2.2.6.3.1.1.1.2.2.2 RLSINCONT: Release Point Is to i

Containment

This basic event is used to determine that at least part of the
initial release of RCS inventory is directly to the_ upper
containment where the steam thus generated will at-least in part
inert the containment atmosphere and help to mitigate the effects
of any potential hydrogen burn. The initial release point can be
determined directly from the PDS definitions. Thus:

P(RLSINCONT) = 1.0 for PDSs with INC or (INC +IRWST)
designated releases

P(RLSINCONT) = 0.0 for all other PDSs

19.12.2.2.6.3.1.1.1.2.2.3 CSSPRAY: Containment Sprays
Condense Steam'in Containment

For the post VB hydrogen burn evaluation, it is assumed that unless
the containment spray heat removal system functions,.the post-VB
environment will steam inert the containment. The value of CSSPRAY
is defined as follows:

"' P(CSSPRAY) = 1.0 for all PDSs with CSA
v'
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P(CCSPRAY) = 0.0 for all PDSs with CSU

19.12.2.2.6.3.1.1.1.2.3 ICSEQ: Transient Releases Hydrogen to
Containment

In order for an pre-VB hydrogen burn to be credible the severe
accident must have a direct release path to the containment. ICSEQ
can be established by inspection of the PDSs. Event ICSEQ is set
to a probability of 1 for all transients where accident releases
are either to the containment or to the IRWST. All containment'

bypass and V sequence events are assigned an ICSEQ value of 0.0.
Thus,

1.0 for all PDSs with a release point of INCP(ICSEQ) =
,

or IRWST or IRWST+INCj

0.0 all other PDSsP(ICSEQ) =

19.12.2.2.6.3.1.1.1.3 IGNITPVB: Ignition Source Ignites
Hydrogen Prior to VB

This element considers the probability that the ignition source
(ESPARK) actually ignites a combustible containment hydrogen<

mixture prior to VB. This parameter will be nominally set at 0.5.
,

That is, it is assumed that it is equally as likely to ignite the
,

combustible mixture before VB as it is to ignite a combustible
hydrogen - air - steam mixture after VB. This probability will be
studied parametrically.

Thus,

IP(IGNIPVB) = 0.50 for all PDSs (base value)

The probability of the mixture to not ignite prior to VB,
(NERIGNIT), is taken as the complement of IGNIPVB. That is,

P(NERIGNIT) = 1.0 - P(IGNITPVB)

19.12.2.2.6.3.1.1.2 EH2DEFSTREN1: Containment Strength During
a pre-VB Early Hydrogen Deflagration
Event

This basic event is used to determine the probability of
containment failure due to a hydrogen burn prior to reactor vessel
failure. This probability is calculated by determining the
potential containment pressure rise due to a hydrogen burn before
vessel breach, and calculating the appropriate containment failure
probability for that pressure using the containment fragility
information in Figure 19.12.2-14.

O
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!O The probability of and the potential pressure spike generated by a
hydrogen burn is highly dependent on the containment atmospheric
conditions. Sensitivity analyses have shown that for sequences
with the containment safeguards unavailable, most core damage
sequences generate large amounts of containment inerting steam
along with the hydrogen. If the containment safeguards are
functioning to quench the steam, or the discharge is to the IRWST,
the base pressure is lower and the resultant burn peak pressure
will be less severe. Because of this, other PRAs have used values
in the range of 1.0E-3 as the' probability that the pressure spike
for an early hydrogen burn would fail containment. In the EPRI
ALWR Requirements Document Level 2 PRA, it was estimated that an
early hydrogen burn in a large dry containment would produce a
pressure spike of only about 39 psia and that the corresponding
containment failure probability was 1.0E-3. MAAP analyses
performed for System 80+ Standard Design predicted that, for
realistic transient scenarios, a series of small non-challenging
hydrogen burns would occur in various locations in containment.
Even if the small burns were suppressed until approximately 4 hours
after reactor vessel failure and then ignited, the pressure spike
was not significant because MAAP predicts only about 30% of the
zirconium would be oxidized to produce hydrogen under the existing
conditions.

Based on calculations performed in support of Section 19.11, the |,

hydrogen burn containment pressure and containment failure
potential are presented in Table 19.11.4.1.3-2 for conditions where
a hydrogen burn is predicted to occur (EH2DEF). Pre -VB hydrogen
burns assume the availability of the amount of hydrogen equivalent
to that which would be produced by a 50% oxidation of the in-core

l active zircaloy cladding. If sprays are unavailable and the
| release point is in the containment and not in the IRWST, the

mixture is considered to be steam iner:ed and the containment will
l not be subject to an early hydrogen deflagration threat.

| Thus:

| P(EH2DEFSTREN1) 0.0 for PDSs involving sequences in which=

| containment is bypassed
,

0.0 for PDSs with RCS leakage ="CRV"P(EH2DEFSTREN1) =

0.0 for PDSs where the release point isP(EH2DEFSTREN1) =

the IRWST or CHR="CSA"

f 19.12.2.2.6.3.1.2 DEFFAIL2: Early Hydrogen Burn Causes
| Containment Failure Following Vessel Breach
|

| This issue considers the potential for a deflagration to occur in
| containment following vessel breach. To properly consider this

event, this item considers the potential of a hydrogen control via

|
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|
|

igniters, a pre-VB hydrogen burn (EH2DEF1) and the occurrence of a
DCH event (DCHOCCUR). If either of these events occurs then a
post-VB hydrogen burn is not considered possible. This event is
reconsidered in the late containment failure section.

19.12.2.2.6.3.1.2.1 EH2DEF2: Early Hydrogen Burn Occurs
Following Vessel Breach

Early hydrogen burns following vessel breach can occur when both an
ignition source (ESPARK) is available and appropriate burn
conditions (BURNCOND2) above the lower flammability limit of
hydrogen can be established.

19.12.2.2.6.3.1.2.1.1 ESPARK: Spark Available Early to Cause
Burn

This basic event ESPARK is considered in Section
19.12.2.2.6.3.1.1.1.1. The values for this parameter are
independent of the time of VB.

19.12.2.2.6.3.1.2.1.2 BURNCOND2: Global Hydrogen Burn
Condition Established Following Vessel
Breach

The basic event BURNCOND1 considers the probability of a hydrogen
burn condition to be established prior to VB. BURNCOND2 is used to
establish the probability that enough hydrogen is generated to
produce flammable concentrations in containment following VB. It
is tacitly assumed in evaluating this parameter that a prior burn
(either via a pre-VB burn, a DCH event or continuous igniter
operation) or a non-containment discharge renders a post VB burn
impossible in this time frame.

The ability for the global mixture to represent a potential post-VB
hydrogen burn containment threat is related to (1) whether or not
hydrogen generated in the core damage sequence is released to the
containment (ICSEQ), (2) whether containment sprays function
(CSSPRAY), (3) the absence of a large global combustion burn or
continuous hydrogen ignition.

It should be noted that, unlike BURNCOND1, it is assumed for
BURNCOND2 that VB has occurred, so that the low steam scenario is !

reduced to reliance on containment sprays only (CSSPRAY). |

19.12.2.2.6.3.1.2.1.2.1 ICSEQ: Transient Is an In-containment
Sequence

This element considers the location of hydrogen release with
I

respect to the containment. See Section 19.12.2.2.6.3.1.1.1.2.3 1

for quantification.

1
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19.12.2.2.6.3.1.2.1.2.2 CBSPRAY: Containment Sprays Quench~

i Steam

i See Section 19.12.2.2.6.3.1.1.1'.2.2.3 for.quantification of this
j event.

! .

j 19.12.2.2.6.3.1.2.1.2.3 NEDEFH2: Hydrogen not. Burnt Prior to
! VB

This element consists of three basic elements. Firstly, to prevent
a hydrogen depleted condition prior to' VB, at least one of the;
following must be true:

| A. Igniters fail to burn at the lower flammability limit
I (IGNITFL)

B. No early (pre-VB) ignition occurs (NERIGNIT)
,

C. DCH does not occur (NODCHOCCUR);

i 19.12.2.2.6.3.1.2.1.2.3.1 IGNITFL: Igniters Fail to Burn
i Hydrogen Before It Reaches High
. Concentration
!

: This basic event is discussed in detail. in Section
i \s 19.12.2.2.6.3.1.1.1.2.1 above. .

.

| 19.12.2.2.6.3.1.2.1.2.3.2 NERIGNIT: No Early Ignition Occurs
!

| This parameter is quantified as the complement of IGNITPVB which is
discussed in Section 19.12.2.2.6.3.1.1.1.3.

19.12.2.2.6.3.1.2.1.2.3.3 NODCHOCCUR: A DCH Event Did Not'

! Occur at VB

This element is the complement to DCHOCCUR which is discussed.in'

s Section 19.12.2.2.6.2.1.1.
1

19.12.2.2.6.3.1.2.2 EH2DEFSTREN2: Containment Strength During
a post-VB Early Hydrogen Deflagration
Event

1

This basic event is used to determine the probability of
; containment failure due to a hydrogen burn within 1 hour of the
[ reactor vessel failure. This probability is calculated by
: determining the potential containment pressure. rise due to a
: hydrogen burn before vessel breach, and calculating the appropriate
| containment failure probability for that pressure using the
; information contained in Figure 19.12.2-14.

$(
i

a
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O| Based on calculations performed in support of Section 19.11, the
hydrogen burn containment pressure and containment failure
potential are presented in Table 19.11.4.1.3-2 for conditions where
a post-VB hydrogen burn is predicted to occur (EH2DEF2). The I

failure potential for the post-VB hydrogen burn is quantified by
assuming that the hydrogen available for combustion is equal to the
equivalent of that which would be produced following a 100%
complete oxidation of the zircaloy cladding in the active core.

The post-VB "carly" hydrogen burn is assumed to be suppressed if
one of the following is true:

A. Containment sprays are not available regardless of containment
release point (CHR = "CSU").

B. A burn event has already occurred in the containment. This
includes:

1. DCH event
2. pre-VB burn

i

3. continuous burning via igniters |

The probability of containment failure following a post-VB burn
(within 1 hour of containment failure) is as follows:

0.006 for all sequences with releaseP(EH2DEFSTREN2) =

point ="INC" or "IRWST" and CHR
= "CSA"

P(EH2DEFSTREN2) 0.00 for all other PDSs=
i

1

19.12.2.2.6.3.1.3 Hydrogen Detonation Occurs Within the
containment

This logic model discusses the potential for a hydrogen detonation
condition to exist within containment. Detonations can develop
from two sources: direct ignition or a deflagration to detonation
transition (DDT). Direct ignition detonation is considered as
element DIDETOCCUR. A detonation resulting from a flame
acceleration and subsequent shock development '9DT phenomena) is I

considered under the DDTOCCUR logic.

The ability for a detonation to occur in containment is far more
unlikely to develop than a simple deflagration. This is a result
of several factors:

A. The ignition source required to directly initiate hydrogen
deflagration is more than 10 orders of magnitude lower than
that required for a direct initiation of a detonation.

O
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- B. Detonations more likely for conditions of a highly reactive

mixture and restricted. geometry. System 80+ potential
hydrogen concentrations and geometry are. not conducive to |
detonation' formation (See Section 19.11).

C. Steam concentrations necessary to inert the containment to a
hydrogen detonation are far lower than that required to inert
the containment to detonations.

The DIDETOCCUR and DDTOCCUR elements are discussed in more detail
below.

)
19.12.2.2.6.3.1.3.1 DIDETOCCUR: Direct Ignition Detonation

Occurs

The ability for direct ignition to occur in the System 80+
containment is impossible. This. issue is addressed in Section !

19.11 of the PRA. |

In summary, the required ignition sources expected to be available l

in the System 80+ containment are, at best, several orders of
magnitude smaller than that required' to ignite an unconfined 1

mixture at 13 volume percent hydrogen in dry air. Therefore:

P(DIDETOCCUR) = 0.0 for all PDSs
'

This element is retained in the tree for purposes of completeness
and for use in sensitivity studies.

| 19.12.2.2.6.3.1.3.2 DDTOCCUR: Deflagration to Detonation
'

Transition Occurs

!A deflagration to detonation transition refers to the change in
l

| character of a strong deflagration into a detonation shock wave as
it accelerates. Bherman and Serman(239) have experimentally |studied DDT in dry atmospheres in the large scale Flame facility.
Based on this research the experimenters concluded that the DDT
potential can be characterized by the system geometry and the
hydrogen concentration. In general, the lower the mixture hydrogen
concentration and more unrestricted the geometry, the less likely
the DDT potential. The elements comprising the DDTOCCUR supporting

,

logic include consideration that a deflagration with high hydrogen |
| concentration has already occurred (EH2DEF2), an assessment of the
'

geometric features of System 80+ (DDTOK) and hydrogen
concentrations greater than 10 volume percent hydrogen (H2HIGH).

19.12.2.2.6.3.1.3.2.1 EH2DEF2: Early Hydrogen Deflagration
Occurs in the Containment

EH2DEF2 is defined as the probability that a hydrogen burn occurs
after (EH2DEF1) vessel breach. Since post-VB burns have a strong

| Amendment V
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likelihood of occurring at a high (greater than 10 volume per cent
hydrogen concentration), the potential for a deflagration to
detonation transition was considered. Hydrogen detonations ;

associated with a burn occurring during the DCH event is not
considered credible because the steam environment in the
containment at the time of VB will be sufficient to inert the
containment to an induced detonation. Hydrogen detonations i
associated with an early (pre-VB) deflagration was considered to 1

occur at low hydrogen concentrations so that a transition to
detonation was not credible.

|

The subelements involved in EH2DEF2 are defined in Sections )
19.12.2.2.6.3.1.2.1.1 and 19.12.2.2.6.3.1.2.1.2. Based on the
current logic model, a DDT cannot occur if EH2DEF2 does not occur.

The probability of not having a deflagration is

P(NEH2DEF) = 1.0 -P(EH2DEF).

19.12.2.2.6.3.1.3.2.2 DDTOK: Containment Characteristic Favor
DDT

A qualitative ranking of the DDT potential for System 80+ indicates j

that the potential for a deflagration to transition into a ,

detonation is highly unlikely to impossible. For the purposes of |
this analysis, the probability for this element is established as i
follows.

0.05 for PDSs where the release point isP(DDTOK) =

"IRWST".

0.01 for PDSs where the release point is lP(DDTOK) =

"INC".

0.0 for all other PDSs.P(DDTOK) =

19.12.2.2.6.3.1.3.2.3 H2HIGH: Hydrogen Concentration Is in
the Detonable Range

For a hydrogen detonation to occur, the hydrogen concentration in
the containment must be above 10 volume per-cent. This value
represents a conservative lower limit for hydrogen detonation. In
fact, even under ideal circumstances with a dry environment DDT
transitions were not experimentally observed below a concentration
of 15 volume percent hydrogen. For purposes of the System 80+ PRA
all transients that release hydrogen to containment are considered
capable of producing high hydrogen concentrations in containment.
Thus,

P(H2HIGH) = 1.0 for all PDSs containment release point
equal to either "IRWST" or "INC" or
"IRWST+INC"
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| P(H2HIGH) = 0.0 for all others

19.12.2.2.6.3.1.3.2.4 CSSPRAY: Containment Sprays Quench*

Steam
i

j This element considers the possibility that containment sprays will |
; condense steam from the containment atmosphere and therefore all 1

i the ' potential for a hydrogen detonation. Steam concentrations 1

3 greater than 30 volume percent will be sufficient to inert the
; atmosphere from detonations. In this context, sprays are

considered as helpful in allowing a detonation to occur. In 1j
actuality, the presence of spray droplets in the containment- 1

,

: atmosphere will likely inert the atmosphere from detonation.
1 However, this later influence was not considered.
!
j The definition of the CSSPRAY basic event is discussed in Section
j 19.12.2.2.6.3.1.1.1.2.2.3.
i
| 19.12.2.2.6.3.1.3.3 EH2DETSTREN: ' Detonation Causes
! Containment Failure
i-
| This element considers the probability of a containment. failure ;

; given the occurrence of a hydrogen detonation. For the purposes of !

! the PRA, it is conservatively assumed that all detonations will-
result in a large containment failure.

| P(EH2DETSTREN) 1.0 for all PDSs=

t

| 19.12.2.2.6.4 Rapid Steam Generation
i

j For sequences in which water is present in the cavity at the time
of reactor vessel failure, the interaction of the corium with the

|, water in the cavity can generate large amounts of steam quickly.
| If the steam generation is sufficiently rapid so as to exceed the
| ability of the water to acoustically relieve the expansion a' shock
q wave will develop in the water. This process is typically referred

]
to as a steam explosion. Steam explosion loads can be very large
and are impulsive in nature. If an explosive interaction of the!

j- corium and the water does not result, the rapid steam generation
j may produce quasi-static pressure loads that can challenge
i containment integrity.
1

i The relationships between the various factors that influence the
! potential for an early containment failure due to rapid steam
! generation are modeled on sheets 2 a d 3 of Figure 19.12.2-7. The
| basic events for this model are suLaarized in Table 19.12.2.2.6-4.

The following paragraphs describe the quantification of the basic-

. events. The quantification of these basic events by PDS is
j summarized in Tables 19.12.2.3-2 through 19.12.2.3-7.

1
:
4

i
: Amendment N
j 19.12-67 April 1, 1993
j'
: ._ _ . _ _ _ _ - _ _ - _ _ _ _ _ _ . _ . . _ . . . _ . . . . , _ _ . _ , _ . _ . . , _ . _ , _ _ . - , . . , _ . _ _



. --

CESSARnsinc=w

The issue of rapid steam generation has been divided into two
related containment threats. These are the ex-vessel steam
explosion induced containment failure (EVSEFAIL) and the quasi-
static steam pressurization containment f ailure event (RSGFAIL-QS) . l

It should be noted that the steam generation containment failure
mode presumes that the cavity is water filled so that DCH loadings )
are insignificant and that the steam atmosphere is sufficient to
inert post-VB hydrogen burns.

:

19.12.2.2.6.4.1 EVSEFAIL: Ex-Vessel Steam Explosion (EVSE) !
'

Fails Containment

For an ex-vessel steam explosion to fail containment, a
sufficiently energetic steam explosion must occur (EVSEOCCUR) and
the shock loading must be such that either (1) the containment will
be directly weakened by the explosive loading (2) a missile will be
generated by the EVSE that can impact the containment and (3) the
cavity will collapse causing gross RCS motions and the removal of
containment penetrations (DYNAMICFAIL).

19.12.2.2.6.4.1.1 EVSEOCCUR: Energetic Ex-Vessel Steam
Explosion Occurs

The basic events comprising EVSEOCCUR require that the cavity is
wet (WETCAVITY), the RV lower head must fail (RVLH-FAIL) and that
a large magnitude steam explosion occurs (SEOCCUR)

19.12.2.2.6.4.1.1.1 WETCAVITY: Cavity Contains Water

This basic event is used to determine the probability that the
cavity contains water at the time of vessel failure. The cavity
status can be determined directly from the PDS definition. Thus:

P(WETCAVITY) = 1.0 for PDSs with a wet cavity.
1

i P(WETCAVITY) = 0.0 for PDSs with a dry cavity.

19.12.2.2.6.4.1.1.2 RVLH-FAIL: Reactor Vessel Lower Head
Fails

This element implies that the RV lower head must fail prior to a
steam explosion event. In the context of the System 80+ PRA this
event is used as a switch for use in sensitivity analyses. |

|

1.0 for all PDSs IP(RVLH-FAIL) =

19.12.2.2.6.4.1.1.3 SEOCCUR: Steam Generation Occurs At an
Explosive Rate |

|
FITS steam explosion experiments indicate that the potential for a
steam explosion to occur at low pressures typical of the
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(D) containment atmosphereis about 0.86 for corium injected into a;

subcooled water poolus28 The magnitude of these steam explosions
'is typically small. The conditional probability that the magnitude

.
of the ex-vessel steam _ explosion is sufficiently large to cause a

| reactor cavity challenge is taken to be 0.86.
!

0.86 for all PDSs with a wet cavity.! P(SEOCCUR) =

19.12.2.2.6.4.1.2 DYNAMICFAIL: EVSE Induces Containment-
Failure

This basic element accounts for the ability of System 80+
containment structure to withstand the consequences of the steam

| explosion event without causing a containment failure. The basis
for and the quantification of DYNAMICFAIL can be found in Section

i 19.11.4.1.2.2.6. Based on the information in Section
"

19.11.4.1.2.2.6, the probability for DYNAMICFAIL is established as
follows:,

P(DYNAMICFAIL) = 0.015 all PDSs with Cavity Condition =" WET" .

'
P(DYNAMICFAIL) = 0.00 all other PDSs

'
19.12.2.2.6.4.2.1 RSGOCCUR: Rapid Steam Vaporization Occurs

For a rapid steam vaporization process to occur ex-vessel, the
following must occur, the reactor cavity must be filled with water i,

5 (WETCAVITY) , the RV lower head must f ail (RVLH-FAIL) and the corium ;
must be rapidly quenched while containment heat removal is i

j unavailable, and a steam explosion must not occur,
~

t
,

! Items WETCAVITY and RVLH-FAIL are discussed in 19.12.2.2.6.4.1.1.1 I
and 19.12.2.2.6.4.1.1.2.

.

19.12.2.2.6.4.2.1.1 RHEATRAN: Heat Transfer Coefficient Is
Adequate

| To generate large amounts of steam rapidly, the corium must be
rapidly quenched in the cavity. The heat transfer coefficient
required for this is not well defined and there is limited data.

available. Therefore, it was assumed that the heat transfer rate
would always be sufficient to generate steam rapidly. . The rapid
generation of steam can result in a steam explosion if the steam

4 generation rate is high enough. Otherwise, it will result in a
; rapid steam generation event. It is tacitly assumed in the PRA

that VB events into wet cavities that do not result in a-steam;

i explosion will result in a rapid steam generation transient. Thus,
the probability of RHEATRAN is the complement of SEOCCUR.
Therefore, P(RHEATRAN) = 1 - P(SEOCCUR).

.

4

t-

.
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19.12.2.2.6.4.2.2 CSFAIL: Containment Spray System Fails

Operation of the containment spray will condense steam as it is
thus reducing the pressure increase associated with the

| produced,rapid steam generation. For a rapid steam generation (RSG) event
to threaten containment, the containment spray system must fail.
This basic event, CSFAIL, is the inverse of CSSPRAY. CSSPRAY is
discussed in Section 19.12.2.2.6.3.1.1.1.2.2.3.

19.12.2.2.6.4.2.3 RSGSTREN: Containment Strength During an
RSG Event

This element is used to represent the probability of containment
failure given a pr<ssure spike associated with rapid steam
generation during the first one hour after reactor vessel failure.
This probability is calculated by determining the potential
containment pressure rise resulting from RSG and determining the
appropriate probability using Figure 19.12.2-14.

In previous PRAs, early containment failure due to RSG was not
considered to be a significant threat and was assigned values in
the range of 9.0E-4 to 1.0E-3. Even in NUREG-1150, RSG was not
considered a serious threat to early containment integrity. For
System 80+, hand estimates and MAAP analyses were performed to
determine the potential RSG-related containment pressure during the
first four hours following reactor vessel failure. These analyses
showed containment pressures will be below 100 psia range at one
hour after reactor vessel failure. This yields a containment
failure probability of 1.0 E-3. This is somewhat higher than the
values used in past PRAs. Thus:

P(RGSSTREN) = 0.0 for PDSs involving sequences in which
containment is bypassed or for which the
containment f ailed before core damage or where
the cavity is dry.

1.0E-3 for all other PDSs. iP(RSGSTREN) =

19.12.2.2.6.5 RVRFAIL: Rocket Induced Containment Failure

The " Rocket Induced Containment Failure" event, RVRFAIL, addresses.

the potential for containment failure due to an in-containment
reactor vessel lif t-off following the f ailure of the renctor vessel
lower head. The mechanics of this early containment failure
mechanism is discussed in detail in Section 19.11.4.1.4.3. Based
on the information presented in that section, RVRFAIL is quantified |

as follows
|

P(RVRFAIL) 0.0001 for PDSs initially at high pressure.=
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| P(RVRFAIL)' 0.00001 for PDSs initially at medium pressure.=
,

0.0 for PDSs initially at low pressure.P (RVRFAIL) =
t

19.12.2.2.6.6 HPMEFAIL: HPME Induced Containment Failure

The basic event HPMEFAIL, "High Pressure Melt Eject Induced
'

Containment Failure", addresses the potential for a containment
-failure due to the direct impact of'corium particles ejected from
the RCS at high pressure. This failure mechanism is discussed in |
detail in Section 19.11.4.1.4.1. The potential for this type of.

; f ailure is highly dependent on the RCS pressure at the time of
i reactor vessel failure (RCSHIGH). The probability of HPMEFAIL for
! cases where the RCS pressure is high at the time of vessel failure

,

i was estimated to be 1.0E-04. If the RCS pressure is medium'or low '

a at the time of vessel failure, HPMEFAIL is not considered to be
4 credible and the probability is set to.0.0. The pressure at vessel
1 failure is a function of the pressure at the onset of core damage
; and several other factors such as creep rupture failure of RCS

.

piping or delayed operation of the depressurization valves which4

i could result in RCS depressurization prior to' vessel failure. For
this case, the estimation of the HPMEFAIL probability values was;

; conservatively based on the RCS pressure at the onset of core
i damage. Thus:

0.0001 for PDSs where RCS pressure is "HIGH".P (HPMEFAIL) =

!

P(HPMEFAIL) 0.0 for all other PDSs.=

-

,
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) 19.12.2.2.7 Top Event 4: Late Containment Failure

Top event 4 addresses challenges to containment integrity late in*

the accident sequence. The challenge to containment integrity can
come from either (1) steam overpressurization due to steaming, non-,

; condensible gas generation or a late hydrogen burn. (LCPFAIL) , (2)
containment overtemperature failure (LCTFAIL) and (3) containment
basemat melt-through-(CVMFAIL). Failure for this event is defined
to be that the containment has an overpressure. failure due to a
hydrogen burn or steam /non-condensible gas overpressurization at a-

; time greater . than ' one hour after reactor vessel failure. Other
failure modes include a containment overtemperature failure,
whereby the corium gradually heats up the containment atmosphere to4

; temperatures sufficiently high to compromise the integrity of the
containment penetration sealants and lastly, basemat melt-through.
Success for this event is defined to be that the containment does,

not fail. This event was quantified using the supporting logic-
,

model presented in Figure 19.12.2-8.,

t

Late containment overpressure pressure failure can be caused by'
either a gradual overpressurization due to steam generation or a
more sudden overpressure failure due to a late hydrogen burn. In
both cases, a significant fraction of the corium r.ust have remained.

in the cavity to react with either.the water in the cavity or the
'

concrete. In this analysis, it was assumed that the cavity
geometry was such that there was complete retention of the corium*

; in the reactor cavity. Since only a small dispersal is expected,
this assumption will lead to marginally conservative estimates of,

; containment failure time and fission product release. This event
i is only addressed for the cases in which early containment failure
'

did not occur and for which containment was not~ bypassed.

The following paragraphs discuss the quantification of the models
} for late containment overpressure failure due to steam' generation
i or late hydrogen burn. The basic elements in these models are

summarized in Tables 19.12.2.2.7-1 and 19.12.2.2.7-2. The
i quantification of these basic events by PDS is presented in Tables

19.12.2.3-2 through 19.12.2.3-7.4

19.12.2.2.7.1 LCPFAIL: Late Containment Overpressure Failure,

1 Occurs

''

The late overpressurization of the containment can arise from three -
sources:,

A. Gradual steam pressurization of the containment in the
presence of no containment heat removal and without
significant core concrete interaction (LCPFAIL1).

;

)

.

*
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B. Gradual steam and non-condensible gas pressurization of the
containment without CHR but with concurrent core concrete
interaction (LCPFAIL2)

C. Hydrogen burn (presumably due to rapid de-inerting of a
hydrogen rich containment atmosphere by the recovery of
sprays) (LCPFAIL3).

19.12.2.2.7.1.1 LCPFAIL1: Containment Fails Due to Late Steam
Overpressurization

Late steam overpressurization is the result of a sequence in which
the reactor cavity is flooded and the debris is successfully cooled
(COOLWET) but containment heat removal is not available (NOLCHREM) .
In this scenario, the cooled core debris bed boils off the water
inventory of the cavity. This steam generation continues until the
concainment ultimate strength is reached and containment fails.
The model for late containment failure due to steam
overpressurization in presented on pages 2 through 5 of Figure
19.12.2-8. The following paragraphs describe the quantification of
the three basic events for this model.

19.12.2.2.7.1.1.1 NOLCHREM: Containment Heat Removal Is Not
Available Late

This event is used to determine if containment heat removal is
available late in the accident sequence. It is assumed that late
overpressurization can be avoided if containment heat removal is
available. For this event to be true it is assumed that (1)
containment heat removal was unavailable early in the accident
scenario (ECHRFL) and (2) the containment heat removal funccion is
not recovered (NCHRECOV). Both ECHRFL and NCHRECOV are considered
to be basic events. These events are discussed below.

19.12.2.2.7.1.1.1.1 LCHREM: Containment Heat Removal Is
Available Early ,

This basic event is that, " Containment Heat Removal is Available"
during the early part of the accident. Containment heat removal is
guaranteed if the containment spray functions (i.e., CSSPRAY is
true). The probability of ECHRFL was assigned as follows:

1.0 for PDSs with the CSSP(LCHREM) "CSA"= =

(containment sprays are available)

P(LCHREM) 0.00 for all other PDSs=

Note: P(ECHRFL) = 1 - P(CSSPRAY).

O|1
|

|
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19.12.2.2.7.1.1.1.2 NCHRECOV: Containment Heat Removal Is Not

Recovered

This basic event is used to determine the probability that
containment sprays are recovered late in the sequence, given that
the containment sprays were.not available early in the sequence.
For this analysis, late in the sequence is considered to be 24 or
more hours after the initiation of core uncovery. MAAP analyses
have shown that for sequences where the cavity is initially flooded
but containment heat removal is not available, it takes longer than
48 hours to overpressurize the System 80+ containment. Thus, it is
possible to recover the containment sprays before containment fails
due to overpressure. The containment spray recovery analysis was
performed on a sequence by sequence basis for those sequences with

'

the containment sprays initially unavailable. Containment spray
and heat removal is unavailable due to one of the following causes

~

(relative ranking is sequence dependent):

A. The operators failed to initiate containment spray.

B. Failure of electrical or mechanical equipment outside
containment.

C. Loss of site power with failure to recover offsite power
within a maximum of 16 hours.

D. Failure of equipment inside containment.

Failure of equipment inside containment is considered to be 100%
nonrecoverable. For loss of offsite power, the. nonrecovery
probability is based on the probability- of failing to recover
offsite power within 24 hours given that it is not recovered prior
to core damage. Using power nonrecovery probabilities.from the i

EPRI PRA Key Assumptions and Groundrules document, this yields a 1

nonrecovery probability of 0.11.for early-sequences and 0.21 for i

other sequences. The System ~ 80+ now . includes provisions for
connecting an external source of water to one containment spray
header via a standpipe and flanged connection to the containment
spray line near the containment penetration. Flow would be
provided by a skid-mounted pumping device which is independent from
the station power. The flow and head characteristics of this 1

pumping device are defined in' Section 19.11.3.8. This _ backup '

system could be used to provide spray flow given any equipment )
'

f ailure outside containment. The calculated unavailability of this
system is 0.1. This~is the nonrecovery probability used for
failure of equipment outside containment. For cases where the
Containment Spray System was unavailable because the operator had
failed-to initiate containment spray, it was assumed there was.a
90% probability that containment spray would be initiated before
containment failure given the available time and indications.
Thus, the nonrecovery probability for operator errors was 0.1.
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The non-recovery probability for each PDS is presented in Tables
19.12.2.3-2 through 19.12.2.3-7.

19.12.2.2.7.1.1.2 COOLWET: Water Is Available and Corium Is
In a Coolable Geometry

The element COOLWET is the complement of the element NOCOOLWET
discussed in detail in Section 19.12.2.2.7.2.2. COOLWET requires
that the reactor cavity be filled with water (WETCAVITY) and that
the core debris be in a coolable geometry (complement of NOCOOLG).
This set of conditions imply that all the core debris heat will be
transferred to the overlying water pool which will create a steam
flow into the containment.

1 - P(NOCOOLWET) (see SectionP(COOLWET) =

19.12.2.2.7.2.2)

19.12.2.2.7.1.2 LCPFAIL2: Containment Fails Late Due to Steam
and Non-condensible Gas Generation

This containment failure mode is analogous to LCPFAIL1. In this
mode overpressurization is the result of a sequence in which the
reactor cavity is either 1) dry or 2) flooded and the debris is
unsuccessfully cooled (NOCOOLWET) such that exothermic reaction
occurs and contributes to the containment heating process and
noncondensible gases are generated as a consequence of core-
concrete interaction. Thus, the containment pressurizes in the
presence of core-concrete attack (i.e. non-condensible gases),
(LCPFAIL2-GEN). As with LCPFAIL1, containment heat removal is not
available (NOLCHREM). This feature is necessary since it is
virtually impossible for noncondensible gases alone to reach high
enough levels to threaten the System 80+ containment (See Section
19.11.4.2.1.2). The probability of containment failure during
LCPFAIL2 is established via the basic element STM-NC-STREN. These
supporting elements are discussed and quantified in the following
paragraphs. ,

1

i 19.12.2.2.7.1.2.1 NOLCHREM: Containment Heat Removal Is Not !

Available

This event is described in Section 19.12.2.2.7.1.1.1.

19.12.2.2.7.1.2.2 LCPFAIL2-GEN: Containment Pressurizes in |
the Presence of Core Concrete Attack l

This event considers the probability of containment pressurization
in conjunction with non-condensible gas generation. This situation
can occur via two scenarios. In the first scenario, the reactor
cavity flood system is not available to permanently cool the corium
in the reactor cavity. Thus, a dry cavity core-concerted attack
situation rapidly develops and considerable production of
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; non-condensible gases occur. This scenario represents a race to
i containment failure by one of several competing failure modes. This
; element considers the consequence of non-condensible gas generation )

and high containment temperatures on containment overpressure. ,

'

f failure. In the second scenario, the corium is initially
uncoolable but water availability retards the concrete erosion ),

; process and limits non-condensible gas generation. Thus, core- 1

; concrete interaction generates limited quantities of non-
! condensible gases during the corium quenching process while the
; cooled core debris bed boils off the water inventory of the cavity.
; While the noncondensible gas generation is expected to cease in the
i 6 to 12 hour time frame (See Section 19.11.4.2), the steam
! generation continues until the containment ultimate strength is
I reached and containment fails. The model for late containment
i failure due to steam overpressurization in presented on sheets 18,

3, 9, 10, 11 and 5 of Figure 19.12.2-8. The elements that compose'

LCPFAIL2 include:;

i H2CCI: Core concrete interaction generates H2 and non-
condensibles

{ NODISPERS: Corium remains in the reactor cavity

i The following paragraphs describe the quantification of the basic
j events for this model.s

: J
| 19.12.2.2.7.1.2.2.1 H2CCI: Core Concrete Interaction
, Generates H2 and Non-Condensibles
.

I This element is equivalent to NOCOOL (corium in the reactor cavity
; is not coolable). This element represents the potential for the

,

corium retained within the reactor cavity to be uncoolable. An )
i uncoolable debris condition will arise if (1) the reactor cavity is j
! dry (LDRYCAV) or if (2) the reactor cavity is. wetted (PDS " WET")
; but the corium is not in a coolable geometry (NOCOOLWET) . The sub-
i elements of H2CCI/NOCOOL are quantified below.
:
I 19.12.2.2.7.1.2.2.1.1 LDRYCAV: Reactor Cavity Dry

This element describes the basic event that the reactor cavity is
dry. This element is the complement of WETCAVITY. Thus,

j P(LDRYCAV) 1 - P(WETCAVITY)=

j P(WETCAVITY) 1.0 for all PDSs with cavity condition ==

" WET";

: P(WETCAVITY) 0.0 for all other PDSs=

i

19.12.2.2.7.1.2.2.1.2 NOCOOLWET: Water is Available and,

Corium Is Not In a Coolable Geometry,

i This element considers the consequence of the inability of an
overlying water pool to rapidly quench a corium debris bed. System

!
i
i
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80+ has been designed with a large basemat sized to the - EPRI
guidance of .02 m / Megawatt of thermal ' power. This sizing was2

initially considered sufficient to produce a coolable debris bed
following any postulated severe accident scenario where water can
overlay the corium debris bed. To date, confirmation of the
initial design assumptions have not been established via small
scale core-concrete interaction experiments. Recent EPRI CCI
experiments indicate that debris quenching may be complicated by
the formation of relatively impermeable crusts which reduces the
heat transfer effectiveness of the overlaying water pools. For
large scale proto-typical reactor conditions, the debris bed is
expected to be coolable. However, some delay in quenching the
debris bed may be expected ( see Section 19.11.4.2.2). To establish
the potential consequences of this less than ideal heat transfer,
MAAP analyses have been performed where the maximum debris bed heat
transfer coefficient was parametrically varied from its nominal
value down to a heat flux of 30% of nominal. While this analysis
has no effect on the ultimate vessel integrity question (that is,
containment integrity cannot be maintained without the availability
of CHR), these calculations will have some impact on source term
releases. In addition these models can form the basis of a debris
coolability sensitivity study.

NOCOOLWET is divided into two basic elements: WETCAVITY and
NOCOOLG. The first element establishes the presence of water for
cooling and the second element is indicative of the coolability of
the corium debris.

19.12.2.2.7.1.2.2.1.2.1 WETCAVITY: Reactor Cavity Is Filled
With Water

WETCAVITY is directly quantified by the PDS.

1.0 for all PDSs with Reactor CavityP(WETCAVITY) =

Condition = " WET"

0.0 for all other PDSsP(WETCAVITY) =

19.12.2.2.7.1.2.2.1.2.2 NOCOOLG: Corium Is Not In a Coolable
Geometry

For the base analysis it will be assumed that the corium may
equally likely be well cooled by an overlying water pool as not.
In this case, non-coolable geometry implies only that there was a
delay in quenching the corium such that some CCI occurred. Thus,

0.5 for all PDSs where Cavity ConditionP(NOCOOLG) =

is " WET"

1.0 for all PDSs where Cavity ConditionP(NOCOOLG) =

is " DRY"
i

Amendment N
19.12-78 April 1, 1993

-_ -. - ,



- - _ . . . . _ . - ___ _ - . .. __

;

| CESSAR !E&am,.
1
i

| O .12.2.2.7.1.3.1.119 LH2BURNA: Hydrogen Burn Occurs Due to
Early H2 Generation.and High Hydrogen
Generation

Three features contribute to this base element. These features
identify.whether an ignition source is. unavailable earlier in'the

i

| scenario (LSPARKX), .a large _ hydrogen concentration exists
(LHIH2CONA) and the availability of a sufficient - spray water;
flowrate to deinert the containment (SDINERT).
19.12.2.2.7.1.3.1.1.1 LSPARKX: Probability of Late Ignition

This developed event is used to determine the probability of having
an ignition source existing inside containment late in the accident
sequence. As described above, the absence of electrical power.and-

containment heat removal early in-the accident sequence are the
conditions needed so that there is sufficient hydrogen late in the

j accident sequence to generate a burn capable of challenging
containment . integrity. The only burns 'that appear capable of'

challenging the System 80+ containment are those which occur due to
spontaneous ignition or when power is restored late in the sequence i

after the onset of core-concrete interaction..

There is some evidence that the probability of spontaneous ignition
of combustible gases increases with increasing molar concentrations
of the combustible gas. The likelihood of spontaneous ignition of '

a given concentration of a combustible gas also increases with
time.

There are three basic events used to determine the probability of
late ignition: NOSPARK, RESPARK, and AUTOSPARK. The following
provides a brief description of these events and their;

| quantification.

19.12.2.2.7.1.3.1.1.1.1 NOSPARK: Ignition Source Was Not
Available Early to Cause an Early
Burn

i This basic event is used to determine the' probability that a spark
| (electrical) .did not exist' inside containment prior: to. or
| immediately after vessel- breach. Sparks in containment have a
' higher likelihood of occurrence'during severe accident sequences in

which power.is still available to equipment within~ containment.
The availability of electric power was' evaluated on a PDS-by-PDS
basis by inspecting.the plant accident. sequences mapped into each
PDS. This basic event is not applicable for containment bypass
sequences and sequences involving containment failure before core
damage. The probability of not having~a spark ' initially exist
within the containment was assigned to be the complement of ESPARK
(See Section 19.12.2.2.6.3.1.1.1.1). Thus, NOSPARK probabilities
are defined as follows:

- -
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P(NOSPARK) = 1 - P(ESPARK)

19.12.2.2.7.1.3.1.1.1.2 LSPARK: Ignition Source Exists Late
In the Accident

|

! An ignition source will exist late in an accident if either power
! is recovered (RESPARK) or if temperatures within the containment
.

are locally sufficiently high enough to accommodate spontaneous
! ignition (AUTOSPARK). The elements RESPARK and AUTOSPARK are

treated as basic events.

19.12.2.2.7.1.3.1.1.1.2.1 RESPARK: Spark Due to Recovery of
Powerj

This element represents the probability of having a spark occur
| when electrical power is recovered late in an accident sequence.

Since the time period of concern is in the 24 hour and greater
.

. range, the recovery of power is virtually certain. Therefore, this|
| event is assigned a probability of 1.0. Thus:

|

1.0 for all PDSs.P(RESPARK)
' =

19.12.2.2.7.1.3.1.1.1.2.2 AUTOSPARK: Spontaneous Ignition of
Hydrogen Occurs

This basic event is used to determine the probability of
spontaneousmignition of the hydrogen in containment. In a NUREG-
1150 study a group of experts were asked to provide their,

estimates for the probability of spontaneous ignition for various
concentrations of hydrogen. The resulting estimates were that the
median spontaneous ignition probability was 0.1 for hydrogen
concentrations of up to 12% and 0.3 for hydrogen concentrations in
the range of 12% to 16%. Considering the uncertainties in the
local hydrogen concentrations and the increasing likelihood of
spontaneous ignition with increasing time, this basic event was
assigned a probability of 0.5. Thus:

P(AUTOSPARK) 0.5 for all PDSs.=

19.12.2.2.7.1.3.1.1.2 SDINERT: Sudden Deinerting of
Containment Is Due to Restoration of
Containment Spray

A potential for a late hydrogen burn occurs when the containment is
initially steam inerted and containment heat removal is recovered
late (RCSL).

19.12.2.2.7.1.3.1.1.2.1 NOECSP: Sprays Not Available Early

If the Containment Spray System is unavailable early, the steam
generated will not be quenched and the containment will be steam
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! inerted. The element NOECSP is used to represent the probability |

that the containment spray system is not initially available, j
NOECSP is defined to be the inverse of CSSPRAY. Thus: i

P(NOECSP) 1 - P(CSSPRAY)=

S

| The quantification of CSSPRAY is described in Section
3 19.12.2.2.6.3.1.1.1.2.2.3.
|
; 19.12.2.2.7.1.3.1.1.2.2 RCSL: Sprays Recovered Late
.

This basic event is the complement to NCHRECOV. The quantification
j of NCHRRECOV is described in Section 19.12.2.2.7.1.1.1.2.
1

j 19.12.2.2.7.1.3.1.1.3 LHIH2CONA: Hydrogen Concentration High,
j Due to Early H2 Generation and Core
j Concrete Interaction

This element quantified the probability that:

A. An early hydrogen burn does not occur in the containment
.

(LHIH2CONB) and,
4

B. Core concrete interaction occurs (H2CCI).
The coupling of the lack of an early burn and core-concrete

j interaction processes ensures that high hydrogen concentrations can
j be established within the containment. These elements are

discussed below.
9
.

j 19.12.2.2.7.1.3.1.1.3.1 LHIH2CONB: Early Hydrogen Burn Does
! Not Occur

i This element establishes the post-VB hydrogen concentration in the
! containment given that no hydrogen burns occurred in the early
2 phase of the severe accident. This requires that:
*

A. Hydrogen generated in the severe accident is released into the
; containment either directly or indirectly (via IRWST) (ICSEQ).

B. Igniters were not available to burn hydrogen as it was
] generated (IGNITFL).

C. Steam concentration was initially high enough to inert the
containment atmosphere (NLOWSTEAM). This prevents early

| hydrogen combustion events.

D. A DCH event does not occur (NODCHOCCUR).
4

These events or their complements were established in the early
\ containment failure supporting logic. The description and
|

1

!
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quantification of ICSEQ and IGNITFL can be found in Sections
19.12.2.2.6.3.1.1.1.2.3 and 19.12.2.2.6.3.1.1.1.2.1 respectively.
The probability NLOWSTEAM is the complement of LOWSTEAM. Thus:

1 - P(LOWSTEAM)P(NLOWSTEAM) =

'

The quantification of element LOWSTEAM is found in Section
19.12.2.2.6.3.1.1.1.2.2.

NODCHOCCUR is the complement of DCHOCCUR. Thus:

1 - P(DCHOCCUR).P(NODCHOCCUR) =

The element DCHOCCUR is quantified in Section 19.12.2.2.6.2.1.1.1.

19.12.2.2.7.1.3.1.1.3.2 H2CCI: Core Concrete Interaction
Generates Hydrogen and other
Non-Condensibles

This element is quantified in Section 19.12.2.2.7.1.2.2.1.

19.12.2.2.7.1.3.1.2 LH2BSTRENA: Containment Cannot withstand
Pressure Rise due to Migh concentration
Hydrogen Deflagration

This element quantifies the probability of containment failure
following a high concentration hydrogen burn. The quantification
of this element consists of two parts, (1) quantification of the
burn pressure spike and (2) the evaluation of the containment
failure probability from the containment fragility curve (Figure
19.12.2-14).-

Details of the hydrogen combustion quantification can be found in
Section 19.11. This model assumes that a high concentration late
hydrogen burn is initiated from ci initial containment pressure of
about 40 psia (just below the containment steam inerting
threshold). The hydrogen available for combustion is established
by assuming the oxidation of 150% of the active clad zircaloy. The
combustion process is evaluated using the assumption of Adiabatic
Isochoric Complete Combustion (AICC). This results in a peak post
burn pressure of 140 psia. This value is above the containment
design pressure and at the containment Service Level C limit.
Based on the Figure 19.12.2-14 containment fragility curve, the
probability of containment failure during a late "high
concentration" hydrogen combustion event was estimated to be 0.03.
Thus:

0.03 for all PDSsP(LH2BSTRENA) =

G
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19.12.2.2.7.1.3.2 LCPFAIL3B: Containment Fails Due to Late
Hydrogen Burn with Moderate H2 available

This element defines the containment failure potential for the
condition where hydrogen accumulates in the containment without the
benefit of core-concrete interaction. A moderate hydrogen
concentration is defined as the hydrogen equivalent of 100 % ;

oxidation of the active zircaloy cladding. This oxidation level is I

roughly equal to that hydrogen that would be generated if 75% of
the total core zircaloy content was oxidized. Moderate hydrogen
concentrations can be achieved in the absence of core concrete
interaction if hydrogen burns do not occur during the early portion
of the severe accident sequence.

The elements supporting a moderate late burn (LH2BURNB) include the
,

following: 1

A. LSPARKX: Ignition source unavailable early but available late
in the sequence

B. COOLWET: Water available and corium is in a coolable geometry |

C. LHIH2CONB: Early H2 burn does not Occur

h) D. SDINERT: Sudden de-inerting of containment due to restoration
,

\ of sprays ;

All the above elements have been previously defined and quantified.
LSPARKX and SDINERT are quantified in Section 19.12.2.2.7.1.3.1.1.1
and 19.12.2.2.7.1.3.1.1.2 respectively. LHIH2CONB is discussed
above in Section 19.12.2.2.7.3.1.1.3.1 and COOLWET is discussed in
Section 19.12.2.2.7.1.1.2.

i
'

19.12.2.2.7.1.3.2.1 LH2BSTRENB: Containment Cannot Withstand |
Pressure Rise Cue to Moderate '

concentration Hydrogen Deflagration

This element quantifies the probability of containment failure
following a moderate concentration hydrogen burn. The
quantification of this element consists of two parts, (1)
quantification of the burn pressure spike and (2) the evaluation of
the containment failure probability from the containment fragility
curve (Figure 19.12.2-14).

Details of the hydrogen combustion quantification can be found in
Section 19.11. This model assumes that a moderate concentration
late hydrogen burn is initiated from an initial containment
pressure of about 40 psia (just below the containment steam
inerting threshold). The hydrogen available for combustion is

fm established by assuming the oxidation of 125% of the active clad
) zircaloy. The combustion process is evaluated using the assumption(V
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of Adiabatic Isochoric Complete Combustion (AICC) . This results in
a peak post burn pressure of 125 psia. This value is above the
containment design pressure but below the containment Service Level

i C limit. Based on the Figure 19.12.2-14 containment fragility
curve, the probability of containment failure during a late
" moderate concentration" hydrogen combustion event was estimated to
be 0.02. Thus:

0.02 for all PDSsP(LH2BSTRENB) =

19.12.2.2.7.1.3.3 LCPFAIL3C: Containment Fails due to Late
Hydrogen Burn with Hydrogen Generated from
CCI

This element defines the containment failure potential for the
condition where hydrogen accumulates in the containment primarily
as a result of core-concrete interaction. This will result in a
low concentration hydrogen burn. For purposes of this effort a low
hydrogen concentration is defined as the hydrogen equivalent of 100
% oxidation of the active zircaloy cladding. This oxidation level
is roughly equal to that hydrogen that would be generated if 75% of
the total core zircaloy content was oxidized. Low hydrogen
concentrations are assumed to occur if hydrogen burns occurred in
the containment during the early portion of the severe accident.

The elements supporting a low concentration late burn (LH2BURNC)
include the following:

A. ESPARK: Ignition source available early

B. EH2 BURN: Early hydrogen burn or DCH event occurred.

C. H2CCI: Core concrete interaction generates hydrogen and non-
condensible gases

|D. NOINERT: Steam concentration is not high enough to inert the
containment

The elements ESPARK, and H2CCI have been previously defined and
quantified. ESPARK is quantified in Section 19.12.2.2.6.3.1.1.1.1
and H2CCI is quantified above in 19.12.2.2.71.3.1.1.3.2. EH2 BURN
and NOINERT are discussed below.

19.12.2.2.7.1.3.3.1 EH2 BURN: Early Hydrogen Burn or DCH
Occurred

This element relates to two events that have been previously
defined in the early containment failure supporting logic models.
These elements establish that an early hydrogen burn has occurred
(EH2DEF) or that a DCH event has occurred (DCHOCCUR). Either of
these events is assumed to consume a suf ficient mass of hydrogen so
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that any later hydrogen burns will be limited by hydrogen
availability. The maximum hydrogen available during a late low
concentration burn is defined as that hydrogen produced by
oxidation of 75% of the core wide zircaloy. This value should be
generally bounding for this level of containment threat.

The basic events supporting the quantification of EH2 BURN can be
found in Sections 19.12.2.2.6.3.1.1.1, 19.12.2.2.6.3.1.2.1 and
19.12.2.2.6.2.1.1. (Note: EH2DEF is comprised of the events
EH2DEF1 and EH2DEF2.)

19.12.2.2.7.1.3.3.2 NOINERT: Steam Concentration Is Not High
Enough to Inert Containment

High steam concentration can inert hydrogen burns. It is assumed
for this hydrogen state that either (1) the containment sprays have
functioned from the onset of the accident (CSSPRAY) thus allowing
for the possibility of early hydrogen burns, or that (2)
containment sprays are initially unavailable however they are
restored following a DCH event (SDINERT). The quantification of
CSSPRAY and SDINERT can be found in Sections
19.12.2.2.6.3.1.1.1.2.2.3 and 19.12.2.2.7.1.3.1.1.2.

19.12.2.2.7.1.3.3.4 LH2BSTRENC: Containment-Cannot Withstand
h Pressure Rise Following a Low
Q Concentration Late Hydrogen Combustion

Event

This element quantifies the probability of containment failure
following a low concentration hydrogen burn. The quantification of
this element consists of two parts, (1) quantification of the burn
pressure spike and (2) the evaluation of the containment failure
probability from the containment fragility curve (Figure
19.12.2-14).

Details of the hydrogen combustion quantification can be found in
Section 19.11. This model assumes that a low concentration late
hydrogen burn is initiated from an initial containment pressure of
about 40 psia (just below the containment steam inerting
threshold). The hydrogen available for combustion is established
by assuming the oxidation of 100% of the active clad zircaloy. The
combustion process is evaluated using the assumption of Adiabatic
Isochoric Complete Combustion (AICC). This results in a peak post
burn pressure of 103 psia. This value is above the containment
design pressure but well below the containment Service Level C
limit. Based on the Figure 19.12.2-14 containment fragility curve,
the probability of containment failure during a late " low
concentration" hydrogen combustion event was estimated to be 0.006.
Thus:

(
P(LH2BSTRENC) 0.006 for all PDSs.=

Amendment N
19.12-87 April 1, 1993

, .-. - -- _. - _ - .- - - -- ., - - -



CESSAR s!?iiricari:n !,

19.12.2.2.7.2 LCTFAIL: Late Containment Overtemperature
Failure Occurs

This element considers the potential loss of containment integrity
due to a sustained high temperature environment existing within the
containment building. Containment late overtemperature failures
are assumed to be caused by high temperature degradation of
penetration sealants which when degraded would allow considerable
containment leakage. For a high temperature overtemperature
failure to occur, the following must occur:

A. The reactor vessel lower head must be breached (RVLH-FAIL).

B. The reactor cavity must be dry. Wet cavity sequences will not
allow significantly- superheated containment temperatures
(LDRYCAV).

C. Containment heat removal must be unavailable (NOLCHREM).

D. Containment high temperature seals must fail in a suitable
time frame (PSEALF).

Elements RVLH-FAIL, LDRYCAV and NOLCHREM are quantified in Sections
| 19.12.2.2.6.4.1.1.2, 19.12.2.2.7.1.2.2.1.1 and 19.12.2.2.7.1.1.1
respectively. The quantification of the element PSEALF is
discussed below.

19.12.2.2.7.2.1 PSEALF: Containment Temperature Fails
Penetration Seals in less than 48 Hours

This element is defined as the probability that high containment
temperatures generated during dry cavity severe accident sequences
without containment heat removal will fail a containment
penetration in less than 48 hours. This issue is discussed in
Section 19.11. MAAP analyses of dry cavity sequences indicate that
sustained containment temperatures in the 450*F can be expected
during various dry cavity accident sequences. This containment
temperature has the potential to rapidly degrade various sealants.
However, a class of sealants are available with excellent high
temperature stability to temperatures above 600*F. Therefore, the
selection of a containment penetration sealant with excellent high
temperature stability will be required at the time of materials
selection.

Consequently, this parameter is assumed to be negligible. A value
of .001 is selected for the baseline analysis. Thus:

P(PSEALF) 0.001 for all PDSs with cavity condition =" DRY"=

and CHR= "CSU"

P(PSEALF) 0.0 for all other PDSs=

|
!
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U 19.12.2.2.7.3 CVMFAIL: Containment Vessel Melt-Through Occurs

CVMFAIL provides the supporting logic to address challenges to
containment integrity resulting from the corium ablating the
concrete basemat. Basemat erosion induced containment failures
arise from either (1) penetration of the basemat foundation (BM-
ERODE), (2) erosion into and penetration of the subsphere region of
the auxiliary building (BM-SUBSPHERE) or (3) erosion into the
cavity floor and walls inducing cavity wall collapse which causes
RV supports to shift, ultimately leading up to failure of one or
more containment penetrations (BM-COLLAPSE). The traditional
basemat failure mode (BM-ERODE) arises from axial ablation of the
basemat concrete. Failure modes BM-SUBSPHERE and BM-COLLAPSE are
consequences of radial concrete erosion (BM-RADFAIL). These
elements are discussed below. Sections 19.11.4.2.2.4 and
19.11.2.2.5 provide a detailed discussion of the phenomenology for
CCI and basemat erosion.

19.12.2.2.7.3.1 BM-ERODE: Corium Erodes Basemat into
Foundation Subsoil

Complete basemat erosion requires that corium remain in the reactor
cavity (NODISPERS), the reactor cavity is dry (LCAVDRY) (that is
water to the reactor cavity cannot be replenished) and that the

(]~)
'

/ concrete attack be dominated by axial erosion processes (AX-ERODE) .
Since the cavity is designed for minimal dispersal, the NODISPERS
element is fixed at a value of unity. Otherwise this parameter can
be used as a switch for future sensitivity studies.

The cavity status (wet vs. dry) is typically governed by the PDS.
The element AX-ERODE represents a process assertion that the axial
erosion rate dominates the concrete ablation process.

The BM-ERODE mode of containment failure provides highly filtered
below ground fission product releases. The net consequence of this
failure mode on public risk has been assessed to be small.

The basic elements comprising BM-ERODE are discussed below.

19.12.2.2.7.3.1.1 LDRYCAV: Reactor Cavity Dry

If the reactor cavity is dry, significant basemat erosion should
occur. A continuously wet reactor cavity should slow down and
ultimately halt the basemat erosion process prior to the onset of
a containment f ailure mode. Even reduction of heat transfer within
a cavity to a maximum nucleate boiling flux of 250 Kwt/m2 will
result in the arrest of the basemat erosion prior to corium
penetrating the containment basemat embedded liner (See Section
19.11.4.2.2.4).

/m

I \
V

Amendment N
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| LDRYCAV is primarily dependent on the ability of the operator to|

engage the Cavity Flooding System. Typically this is performed
.

during the early core melt progression. LCAVDRY is the inverse of|
the element, WETCAVITY. Thus:

| P(LDRYCAV) = 1 - P(WETCAVITY),

Quantification of WETCAVITY is described in Section
19.12.2.2.6.4.1.1.1.

1

I 19.12.2.2.7.3.1.2 LOWHTXFER: Corium to Water Heat Transfer
Rate Is Low

If the cavity is filled with water, the corium will transfer some
of its energy to the water with the rest of the energy involved in

! concrete ablation. If the heat transfer rate between the corium
and the water is high, the corium will be cooled and there will be
limited concrete ablation. However, if the heat transfer rate is
low, less than about 0.2 Mwt/m , the containment shell may be2

penetrated before the concrete ablation is terminated. There is
still a significant amount of concrete (> 18 ft.) that would need
to be ablated before a basemat melt-through condition would
actually be reached. However, this analysis makes the very
conservative assumption that penetration of the shell constitutes
containment failure. This element represents the probability that
the heat transfer rate from the corium to the water overburden is
low enough for the corium to penetrate the containment liner within
24 hours. Thus:

0.01 for PDSs chere the cavity conditionP(LOWHTXFER) =

is " WET"

1.0 for PDSs where t'te cavity conditionP(LOWHTXFER) =

is " DRY".

This mode of containment failure, ablation through the containment
shell with a water overburden, is expected to lead to a highly
filtered below ground fission product release. The net consequence
of this failure mode on public risk should be small. (See Sections
19.11.4.2.2.4 and 19.11.4.2.2.5)

19.12.2.2.7.3.1.3 NODISPERS: Corium Remains in the Cavity

The amount of corium available to interact with the concrete
depends on the mode of reactor vessel failure and the events
accompanying vessel failure. If the vessel f ailed at low pressure,
the corium is discharged from the vessel as a gravity pour and will ,

'

remain in the cavity and will be available for core-concrete
interaction. If, on the other hand, the vessel fails at high |

pressure, the corium will be discharged under high pressure. Under !
'these conditions, if the corium is not dis-entrained in the cavity,

Amendment V |
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\-- it will be widely distributed through containment and will not bei

; available for core-concrete interaction. In the analysis of early
J containment failure due to DCH in Section 19.12.2.2.6.1, and

Section 19.12.2.2.6.2.1.1.1, the fraction of the ejected corium
2

j that would be dispersed into containment following a high pressure
ejection was estimated to be between 0.1 and 0.5 (See Section"

19.11. 4.1.1 also) . Since this event is addressed only for cases in
which early containment did not occur and for which containment was
not bypassed, the probability that most of the corium remains in*

the cavity is essentially 1.0. Thus:

1.0 for all PDSsP(NODISPERS) =

(See Section 19.12.2.2.7.2.3 also)
i 19.12.2.2.7.3.1.4 AX-ERODE: Concrete Attack Dominated by

Axial Erosion;

:

A containment melt-through failure will occur if unrestrained
i concrete ablation occurs as a result of core-concrete interaction
j and, as a result of this concrete ablation, the corium may breach
~

the basemat at its extended foundation (soil) or penetrate into the
subsphere region of the auxiliary building. Core-concrete
interaction and concrete ablation will occur if the corium

'

((_f)
discharged from the reactor vessel at the time of vessel failure
remains in the cavity and is not cooled. The relationships between !

ithe various factors that influence the potential for containment
melt-through are represented on Figure 19.12.2-8. This element is |;

used to establish the probability that the corium erosion is4

: predominantly axial. This is primarily affected by the presence of
| water in the cavity. Axial erosion dominates in all cases. Thus,

| the probability for the element, AX_ ERODE, is set as:
: 4

j P(AX-ERODE) 1.00 for PDSs with a wet cavity. '=

3

| P ( AX-ERODE) 0.94 for PDSs with a dry cavity,=

i
4

2 19.12.2.2.7.3.2 BM-RADFAIL: Containment Failure Induced by '

; Radial Erosion of Concrete
;

This element is supported by two alternative supporting logic
models; BM-SUBSPHERE and BM-COLLAPSE. BM-SUBSPHERE establishes the

; potential for the radial erosion to penetrate the SI pump room in
the subsphere (auxiliary building) portion of the containment. BM-
COLLAPSE establishes the potential for radial erosion to undermine,

the cavity wall supports and induce failure of containment
penetrations and RCS piping.

While the presence of water in the reactor cavity does not preclude
g- the onset of CCI, water availability significantly retards and
( mitigates the erosion transient. Based on MAAP parametric

'

'
4

J
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calculations performed in Section 19.11, concrete erosion will be
effectively stopped prior to penetrat. ion of the embedded
containment steel shell even if the maximt.m nucleate boiling heat

2flux was reduced to 0.2 Mw/m. Based on results of Beta tests,
water cooling would then be expected to limit radial erosion
distances to between .6 and 3 feet. This level of erosion is not
expected to induce containment failure.

I

19.12.2.2.7.3.2.1 BM-SUBSPHERE: Corium Penetrates Basemat
Into Subsphere

This element considers the potential for corium to traverse into
the containment subsphere via radial erosion of the basemat. As
discussed above for radial erosion to pose a credible threat to-

containment integrity the reactor cavity must be dry (LDRYCAV) and
the radial erosion progression must be significant (BM-RADIAL).

The BM-SUBSPHERE element is also supported by the basic elements
NODISPERS (See above) and FSUB. This later element represents a
judgmental estimate of the relative probability of a radial erosion4

scenario preferentially causing a subsphere melt-through or cavity
wall collapse. Both events represent above ground containment,

releases. The cavity wall collapse failures are considered to be
small containment leakages (under 6 inch diameter) while BM-

d SUBSPHERE releases may be large.

The supporting elements for BM-SUBSPHERE are quantified below.

| 19.12.2.2.7.3.2.1.1 LDRYCAV: Reactor Cavity Is Dry

This element is quantified in Section 19.12.2.2.7.3.1.1.

19.12.2.2.7.3.2.1.2 NODISPERS: Corium Remains in Reactor
Cavity

This element is quantified in Section 19.12.2.2.7.3.1.3.

19.12.2.2.7.3.2.1.3 BM-RADIAL: Concrete Attack Experiences
Considerable Radial Erosion.

This element establishes the potential for the radial erosion
process to fail containment either before or in the same general
time frame as the axial erosion process. In this study BM-RADIAL
is taken to be the complement of BM-AXIAL. That is,

P(BM-RADIAL) = 1- P(BM-AXIAL)

P(BM-AXIAL) is defined in Section 19.12.2.2.7.3.1.4.

O
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| the severe accident (DEPOSIT) and then revaporize late in the
! sequence (REVAP). Revaporization occurs if the temperatures in the
4 RCS are high enough to revolatilize the deposited fission products

(RCSTEMP) and s.gnificant flows are established in the RCS-

i following vessel rupture (RCSFLOW). These elements are discussed
in the following paragraphs.

:

| 19.12.2.2.10.1.1 DEPOSIT: Fission Product Deposition in the |
! RCS |

i

! This basic event is used to determine the amount of fission product
i deposition within the primary system. Large amounts of fission
j products within the primary system will generate higher decay heat
; levels at the deposition areas. This heat will help to revaporize

the deposited fission products.'

;

! Certain accident sequences will retain more fission products than
1 others. For example, small LOCA and cycling relief valve sequences
, will' allow more holdup time for fission products while large LOCA
j sequences blowdown the primary system so rapidly that the fission-
j products have little time to plateout/ deposit 'in the primary
j system. The PDS definitions provide adequate information to
j estimate the probability of significant deposition in the primary
1 system. Thus:

P(DEPOSIT) = 1.0 for PDSs involving Small LOCAs or Transients.
i

e

f P(DEPOSIT) = 0.0 for all other PDSs. )
t 1

; 19.12.2.2.10.1.2 Availability of Flow in the RCS Af ter Vessel l
i Rupture (RCSFLOW) l
J

!

This event is used to determine if significant flows are
! established inside the vessel after vessel f ailure. Sequences that

are believed to have significant flows in the RCS after vessel;

j failure are LOCA-like sequences. Openings in the RCS piping and
: the reactor vessel for LOCA-like sequences cause a " chimney" effect
] which results in significant flow inside the RCS following vessel
! failure. Induced LOCAs, which are defined to be caused by

thermally-induced failure of RCS piping or steam generator tubes-

j prior to vessel failure, could also produce the " chimney" effect.
!

f 19.12.2.2.10.1.2.1 INITLOCA: Sequence Initiated by a LOCA

| This basic event identifies the initiating event as a LOCA. Its
values are specified as:

P(INITLOCA) 1.0 for PDSs with LOCA initiating events.=

;
d P(INITLOCA) 0.0 for all other PDSs.=

i
'

\

;

Amendment N
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19.12.2.2.10.1.2.2 HBINTACT: Hot Legs and Burge Line Remain i

Intact

.
This basic event and its quantification is described in Section

| 19.12.2.2.6.1.1.2.2.

19.12.2.2.10.1.3 RCSTEMP: RCS Temperatures Sufficient to
Revolatilize Fission Products

The temperatures inside the RCS must be high enough to revolatilize
the deposited fission products before they can be released. The
temperatures in the RCS will get high enough to revolatilize the
fission products if secondary side heat removal is unavailable late-

such that the decay heat is not removed (NOSSHR) or the heat
transfer from the RCS to the containment environment is low
(HTLOW).

19.12.2.2.10.1.3.1 NOSSHR: Unavailability of SSHR late in
Sequence

This basic event is used to determine the probability that
Secondary Side Heat Removal (SSHR) is unavailable late in the core-
melt sequence. The availability of SSHR tends to cause
radionuclides to migrate to the " colder" area within the primary
system. If SSHR remains available throughout the accident
sequence, the buildup of decay heat due to deposited fission
products will be reduced, making it less likely to get
revaporization. If revaporization does occur in other areas of the

'

primary system, SSHR will again create " colder" spots for the
radionuclides to seek out, thus lowering the amount available for
release to the containment atmosphere. The availability of SSHR
can be determined directly from the definition of the PDSs. Thus:

0.0 for PDSs involving small LOCA and cyclingP(NOSSHR) =

relief valve sequences with SGA
i

1.0 for PDSs involving small LOCA and cycling |P(NOSSHR) =

relief valve sequences with SGU

P(NOSSHR) 0.0 for PDSs involving sequences where SG=

Availabjlity is SGNA.

| 19.12.2.2.10.1.3.2 HTLOSS: Heat Losses Via RCS Low

If the heat transfer from the RCS to its surrounding environment is I

low, the decay heat generated by fission products deposited within
the RCS will cause an increase in the temperature with in the RCS.
Because of the insulation on the reactor vessel and the RCS piping,
it was assumed, for this analysis, that the heat transfer from the
RCS would be low for all PDSs. Thus:

Amendment P
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1.0 for all PDSs. |; P(HTLOSS) =

;

4 19.12.2.2.10.2 REVAP-EV: Revaporization of Ex-vessel Fission
Product Releases,

,

Release of elemental iodine from the RCS sump water arises as as

| result of radiation induced conversion of the iodine ionic form to
elemental iodine which evolves from the pool as an iodine vapor.
Elemental iodine production.within the sump water can be prevented ,

'

' provided the sump water ph can be controlled at a level of 7 or
i greater'2") .

| Revaporization of the Iodine from the "RCS Sump Water" in the IRWST
d is assumed to occur if the sequence results in in-containment
{ releases (ICSEQ) and the pH of the is not controlled at 7 or

greater (ACIDSTATE). The basic events comprising this model are'

3 discussed below.
i

19.12.2.2.10.2.1 ICSEQ: Transient;is an In-containment
Sequence'

| This basic event and its quantification is described in Section
| 19.12.2.2.6.3.1.1.1.2.3.

i 19.12.2.2.10.2.2 ACID 8 TATE: pH of RCS Sump Water not
i d Controlled High |

I
4

To Prevent revolatilization of iodine from the RCS inventory in the1

! IRWST and the Holdup volume following a severe accident, the pH of
: the water must be controlled at a value of 7 or higher. The holdup

volume will have provisions for controlling the pH of the RCS and
IRWST inventory that is discharged to containment during a severe

j accident. It was therefore assumed that the water pH would be
proper for all PDSs. Thus:

,

i

! P(ACIDSTATE) 0.0 for all PDSs.=

1
I

i

I. 1
!

i

l

J

V
.

Amendment P
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19.12.2.2.11 Top Evont 8: Are Revaporization Releases
Scrubbed

This event considers the ability to scrub fission products released
as a result of either in-vessel or ex-vessel revaporization of
fission products. The primary mechanisms for scrubbing the
revaporization releases are the containment spray system or, for
releases through the IRWST, scrubbing within the IRWST. Figure
19.12.2-12 presents the supporting logic model for scrubbing of
revaporization releases. The following paragraphs describe the
basic events in this model.

19.12.2.2.11.1 CSSPRAY: Containment Spray System Scrubs
Releases

The quantification of this basic event is described in Section
19.12.2.2.6.3.1.1.1.2.2.3.

19.12.2.2.11.2 RVRS-IRWST: Revaporization Release Through the
IRWST Scrubbed

If the revaporization release is through the IRWST, the fission
products may be scrubbed in the IRWST. This requires that the
release is via the IRWST and that the IRWST is effective in
scrubbing the fission products. The basic events for this element
are RLSIRWST and IRWST-OP. This events are discussed below.

19.12.2.2.11.2.1 RLSIRWST: Release is to the IRWST

Quantification of this basic event is described in Section
19.12.2.2.6.3.1.1.1.2.2.1.

19.12.2.2.11.2.2 IRWST-OP: IRWST is Effective in Scrubbing
Releases

Quantification of this basic event is described in Section
19.12.2.2.8.2.2.

19.12.2.2.12 Top Event 9: VAP-SCRUB: Are CC1 Vaporization
Relenses Scrubbed?

This event determines whether there are mechanisms other than
natural plateout or gravitational settling available for removing
fission products, released during the core concrete interaction
vaporization process, from the containment atmosphere. The primary
mechanisms for scrubbing of fission products released during the
vaporization process include the presence of an overlying water
pool and the Containment Spray System. There are other mechanisms

,

that have the potential for reducing the inventory of fission '

products in the containment atmosphere, but their contribution iss
relatively minor after vessel failure.

Amendment N
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OScrubbing of vaporized fission products arising from CCI is assumed i

effective if either the release is primarily under water
i

(POOLSCRUB) or the Containment Spray System is operation (CSSPRAY) . I

POOLSCRUB is assumed effective is the cavity conditien is defined
as " WET". Consequently,

4

1.0 for all PDSs where cavity conditionP(POOLSCRUB) =

is defined as " WET"

|

0.0 for all other PDSs '

P(POOLSCRUB) =

Quantification of the basic event, CSSPRAY, is described in Section
,

19.12.2.2.6.3.1.1.1.2.2.3.

19.12.2.2.13 Top Event 10: Radionuclides Released Through the
Auxiliary Building

This element, RTAB, determines whether the radionuclide releases

'

pass through the auxiliary building. If the releases do pass
,

through the auxiliary building, there is a potential for additional
depletion of fission products within the auxiliary building. The
potential for additional deposition of fission products in the
auxiliary building is considered only if the release point is
considered to be well within the auxiliary building such that there
is a long path to the external environment and the driving pressure
is low. Sequences leading to overpressure failure of the'

containment are specifically excluded. The most likely containment
'

failure point for an overpressure failure is in the welds around a
containment penetration. In most cases the immediate release point
would be into the annulus between the containment liner and the
shield building. The shield building is not a pressure vessel, and
is assumed to immediately fail on overpressure. For containment
isolation failures, the isolation failures are presumed to occur

,

around or tnrough penetrations. Probability of isolation failures
involving the fluid system lines ~ is about 1.0E-05 (see Table
19.12.2.2.4-1). The most likely locations for isolation failures
are thus assumed to be in the seals around the containment hatches
or via the electrical penetrations. Thus, again, the most likely
release points are into the annulus or into the electrical
penetration aom. While some deposition of fission products could
occur in these areas, it was not credited in this analysis. For

'
this analysis, only the Interf acing Systems LOCAs are considered to
have a release path through the auxiliary building sufficient to
allow additional deposition of fission products in the auxiliary
building. For this event, success is defined to be that the'

release is through the auxiliary building. Thus:

1.0 for PDS 17.P(RTAB) =

P(RTAB) 0.0 for all other PDSs.=

Amendment N
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i O There are a total of 63 release classes with a non-zero frequency.
This includes 41 early core melt sequence release classes, 20-mid:

core melt sequence release classes and 2 late core melt sequence
! release classes. Of these release classes, there is a total of 25
| release classes with a frequency of greater than 1.0E-09. This
: includes 16 early core melt sequence release classes, 7 mid core
i melt sequence release classes and 2 late core melt sequence release

classes. Release classes with a frequency of less than 1.0E-09
i were eliminated from further consideration. Where possible,

release classes with a frequency of less than 1.0E-09 were merged2

! into-other equivalent release classes. For example, release class
RC2.1M, with a frequency of 2.80E-10 was merged into release class<

RC2.1E which had a frequency of 3.16E-09. The merged release class<

has a frequency of 3.44E-09. The merged release classes are fully
- described in the definition of the release classes presented in
! Section 19.12.3. After the merging process, all single or merged
I release classes with a frequency of less than 1.0E-09 were deleted.

The release class for the Interfacing Systems LOCA was retained;
~

even though its frequency was only 5.2E-10. The 28 deleted release
j classes had a total frequency of 3.90E-09. This is equivalent to

0.2% of the total core damage frequency.

! The System 80+ Conditional Containment Failure Probability (CCFP)
| is 0.04. In SECY-90-016'220, the NRC specified a Conditional |i [ Containment Failure Probability goal of 0.1. The NRC did not
I \
'

. define what constituted containment failure, but they did specify
that the applicant could demonstrate that the containment remains

! intact for 24 hours. Based on this, containment failure, for the
purpose of calculating the CCFP, is defined to be a loss of4

| containment integrity within the first 24 hours following vessel
j failure. The System 80+ CCFP value was calculated by summing the

frequencies of all release classes in which the containment failed'

within 24 hours after vessel failure or containment integrity wasc

{ lost due to bypass or isolation failures (see Table 19.12.3-1) and
dividing by the total core damage frequency attributable to

'

internal events and tornado strikes. The value thus calculated is
'

^

well within the NRC goal.
:

! An alternate definition of containment failure is any loss of
I containment integrity for which there is a release in excess of 25
I rems at one half mile. Based on this definition, the CCFP for-

System 80+ is 0.027. This was calculated by dividing the-

i probability of exceeding 25 rem at the site boundary (see Figure
19.13-1) by the total core damage frequency attributable to

_

internal events and tornado strikes. This value is also well.

I within the NRC goal.
!

|

i

:

;

Amendment U,
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U 19.12.3 DEFINITION OF RELEASE CLASSES;

i
'

19.12.3.1 Characterization of the Release Classes
;

i As previously stated, the CET was constructed so that each end
i point uniquely specified the mode of containment failure and the
j status of the various phenomena which have the potential to affect
j the source term characteristics. Therefore, each of the CET end

points is a distinct release class. A release class (RC) can be
| fully characterized by the following parameters:

A. Its frequency of occurrence.
.

[ B. The' isotopic content and magnitude of the release.
,

C. The energy of the release.
,

,

j D. The time of the release.

j E. The duration of the release.
1

| F. The location of the release.

The RC frequency is determined directly from the cumulative
C frequency for its respective CET end point as presented in Tables

19.12.2.3-12, 19.12.2.3-17A, and 19.12.2.3-19. As discussed in |
Section 19.12.2.3, some release classes with frequencies below
1.0E-9 were combined with other higher frequency release classes.
These cases are identified in the descriptions of the individual
release classes in the following subsections.

For containment overpressure sequences, the containment shell
expands as the containment pressure increases. The containment
failure has been shown to occur around one or more of the
penetrations. This would lead to releases into the annulus between
the containment shell and the shield building walls. The shield
building is not a pressure .houndary and is assumed to fail
immediately after containment failure. The releases to the
environment are assumed to occur at the level of the equipment and
personnel hatches at elevation 146 ft. This is 54 feet or 16.6
meters above grade level at 91+9 ft.

For containment bypass failures initiated by an Interf acing Systems
LOCA and ' for . containment failures due to melt-through into the
subsphere region, the release from containment occurs in the
subsphere region of the auxiliary building below ground level.
These releases pass through the auxiliary building and eventually
are released.to the external environment at grade level.

-s For containment failures due to basemat melt-through into thes

subsoil below containment, the most likely release path is a below
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ground release to the subsoil and eventually, any underlying
aquifer. This is discussed in more detail in Section 19.11.4.2.
For this case, the releases are assumed to occur at ground level.

For isolation f ailures involving Steam Generator Tube Ruptures with
stuck open steam relief valves, the releases occur in the main
steam valve room. These releases are assumed to pass to the
environment through the roof of the main steam valve room at 156+0
ft. This is 64 feet or 19.7 meters above grade. The releases due
to other isolation failures are assumed to be released to the
environment at about the level of the equipment and personnel
hatchs at 146+0 ft. This is 54 feet or 16.6 meters above grade.

The isotopic content of the release for each release class was
| calculated using S80SOR, a version of the ZISOR am code modifiedt

to reflect System 80+ design features. Calculation of the source
terms and the S80SOR code are discussed in Section 19.11.4.3 and
Appendix J to Section 19.11. One or more representative PDSs were
selected for each release class, and a S80SOR run was made to
calculate source term isotopic content for the specific Release
class for that PDS. The source term isotopic content used for the
release class was the weighted average of the source terms for the
PDSs selected to characterize the release class.

General values for the time of core damage and the time of>

containment failure were selected based on the general definition
of the core damage class and the release class. For early core
damage sequences, the onset of core damage was assumed to occur at
approximately 4 hours on the average with vessel failure
approximately one hour later. For mid core damage sequences, with
the exception of Station Blackout with Battery Depletion cases, the
onset of core damage was assumed to occur at approximately 16 hours
on the average with vessel failure approximately 1 hour later. For
station blackout with battery depletion cases, the onset of core
damage was assumed to occur at about 10 hours with vessel failure
1 hour later. For late core damage sequences, core dsmage occurs
at some time greater than 24 hours. For this analysis, the core
damage time was set to 24 hours for these cases. As with the other
core damage time classes, vessel failure was assumed to occur 1
hour later.

: Early containment failures were assumed to occur within 1 hour of
vessel failure. Late containment failures due to late hydrogen
burns were assumed to occur within 6 to 8 hours of vessel failure.
Late containment failures due to overpressure failure were assumed
to occur 65 hours after vessel failure. Basemat melt through
failures were very conservatively also assumed to occur 65 hours
after vessel failure. Actual basemat melt-throughs would take on
the order of a week or more. All isolation failures were assumed
to occur at time zero.
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s_/ The timing of basemat melt-through was based on the minimum time
; required for the corium to erode a dry reactor cavity basemat into

the free space of the subsphere. Penetration. of melt into the
subsphera requires lateral - erosion of approximately 6 feet of
concrete. In actuality, rapid lateral erosion into the basemat is
unlikely. However, because the lateral erosion scenario was j

; considered ' to be dominant from the viewpoint of above ground- i
fission product releases, this time was used to characterize the !

release. Alternate definitions of release time considered were the !.

time to penetrate the lower steel shell and the _ time ~ for full I
.

penetration of the basemat. The releases associated with shell
penetration were'not considered to result in significant' fission

j product releases and thus were' lumped iiito the 6 foot penetration
time used to represent the subsphere. The time to penetrate the'

full basemat was estimated to be about 8 days and therefore is not

{ considered radiologically significant.

Containment. overtemperature failures were not considered;

radiologically significant. The System 80+ design requires leak
resistant penetration designs and utilization 'of sealants with
high temperature stability. Analyses suggest the limiting.
containment temperatures to-be in the range of 350 to 450*F. 'A
review of containment penetrations (see Section 19.11.4.4) ,

indicates that under these conditions typical containment'

' h penetrations (representative of those expected to be used in System
; Q 80+) will maintain leak tightness for several days or. more
j following the severe accident.

I Representative release energies were selected by evaluating the '

output from a number of representative MAAP cases and deriving,

3 rounded average release energies for high energy and low energy ,

releases. '

,

The following sections present a brief description for each release !
class with a frequency greater than or equal' to 1.0E-10. The source i*

term data for each release class is summarized in Tables 19.12.3-1 |

k and 19.12.3-2. Figure 19.12.3-1 presents the S80SOR . input
j character strings for each release class sequence and Table
i 19.12.3-3 presents the definition for character position in the

S80SOR input string and the potential values for each position.

.

4

1

I

' p> ,

t
L),
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19.12.3.2 Description of Release Classes

19.12.3.2.1 Intact Containment Releases

19.12.3.2.1.1 Release Class 1.1E

Release class RC1.1E covers the releases from an intact containment
with successful operation of the annulus ventilation system for
sequences in which core damage occurs within the first 8 hours. i

These releases are attributable to normal leakage from containment. I

! The normal leakage is based on the design basis leakage of 0.5% per
day. |

The total probability of this release class is 1.36E-06, including
the contribution from release class RC1. 2E. As shown on Tables
19.12.2.3-9, 19.12.2.3-10, 19.12.2.3-11, and 19.12. 2. 3-12, the
dominant contributors to this release class _are PDS235, PDS184,
PDS3, PDS85, and PDS201. Based on a review of these PDSs, PDS235 |
releases bound the PDS184 releases, and the PDS3 releases bound the
PDS85 releases. Thus, this release class can be characterized by
PDS235, PDS3, and PDS201. PDS235 is characterized by a transient
such as loss of feedwater with loss of EFW and failure of_the bleed
system preventing feed and bleed cooling. Core damage is assumed
to occur at 4 hours with vessel failure at 5 hours. Containment

[(
spray and containment heat removal are available, and the cavity is'

flooded. (Note: this is true for all PDSs for this release class.)
PDS3 is characterized by a Large LOCA with failure of safety
injection. PDS201 is characterized by a small LOCA with failure of
safety injection and failure to depressurize the RCS via aggressive
secondary cooldown for SCS injection.

| The releases for this release class were assumed to start at the
'

time of vessel breach at 4 hours and continue for 24 hours. The
release to environment was assumed to occur at an elevation of 16.6
meters above grade.

19.12.3.2.1.2 Release Class RC1.1M
| I
| Release class RC1.1M covers the releases from an intact containment

with successful operation of the annulus ventilation system for
sequences in which core damage occurs in the 8 to 24 hour time
frame. These releases are attributable to normal leakage from
containment. The normal leakage is based on the design basis
leakage of 0.5% per day.

The total probability of this release class is 3.83E 07, including
the contribution from release class RC1.2M. As shown on Table
19.12.2.3-17, the dominant contributors to this release class are
PDS148 and PDS136. Both of these PDSs involve a transient such as
loss of feedwater with EFW initially successful, but with failure !

y of long term decay heat removal in the 8 to 24 time period. For
d both PDSs, core damage is assumed to occur at 16 hours with vessel

failure at 17 hours. For PDS136, containment spray was available
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9from the onset of core damage. For PDS148, containment spray was'

initially unavailable, but was recovered later in the sequence. In
botl. cases, the cavity was flooded.

The releases for this release class were assumc~ to start at the
time of vessel breach at 17 hours and continue tc. 24 hours. The
releast to environment was assumed to occur at an elevation of 16.6
meters above grade.

19.12.3.2.2 Late Containment Failures

19.12.3.2.2.1 Release Class RC2.1E

1

Release class RC2.1E covers the releases associated with a late
I containment failure with successful in-vessel fission product

scrubbing, and no vaporization or revaporization releases for
; sequences in which core damage occurs within the first 8 hours.

The cumulative release frequency for this release class is
'

| 3.16E-09. Release class RC2.1M, which has a frequency of 2.80E-10,
was merged with this release class. Thus, the total frequency used;

'

| for release class RC2.1E is 3.44E-09.
The dominant PDSs for this release class are PDS3 and PDS235. PDS3
is a large LOCA with failure of safety injection. Core damage is
assumed to occur at 4 hours with vessel failure at 5 hours. The
containment spray system is available and the cavity is flooded.

| Based on the information in Table 19.12.2.3-13, the containment is
assumed to fail due to a late hydrogen burn at about 6 to 8 hours
after vessel breach.

PDS235 is a transient such loss of feedwater with failure of
emergency feedwater and failure of bleed for feed and bleed
cooling. Core damage is assumed to occur at 4 hours with vessel
failure at 5 hours. The containment spray system is available and
the cavity is flooded. Based on the information in Table
19.12.2.3-15, the containment is assumed to fail due to a late
hydrogen burn at about 6 to 8 hours after vessel breach.

The releases for this release class were assumed to start at the |
time of containment failure at 11 hours and lasted for 200 seconds
or 0.056 hours. The release to environment was assumed to occur at
an elevation of 16.6 meters above grade.

| 19.12.3.2.2.2 Release Class RC2.2E
| 1

! Release class RC2.2E covers the releases associated with a late
containment failure with successful in-vessel fission product
scrubbing with revaporization releases but no vaporization releases
for sequences in which core damage occurs within the first 8 hours.

O;
|
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k/ occur at 16 hours with vessel failure at 17 hours. The containment ;

spray system is unavailable, but the cavity is flooded. The
containment fails on overpressure due to steam generation at about
65 hours.

The releases for this release class were assumed to start at the
time of containment failure at 65 hours and continue for 24 hours.
The release to environment was assumed to occur at grade.

19.12.3.2.2.10 Release Class RC2.7M

Release class RC2.7M covers the releases associated with a late
containment failure with vaporization releases and revaporization
releases for sequences in which core damage occurs within the 8
hour to 24 hour time frame. In-vessel fission product scrubbing
and scrubbing of the revaporization releases is successful but
scrubbing of the vaporization releases is not successful. The
cumulative release frequency for this release class is 1.22E-08.

The dominant contributors for this release class are PDS145 and
PDS242. For this release class, the releases for PDS242 are
considered to bound the releases for PDS145. Therefore, PDS242 is
used to characterize release class RC2.7M.

(r) PDS242 is characterized as a station blackout transient with
( ,/ successful operation of emergency feedwater until the batteries are

depleted at 8 hours. Core damage is assumed to occur at 10 hours
with vessel failure at 11 hours. Containment spray is not
available and the cavity is not flooded. The containment will f ail
due to basemat melt through at about 65 hours. There is a 4% |
chance that the melt through will be into the subsphere.

The releases for this release class were assumed to start at the
time of containment failure at 65 hours and continue for 24 hours.
The release to environment was assumed to occur at grade.

19.12.3.2.3 Early Containment Failures

19.12.3.2.3.1 Release Class RC3.1E

Release class RC3.1E covers the releases associated with an early
containment failure with successful in-vessel fission product
scrubbing, and no vaporization or revaporization releases for
sequences in which core damage occurs within the first 8 hours.

m
[ h
Q ,/

_
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O'The cumulative release frequency for this release class is
4.40E-09. Release class RC3.1M, which has a frequency of 2.36E-10,
was merged with this release class. Thus, the total frequency used

| for release class RC3.1E is 4.64E-09. J
;

The dominant PDSs for this release class are PDS235, PDS85 and
PDS3. The releases for PDS3 bound those for PDS85 for this release !

class. PDS235 is a transient such loss of feedwater with iailure
of emergency feedwater and failure of bleed for feed and bleed
cooling. Core damage is assumed to occur at 4 hours with vessel
failure at 5 hours. The containment spray system is available and
the cavity is flooded. Based on the information in Table
19.12.2.3-15, the containment is assumed to fail due to a steam

l explosion at the time of vessel breach.

PDS3 is a large LOCA with failure of safety injection. Core damage
is assumed to occur at 4 hours with vessel failure at 5 hours. The
containment spray system is available and the cavity is flooded.
Based on the information in Table 19.12.2.3-13, the containment is
assumed to fail due to a steam explosion at the time of vessel
breach.

The releases for this release class were assumed to start at the
time of containment failure at 5 hours and lasts for 200 seconds
(0.056 hours). The release to environment was assumed to occur at
an elevation of 16.6 meters above grade.

19.12.3.2.3.2 Release Class RC3.2E
1

Release class RC3.2E covers the releases associated with an early
containment failure with successful in-vessel fission product;

'

scrubbing with revaporization releases but no vaporization releases
for sequences in which core damage occurs within the first 8 hours.
The revaporization releases are successfully scrubbed. The
cumulative release frequency for this release class is 3.16E-09.

;

The dominant PDSs for this release class are PDS184 and PDS235.
PDS184 is a steam generator tube rupture with failure of safety
injection and failure of aggressive secondary cooldown. The
ruptured steam generator was successfully isolated. Core damage is
assumed to occur at 4 hours with vessel failure at 5 hours. The
containment spray system is available and the cavity is flooded.
Based on the information in Table 19.12.2.3-14, the containment is '

assumed to fail due to a steam explosion at the time of vessei
breach.

PDS235 is a transient such loss of feedwater with failure of
emergency feedwater and failure of bleed for feed and bleed
cooling. Core damage is assumed to occur at 4 hours with vessel
failure at 5 hours. The containment spray system is available and
the cavity is flooded. Based on the information in Table
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The releases for this release class were assumed to start at the
time of containment failure at 17 hours and lasts for 200 seconds
(0.056 hours). The release to environment was assumed to occur at

j an elevation of 16.6 meters above grade.

19.12.3.2.3.6 Release Class RC3.6M

Release class RC3.6M covers the releases associated with an early
containment failure with both vaporization releases and
revaporization releases for sequences in which core damage occurs
within the 8 hour to 24 hour time frame. In-vessel fission product
scrubbing was successful and scrubbing of the vaporization and
revaporization releases is successful. The cumulative release
frequency for this release class is 1.83E-09. |

The dominant PDSs for this release class are PDS148 and PDS136.
For this release class, the releases for PDS136 would bound those
for PDS148 because of a higher release energy. (PDS136 would cause
a containment overpressure failure due to a hydrogen burn whereas
for PDS148, the containment would fail as the result of a steam
explosion.) However, PDS136 is an order of magnitude less probable
than PDS148. Thus, this releases class is characterized by PDS148.
PDS148- is characterized as a transient with successful initial
operation of emergency feedwater, but failure of long term cooling

h3 after 8 hours. Bleed for feed and bleed cooling was successful,
\V but safety injection (feed) failed. Core damage was assumed to

occur at 16 hours with vessel failure at 17 hours. The containment
spray system is unavailable, and the cavity is flooded. The

| containment f ails due to a steam explosion immediately af ter vessel
breach.

|

|

The releases for this release class were assumed to start at the;

| time of containment failure at 17 hours and lasts for 200 seconds
(0.056 hours). The release to environment was assumed to occur at
an elevation of 16.6 meters above grade.

; 19.12.3.2.4 Containment Isolation Failures
|

! 19.12.3.2.4.1 Release Class RC4.8E

| Release class RC4.8E covers the releases associated with a
i containment isolation failure with vaporization releases and

revaporization releases for sequences in which core damage occurs
within the first 8 hours. In-vessel fission product scrubbing is
successful as is scrubbing of the vaporization releases. Scrubbing
of the revaporization releases is not successful. The cumulative
release frequency for this release class is 1.03E-09. Release |
class RC4.8M, which has a frequency of 3.12E-11, was merged with
this release class. Thus, the total frequency used for release
class RC4.8E is 1.06E-09. |,

|

| The dominant PDSs for this release class are PDS235, PDS20, PDS3,
| and PDS85. The releases for PDS3 would bound the releases for
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PDS85 and PDS20. Thus, this release class can be characterized by
PDS235 and PDS3. PDS235 is a transient such loss of feedwater with
failure of emergency feedwater and failure of bleed for feed and
bleed cooling. Core damage is assumed to occur at 4 hours with
vessel failure at 5 hours. The containment spray system is
available and the cavity is flooded. Releases are via the assumed

20.1 ft isolation failure.

PDS3 is a large LOCA with failure of safety injection. Core damage
is assumed to occur at 4 hours with vessel failure at 5 hours. The
containment spray system is available and the cavity is flooded.

2Releases are via the assumed 0.1 ft isolation failure.

he releases for this release class were assumed to start at the
time of core damage at 4 hours and last for 24 hours. The release
to environment was assumed to occur at an elevation of 16.6 meters
above grade.

19.12.3.2.4.2 Release Class RC4.22E

Release Class RC4.22E covers releases associated with a containment
isolation failure with vaporization releases but no revaporization
releases for sequences in which core damage occurs within the first
8 hours. in-vessel fission product scrubbing is not successful,
but scrubbing of the vaporization releases is successful. The
cumulative release frequency for this release class is 2.60E-09.
The dominant PDS for this release class is PDS184A. PDS184A is an
SGTR with failure of safety injection and failure of aggressive.

secondary cooldown. For this release class, it is assumed that the
ruptured steam generator is not successfully isolated. Core damage
is assumed to occur at 4 hours with vessel failure at 5 hours. The
containment spray system is available and the cavity is flooded. I
The releases for this release class are assumed to start at the !

time of core damage at 4 hours and last for 24 hours. The release !
to the environment is assumed to occur at an elevation of 19.7
meters above grade.

Release class RCS4.4E covers releases associated with a containment'
isolation f ailure with vaporization releases but no revaporization
releases for which core damage occurs within the first 8 hours.
In-vessel fission product scrubbing is successful for release class
RC4.4E, and is also PDS 184A. For release class RC4.4E, scrubbing
of the in-vessel fission product releases via the inventory in the
SG is credited. S80SOR, a modified version of ZISOR, is used to
calculate release fractions for the various release classes.
S80SOR does not credit in-vessel fission product scrubbing via SG
inventory. Thus, the releases calculated for RC4.4E are the same
as those for RC4.22E. Therefore RC4.4E is combined with RC4.22E.

| Release class RC4.4M is also combined with release class RC4.22E.
The release frequency for RC4.4E is 3.01E-09, and the release
frequency for release class RC4.4M is 3.83E-10. Therefore, the
total release frequency for release class RC4.22E is 5.99E-09.

19.12.3.2.4.3 Release Class RC4.30E

Release class RC4.30E covers the releases associated with a
containment isolation failure with vaporization releases and
revaporization releases for sequences in which core damage occurs
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within the first 8 hours. In-vessel fission product scrubbing is
not successful, but scrubbing of the - vaporization and,

revaporization releases is successful. The cumulative release )' frequency for this release class is 2.86E-09.

4 The dominant PDSs for this release class are PDS184A and PDS181A.
: PDS184A is a steam generator tube rupture with failure of safety

injection and failure of aggressive secondary cooldown. For this
,

i release class, it is assumed that the ruptured steam generator is H

i not successfully isolated. Core damage is assumed to occur at 4 '

! hours with vessel failure at 5 hours. The containment spray system
4 is available and the cavity is flooded. The releases are via the
; unisolated ruptured steam generator.

PDS181A is a steam generator-tube rupture with failure of safety |
| injection and failure of aggressive secondary cooldown. For this

release class, it is assumed that the ruptured steam generator is
; not successfully isolated. Core damage is assumed to occur at 4
: hours with vessel failure at 5 hours. The containment spray system- ,

) is available but the cavity is not flooded. The releases are via !

|
the unisolated ruptured steam generator.

i The releases for this release class were assumed'to start at the
!, time of core damage at 4 hours and last for 24 hours. The release

to environment was assumed to occur at an elevation of 19.7 meters"

,

( above grade.;

. Release class RC4.12E covers releases associated with a containment
! isolation failure with vaporization releases and revaporization
f releases for sequences in which core damage occurs within the first
: 8 hours. In-vessel fission product scrubbing is successful for
'

release class RC4.12E, as is scrubbing of the vaporization and
revaporization releases. The dominant PDSs for this release class

t are also PDS184A and PDS181A. For release class RC4.12E, scrubbing !

| of the in-vessel fission product releases via the inventory in the
SG is credited. S80SOR, a modified version of ZISOR, is used to,'
calculate release fractions for the various release classes.

'

S80SOR does not credit in-vessel fission product scrubbing via SG
] inventory. Thus, the releases calculated for RC4.12E are the same
'

as those for RC4.30E. Therefore, RC4.12E is combined with RC4.30E.
Release class RC4.12M is also combined with release class RC4.30E.

! The release frequency for RC4.12E is 3.30E-09, and the release
frequency for release class RC4.12M is 3.93E-10. Therefore,.the,

total release frequency for release class RC4.30E is 6.55E-09.
i

19.12.3.2.4.4 Release Class RC4.36L | ,

;

Release class RC4.36L covers the releases associated with a | |
; containment isolation failure with vaporization releases and |

{ revaporization releases for sequences in which core damage occurs
after 24 hours. In-vessel fission product scrubbing is not

;

successful, and scrubbing of the vaporization and revaporization i
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| releases is not successful. The cumulative release frequency for

this release class is 1.54E-08. Release class RC4.36E, which has a
frequency of 2.06E-11, was merged with this release class. Thus,

| the total frequency used for release class RC4.36L is 1.54E-08.

The dominant PDS for this release class is PDS194. PDS194 is
characterized as a steam generator tube rupture with successful
injection and successful operation of the emergency feedwater
system. However, the ruptured steam generator is not isolated and
RCS pressure control is not established. Thus the leakage to the
secondary side remains high. With failure to replace the IRWST
inventory, the IRWST inventory is depleted at about 25 hours. Core
damage is assumed to occur at 25 hours with vessel failure at 26
hours. The cavity is dry and the containment spray System is
unavailable due to depletion of the IRWST inventory. Releases
would be via the unisolated ruptured steam generator.

The releases for this release class were assumed to start at the
time of core damage at 25 hours and last for 24 hours. The release
to environment was assumed to occur at an elevation of 19.7 meters
above grade.

Release class RC4.18L covers releases associated with a containment
isolation failure with vaporization releases and revaporization
releases for sequences in which core damage occurs after 24 hours.
In-vessel fission product scrubbing is successful for release class
RC4.18L, but scrubbing of the vaporization and revaporization
releases is not successful. The dominant PDS for this release
class is also PDS194. For release class RC4.18L, scrubbing of the
in-vessel fission product releases via the inventory in the SG is
credited. S80SOR, a modified version of ZISOR, is used to
calculate release fractions for the various release classes.
S80SOR does not credit in-vessel fission product scrubbing via SG
inventory. Thus, the releases calculated for RC4.18L are the same
as those for RC4.36L. Therefore, RC4.18L is combined with RC4.36L.
Release class RC4.18E is also combined with release class RC4.36L. |

The release frequency for RC4.18L is 1.54E-08, and the release
frequency for release class RC4.18E is 2.06E-11. Therefore, the
total release frequency for release class RC4.36L is 3.08E-08.

19.12.3.2.5 Release Class RC5.1E

Release class RC5.1 covers releases associated with a containment
bypass failure with vaporization releases and no radioisotope
scrubbing in the containment atmosphere prior to release but with
the source term attenuated due to deposition in the auxiliary
building. The cumulative release frequency for this release class
is 5.10E-10 per year.

This release class was characterized by a failure of the check and
isolation valves in one SCS line resulting in a catastrophic
f ailure of this line outside containment (Interfacing System LOCA) .
Safety injection was successful. However, the primary system

Amendment V
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inventory and the IRWST inventory is discharged outside of |

| containment. Core failure was assumed to occur at 2 hours and i

' vessel failure at 3 hours. Containment spray is unavailable and
| the cavity is dry due to depletion of the IRWST inventory. The j
i release path is through the broken SCS line into the subsphere
i region of the auxiliary building at elevation +50 ft. If the flood
i doors for the subsphere region flood zone containing the affected
i SCS line are closed and do not fail, the flood zone would be
I completely flooded. However, because there is no. steam / pressure
i release path if these doors remain closed, the flood doors for the
! subsphere region flood zone containing the affected SCS line are
j assumed to fail. This will lead to flooding of the adjacent-flood
| zone. The adjacent flood zone, does have pathways for
! steam / pressure release so no other flood doors are assumed to f ail.
! If the failed SCS line is in Division 1, the affected flood zones
! will be flooded to a depth of approximately 5. 6 ' feet. If the
! failed SCS line is in Division 2, the affected flood zones would be
! flooded to a depth of approximately'6.4 feet.
!

After release in the subsphere region, the fission products must
then be transported to the stairwells or elevator shaf ts and passed4

; upward through the auxiliary building until it eventually reaches
a release point to the environment. For this case, the fission-

, products are assumed to be released to the environment at ground
!; level. Releases last for 24 hours following core damage at 2

| hours. i

1-
i
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i
i

j
!
1

i

i
!

j

i
;

i

!,
1

i

1
*

:

)

} Amendment V.
|j 19.12-129 April 29, 1994
|

5 . . . , . . __..m. m - - - , _ . , , - , . . ~ , _ , , . - - _ , . . - , , . . . . . . - , . . , , , - _ . . , _ . . . . ~. ....m... - . , . . . .--

'



_ . . . . . _ . . __ _. . - . -.m - m. ..m _ . . . _ _ _ _ , .m. . -- . . . - - - - . _ _ . . . . . . .--

,n , - - i

(V (.)\ U1 \

TABLE 19.12.3-1

(Sheet I of 2)

RELEASE PARAMETER DATA FOR SYS'ITM 80+ RELEASE CLASSES

Core Release

Release Melt Containment Release Class Release Release Eenergy

Class Time Failure Mode Frequency Release Start Time Duration lleight OVatts)

RCI.lE EARLY CONTAINMENT 1.36E46 S ilOURS 24.O llOURS 16.6M 2.09E + 04

INTACT

|RCI .lM MID CONTAINMENT 3.83E47 17 ]IOURS 24.O llOURS 16.6M 2.09E + 04

INTACT

|RC2.lE EARLY LATE FAILURE 3.44E49 II IlOURS 0.056 IIOURS 16.6M l .67E + 09

|RC2.2E EARLY LATE FAILURE 3.31E49 II IIOURS 0.056 IIOURS 16.6M 1.67E + 09

|RC2.4E EARLY BASEMAT 3.76E48 65 IIOURS 24.0 llOURS 0M 4.19E + nt
MELTDIROUGli

- . . _ __

'
RC2.5E EARLY BASEMAT 2.84E48 65 IIOURS 24.0 IlOURS 0M 4.19E + 04

MEL'ITiiROUGli

|RC2.6E EARLY BASEMAT 3.33E48 65 IIOURS 24.0 llOURS OM 4.19E + 04 -
MELTnIROUGil

RC2.7E EARLY BASEMAT 1.62E-08 65 IlOURS 24.0 IIOURS 0M 4.19E + N
MELTnlROUGli

RC2.2M MID LATE FAILURE 4.05E49 65 IlOURS 0.056 IlOURS 16.6 M ! .67E + 09

'
RC2.5M MID BASEMAT 3.95E49 651IOURS 24.O llOURS OM 4.19E + 04

MELTTilROUGli

RC2.6M MID LATE FAILURE 9.08E49 65 IIOURS 0.056 IlOURS 16.6 M ' l .67E + 09

RC2.7M MID BASEMAT 1.22E48 . 65 IIOURS 24.0 IIOURS 0M 4.19E + 04
MELTHIROUGli

Amendment T
November 15, 1993
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TABLE 19.12.3-1 (Cont'd)

(Sheet 2 of 2)

RELEASE PARA 5fETER DATA TOR SYSTEM 80+ RELEASE CLASSTS

Core Release

Pelease Melt Containment Release Class Release Release Eenergy

Class Time Failure Mode Frecuency Release Start Time Duration IIcinht (Watts)

RC3.lE EARLY EARLY FAILURE 4.64E4)9 5 IIOURS 3.056 IlOURS 16.6 M 8.37E + 07

RC3 2E EARLY EARLY FAILURE 3.16E4N 5 IIOURS 0.056110URS 16.6 M 8.37E + 07

RC3 A E EAR.LY EARLY FAILURE 6.52E4)9 5 IIOURS 0.056 IlOURS 16.6 M 8.37E + 07

RC3 6E EARLY EARLY FAILURE 3.21E419 5IlOURS 0.056 IlOURS 16.6 M 8.37E + 07

RC3.2M MID EARLY FAILURE I .82E4)9 17 IlOURS 0.056 IIOURS 16.6 M 8.37E + 07

RC3.6M MID EARLY FAILURE 1.83E4N 17 IlOURS 0.056 IlOURS 16.6 M 8.37E + 07

RC4.22E EARLY ISOLATION FAILURE 5.99E4)9 4 IlOURS 24.0 llOURS 19.7 M 4.19E + M
(SGTR)

RC4.8E EARLY ISOLATION FAILURE 1.06E4)9 5 IIOURS 24.0 IIOURS 16.6 M 2.51 E + 05

(TRANSIENT)

RC4.30E EARLY ISOLATION FAILURE 6.55E4)9 4 IlOURS 24,0 IIOURS 19.7 M 4.19E + 04

(SGTR)

| RC4.36L LATE ISOLATION FAILURE 3.084)8 25 IIOURS 24.0 IIOURS 19.7 M 4.19E + M

(SGTR)

RC5.1E EARLY CONTAINMENT 5.10E-10 2110UR 24.O llOURS OM 2.09E + M
BYPASS

9 9 Amendment V
April 29, 1994
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Figure 19.12.3-l'

| (Sheet 1 of-2)

Listing of Release Class Input Data for S80SOR

i' INPUT RELEASE PDS *

; STRING CLASS ._

GDCCBCDBDDAB- RCl.lE PDS235-j-
GDCDBCDADDBD RC1.1E PDS3

; GDCCBCDADDBD RC1.lE PDS201
GFDCBCABDDAB RC1.lM PDS148'

i GDCCBCDBDDAB- RC1.1M PDS136
; EDCDBCDADBBD RC2.1E- PDS3

EDCCBCDBDBAB. RC2.lE PDS235
EDCCBCDBDBBD RC2.2E PDS201

j EDCCBCDBDBBB RC2.2E PDS235
'

FDACBCABDEAB RC2.4E PDS233 A
FDACBCABDBAB RC2.4E PDS233 84

i FDADBCAADEBD. RC2.4E- PDS1 A
FDADBCAADBBB RC2.4E . PDS1 B

FGACBCABDEAB RC2.5E PDS241- A
i - FGACBCABDBAB RC2.5E PDS241 B

'

] /9 FDACBCABDEBD RC2.6E . PDS199 A

V FDACBCABDBBD RC2.6E PDS199 81

FDACBCABDEBB RC2.6E- PDS233 A.

E FDACBCABDBBB RC2.6E PDS233 8
'

FGACBCABDEBB RC2.7E PDS241 A
j FGACBCABDBBB RC2.7E PDS241 B

! DDCCACDBBBAB RC3.1E POS235
*

DDCDBCDADBBD RC3.lE PDS3
DDCCBCDBDBBD RC3.2E PDS1844

!
DDCAACDBBBBB RC3.2E- PDS235
DDDCACABBBAB RC3.4E PDS235;

! DDDDBCAADBBD RC3.4E PDS3

j DDDCBCABDBBD RC3.6E PDS184
: DDDCBCABDBBB RC3.6E PDS235'

HDCCBBDBDCBD RC4.22E PDS184 A |
| HDDCBCABDCAB RC4.BE PDS235

HDDDBCAADCBD RC4.8E PDS3
'

I HDDCBBABDCBD RC4.30E PDS184 A
HDACBBABDCBD RC4.30E- PDS181 A

J FHCCBCDBDBBB RC2.2M PDS148
j FHACBCABDBAB RC2.5M PDS242

FDACBCABDEBB RC2.6M PDS134 A.

; FDACBCABDBBB RC2.6M PDS134 B
: FHDCBCABDBBB RC2.6M PDS148

) FHACBCABDEBB RC2.7M PDS242 |

iO
4

: Amendment V
April 29, 1994
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| Figure 19.12.3-1
1

(Sheet 2 of 2)

Listing of Release Class Input Data for S80SOR

INPUT RELEASE PDS *

STRING CLASS

; DHCCBCDBDBBB RC3.2M PDS148
_

| DHDCBCABDBBB RC3.6M PDS148

| HHACBBABDCBD RC4.36L PDS194
BHADBCAADDAD RC5.lE PDS17 A

AHADBCAADDAD RC5.1E PDS17 B

Some PDSs had two potential input strings for a given release class. They*

were designated A and B.

|

|

O'

;

I

|
|

O
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I 19.13 CONSEQUENCE ANALYSIS

The objective of the consequence analysis is to' determine the
i risk to the public resulting from the release of fission products
i to the environment during a severe accident. The risk measures

]
calculated for System 80+ Standard Design include:

! A. The whole-body dose at 300 meters from the reactor,
,

) B. The whole-body dose at one half mile from the reactor, and
i

! C. Whole-body dose vs distance. j
'

\

; The MACCS computer code "S4' 265 2" 2''' was used to calculate the !

! Complementary Cumulative Distribution Function (CCDF) for
whole-body dose at six selected distances for each of the release i

classes described in Section 19.12.3. In performing its dose;

: calculations, MACCS uses four data files; the dose conversion
j file, the site reference file, the meteorological reference file
i and the input reference file. The standard' dose conversion file
'

as descrioed in the MACCS users manual"'" was used in this
j analysis. The site reference file basically contains land use
! profiles and population distribution data for the specific plant
! site. The meteorological data file contains . hourly weather
| y/ conditions data for the plant site. The meteorological data and
; population data for a conservative ALWR reference site provided

in the EPRI PRA Key Assumptions and Groundrules Document,
j Appendix A to Chapter 1, Volume 2 of the EPRI ALWR Utility

Requirements Documentm , was used in this analysis,

i- The input data file contains a number of input parameters used to
j define the analysis conditions. This file includes some standard
i data such as dose conversion parameters, health effect
i parameters, some general economic data by state, and the
i definition of the spatial intervals. This data file also
! includes the analysis specific data such as core inventory of
! various radioisotopes, evacuation strategies and the definition

of the specific releases in terms of release fractions, energy of
; release, time and duration of release, and location (height) of
j the release. The ORIGEN codei48' was used to calculate the core |
'

inventory of radioisotopes. The inventories are based on a core
'

burnup of 28,000 MWD /MTU. The same inventories were used for the
j MAAP analyses to generate the release fractions.

i. To calculate the dose at various distances, one person was
*

assumed in each of sixteen sectors around the reactor for each
selected distance. It was assumed that no evacuation occurred.

The data used for definition of the releases for each of the
4 release classes is based on the definition of the release classes

presented in Section 19.12.3. The release data needed by MACCS.

1

Amendment V
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is taken directly from Tables 19.12.3-1 and 19.12.3-2. The
criteria used to determine the release heights, the release
starting times and the release durations are discussed in Section
19.12.3.1.

The output from the MACCS code for each release class includes
the tabular data needed to generate the Complementary Cumulative
Distribution Functions (CCDFs) for the whole-body dose at a
specified distance from the reactor. MACCS also presents the
mean dose, median dose and the 90th and 95th percentile doses at
selected distances. Tables 19.13-1 and 19.13-2 present the mean,
median and 95th percentile values by release class for whole-body
dose at 300 meters and whole-body dose at one half mile.

The CCDFs for whole-body dose at 300 meters, one-half mile, four
miles, 11 miles, 25 miles, and 60 miles from the reac. tor were
generated for all of the release classes described in Section
19.12.3. The CCDFs for each of these risk measures were then
numerically summed, point by point, over all release classes to
generate a total CCDP for whole-body dose at each of these
distances. Figure 19.13-1 presents the total CCDF for the
whole-body dose at 300 meters. This CCDF represents the total
frequency of exceeding a given whole-body dose at a radius of 300
meters from the reactor. Figure 19.13-2 presents the total CCDF
for the whole-body dose at 0.5 miles. This CCDF represents the
total frequency of exceeding a given whole-body dose at a radius
of one-half mile from the reactor. The whole-body doses with
exceedance probabilities of 1.0E-06 and 1.0E-07 were determined i

for each distance. This information is summarized in Table
'

| 19.13-3 and presented graphically on Figure 19.13-3. Figures
19.13-4 through 19.13-26 present the CCDFs for whole-body dose at 1

300 meters for the individual release classes. Figures 19.13-27
through 19.13-49 present the CCDFs for whole-body dose at 0.5
miles for the individual release classes.

| The large offsite-release goal adopted by ABB-CE for the System
80+ Standard Design is:

"In the event of a severe accident, the dose beyond a
one-half mile radius from the reactor shall not exceed 25
rem. The mean frequency of occurrence for higher offsite
doses shall be less than once per million reactor-years,
considering both internal and external events."

This goal is consistent with the ALWR large offsite release goal
established by EPRI in the ALWR Utility Requirements Document *.
As can be seen from Figure 19.13-2, the frequency with which a
whole-body dose of 25 rem is exceeded at 0.5 miles is

| approximately 5.3E-08 per year. In addition, as can be seen from
Figure 19.13-1, the frequency with which a whole-body dose of 25

| rem is exceeded at 300 meters is approximately 6.2E-08 per year.

1
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LEVEL II AND LEVEL III SENSITIVITY ANALYSES

In performing the containment response analysis and the I
'

consequence analysis, several assumptions were made regarding the
progression of severe accident phenomena. Sensitivity analyses
were performed to assess the potential impact on the System 80+
design due to certain assumptions regarding the physical
processes and phenomena involved in the release of radioactive
materials to the environment and the consequences of the release.
The sensitivity analyses associated with containment response are
presented in Section 19.14.1 and those associated with the
release consequences are presented in Section 19.14.2.

19.14.1 CONTAINMENT RESPONSE SENSITIVITY ANALYSES
|

The results of the "present" or base case analysis of containment
response show that the conditional probability for intact
containment releases, RC1, is 0.887. Likewise, the conditional |

. probabilities for (1) late containment failure releases, RC2, (2)
i early containment failure releases, RC3, (3) containment

isolation failure releases, RC4, and (4) containment bypass |
releases, RCS, are 0.079, 0.011, 0.024 and 0.0, respectively. To | |
assess the effects of certain assumptions used in the base case

,
,

!]i analysis, fourteen containment response sensitivity analyses were | || /

| performed. These analyses assessed the impact of specified '

'' assumptions on the containment failure modes and the overall |i

| conditional containment failure probability. These analyses !
involved changing certain conditions or assumptions that are '

modeled in the containment event trees (CETs) and then
requantifying the C.ZTs to ascertain the impact. Table 19.14.1-1
summarizes the results of the sensitivity analyses for
containment response. The base case results are also included in
Table 19.14.1-1 for comparison purposes. The following
subsections describe the individual sensitivity analysis and
present their results.

19.14.1.1 Availability of Hydrocen Ionitors

The hydrogen ignitors are provided to prevent the build-up of
| hydrogen inside the containment following a severe accident. i

| With the ignitors operating, hydrogen is burned at a low enough
concentration to prevent a threat to containment integrity.
Because multiple failures of the ignitors in each division must
occur to prevent the burning of hydrogen at a low enough
concentration, a low probability was assigned to the

| unavailability of the ignitors. A sensitivity analysis was
; performed to determine the effects of the hydrogen ignitors being

unavailable. For this case the ignitors were assumed to always,

| f ail (i.e. , a f ailure probability of 1 was assigned to "IGFAIL") .
'

The CETs were then requantified for all PDSs.
b

|

Amendment U
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The results for this sensitivity case are presented in Table
19.14.1-1 as case number 1. If the ignitors are unavailable, the
burning of hydrogen at the low flammable limit would not be I

accomplished. A rapid combustion of the hydrogen during any !

stage of the core melt progression may generate pressures of |
sufficient magnitude to fail the containment. A very small i

quantity of hydrogen, if any, would be released inside the I

containment for events that lead to containment bypass releases
(i.e., ISLOCA) and events that result in containment isolation
failure releases (i.e., steam generator tube rupture events). It

,

is therefore expected that the unavailability of the hydrogen |

ignitors would impact early and late containment failure
releases. Containment isolation failure releases and containment
bypass releases would not be affected.

,

|

When compared with the base case, the results for this case show
that there is a negligible change in the conditional probability
for intact containment releases (RC1), late containment failure
releases (RC2), and early containment failure releases (RC4). !
The conditional probability for containment isolation failure
releases (RC4) and containment bypass releases (RCS) remain
unchanged. The effect on the release classes is shown by a
negligible increase in conditional probability, from 0.079 to
0.080 for release class RC2 and from 0.011 to 0.021 for RC3. The
conditional probability for RC1 decreased fron 0.887 to 0.875.

This implies that the containment response analysis for the
,

System 80+ design is not sensitive to the availability of the I
hydrogen ignitors. ;

19.14.1.2 Containment Characteristics More Favorable to DDT

The System 80+ containment characteristics are considered
unfavorable for a deflagration to transition into a detonation.
Therefore, for the PRA a low probability value is assigned to the<

event (DDTOK) in the supporting logic modules that represents
deflagration to transition into detonation. Although this type
of event is considered to be highly unlikely to impossible for
the System 80+ design, a sensitivity analysis was performed to
determine the potential impact on the various release classes.
To model "DDTOK" as more likely than assumed, the probability of
this event was changed from 0.0 or 0.01 to 0.05 for all PDSs
except those PDSs where the release point is in the
In-containment Refueling Water Storage Tank (IRWST), refer to'

Table 19.12.1-1.

| The results for this sensitivity case are presented in Table
19.14.1-1 as case number 2. The results show no change in the
conditional probabilities for the various release classes. This
implies that the System 80+ containment characteristics are not
sensitive to deflagration that leads to detonation transition,
based on the assumption made in this sensitivity analysis that

Amendment U
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; the deflagration to detonation characteristics are much more
| likely (by a factor of 5) to occur.

19.14.1.3 Low Heat Transfer Rate for " WET" Cavity

| If the cavity is filled with water, some of the energy from the
corium will be transferred to the water and the rest will cause
concrete ablation. A high heat transfer rate between the corium
and the water enables the corium to be cooled which in turn
limits the amount of concrete ablation. However, if the heat
transfer rate is low, the containment shell may be penetrated
before concrete ablation is terminated. To assess the effects of
low heat transfer rate from the corium to the cavity water, a ,

sensitivity analysis was performed. For this case, it was |

assumed that the probability of the heat transfer rate is twice-
as low as the value assumed for the base case analysis of the
PRA. To model this decrease in the heat transfer rate, the

, probability that the heat transfer rate is low enough for the
|

| corium to penetrate the containment shell was increased from 0.01 |
| to 0.02 for all PDSs associated with " WET" cavity. With a lower |

! heat transfer rate, the conditional failure probability for late
containment failure releases due to base-mat melt-through is
expected to increase. The sensitivity results for this case are

_ O)
presented in Table 19.14.1-1 as case r. umber 3. After re-

I ( quantifying the CETs for this sensitivity case, the results show I
that the conditional probability for intact containment releases, |

RC1, decreased slightly from 0.887 to 0.878. Conversely, the |
'

conditional probability for late containment failure releases,
RC2, increased from 0.079 to 0.088. This corresponds to an |
increase in the conditional probability for release class RC2 of
approximately 11%. The conditional probabilities for release |
classes RC3, RC4, and RC5 are shown to remain unchanged. With i

such an increase in the conditional probability for release class
RC2, late containment failure of the System 80+ design is
somewhat sensitive to the ability to transfer heat from the |

corium to the cavity water.

19.14.1.4 Cavity Not Always Filled with Water

As discussed in the previous sensitivity case in Section
19.14.1.3, a high heat transfer rate from the corium to the water
covering the debris is beneficial. This allows cooling of the
corium and the eventual t.ermination of concrete ablation prior to
the containment shell being penetrated. The base case of the PRA
assumes that the cavity is always full for PDSs associated with
" WET" cavity. This sensitivity case assess the impact on the,

I conditional probabilities for the release classes if the cavity
had a 50% chance of being full, instead of always being full as

iq assumed in the base case analysis. To determine the impact, the
probability of "WETCAVITY" was changed from 1.0 (cavity is always
full) to 0.5 and then the CETs were re-quantified. A cavity that
is not filled with water would lead to inadequate cooling of the

Amendment U
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corium, and concrete ablation would continue until base mat melt-
through occurs. It is therefore expected that if insufficient
water is in the cavity, the conditional failure probabiluty for
late containment failure releases would increase due to the
increased likelihood of not terminating concrete ablation.

The sensitivity results for this case are presented in Table
19.14.1-1 as case number 4. The results show that the
conditional probability for intact containment releases, RC1,

| | decreased from 0.887 to 0.443 and conversely, the conditional
probability for late containment failure releases, RC2, increased
from 0.079 to 0.527. There is a small decrease in the
conditional failure probability for early containment failure
releases (RC3). The conditional probabilities for the other
release classes (RC4 and RCS) remained unchanged. The results of
this case implies that the late containment failure probability

,

would increase by a factor of approximately 7 if there is a 50%l

chance that the cavity is not filled with water. This implies
that late containment failure is very sensitive to the amount of
water discharged to the cavity by the Cavity Flooding System
following a severe accident.

19.14.1.5 Recovery of Containment Heat Removal Function

The Containment Spray System is the preferred system used to
remove heat from the .:ontainment during an accident. MAAP
analyses have shown thst it would take approximately 48 hours to
over-pressurize the containment for those accident sequences
which include failure of con''inment heat removal. Based on the
time it takes to over-pressura.ed the containment and the events !
that cause the loss of containment sprays, the PRA assumed that j

it is possible to recover the containment sprays before the
containment fails. Failures of containment spray equipment
inside the containment are assumed to be non-recoverable during
a severe accident. The System 80+ design includes provisions for
connecting an external source of water to one containment spray
header via a standpipe and flanged connection to the containment

| spray line. Flow would be provided by a skid mounted pumping
device which is independent of station power. This backup system
would be used to provide spray flow given any failure of
containment spray equipment outside the containment. The
assigned conditional non-recovery probability of the containment
spray backup system is 0.1 for the base case analysis. This
implies that 90% of the time the containment spray backup system
would perform its function when required. To assess the effects
of containment spray recovery, two sensitivity analyses were
performed.

The first case assumed that containment heat removal is less
likely to be recovered. For this case, the conditional
probability of not recovering containment spray (NCHRECOV) was
doubled to represent the containment spray less likely to be

Amendment U
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recovered when required. The second case assumed that containment
heat removal is never recovered. To model this condition, the
non-zero probabilities for "NCHRECOV" were changed to 1.0 for all
PDSs. If containment spray is not recovered, the removal of heat
from the containment will not be accomplished. As a result,
containment failure will occur due to late over-pressurization.
Therefore, if it is less likely or impossible to recover
containment heat removal, the conditional failure probability for
late containment failure releases uhould increase.

The sensitivity results for recovery of containment heat removal
are presented in Table 19.14.1-1 as cases 5A and SB. The results
for case SA show that if containment heat removal is less likely
to occur there is a small increase in the conditional probability
for late containment failure releases (RC2). This probability
increased from 0.079 to 0.082. The conditional probability for
intact containment releases (RC1) shows a small decrease and the
conditional probabilities for the other release classes remain
unchanged. The change in probability for release class RC2
represents an increase of approximately 4%. This implies that
late containment failure releases are not sensitiv9 to an
Emergency Containment Spray Backup System which is less reliable
than the base case by a factor of 2 or less.,

,

/j\( The results for case 5B show that if containment heat removal is
never recovered, then the conditional probability for release
class RC2 would increase from 0.079 to 0.218. The conditional
probability for release class RC1 decreased from 0.887 to 0.748
while release classes RC3, RC4, and RC5 remain unchanged. The
increase in conditional probability for release class RC2 is
approximately 76%. This implies that late containment f ailure is
somewhat sensitive to the non-recovery of containment heat
removal.

19.14.1.6 Induced Failure of RCS Pipinc

High temperature steam and high pressure steam circulates through
the RCS following a severe accident with high pressure core
damage sequences. Research has indicated that this condition may
induce a temperature related creep rupture of the RCS pressure
boundary prior to vessel failure. The likely locations of such
breach include the hot leg and the pressurizer surge line. The
PRA assumes that temperature induced failure of the RCS hot leg
or surge line is likely to occur in the System 80+ design because
of the high level of zirconium per thermal megawatt of power and
the type of material (carbon steel) used to construct the hot
leg. Because of the likelihood of failure, a probability of 0.65
was assigned to "HSINTACT" which represents temperature induced
failure of the RCS piping. To determine the potential impact of(A this assumption on the conditional probabilities of the release4

classes, two sensitivity cases were performed. The first case
assumes that a temperature induced creep failure of the RCS
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piping would always occur and is modeled by changing the value of
"HSINTACT" from 0.65 to 1.0. The second case is the opposite,
and assumes that a temperature induced creep failure of the RCS
piping would never occur. For the second c a s e ., the value of
"HSINTACT" is changed from 0.65 to 0.0. Note that because
temperature induced creep failure of the RCS piping involves high
pressure core damage sequences, the value of "HSINTACT" is
changed for those PDSs with RCS leak rate occurring due to
cycling of the relief valves and RCS pressure being high.
Temperature induced failure of the RCS piping affects direct!

containment heating. However, direct containment heating is an
insignificant contributor to early containment failure releases
when compared with other contributors. such as ex-vessel steam
generation and in-vessel steam explosion. If temperature induced
f ailure of the RCS piping occurs, the conditional probability for
direct containment heating will decrease. Conversely, if
temperature induced failure of the RCS piping never occurs, the
conditional probability for direct containment heating will
increase. Although the conditional probability for direct
containment heating changes for both cases, no change in
conditional probability for early containment f ailure releases is
expected because direct containment heating is such an
insignificant contributor.

The sensitivity results for the temperature induced creep failure
of the RCS piping are presented in Table 19.14.1-1 as cases 6A
and 6B, respectively. The results for both these cases show that
conditional probabilities for all the release classes remained
unchanged and the System 80+ design is insensitive to temperature
induced creep failure of RCS piping.

19.14.1.7 Depressurization of RCS by SDS

It is advantageous to depressurize a high or medium pressure
accident sequence to below the 250 psig target threshold prior to
vessel breach. The primary purpose of this action is to reduce
the potential threat of direct containment heating. In addition,
this action would also reduce the potential for rocket induced
failure of the containment and reduce the potential for
containment failure induced by cavity collapse resulting from
high pressure melt eject loadings. The Safety Depressurization
System (SDS) is modeled as the primary means of depressurizing
the RCS. In the PRA Level I analysis it was shown that failure
of SDS is dominated by operator error. Although the onset of
core damage would occur if the SDS was not initiated, there was
still sufficient time to depressurize the RCS prior to vessel
breach. Consequently, it was assumed that there is an 80% chance
the operator would open the SDS valves in time to depressurize
RCS during core damage. A value of 0.2 was therefore assigned to
"NOSDSDP" which represents f ailure of the SDS to depressurize the
RCS following a transient initiated accident sequences severe
accident. A value of 0.1 was assigned to "NOSDSDP" for small
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! LOCA sequences and medium LOCAs that resulted in medium RCS

pressure accident sequences. To assess what effects, if any,
,

this assumption may have on the release classes, three i,

sensitivity cases were performed. The first case assumed that
the SDS would always depressurize the RCS for PDSs with high RCS
pressure and a leak rate via the cycling of the relief valves. !

For this case, the value of "NOSDSDP" was changed from 0.2 to 0.0
'

i for PDSs of concern. The second case is similar to the first
; case except that it was assumed that the SDS would never ]

depressurize the RCS and consequently the value of "NOSDSDP" was'

changed from 0.2 to 1.0. The third case assumed that the RCS
would never be depressurized by the SDS for any high or medium;

pressure. sequence. Therefore, the non-zero values of "NOSDSDP"
were changed to 1.0.for all PDSs that involve a medium or high

; RCS pressure core damage sequence. Direct containment heating
'

and rocket induced failure are insignificant contributors to
; early containment failure releases. Therefore, little or no
i changes in the release classes are expected for these cases.

The sensitivity results for depressurizing the RCS are presented"

,

in Table 19.14.1-1 as cases 7A,. 7B, and 7C respectively. The
'

results for all three cases show that conditional probabilities i,

! for all the release classes remained unchanged and the System 80+ |
j design is insensitive to RCS depressurization using the SDS for i

i x high pressure core damage accident sequences.

19.14.1.8 Containment Isolation
,1

The detailed containment penetration designs for the electrical*

cables, personnel airlocks, equipment hatch, and fuel transfer
tube were not available for evaluation during the period when the

; PRA was being performed. An estimate probability of 2.1E-03 was
4 therefore used for failure to isolate the containment. This

estimate probability was based on prior PRAs and historical data.4

! To assess the impact of containment isolation reliability on the
various release classes for the System 80+ design, a sencitivity
analysis that assumed a less reliable containment isolation

,

; system was performed. For this case, the containment isolation
system was assumed to be less reliable than the base case by a
factor of 5. The more unreliable containment isolation system4

was reflected in the model by changing the value of "ISOL" fromi

i 2.1E-03 to 1.0E-02. Because containment isolation is assumed to
be less reliable, the conditional probability for containment-

isolation failure releases should increase.<

The sensitivity results for this case are presented in Table
'

19.14.1-1 as case number 8. The results show that the
conditional probability for intact releases, RC1, decreased from
0.887 to 0.881 which is approximately 1%. For the late |
containment failure releases, RC2, the conditional probability\ increased from 0.079 to 0.078. This increase is approximately |
3%. Release classes RC3 and RCS remained unchanged. Of all the

J
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release classes, containment isolation failure releases, RC4, was
affected the most. The conditional probability for this release
class changed from 0.024 to 0.030 or an increase of approximately
25%. This implies that the containment isolation failure
releases are somewhat sensitive to the reliability of the
containment isolation system for the System 80+ design.

| 19.24.1.9 Actuation of the Hydrocen Icnitors

The hydrogen ignitors are provided to prevent the build-up of
hydrogen inside the containment following a severe accident. The
ignitors are manually actuated by the operator from the control
room. A value of 3.0E-02 is assigned to the human error
probability for not actuating the ignitors. A sensitivity
analysis was performed to determine the effects on the releases
if it were less likely that the operator would actuate the
ignitors. For this case, the operator error probability was
increased by an order of magnitude (i.e., increasing the
probability of "OPIGNITOFF" from 3.0E-02 to 3.0E-01). If the
operator does not turn on the ignitors, the burning of hydrogen
at the low flammable limit would not be accomplished. As a
result, the conditional probability for late containment failure
releases is expected to increase.

The results for this sensitivity case are presented in Table
19.14.1-4 as case number 9. The results for this case show that
there is a negligible change in the conditional probability for
intact containment releases (RC1) and early containment failure
releases (RC3). The conditional probability for late containment
failure releases (RC2), containment isolation failure releases
(RC4), and containment bypass failure releases (RCS) remain
unchanged. The effects on the release classes are shown by a
negligible increase in the conditional probability for RC3. The
probability increased from 0.011 to 0.014. Conversely, the
conditional probability for RC1 decreased from 0.887 to 0.883.
This implies that the containment failure modes are not sensitive
to a less likely actuation (i.e., by an order of magnitude) of
the hydrogen ignitors by the operator.

O
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19.14.1.10 Isolation of Ruotured Steam Generator

The Plant Damage. State (PDS) definition in general does not
,

address containment isolation failure. This is addressed |

directly in the Containment Event Tree (CET). However, for Steam
Generator Tube Ruptures (SGTRs), the scrubbing of in-vessel
releases is a function of whether or not the ruptured steam
generator is isolated. For some SGTR related core damage j

sequences, an isolation failure is explicitly modeled and the in- !

vessel scrubbing model can be directly quantified based on the
PDS definition. For other SGTR sequences,_the occurrence of
isolation failure prior to core damage is not modeled and this is
reflected in the . PDS definition. However, the containment
isolation failure element of the CET models the potential for a
subsequent isolation failure. The basic events for the CET and
associated supporting logic models can have only one value per
PDS. Thus, the in-vessel scrubbing model basic events for the
PDS involving a SGTR with the ruptured steam generator isolated
prior to core damage can have their values set for the case where
isolation is assumed to occur or for another ' case where an
isolation failure is assumed to occur, but not both.- To resolve
this issue, PDS181, PDS184, PDS193, PDS196, PDS218, and PDS220
were partitioned into two parts. The first partition representedO the case where nc isolation failure occurred, and the second

V partition represented the case where an isolation failure is
assumed to have occurred. To assess the impact of the
partitioning of the ruptured steam generator isolation failure on
the various releases classes, a sensitivity analysis was
performed. In this sensitivity analysis, for the case where no
isolation failure occurred the partitioning was changed from 96% ,

to 80%, and for the case were isolation failure was assumed the
partitioning was changed from 4%'to 20%. This assumes that the I
ruptured steam generator is likely to be isolated. As a result,
the conditional probability for containment isolation failure
releases is expected to increase.

The sensitivity results for this case are presented in Table
19.14.1-1 as case 10. The results show that the most affected
containment failure mode would be the containment bypass releases
(RC4). The conditional probability for containment bypass

,

'

releases increased from 0.024 to 0.047. The containment bypass
releases would increase by an approximate factor of 2. The
conditional prcbability for early containment failure releases |
(RC3) would remain unchanged while both the intact containment

releases (RC1) and the late containment failure releases (RC2)
would decrease by a small amount, from 0.887 to 0.865 and 0.079
to 0.077, respectively. The results of this sensitivity analysis
imply that the containment bypass releases are sensitive to the
manner in which the six PDSs are partitioned to address isolation

C) failure of the ruptured steam generator.
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19.14.1.11 Use of Emercency Containment Spray Backuo System

The use of the Emergency Containment Spray Backup System is
credited as one of three ways of recovering the containment heat
removal function in the long term (see NCHPSECOV, Section

19.12.2.2.7.1.1.1.2). The other ways of recovering the
containment heat removal function were recovery of of f-site power
for sequence cutsets where containment heat removal was lost due
to loss of offsite power, and operator initiation of containment
spray for those sequence cutsets in which the containment spray
system was unavailable due to failure of the operators to
initiate containment spray. As discussed in Section
19.12.2.2.7.1.1.1.2, for PDSs in which the containment sprays
were unavailable early in a sequence, each cutset was evaluated
to identify appropriate recovery actions from the above three
recovery actions. A non-recovery factor was then determined for
each cutset. An overall nonrecovery factor (NCHRRECOV) was then
calculated for the PDS using a weighted average of the individual
cutset non-recovery factors.

For this sensitivity analysis, the nonrecovery f actor for the
backup containment spray system was set to 1.0, that is, it was
assumed that the backup containment spray system was always
unavailable. The value for NCHRRECOV was then recalculated for
each PDS in which the containment sprays were unavailable early
in a sequence. The CET was then requantified for all PDSs. The
results of this requantification are provided in Table 19.14.1-1
as Case 13. These results show that if the Emergency Containment
Spray Backup System is not credited as a means of recovering
containment heat removal in the long term, there is an increase
in the conditional probability of a late containment overpressure
failure with a corresponding decrease of the probability of the
containment remaining intact in the long term.

.

O
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TABLE 19.14.1-1

(%d I of 2)

St31N1ARY OF('ONTAINMENT RESPONSE SENSITIVITY ANALYSIS
RESI'LTS IUR SYSTEM 80+

CASE DESCRIPTION MODELED AS CONDITIONAL PROBABILITY OF
NO. RELEASE CLASS

RCI RC2 RC3 RC4 RCS

|BASE AS DESCRIBEDIN THE PRA AS MODELED IN THE PRA 0.887 0.079 0.011 0.024 0.0

|1 H IGNTTORS UNAVAILABLE CHANGE NON-ZERO PROBABILITY OF *IGFAIL" TO 0.875 0.080 0.021 0.024 0.0
2

1.0 FOR ALL PDSs.

|2 CONTAINMENT CHARACTERISTICS FAVOR INCREASE THE PROBABILEY OF "DDTOK" FROM 0.887 0.079 0.011 0.024 0.0

DEFLAGRATION TO DETONATION 0.0 OR 0.01 TO 0.05 FOR ALL PDSs.
TRANSITION

|3 LOW IIEAT TRANSFER FROM CORIUM TO INCREASE TIIE PROBABILITY OF "LOWHTXFER" 0.878 0.088 0.011 0.023 0.0
CAVTTY WATER FROM 0.01 TO 0.02 FOR ALL PDSs ASSOCIATED

%TTH " WET * CAVITY.

|4 USUFFICIENT HEAT TRANSFER FROM CHANGETHE PROBABILITY OF "WETCAVTTY" 0.443 0.527 0.006 0.023 0.0
CORIUM TO CAVITY WATER I~ ROM 1.0 TO O 5 FOR ALL PDSs ASSOCIATED %TTH

* WET * CAVTTY.

5A CONTAINMENT HEAT RDIOVAL LESS INCREASE THE PROBABILITY OF "NCHRECOV" BY 0.884 0.082 0.011 0.023 0.0
LIKELY TO BE RECOVERED A FACTOR OF 1.

5B CONTAINMENT HEAT REMOVAL NOT CH ANGE PROBABILTTY OF "NCHRECOV" FROM 0.748 0.218 0.011 0.024 0.0
RECOVERED NON-ZERO VALUES TO 1.0 AND Tile

CORRESPONDING PROBABILITIES OF *RCSL' TO
0.0.

|6A INDUCED FAILURE OF RCS PIPING CHANGE THE PROBABILITY OF "HSINTACT* FROM 0.887 0.079 0.011 0.024 0.0
ALWAYS OCCUR 0.65 TO 0.0 FOR PDSs %TTH RCS LEAK RATE =

*CRV" AND RCS PRESSURE = "ICGif *

|6B INDUCED FAILURE OF RCS PIPIhd NEVER CH ANGE THE PROBABILTTY OF "HSINTACr* FROM 0.887 0.079 0.011 0.024 0.0
OCCURS 0.65 TO 1.0 FOR PDSs WITH RCS LEAK RATE =

"CRV" AND RCS PRESSURE = "HIGH*
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TABLE 19.14.1-1 (Cont'd)

(Sheet 2 of 2)

SO1 MARY OF CONTAIN%1ENT RESPONSE SENSITIVITY ANALYSIS
RESULTS FOR SYSTEM 80+

CASE DESCRIPTION MODELED AS CONDITIONAL PROBABILITY OF
RELEASE CLASSNO.

RCI RC2 RC3 RC4 RCS

7A Tile RCS IS NOY DEPRESSURIZED BY THE CH ANGE PROBABILTTY OF *NOSDSDP* TROM 0.2 0.887 0.079 0.011 0.024 0.0

SDS FOR CORE D \M AGE SEQUENCES TO 1.0 FOR PDSs %Tril RCS LEAK RATE = *CRV"
THAT INVOLVE C YCLING OF RELIEF AND RCS PRESSURE = "HIGH',

VALVES

7B THE RCS IS DEPRESSURIZED BY THE SDS CH ANGE PROBABIllTY OF *NOSDSDP* FROM 0.2 0.887 0.079 0.011 0.024 0.0

FOR CORE DAM AGE SEQUENCES THAT TO 0.0 FOR PDS: %TrH RCS LEAK RATE = *CRV*
INVOLVE CYCLING OF RELIEF VALVES AND RCS PRESSURE = "HIGH*.

7C Tile RCS IS NOT DEPRESSURIZED BY Tile CHANGE PROBABILTTY OF *NOSDSDP* FROM 0.887 0.079 0.011 0.024 0.0

SDS FOR MEDIUM AND HIGH RCS NON-ZERO VALUES TO 1.0.

PRESSURE CORE DAMAGE SEQUENCES

8 CONTAINMENT IS LESS LIKELY TO BE CHANGE PROBABIllrY OF *ISOL* TkvM 2.lE-03 0.881 0.078 0.011 0.030 0.0

ISOLATED TO 1.0E42.

INCREASE PROBABILITY OF *OPIGNirOFF* BY 0.883 0.079 0.014 0.024 0.09 OPERATOR IS LESS LIKELY TO TURN H2
IGN! TORS ON ORDER OF M AGNrrUDE (FROM 3.0E-2 TO 3.0E-1)

. 10 ISOLATION OF RUPTURED STEAM CH ANGE PARTITIONING OF PPS181, PDS184, 0.865 0.077 0.011 0.047 0.0

'$ GENERATOR PDS193, PDS196, PDS218, AND PDS220 FROM 96/4
TO 80/20

11 EMERGENCY CONTAINMENT SPRAY NON. RECOVERY FACTOR FOR EMERGENCY .862 .103 .011 .024 0.0

BACKUP SYSTEM NOT AVAILABLE TO COKTAINMENT SPRAY BACKUP SYSTEM SET TO

SUPPORT RECOVERY OF CONTAINMENT 1.0 IN CALCULATION OF NCHRRECOV FOP, PDSs

HEAT REMOVAL WrrH CONTAINMENT SPRAY INITIALLY
UNAVAILABLE
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19.14.2 SENSITIVITY ANALYSES OF RELEASE CONSEQUENCES

The base case results for the consequence analysis show that the
NRC's goals for large releases are met with substantial margins.
The risks associated with large releases are measured by
whole-body dose at various distances from the reactor. The large
offsite-release goal adopted by Combustion Engineering for the
System 80+ design is stated as follows:

"In the event of a severe accident, the dose beyond a |
one-half mile radius from the reactor shall not exceed 25 i

rem. The mean frequency of occurrence for higher offsite i

doses shall be less than once per million reactor-year, |
considering both internal and external events." |

;

This goal is consistent with the ALWR large offsite release goal
cstablished by EPRI in the ALWR Utility Requirements DocumentsW .
The base case results show that the probabilities of exceeding a
whole-body dose of 25 Rems at 300 meters and one-half mile from
che reactor are 6.2E-08 and 5.3E-08 per year, respectively. In
both cases, the probability of exceeding these risk measures is |
much less than the goal of 1.00E-06 per year. To assess the i
effects of certain assumptions on the base case results for the i

/O risk measures, several sensitivity analyses were performed. )
y/ Table 19.14.2-1 summarizes the results of the sensitivity4

analyses for the risk consequences, and the associated
i

complementary Cumulative Distribution Functions (CCDFs) for the I

sensitivity cases are presented in Figures 19.14.2-1 through
19.14.2-16. It should be noted that although certain sensitivity |
cases show increase in the probability of exceeding the risk

,

measures when compared with the base case, the System 80+ design I

would still meet the NRC's goals for large releases. The
following sub-sections describe the individual sensitivity
analysis and present their results.

19.14.2.1 Location of Release Point

The location of the releases is one of the parameters used to
characterize a release class. In the base case analysis, it is
assumed that releases to the environment caused by containment
over-pressure sequences occur at 54 feet above grade level (i.e. ,
at the equipment and personnel hatches at elevation 146 ft.).
For containment bypass failures and failures due to melt-through
into the subsphere region, the releases pass through the
auxiliary building and eventually to the environment at grade
level. Releases caused by a Steam Generator Tube Rupture and a
stuck open Main Steam Safe'" Valve are assumed to occur at 64 ft.
above grade. The other isolatiori failure releases are assumed to

p occur at 54 ft. above grade. As indicated above, the release
t i point varies for the different release classes addressed in the
V base case analysis. To assess the impact of the release point on

Amendment V
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| the risk measures, two sensitivity cases were performed. The
| first case assumed that all releases to the environment occurred

at the top of the containment building which is approximately
173 ft. or 52.8 meters. The results for this case is presented
in Table 19.14.2-1 as case No. 1A. The second case assumed that
all releases to the environment occurred at grade level. The
results for this case is presented in Table 19.14.2-1 as

|
case No. 1B.

| The CCDFs for case 1A are presented in Figures 19.14.2-1 and
19.14.2-2. Similarly, the CCDFs for case 1B are presented in'

! Figures 19.14.2-3 and 19.14.2-4.
!

! The results shown in Table 19.14.2-1 for the 300 meters and
I one-half mile from the reactor indicate that if all the releases
I occurred at the top of the containment building, the

probabilities of exceeding the 25 Rem whole-body dose would
decrease when compared to the base case values at similar

,

| distances. If the releases occurred at grade level, the
probabilities of exceeding the 25 Rem whole-body dose at the ;

specified distances would increase slightly.

The probability of exceeding the 25 Rem whole-body dose at 300
meters decreased for releases that occurred at the top of the
containment building, from 6.2E-08 to 6.0E-08 (approximately 3%) .
If the releases occurred at grade level, the probability of
exceeding the 25 Rem whole-body dose at 300 meters would remain i
unchanged. j

The probability of exceeding the 25 Rem whole-body dose at
one-half mile also decreased for releases that occurred at the
top of the containment building, from 5.3E-08 to 5.0E-08
(approximately 6%). Likewise, if the releases occurred at grade

,

level, the probability of exceeding the 25 Rem whole-body dose at |

one-half mile would increase slightly, from 5.3E-08 to 5.4E-08 |

(approximately 2%). Based on these percentages, the risk measure
for whole-body dose at 300 meters and one-half mile from the
reactor is relatively insensitive to the location of the release
point (i.e., whether the release occurs at the top of the
containment building or at grade level).

19.14.2.2 Iodine and Cesium Release Fractions

| The isotopic content of the releases for each release class was
calculated using S80SOR. This code, a modified version of the
ZISOR code, reflects the System 80+ design features. One or more
PDSs were selected for each release class, and a S80SOR run was
made to calculate the source term isotopic content for the
specified release class. The source term isotopic content is the
weighted average of the source terms of the PDSs selected to
characterize the release class. This sensitivity case was
performed to assess the impact on the overall plant risk due to
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an increase in the release fractions. For this case, the release
fractions were increased by an order of magnitude except those
release classes in which the total fraction would exceed 100%.
For the exceptions, the release fractions were increased by a
factor of 2. The results for this case are presented in Table
19.14.2-1 as case No. 2. The CCDFs for the risk measures are
presented in Figures 19.14.2-5 and 19.14.2-6.

The results for this case, as shown in Table 19.14.2-1, indicate
that the probabilities of exceeding all four risk measures would |

increase. Although the risk measures increased when compared
with the base case, the 1.00E-06 goal for large releases would

i

still be met. The probability of exceeding the 25 Rem whole-body
dose at 300 meters increased by a factor of 2.1 (from 6.2E-08 to
1.3E-07). Likewise, the probability of exceeding the 25 Rem
whole-body dose at one-half mile increased by a factor of 1.2
(from 5.3E-08 to 6.4E-08). The results for this case imply that
the risk measure are sensitive to the isotopic content or release
fraction that is used to characterize the release class.

19.14.2.3 Containment Bypass Releases Unscrubbed

Containment bypass releases are characterized by an Interfacing
j'] System LOCA via the suction line of the Shutdown Cooling System
(") (SCS). The release path is through the broken SCS line into the

subsphere region of the auxiliary building. This region will be
flooded to a depth of 4 to 8 ft of water and the releases from
the RCS are therefore subject to scrubbing. The amount of
scrubbing depends on the depth of water in the flooded region.
This case was performed to determine the effects on the risk
measures if the containment bypass releases were not scrubbed.
The results for this case are presented in Table 19.14.2-1 as
case No. 3. The CCDFs for the risk measures are presented in |Figures 19.14.2-7 and 19.14.2-8. '

The results for this case, as shown in Table 19.14.2-1, indicate
that the probability of exceeding the 25 Rem whole-body dose at
300 meters or one-half mile from the reactor would remain |
unchanged. The results for this case imply that the unscrubbed
releases from a broken SCS line into the subsphere region of the
auxiliary building would not affect the probability of exceeding
the 25 Rem whole-body dose at 300 meters or at one-half mile from
the reactor.

19.14.2.4 Reliability of Containment Isolation Systems

containment isolation failure is characterized by two types of
scenarios. The first type of scenarios involves a SGTR with a

n stuck open secondary side valve, and the second type of scenarios
involves core damage accident sequences in combination withV)!

direct loss of the containment isolation function. Releases due
to containment isolation failure are influenced by the

Amendment U
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availability of liquid on the secondary side of the steam
generator and the availability of containment spray. This case
was performed to assess the impact of the reliability of
containment isolation systems on risk. In performing the
sensitivity analysis for this case, the probability of
containment isolation failure was increased by an order of
magnitude. The results for this case are presented in Table
19.14.2-1 as case No. 4. The CCDFs for the associated risk
measures are presented in Figures 19.14.2-9 and 19.14.2-10.

The results for this case, as shown in Table 19.14.2-1, indicate
that the probabilities for both risk measures would increase if
the failure probability of the containment systems increased.
The probability of exceeding the 25 Rem whole-body dose at 300
meters would increase by a factor of 7, approximately, from
6.2E-08 to 4.5E-07. For whole-body dose at one-half mile, the
probability of exceeding 25 Rem would increase by 8,

approximately, from 5.3E-08 to 4.4E-07. This implies that a less
reliable containment isolation function would adversely impact
the overall risk of the plant.

19.14.2.5 Basemat Melt-throuch

Basemat melt-through refers to the process of concrete
decomposition and destruction associated with corium interacting
with the reactor cavity basemat. This type of accident
progression is slow. If the corium melts through to the
containment subsoil, the corium releases to the environment is
expected to be negligible for the System 80+ design. Because of
the low credibility of this scenario, a low probability of
occurrence is assigned to basemat melt-through. This sensitivity
case was performed to determine the impact on risk if a basemat
melt-through event were to occur more frequently than what is
currently assumed in the base case analysis. For this case, the
probability of basemat melt-through was increased by a factor of
2. The results for this case are presented in Table 19.14.2-1 as
case No. 5. The corresponding CCDFs for both risk measures are
presented in Figures 19.14.2-11 and 19.14.2-12.

The results for this case, as shown in Table 19.14.2-1, indicate
that the probabilities of exceeding the 25 Rem whole-body done at
300 meters and one-half mile from the reactor would increase. At
300 meters, the probability of exceedance would increar.e from
6.2E-08 to 6.5E-08 (approximately 5%). At one-half mil e, the
probability of exceedance would also increase from 5.3E 08 to
5.5E-08 (approximately 4%). This implies that if the likel.ihood
of basemat melt-through increased by a factor of 2 the
probabilities of exceeding the 25 Rem whole-body dose at the

| specified distances would increase by a small percentage.

O
Amendment U

19.14-14 December 31, 1993
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19.14.2.6 Interfacina System LOCA

An Interfacing System LOCA is the loss of RCS inventory outside
. the containment via a low pressure system which interfaces with
| the RCS. The releases associated with this type of event include
! vaporization releases with no scrubbing inside the containment

atmosphere prior to the release but with the source term
i attenuated due to deposition in the auxiliary building. The
; frequency for this release class was estimated to be 5.1E-10 per

year. This low frequency is attributed to the various design
enhancements that are incorporated in the Safety Injection System
and the Shutdown Cooling System. In the base case analysis,
releases associated with Interfacing System LOCA (i.e.,

,

containment bypass releases) were identified as insignificant,

; contributors to the overall risk of the plant. This sensitivity
case was performed to assess the impact on the overall risk of

3 the plant if Interfacing System LOCA occurred more frequently
! than what is calculated in the base case analysis. For this

case, the frequency of Interfacing System LOCA was increased by
two orders of magnitude. The results for this case are presented
in Table 19.14.2-1 as case No. 6. The corresponding CCDFs for
both risk measures are presented in Figures 19.14.2-13 and*

19.14.2-14.*

! G
|/ The results for this case, as shown in Table 19.14.2-1, indicate
: that the overall risk of the plant would increase. The

probability of exceeding the 25 Rem whole-body dose at 300 meters
. increased by a factor of 1.8 (from 6.2E-08 to 1.1E-07). |
! Similarly, the probability of exceeding the 25 Rem whole-body
; dose at one-half mile also increased by a factor of 1.9 (from
| 5.3E-08 to 1.0E-07). The results for this case imply that an
i increase in the Interfacing System LOCA frequency would adversely
j impact the overall risk of the plant.

i

!
4

d

i

;

a

.

f

(O,

Amendment U
| 19.14-15 December 31, 1993
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| 19.14.2.7 Increased Concrete Ablation Rate

The base case evaluation of basemat melt-through indicated that
containment failure due to the basemat melt-through would occur*

at about 65 hours. This evaluation was based on the use of
limestone concrete. If a different concrete composition was
used, the concrete ablation rate might be faster than the
ablation rate used in the base case. A sensitivity case was run
to evaluate the potential; impact of a faster concrete ablation
rate on the large release frequency. The sensitivity analysis
used a release start time of 30 hours to simulate the impact of4

a faster ablation rate. In the base case, it was assumed that 4%
of the basemat melt-through sequences resulted in ablation into

,

the subsphere pump rooms with an attendant large release. The
remaining 96% of the basemat melt-through sequences were assumed
to result in low releases below ground. (Note: for analysis
purposes, the releases were assumed to occur at grade level.)
For the sensitivity case, it was assumed that 10% of the
sequences would result in ablation into the subsphere pump rooms
with the resultant larger releases. The results for this case.

are presented in Table 19.14.2-1 as case No. 7. The,

corresponding CCDFs for both risk measures are presented in'

Figures 19.14.2-15 and 19.14.2-16.

The results for this case, as shown in Table 19.14-2-1, indicate
that the overall risk for the plant would increase slightly. The
probability of exceeding 25 Rem whole-body dose at 300 meters
would increase by a factor of 1.24 from 6.2E-08 to 7.7E-08. At
one-half mile from the reactor, the probability of exceeding a
25 Rem whole-body dose would increase by only a factor of 1.02
from 5.3E-08 to 5.4E-08. This indicates that an increased
concrete ablation rate would have only a slight impact on
overall risk.

1

l
l

l
l
|

|

9
Amendment U

19.14-16 December 31, 1993

_ _



|

|

CESSAR E!5Encari:n
1

l

/3
| 19.15 SUMMARY OF PRA-BASED DEBIGN INSIGHTS
I

i This section of the report summarizes the PRA-based insights for
the System 80+ design. The System 80+ PRA was performed to
satisfy the objectives required for the Advanced Light Water
Reactor design certification PRA. These objectives, as they

| relate to the System 80+ design, are: I

l
'

A. To assess, as realistic as possible, the risk profile of the
proposed design in terms of the frequency of severe core
damage accidents and their consequences.

| B. To develop better understanding and insights about the |

| design strengths and relative weaknesses beyond those j
'

identified through deterministic analyses. ;

C. To support pre- and post-certification regulatory activities
; which include Design Acceptance Criteria (DAC); Inspection,
' Testing, Analyses, and Acceptance Criteria (ITAAC); ;

Reliability Assurance Program (RAP); and technical !,

| specifications.

|
Since the System 80+ PRA is being used to support the pre- and )
post-certification activities, the insights gained regarding the !CN risk contributors are very useful. Therefore, the following |(~j useful information and insights are summarized in this section of
the report:

A. How PRA insights influenced the design,

B. What design features were added to or deleted from the
design as a result of PRA insights,

C. How it was determined if there were any vulnerabilities in
the plant design from internal or external events,

D. How the PRA was used to develop an appropriate balance of
prevention and mitigation in the design,

E. How to use the models, information, and results of the
design for verifying some of the key assumptions of the PRA,

F. How to use insights from the uncertainty, importance, and
sensitivity analyses to support various activities such DAC,
RAP, ITAAC, and technical specifications,

G. How to use insights from the external events analyses,
shutdown and low power risk analyses to suppor pre- ande
post-certification activities.

I The special features that are incorporated into the Syst am 80+
k./ design to prevent and mitigate accidents are summacized in

Amendment P
19.15-1 June 15, 1993
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Section 19.15.1. Insights about the System 80+ design gained
from the internal events risk profile and the external events

| risk profile are summarized in Sections 19.15.2 and 19.15.3,
respectively. Shutdown and low-power operation are included asI

part of the System 80+ PRA, and the insights gained from the risk
associated with these modes of operation are summarized in

! Section 19.15.4. The use of PRA in the design process is
summarized in Section 19.15.5. The use of PRA results and
insights to support certification and followup activities is

| summarized in Section 19.15.7. Significant PRA-based safety
| insights for the System 80+ design are provided in Table 19.15-1.
!

| During the detailed design phase for System 80+, site specific

| information and system design details will become available. The
COL applicant should update the PRA using the final design
information and site specific information. As deemed necessary,
the update should include the shutdown risk evaluation and the
internal fire and flood evaluation. Based on site specific
information, the COL applicant should also re-evaluate the
qualitative screening of external events. If any site specific
vulnerabilities are found, the applicable external event (s)
should be included in the updated PRA. [ COL Item 19-12]

In updating the internal fire evaluation, the COL applicant
should verify the details and layout of critical components and
the fire suppression systems. [ COL Item 19-5] The applicant
should also evaluate the potential effect of the fire suppression
systems on the behavior of other systems. [ COL Item 19-7]

In updating the internal flood evaluation, the COL should
evaluate the interaction of the potential internal flood sources
and the details of the layout of the critical components. [ COL
Item I?-6] )

|

O
Amendment V

19.15-2 April 29, 1994

- _. _ _ .,



. . .

$ |

!. CESSARn % m.

m>

,

TABLE 19.15-1 i

l
i

i (Sheet 1 of 18) ]
I:

SIGNIFICANT PRA-BASED SAFETY INSIGHTS FOR SYSTEM 80+
.

| I
INSIGIIT DISPOSITION

'

.

i

1

j 1. The COL applicant should perform a seismic walkdown to ensure that the COL' Item 194
'

as-built plant conforms to the assumptions in the System 80 + PRA -based Section 19.7.5.3

} seisnde margins analysis and to assure that seismic spatial systems j
interactions do not exist. I

'

i

Details of the seismic walkdown will be developed by the COL applicant. | I

2. ABB-CE will maintain a list of the SSC HCLPF values used in the System COL ltem 19-9

i 80+ Seismic Margins Assessment in the D-RAP. Section 19.7.5.3

i

The COL Applicant should compare the as-built SSC HCLPFs to those
N assumed in the System 80+ seismic margins analysis (SMA). Deviations

from the HCLPF values or assumptions in the SMA should be evaluated
by the COL Applicant to determine if any vulnerabilities have been

"

introduced.

3. ABB-CE will maintain a list of risk significant SSCs in the D-RAP D-RAP

4. The COL will maintain an 0-RAP based on the system reliability COL ltem 17-7,

information derived from the PRA and other sources. Section 17.3.1
)
i

The COL Applicant should incorporate the list of risk important systems, COL ltem 19-14,

; structures and components (SSCs) as presented in Table 19.15.6-1 in its Section 19.15.6
4 D-RAP and 0-RAP.

~

,

{ 5. Integrity of divisional separation between redundant safety-related Addressed in all
i equipment is a key assumption in the System 80+ fire and flood risk safety-related

analyses. This divisional separation, which is extended also in the service structures and;

water and component cooling water structures, prevents fires and floods systems,
from propagating from one division to the other.

There are no doors or passageways connecting the divisions of safety- Certified Design

i related equipment up to elevation 70+0. Material

6. The control room has its own dedicated ventilation system. This climinates CertiCed Design
the possibility of smi,ke, hot gases, and fire suppressants, originated in Material
areas outside the main control room, to migrate via the ventilation system

,

j to the control room.

O4

U
.

Amendment V
April 29, 1994
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SIGNIFICANT PRA-BASED SAFETY INSIGHTS FOR SYSTEM 80+

| INSIGIIT DISPOSITION

|

7. Separate ventilation systems for each division eliminates the possibility of Certified Design

| smoke, hot gases, and fire suppressants migrating from one division to Material
; another.

8. There are no sources of " unlimited * external flooding in the reactor Certified Design

|
building. The interface between the CCWS and the ultimate heat sink Material

| (through the Service Water System) is located in a separate structure

|
outside the reactor building.

The seals for the underground pipe chase (contains CCW piping) between Certified Design
the nuclear annex and the CCW building will be capable of withstanding Material
an internal flood from a pipe break in the CCWS/SSWS building (e.g.,
service water).

9. Consequential flooding of safety related plant structures from Turbine Sections 3.4 &
Building sources is prevented by the following design features: (a) plant 10.4.1.3
grade below openings to safety related structures; (b) openings to safety ;

related structures above the maximum flood level for the Turbine Building;
and (c) site grade such that water would flow away from structures where
safety related equipment is located.

1

10. Electrical separation between the two safety-related divisions is maintained. Addressed in all )
safety related systems |

11. All drains are divisionally separated. Certified Design
Material

Drains within a division, drain to the lowest level which has adequate
volume to collect water from a break in any division. The drains are sized Sections 3.4 & 9.3.3
to handle the potential discharge of fixed fire suppression systems and fire
hoses.

O
Amendment V
April 29, 1994
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| COL ltem 19-18 |

f|f fire and flood barriers Section 19.8.1.2
l L

12. During plant shutdown operation, the integrity obetween areas in same division, such as quadrants, w ere sh ystems

l ted, should be

comprising the alternate shutdown success paths are ocaf fire /Dood barriers
maintained. This will require configuration control o I

for shutdown operation by the COL applicant, COL Item 19-18trol program
Section 19.8.1.2

1

f The COL applicant should incorporate in its configuration contight Good doorsff
a requirement that, during modes 4, 5, and 6, the waterand fire doors will be maintained closed on at least one q

I

uadrant within the
help prevent

subsphere (containing either an SCS or CSS pump) toThe SCS or CSS.

common-mode failures from internal Goods or fires.fire doors to this f/d

pump in this quadrant shall be operable. If the Goo orit normal access, a j j

quadrant must be opened for reasons other than to perm
fire watch will be established for the affected door.Certified Design

'

,N
l d at least two prefer-ed power Material

13. 'Ihe grid system for System 80+ will inc u ecircuits, each having sufficient capacity. They wilsafety related loads. The two
l be continuously7

t

nergized and available to provide power o'nated offsite power transmission lines shall be es gnh likelihood of their simultaneousdi ed and routed to

Ne, to the extent practicable, t e%ese circuits shall be routed to ensure no single event, sucboth circuits in a
h as a

or a line breaking can simultaneously affectff ite power

4 her can be returned to service. The two o sre physically separate andt ht9te at two switchyards t a a I

* to the extent practicable. COL ltem 19-17
- can be' minimized by appropriate outage Section 19.8.1.2

;

k owledge
1rols, procedures, and operator n

i wy - an important COL applicant activity.Figure 1.2-4

" '
, redundant charging pumps and Sections 8.3.1.1.2.1

't instrument air. & 9.3.1.2.I __

f

af
9 ,~

1?fx

if
Amendment V1994April 29,
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| a

Material
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SIGNIFICANT PRA-BASED SAFETY INSIGIITS FOR SYSTEM 80+
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INSIGIIT DISPOSITION i
|

12. During plant shutdown operation, the integrity of fire and flood barriers COL Item 19-18

i between areas in same division, such as quadrants, where systems Section 19.8.1.2
; comprising the alternate shutdown success paths are located, shculd be
'

maintained. This wi!! require configuration control of fire / flood barriers

; for shutdown operation by the COL applicant,

j The COL applicant should incorporate in its configuration control program COL ltem 19-18
a requirement that, during modes 4,5, and 6, the water tight flood doors Section 19.8.1.2

! and fire doors will be maintained closed on at least one quadrant within the I
subsphere (containing either an SCS or CSS pump) to help prevent

'

common-mode failures from internal floods or fires. The SCS or CSS
? pump in this quadrant shall be operable. If the flood or fire doors to this

| O quadrant must be opened for reasons other than to permit normal access, a
; fire watch will be established for the affected door.

13. The grid system for System 80+ will include at least two preferred power Certified Design1

; circuits, each having sufficient capacity. They will be continuously Material
| energized and available to provide power to safety related loads. The two |
j designated offsite power transmission lines shall be designed and routed to
j minimize, to the extent practicable, the likelihood of their simultaneous

failure. These circuits shall be routed to ensure no single event, such as a-

tower falling or a line breaking can simultaneously affect both circuits in a
way such that neither can be returned to service. The two offsite power
circuits shall terminate at two switchyards that are physically separate and,

electrically independent to the extent practicable.
,

14. During plant shutdown, risk can be minimized by appropriate outage COL Item 19-17;

; management, administrative controls, procedures, and operator know: edge Section 19.8.1.2
! of plant configuration. This will be an important COL applicant activity.
.

; 15. Divisional separation exists also between redundant charging pumps and Figure 1.2-4

| their power supplies and redundant trains of instrument air. Sections 8.3.1.1.2.1

] & 9.3.1.2.1

,

e

G)*

:

-

Amendment V
j April 29, 1994
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SIGNIFICANT PRA-BASED SAFETY INSIGIITS FOR SYSTEM 80+ I

!

! INSIGIIT DISPOSITION
l

16. The COL applicant will develop procedures for manually aligning the COL ltem 19-19

| alternate AC power supply (combustion turbine) when one of the two
diesel generators is unavailable during a loss of offsite power event.

Breakers between the Permanent Non-Safety (PNS) and the class lE buses Certified Design
will be interlocked so that a PNS bus cannot be aligned to a class IE bus Material
that is being powered by an EDG.

17. To provide sufficient diversity and defense in depth to mitigate all Certified Design

( postulated accidents even assuming a common cause failure within the Material

| Plant Protection System, The System 80+ Instrumentation and Control
Systems provides the Manual Hardwired ESFAS Actuation System for the
controls and for display there are lIardwired Key Indications of Critical;

Function Status for post accident monitoring.

|

|

|

|

Amendment V
April 29, 1994
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a

18. One function of the Rapid Depressurization System (RDS)(or bleed | |,

i system) is to provide a safety-grade means of rapidly depressurizing the |
RCS manually from the control room so that the Safety injection System ,

(SIS) can be actuated, when the long-term decay heat removal fails. This is |
an important feature added to the System 80 + design that helps reduce
the failure probability of long-term decay heat removal and plant risk with i
respect to operating reactor designs. |

'

The following are some important aspects of the RDS as represented in the
~

PRA:
Certified Design4

The RDS valves are motor-operated and will not reclose on high Material
; f containment pressure.

( Certified Design |4

The RDS valves fail as-is and therefore they are not subject to Material |
automatic reclosing upon battery depletion.4

The functions of the RDS are to provide a * feed and bleed" cooling
capability in conjunction with the SIS, and to provide the capability to
depressurize the RCS during a severe accident to minimize the
potential for High Pressure Melt Ejection (IIPME).

Emergency
ABB-CE will provide EPG guidance for use of the RDS for Operations Guidelines

, ' feed and bleed" cooling. (EOGs)
1

EOGs
j Procedures will be provided for use of the RDS for

depressurization of the RCS during a severe accident.,

Section 3.2
The SDS valves are qualified for design basis accident conditions.

3
'

Section 16.7.18
The reliability of the RDS is important. The COL will ensure the
reliability of the RDS.

|

|

h
i

i Amendment V
April 29, 1994
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l

19. The following are some important aspects of tiie Shutdown Cooling System
(SCS) as represented in the PRA:

The SCS has two separate and redundant divisions, each with the heat Certified Design
removal capacity to cool the RCS to cold shutdown conditions. Materialj

:

( | The SCS and Containment Spray System (CSS) pumps are designed to Certified Design
| be independent but identical and functionally interchangeable. Either Material
! pump in a division can provide flow to either the CSS header or the

SCS heat exchanger.,

I Section 5.4.7.3
With the SCS heat exchanger bypass throttle valves failed open, there
is adequate flow (1000gpm) through the SCS heat exchanger to
achieve cooldown over an extended time period.

Certified Design
During plant shutdown operation, the SCS can be aligned to the Material
IRWST to provide RCS inventory makeup or to perform a " feed and
bleed" operation.

Certified Design
Instrumentation and controls are provided in the Remote Shutdown Material
Panel to ensure that the SCS functions can be performed even when
the main control room cannot be used due to a fire.

Certified Design
The SCS discharge valves are capable of opening with a delta p equal Material
to Qe SCS pump shutoff head. This capability is needed for SCS
injection from the IRWST to the RCS following an Aggressive
Secondary Cooldown (ASC). Certified Design

Material
The SCS piping outside of containment has an ultimate strength in
excess of the normal RCS pressure of 2250 psi. Certified Design

Material
The SCS pumps can be aligned to take suction from the In-

| Containment Refueling Water Storage Tank (IRWST). The SCS
pumps can also be aligned to discharge to the IRWST via the SCS Certified Design
heat exchangers. Material

The SCS can be aligned to provide IRWST cooling. This backs up the Certified Design
CSS capability for providing IRWST cooling. Material

Amendment V
April 29, 1994
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19. (Continued)
4

{ The valve isolating the SCS pump suction from the IRWST is capable- Certified Design {
of passing flow in either direction. This is required so that the SCS Material i2

'
pump can draw suction from the IRWST to back up the appropriate I

CSS pump and the CSS pump can draw suction from the RCS to back.

up the SCS pump.-

With the SCS pumps aligned to the IRWST, the pumps' NPSH is Certified Design.

adequate to prevent pump cavitation and failure if the IRWST Material1

; inventory is saturated.

i
3 The SCS pump motor in each division is not powered from the same Certified Design

Class 1-E 4.16Kv bus as the CSS pump motor in the same division. Material3 3

1
: 20. The following are some important aspects of the Safety injection System
} (SIS) as represented in the PRA:

; Four redundant trains are arranged in two divisions so the two SIS Certified Design
divisions are completely physically separated from each other. Material

; Each SIS pump train has an independent suction line connection to the Certified Design
'

IRWST. Material

i The two SIS divisions are; completely physically separated from each Certified Design
; other outside containment. Material
i

Safety injection for " feed and bleed" is an important backup decay Section 16.8.3
heat removal method during shutdown operation. A new technical
specification was added requiring two of the four SIS trains to be
available during most shutdown modes.'

Instrumentation and controls for trains 3 and 4 are provided in the Certified Design
Remote Shutdown Panel to ensure that the SIS functions can be Material
performed even when the main control room cannot be used due to a
nre.

.

<

4 Amendment V
] April 29, 1994.
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21. The following is one important aspect of the CSS as represented in the Certified Design
PRA: In addition to its design basis capabilities, the CSS provides the Material
capability to cool the IRWST during accidents requiring " feed and bleed"

|
operation.

The CSS pumps' NPSil is adequate to prevent pump cavitation and failure Certified Design4

if the IRWST inventory is saturated. M aterial

O'

1

J

|
l

O
1

Amendment U
December 31, 1993
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SIGNIFICANT PRA-BASED SAFETY INSIGHTS FOR SYSTEM 80+

INSIGHT DISPOSITION -

22. The following are some important aspects of the Electrical Distribution
: System (EDS) as represented in the PRA: I

|
'

The EDS includes features intended to reduce the frequency of loss of,

) offsite power (LOOP) events and station blackout (SBO) events.

: 1

The turbine generator system and its associated buses are Section 7.7.1.1.6 |
'

designed to run back to maintain " hotel" load on a loss of load. |
i

4 The run back feature of the turbine generator system will be D. RAP ;

; included in the D-RAP. ;

1

'

The two emergency diesel generators are provided with Section 8.3 |
dedicated 125V DC batteries (DC Division Batteries). Therefore,

'

they can start and load without the emergency channel batteries.-

l
'In addition to the two emergency DGs, the System 80+ design Certified Design"

has an alternate standby onsite AC power source, This is a non- Material I
'

safety combustion turbine power source which is independent I
.

and diverse from the DGs. '

*

| The two EDGs are physically and electrically isolated from each Certified Design
other. Material

Each of the six independent load group channels and divisions of 125 Certified Design!

V DC Vital Instrumentation and Control Power is provided with a Material
separate and independent class 1-E 125 V battery (2 Division,

| Batteries and 4 channel Batteries) Each battery is sized to supply the
continuous emergency load of each own load group for a period of 2
hours. |

The six independent and separate class 1 E 125 V DC batteries Section 8.3
| permit operating the I & C loads associated with the turbine-driven

emergency feedwater (EFW pumps for 8 hours, assuming manual<

; load shedding or the use of a load management program. This
enhances the Station Blackout (SBO) coping capability of the System4-

] 80+ design.

%
<

:
2

i

Amendment V
April 29, 1994.
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22. (Continued)

Each Emergency Diesel Generator (EDG) has a complete and separate Certified Design
fuel oil storage system. The storage system has sufficient fuel to Material
permit EDG operation for no less than 7 days.

Each EDG has two dependent air starting systems. Certified Design

23. The following are some important aspects of the Station Service Water
System (SSWS) and the Component Cooling Water System (CCWS) as

,

represent:d in the PRA:
'

Each of these systems (i.e., CCWS and SSWS) has two redundant Certified Design
and separate safety related divisions with heat dissipation capacity to Material
achieve and maintain safe shutdown. Each division has two pumps.
The two CCW Heat Exchanger Buildings (one per division) and the
SSW Structure are seismic category 1 structures (and the divisional
walls of the SSW structure are part of the structure).

4

The Station Service Water Pump structure will be designed such that Certified Design
an internal fire or internal flood on one side of the divisional wall will Material Interface
not affect the other division (e.g., by propagation or by causing
failure of the divisional wall).

Typically during normal operation one SSW and one CCW purnp in Sections 9.2.1.2.2,
each division are running with the second pump of SSW and CCW in 9.2.1.2.2.2 &
standby. The standby pump will automatically start if the running 9.2.2.2.1.2
pump in that division trips. This configuration reduces the demand
failures of pumps and valves which were found to be significant
contributors to risk in current generation plants with standby

,

CCWS/SSWS designs.

The supply and return lines in one division of the SSWS are Certified Design
completely separated from the supply and return lines of the Material I

redundant division. |

SSWS valves in the supply and return lines are locked in the desired Figure 9.2.1-1, |
position so that only actuation of the pumps are required to place a Sheets 1 & 3
division in service.

The ESF actuation System signals isolate the non-safety related Certified Design
portion of the CCWS following an accident condition, except for Material
cooling for the RCPs, IAS compressor coolers, charging pump motor
coolers, and charging pump miniflow heat exchangers.

Amendment V
April 29, 1994

|
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) 24.- The following are some important aspects of the Emergency Feedwater
System (EFWS) as represented in the PRA:

.

The EFWS is a dedicated safety system that has two separate and Certified Design
redundant divisions. Each division has two diverse 100% capacity Material
EFW pumps, one motor operated and one turbine driven.

- Redundancy, diversity and separation between divisions are important
features reducing the failure probability of the secondary side heat

4 removal.
;

I The EFW pumps in one division can supply feedwater to the SG in Certified Design
i the other division through a pipe having at least two normally closed Material

A isolation valves installed.
l

'

i\ .,

4
' Each EFW Storage Tank (EFWST) can be supplied by gravity flow Certified Design

from the Condensate Water Storage Tank (CST). This source is Material -)
'

isolated by at least two normally closed isolation valves. )
r The EFW turbine-driven pump in each division is supplied steam Certified Design

{' from the SG in its division via a pipe connection located upstream of Material
the MSIV.

For SBO sequences that do not credit the Alternate AC Source, the Section 10.4.9.1.2'

turbine driven EFW pumps are the only safety system available for
j removing decay heat. Their operation, however requires DC power
i supplied by batteries. No room cooling or other AC source is

required for 8 hours.

25. The In-Containment Refueling Water Storage Tank (IRWST) is an Certified Design
; important design feature which helps reduce the System 80+ risk with Material

respect to operating reactor designs. Important characteristics are: (a)
located inside containment; (b) the CSS and /or SCS can be aligned to cool
the IRWST contents using the CSS or SCS heat exchangers respectively;
(c) no valve changeover is required for the recirculation mode of
emergency core cooling; (d) IRWST inventory can be made up from the
BAST; and (e) in conjunction with remote manual valve operation,
provides source of water for flooding the Reactor Cavity in severe
accidents.

m

.

k

Amendment U
December 31, 1993

, ~ . , , _ _ _ _ - - - ,



CESSAR ?!%m,.

TABLE 19.15-1

(Sheet 12 of 18)

SIGNIFICANT PRA-HASED SAFETY INSIGIITS FOR SYSTEM 80+

;

INSIGHT DISPOSITION

26. Aggressive Secondary Cooldown (ASC), which involves cooling of the Certified Design
RCS by opening the ADVs and ensuring that EFW is being delivered to Material
both steam generators given failure of safety injection, has a significant
impact on the core damage frequency contribution for small LOCAs and
SGTR. Given a small LOCA or SGTR with failure of Safety injection,
the SCS can be aligned to provide the injection function if the RCS is
depressurized to the SCS pump shut off head.

ABB-CE will provide EPG guidance for the use of the EFWS, and the EOGs
TBS or ADVs for ASC and the alignment of the SCS for injection
operation.

27. The following are features of the System 80+ control room design which
were assumed to minimize risk from fires in the control room:

3

The materials in the control room panels do not independently support Section 7.7.1.3.1
combusion.,

The energy sources coming into the control panels are limited to low Section 7.7.1.3.1
power voltage to the maximum extent practical, thus practically
eliminating potential ignition sources within the panels.

A significant portion of the control and indication signals are Certified Design
interfaced to the main control panel via fiber optic cables. Material

28. Sufficient instrumentation and controls are prov:ded at the Remote Certified Design
Shutdown Panel to bring the plant to safe shutdown in case the main Material
control room must be evacuated. Indication and control are provided for
EFW, SCS, ADVs, SIS, RDS, CCWS, and SSWS ITAAC.

Equipment that do not have dedicated instrumentation and controls at the Section 7.4
Remote Shutdown Panel can be controlled via the operator's module. This
provides the ability to control most plant functions, albeit on a limited
basis from the Remote Shutdown Panel.

O
Amendment V
April 29, 1994
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! 29. A control room fire will not impact the instrumentation and controls
| located at the Remote Shutdown Panel, or the equipment whi:h is required

to place the plant in cold shutdown, due to the following features of the
System 80+ design:

The main control room and the remote shutdown room are located at Certified Design |
different elevations and in different fire areas. Material j

| The main control room ventilation system is different from the Certified Design
! ventilation system for the remote shutdown room. Material

|
. |

| The stairwells connecting the main control room and the remote Section 9.4, Figures 1

|. g shutdown room are pressurized, thus not allowing smoke, hot gases 1.2-5A through 1.2-9

| and fire suppressants to migrate from one room to the other, j
Certified Design {

The main control room is continuously pressurized to prevent the Material |
entry of smoke, hot gases, dirt and fire suppressants from other areas. I

30. All fire barriers which provide separation between the two divisions are Certified Design
rated for at least 3 hours. Material

It was assumed that all fire doors and penetrations within the fire barriers D-RAP
are maintained with high reliability during power operation to prevent the . I

propagation of fire from one area to the next.

31. The possible sources of internal flooding within the Nuclear Annex and Certified Design
Reactor Building are located below elevation 70+0. Material

32. Solid state switching devices and electro-mechanical relays resistant to Sections 7.1.1.7,
relay chatter will be used in the Nuplex 80+ protection and control 7.2.1.1 & 7.3.1.1
systems. Use of these devices and relays either eliminates or minimizes the COL 1:em 19-20 |
mechanical discontinuities associates with similar devices at operating (Relay Chatter

'

reactors. Resistance)
|

|

33. The Startup Feedwater System (SFWS), a non-safety related system, can Sections 10.4.7.2.3 &
be used to deliver feedwater to the SGs following a reactor trip. The 10.4.7.2.4
SFWS pump is powered from the Permanent Non-Safety (PNS) bus and Figure 8.3.1-1
can be powered by the AAC. The SFWS pump can be aligned to the CST

} or the deaerator storage tank. With alignment to either storage facility, the
/ NPSH for the pump is adequate to prevent pump cavitation and failure.

v

|

Amendment V
April 29, 1994-
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34. There will be a diverse RCP seal injection capability using a positive Certified Design
displacement pump that is diverse from the CVCS and can be powered Material
from either the EDG or the AAC.

The altemative positive displacement seal injection pump is located in such Figure 1.2-5A
a manner as to minimize its vulnerability to internal floods and fires that
could also affect the primary means of providing RCP seal cooling or RCP
seal injection.

35. An emergency containment spray backup function provides a means of Certified Design
supplying water to the containment spray header from a station AC Material
independent external source.

The final design of the ECSBS is not completed. The design of the ECSBS Sections 6.5.2.5,1
is envisioned to include the following design features: (1) an 8-inch and 19.11.2.8
diameter " tee" connection to the containment spray recirculation line (2)
an extension of 8-inch diameter Class 2 piping from the " tee" connection
from the containment spray recirculation line to the exterior of the Nuclear
Annex, (3) external connections for temporary hookup of an external
source of water that are located at or near grade, (4) a portable pumping
source (e.g., fire truck) that is independent of site AC power buses. This
pumping device will be capable of supplying sufficient flow to the
containment spray header at 24 hours after a severe accident to provide
sufficient heat removal capability via the spray droplets to prevent the
containment pressure from exceeding the service level C pressure.
Preliminary calculations indicate a flow rate of 750 gpm would be
sufficient, and (5) all necessary hoses, fittings and spool pieces would be
stored with the pumping device or at or near the " tee" connections.

The detailed system design and location of all associated valves and COL Item 19-11
connections should take into account expected radiation levels and shielding Section 19.11.3.8
requirements for any required local operator actions.

The specific flow rate for the pumping device will be determined as part of COL Item 19-10
the detailed design. Section 19.11.3.8

Detailed procedures for use of the system will be developed by the COL COL ltem 19-16
applicant. Section 19.15.6

Amenciment V I
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| 36. There is a flydrogen Mitigation System (HMS) utilizing ignitors to control Certified Design
! hydrogen during a severe accident. Material |

|

The accident management procedures will address use of the HMS. COL Item 19-16
Section 19.15.6

| 37. The Hydrogen purge Vent to the annulus is not credited in the PRA. EOGs

| However, the use of this vent could decrease the late containment failure
probability.

. 38. Each half of the subsphere is compartmentalized to separate redundant safe Certified Design )
I shutdown components, to the extent practicable while maintaining Material

accessibility requirements. The subsphere, which houses the front line-

| safety systems is compartmentalized into quadrants, with two quadrants on '

. either side of the divisional structural wall. Flood barriers provide
! separation between quadrants, while maintaining equipment removal

| capability. Emergency feedwater pumps are located in separate
compartments within the quadrants with each compartment protected by
flood barriers. Flood barriers also provide separation between electrical
equipment and fluid mechanical systems at the lowest elevation within the .
Nuclear Annex.

Elevated equipment pads prevent equipment from being inundated in the Section 3.4.4.1
event of flooding.

There are three-hour fire barriers as well as flood barriers between Certified Design
quadrants in the subsphere. Material

Within each division, there are two Class 1E 4160 KV switchgears. These Section 9.5.1.14
are separated by three-hour fire barriers and are arranged to be associated
with one of the subsphere quadrants. Power cables from the diesel
generator room in a given division to their associated switchgear are fully
separated, and the cables from the switchgear to their associated pumps are
fully separated.

p
b

Amendment V
April 29, 1994
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39. Flood protection is integrated into the floor drainage systems. The floor Certified Design
drainage systems are separated by division and Safety Class 3, Seismic Materiali

| Category i valves which prevent backDow of water to areas containing
safety related equipment. Each subsphere quadrant contains its own
separate sump equipped with redundant Safety Class 3, Seismic Category I
sump pumps and associated instrumentation. These pumps are also
powered from the diesel generators in the event of loss of offsite power.
The Nuclear Annex also has its own divisionally separated Door drainage
system, having no common drain lines between divisions.

| Floors are gently sloped to allow good drainage to the divisional sumps. Section 9.3.3
| Floor drains are routed to the lowest elevation to prevent Hooding of the
i upper elevations. The lowest elevation in each division has adequate

volume to collect water from a break in any system without Gooding the
other division. In addition, potential discharge of fixed fire suppression

i systems and Hre hoses is considered in the sizing of floor drains to
preclude flooding of areas should the fire protection systems be initiated.

40. The COL should maintain a well trained and prepared fire brigade. COL ltem 19-13
Section 19.15.3.2

41. The System 80+ low pressure systems which interface with the RCS are Certified Design
protected against ISLOCA by a combination of increases in the piping Material
pressure limits and autoisolation capability based on pressure sensors.

42. The COL applicant should consider the information on riak important COL ltem 19-15
operator actions from the PRA, as presented in Table 19.15.6-2, in Section 19.15.6
developing and implementing procedures, training and other human
reliability related programs.

43. During detailed design phase, the COL applicant should update the PRA COL ltem 19-12 I
using the final design information and site specific information. As Section 19.15.1 |

1 deemed necessary, the COL applicant should update the PRA, including I

| the shutdown risk evaluation, and the internal fire and Good evaluation. )
| Based on site specific information, the COL applicant should also re-
'

evaluate the qualitative screening of external events. If any site specific
susceptibilities are found, the applicable external event should be included
in the updated PRA.

O
Amendment V
April 29, 1994
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44. The structure that houses the combustion gas turbine must have a IICLPF Section 19.7.5.3
of at least that of the gas turbine itself, or must be designed in such a ,

'' manner so that failure of this structure following a seismic event up to
|HCLPF of the gas turbine will not affect the operability of the gas turbine.

45. During the HFE V&V, the risk significance of tasks impacted by findings Supports Certified

*,
will be considered in the finding resolution process. The resolution process Design Material ;

will qualitatively confirm that the findings, as dispositioned, will not lead I
to a risk-significant iricrease in error potential from that represented in the ]
HRA, or additional risk significant errors not modeled in the HRA. |

(" Human Factors Encineerine Verification and Validation Plan for
NUPLEX 80+", NPX80-IC-VP790-03,' Section 8.1).

O I'

; } 46. No water lines are routed above or through the control room and the Section 3.4 '

] computer room. HVAC water lines contained in rooms around the
control room are located in rooms with raised curbs to prevent leak. age

i from entering the control room.
4

,
47. A reactor cavity flood system is provided to enhance the coolability of Certified Design

| ex-vessel core debris. Material
:

! Procedures for use of the cavity flood system during a severe accident will COL ltem 19-15
*

be developed by the COL applicant as part of their plant-specific severe Section 19.15.6
accident management procedures.

?

I The reliability of the cavity flood system and associated valves is D-RAP,
i important. The COL applicant will ensure the reliability of the cavity flood Table 19.15.61

system.

4

1

i

e

J

,-

V)
,

t|

4
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| 48. Containment integrity is important to reduce the risk to the public. The D-RAP,
major containment penetrations (equipment hatch, personnel airlocks and Table 19.15.6-1
fuel transfer tube) will be designed to assure that they will not fail up to
ASME service level "C" for the containment shell. Penetrations will be
designed and scalant materials will be selected to ensure that the seal and
mounting will provide a minimum of I day containment integrity.

Containment integrity is important to reduce the risk to the public. The D-RAP,
major containment penetrations (equipment hatch, personnel airlocks and Table 19.15.6-1
fuel transfer tube) will be designed to assure that they will not fail up to-

! ASME service level "C" for the containment shell. Penetrations will be
designed and sealant materials will be selected to ensure that the seal and
mounting will provide a minimum of I day containment integrity.

| 49. The reliability of the MSSVs, ADVs, and MSIVs is important. The COL D-RAP,
applicant will ensure the reliability of these components. Table 19.15.6-1

50. Flood barriers separating the flood zones in the nuclear annex, the CCWS Certified Design
Heat Exchanger buildings and the SSWS pump structure are designed to Material
withstand water pressure generated by internal flooding .

,

1

1

Flood barriers, including water tight doors and penertations, will be D-RAP,
addressed in the O-RAP. Table 19.15.6-1

1

l
1

1

l
i

i

l

|

t |
|

:

>
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;- 19.15.1 SPECIAL DESIGN FEATURES

System 80+ is an evolutionary Advanced Light Water Reactor
[ (ALWR). ABB C-E designed the System 80+ using PRA extensively in
: the design process to identify areas for improvement and to
] monitor progress toward meeting risk reduction goals. Using the

| Standard System 80 design as-the starting point, the System 80
design evolved into System 80+. The changes were made to make

.

| the plant safer, more available, and Oasier to operate.
j Therefore, the System 80+ design contains features that reduced

risk, when compared with existing generation of commercial'

i nuclear power plants. Table 19.15.1-1 summarizes the System 80+
j evolutionary features that affect safety and compares them to
j similar features of System 80.
1

The features summarized in Table 19.15.1-1 contributes to risk:
reduction, some more than others. These features are either

,

: preventative or mitigative. The purpose of the preventative
i features is to minimize or reduce the initiation of plant

transients, . arrest or terminate the progression of plant
$ transients once they occur, and prevent core damage. Likewise,

the purpose of the mitigating features is to mitigate severe
accidents and the consequences of core damage.

j f 19.15.1.1 Design Feature for Preventinc Core' Damage

The following briefly describes the major features that were
j incorporated into the System 80+ design to limit plant transients
'

and to prevent severe accidents from occurring.

Larcer Pressurizer

{ The reason for designing a larger pressurizer volume in the
system 80+, as compared the existing generation of commerciali

j nuclear power plants, is to make the plant response to transients
; slower and acre resilient. The larger pressure volume helps
: maintain a higher pressurizer pressure and water level following
: a turbine trip. It also helps prevent emptying the pressurizer
j following overcooling transients. For certain transient events,
j the rise in pressurizer pressure will be moderate and
j consequently the primary safety valves will not be challenged.
.

1

;
1

,

a

4

!

: Amendment P
I 19.15-2a June 15, 1993
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A larger pressurizer volume also helps to lower the peak pressure
that can be reached following an Anticipated Transient Without
Scram (ATWS) event. The primary bases for increasing the ;

pressurizer volume are: j
i

A. To prevent the draining of the pressurizer and uncovering of j
the heaters following a reactor or a turbine trip. !

|

B. To prevent water level surges that cause liquid or two-phase l
Iflow to reach the primary safety valves following a

feedwater line break or a loss of load transient.

C. To prevent the lifting of the primary safety valves
following certain transient events.

.

D. To increase the margin for a Safety Injection Actuation |
Signal (SIAS) during a reactor or turbine trip. | |

|

E. To minimize the fluctuation of the pressurizer during i
transient events. )

Larger Steam Generators
)

The larger than existing steam generators of System 80+ is
/~N designed to make the plant response to transients slower and more

J

('"') resilient. The increased heat transfer area of the steam i

generators provides a 10% tube plugging margin, which helps 1
,

'

increase the availability of the steam generator secondary heat
removal. The increased downcomer volume and the 20% increase in
steam generator inventory help reduce the fluctuations during |
transients and increase the boil-off time to dryout the steam |

generators. The time required to dryout the secondary inventory '

of the steam generators is approximately 50% longer for System
80+ than the dryout time for System 80. The improved steam
generator tube materials and the reduced hot-leg temperature are
designed to help reduce the frequency of steam generator tube
ruptures.

Shutdown Coolina System (SCS)/ Containment Sprav System (CSS)

In addition to their long-term decay heat removal function, the
SCS pumps are designed to perform residual heat removal injection
and cooling of the In-containment Water Storage Tank (IRWST) . In
the residual heat removal injection mode of operation, the SCS is
used (in conjunction with the Rapid Depressurization System) as
a backup to the Safety Injection System (SIS) to inject borated
water into the reactor core. To provide operating flexibility,
the design pressure of the SCS is much higher for System 80+ than
Standard System 80. The SCS pumps can also be used as backup to

( the CSS pumps to perform IRWST cooling during " feed and bleed"
' i operations (beyond design basis events). The two-train>

( ,/ redundancy for each of these systems, coupled with the

| Amendment V
,

19.15-3 April 29, 1994
)
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O1interchangeable SCS and CSS pumps, enhance the availability of
these systems.

Multiple Independent Connection to Grid and Turbine / Generator i

Runback Capability )

The System 80+ design includes a main switchyard for incoming and
| outgoing electric power and a separate and independent backup
| switchyard that is tied to the grid at some distance from the
| main switchyard. In addition, the System 80+ turbine generator
l system and the associated buses are designed to runback to |

maintain hotel load on a loss of grid event. These features are l

intended to reduce the frequency of Loss of Offsite Power (LOOP)
events and station blackout events.

Separate Startup and Emeroency Feedwater System

| The use of a non-safety related Startup Feedwater System (SFWS)
| for normal startup and shutdown operations helps reduce the
| demands on the Emergency Feedwater System (EFWS). In addition, i

the SFWS provides an independent means of supplying feedwater to |
the steam generators for removing heat from the Reactor Coolant i

System (RCS) during emergency conditions when the main feedwater
is not available (the SFWS is automatically actuated upon loss of
main feedwater and prevents the need to actuation the EFWS).

Improved Control Room Desian

The System 80+ control room design (Nuplex 80+) is intended to
improve existing control rooms while maintaining their strengths.
In that respect it is an evolutionary design that is expected to
provide more and better information to the operator than the
Standard System 80 design.

Improved Normally Operating Component Cooling Water System (CCWS) |

The Component Cooling Water System (CCWS) is a closed-loop system
that provides cooling water to remove heat from plant systems,
components, and structures. Heat from the CCWS is rejected to
the ultimate heat sink through the open-loop Station Service
Water System (SSWS). Each of these systems consists of a
separate and redundant division. Each division contains two

| pumps: one is normally operating, while the other pump is in
| standby and starts automatically if the operating pump trips.
'

This configuration eliminates the demand failures of pumps and
valves that were found to be significant contributors to risk in
the System 80 design with standby CCWS/SSWS configurations.

|

|

9
!

| Amendment P
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\ ,/ Facilities Designs

Facilities are designed to provided physical separation of
systems or trains of system that perform redundant safety-related
functions. This increases the availability of systems due to
their protection from failures associated with internal fires,
internal floods, and similar common-cause failures. This
contributes to risk reduction when compared to existing plant
designs.

j

Safety Iniection System (SIS) with Direct Vessel In-iection !
|

The primary function of the Safety Injection System (SIS) is to
,

inject borated water into the RCS for inventory and reactivity
control during severe accidents such as Loss of Coolant Accidents

I
(LOCAs) and ATWS. The SIS can be used in conjunction with the |
Rapid Depressurination System for " feed and bleed" operation. I

For continuous long-term post-LOCA (large) cooling of the reactor
core, the SIS pun.ps are realigned to provided simultaneous hot-
leg and direct vessel injection (DVI) to prevent boron | |crystallization. The following are major evolutionary !
characteristics of the System 80+ SIS:

i
.

A. Four high-pressure 100% capacity pumps.
|

(OI

d Four safety injection tanks (SITS).B.

C. Direct vessel injection (pumps take suction from the IRWST |

and deliver borated water to the reactor vessel dovncomer I

via the DVI lines).
D. Elimination of need for low pressure pumps.
E. Elimination of need to realign pump suction.

4

F. Hot side injection into each hot-leg.

G. Capability to test pumps at design flow.

H. " Feed and bleed" cooling of the RCS (in conjunction with the
Safety Depressurization System (SDS) for beyond design basis |events).

These evolutionary characteristics help reduce the unavailability
of the System 80+ SIS to levels below those for existing
generation of commercial nuclear power plants. This was achieved
by reducing or eliminating several contributors to SIS
unavailability. For example: (1) a four-train (as compared to a
two-train) SIS, reduces the contribution to the system
unavailability that is due to outages for testing, repair andf.s/ T maintenance; (2) the elimination of the low-pressure pumps(,/ eliminates the failures to start for these pumps; (3) the
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elimination of the need to realign the suction of the pumps
eliminates the contribution of the failure to do so; (4) the
provision for cold-leg DVI increases the time for SIS response
during a small break LOCA.

Safety Depressurization System (SDS)

The Safety Depressurization System (SDS) consists of two sub-
systems: (1) the Reactor Coolant Gas Vent System (RCGVS) and (2)
the Rapid Depressurization System (RDS) or bleed system. The
RCGVS provides a safety-related means of venting non-condensible
gases from the pressurizer and the reactor vessel upper head.

| Likewise, the RDS provides a manual means of rapidly
depressurizing the RCS so that the SIS can deliver borated water
to the reactor core, when long-term decay heat removal fails via
the Shutdown Cooling System or via the steam generator secondary
heat removal. Rapid depressurization of the RCS is manually
accomplished and is often exercised in conjunction with the
" feed" function which is provided by the SIS. This is a
significant risk reduction feature added to the System 80+
design.

Emergency Feedwater System (EFWS)

The Emergency Feedwater System (EFWS) provides an independent
safety-related means of supplying feedwater to the steam
generators during the early phase of secondary heat removal in
the event that both the main feedwater and the startup feedwater
are lost. The EFWS consists of two divisions, each of which is
aligned to deliver feedwater to its respective steam generator.
Each division contains a motor-driven train and a turbine-driven
train. The steam required to operate the turbine-driven pump is
supplied from the associated steam generator that feedwater is
delivered to, and the cross-connect of steam supply to the EFWS
turbine pumps is not a design characteristic. For station
blackout sequences, the turbine-driven trains of the EFWS are
available to remove decay heat from the RCS. Because of the
redundancy and diversity of the emergency feedwater trains, this i

system is a significant contributor to risk reduction.

Two Emeraency Diesels and Standby Combustion Turbine

Each of the two divisions of class 1E AC power is supplied with
emergency standby power from an emergency diesel generator (DG).

,

Each DG is provided with a dedicated 125 VDC battery. The |
emergency DGs start and load automatically following a LOOP
event. In addition to the two emergency DGs, the System 80+
design has an alternate standby onsite AC power source. This is
a non-safety combustion turbine power source provided to cope
with station blackout scenarios. The alternate power source is
independent and diverse from the DGs. Once started, the

Amendment U
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\ combustion turbine is manually loaded to power one division of
class 1E AC loads when the associated DG is unavailable.

I l
'

Vital Batteries I

Six independent and separate 125 VDC batteries are included in
the System 80+ design,-in comparison to four batteries for the
System 80 design. For System 80+, each battery can supply the
continuous emergency load of its own load group for a period of
2 hours. In addition, the batteries provide a station blackout | .

coping capability assuming manual load shedding or the use of a i

load management program. This permits operating the
instrumentation and control loads associated with the turbine-
driven emergency feedwater pumps for 8 hours.

| In-Containment Refuelina Water Storace Tank |

Sufficient borated water is stored in the In-Containment
Refueling Water Storage Tank (IRWST) to meet all post-accident i

safety injection pumps and containment spray pumps operation
requirements. The volume of borated water is also sufficient to
flood the refueling pool during normal refueling operations. The

,

| IRWST eliminates the need for switching over'from injection mode
'

to recirculation mode during emergency core cooling operations
and therefore, eliminates failures associated with switch-over in

| existing commercial nuclear power plants.

19.15.1.2 Design Features for Mitigating Consecuences of )
Core Damage

The following briefly describes the major features that were
incorporated into the System 80+ design to mitigate severe
accidents and the consequences of core damage.

! Large Spherical Steel Containment

The most important advantages of this feature are listed below:
,

| A. Enhanced centainment atmospheric mixing and dilution of post
accident hydrogen gases, reduces the potential for'

developing detonable concentrations of hydrogen under severe
accident conditions.

| B. High containment pressure capacity values are several times
| higher than the design pressure. (The containment pressure

.

| capacity is sufficiently large that the containment loads 1

associated with early challenges, e.g., hydrogen combustioni

and direct containment heating, are at or below Service
Level C value.) This assures an extremely low probability
of containment failure for such challenges, the high-

I pressure capacity also significantly delays the time of
'Q release for late containment failure challenges.
|

| Amendment U
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.In-Containment Water Storace System

| This system performs water collection, delivery, storage, and
! heat sink functions inside the containment during normal
j operation and accident conditions. It comprises the IRWST, the
! Holdup Volume Tank (HVT), the Steam Relief System (SRS), and the

Cavity Flooding System (CFS). Containment spray water, RCS
breakflow, and condensed water on containment structures will
drain first into the HVT, and eventually to the IRWST through
spillways connecting the IRWST and HVT. The IRWST provides water
from steam condensation and fission product scrubbing before
vessel breach, and water for reactor cavity flooding through the
CFS. The in-containment water storage system is, therefore,

| significant for severe accident progression in its ability to
i reduce containment pressure (through steam condensation), to

reduce fission product release (through pool scrubbing), and to
i reduce the probability of core concrete interaction through

cavity flooding.

Safety Depressurization System (SDS)

! In addition to the core damage prevention function, discussed
earlier, the Rapid Depressurization System (RDS) of the SDS also
serves a mitigative function. Specifically, actuation of the RDS
prior to the core debris penetrating the vessel, can reduce or

| eliminate the potential for direct containment heating and large

|
hydrogen combustion events at vessel breach and, thus, reduce the

| probability of early containment failure. The RDS also reduce
i the amount of fission product release associated with reactor

vessel breach at high pressure, since the RDS flow is discharged
directly into a sparger network in the IRWST and not into the
containment atmosphere.

Reactor Cavity Design for Corium Disentrainment

The reactor cavity of the System 80+ design minimizes debris
dispersal to the upper compartment of the containment after a
high pressure vessel breach, and thereby reduces the potential
for containment failure caused by direct containment heating.
The path from the cavity to the upper containment is convoluted
so that the corium will be disentrained and removed from the
atmosphere before reaching the upper containment region. This
design feature reduces the quality of corium available for

| dispersal into the upper compartment and, therefore, the pressure
l rise associated with direct containment heating. In conjunction

'

with the high containment pressure capacity for the System 80+
design, the retentive cavity design serves to further reduce the
probability of containment failure as a result of direct
containment heating.

O
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Q Reactor Cavity Desian for Debris CoolaC lity

Another feature of the reactor cavity that is important to severe
,

accident progression is .the ability to quench; and cool core
debris in the cavity. The flow area in the System 80+1 design,

~ the EPRI debris spreading criterion to enhance themeets,

potential for debris cooling. In addition,-the reactor Cavity
; Flooding System (CFS) is designed to flood the reactor cavity in

the event of a severe accident for the purpose of. covering.the
core debris with water and- maintaining. a long-term debris,

coolability. The CFS also serves to scrub fission products. The
!. CFS is designed to flood the reactor cavity.in the event of a
: severe accident using . water from the HVT portion' of the:

i containment water storage system.
;

Hydrocen Mitiaation System

; The System 80+ design incorporates a deliberate ignition system
j .to maintain containment hydrogen concentrations below a detonable
i limit. The system uses igniters of the glow plug design and is

manually remote controlled. Because of the proven design of the
glow plug igniters and the- reliability of the electrical

i distribution system used in the System 80+ design, the. Hydrogen
Mitigation System (HMS) is a .significant risk reduction

p contributor to containment failure.

:
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( TABLE 19.15.1-1 |;
% 1

<

1,

l

i MAJOR SYSTEM 80+ PREVENTIVE AND MITIGATIVE DESIGN FEATURES

i
3

TYPE OF FEATURE DESIGN FEATURE'

PREVENTIVE

! .
Transient Prevention larger pressurizer:

^

Larger steam generators

}

! High-pressure Shutdown Cooling System (SCS) functionally j

j interchangeable SCS and Containment Spray System (CSS) pumps
i

Multiple independent connections to the grid and turbine-generator runback
i capability

Dedicated Startup Feedwater System (SFWS) |

Imp *oved control room design
,

I improved normally operating Component Cooling Water System
(CCWS)/ Station Service Water System (SSWS);

i
Transient Mitigation /

! Severe Accident Four train Safety injection System (SIS) with direct vesselinjection
j Prevention

( Safety Depressurization System (SDS)
1

|- Four train Emergency Feedwater System (EFWS) |
J
' Two emergency diesel generators and a standby alternate AC source

(combustion turbine)

I Six vital batteries
:

In-containment Refueling Water Storage Tank (IRWST)*

I Cross-connected CSS and SCS trains
1

] Improved control room design
I
t MITIGATIVE Large spherical containment

Reactor cavity designed for corium disentrainment
j

Reactor cavity designed for debris coolability
3

IRWST and SDS;

Hydrogen Mitigation System (HMS) -|

. p
\

1
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19.15.2 INTERNAL EVENTS RISK PROFILE INSIGHTS*

4

19.15.2.1 Core Damace Frecuency of the Level I PRA

The Level I portion of the System 80+ PRA addresses the internal
; (and the external) initiators of accident sequences which lead to

core damage. Core damage is assumed to occur if the collapsed
level in the reactor has decreased such that-the active fuel in'

the core is uncovered and a temperature of 2200 F or higher is
reached in any node of the core as defined in best-estimate

! thermo-hydraulic calculations. The methodology for the Level I
portion of the PRA for internal events complies with the
recommendations of the PRA Key Assumptions and Groundrules of

; EPRI ALWR Requirements Document"). The small event tree /large
fault tree (fault tree linking) approach was used to evaluate
core damage frequency. Generic industry data, as presented in4

j the EPRI ALWR Requirements Document"), was used to perform the
. PRA. The methods used for the external events evaluation are
! summarized in Section 19.15.3.
i
' The core damage frequency for internally initiated events is

summarized' in Section 19.15.2.1.1. The dominant accident
sequences and their major contributors to core damage frequency'

for internal events are summarized in Section 19.15.2.1.2. In
Section 19.15.2.1.3, the impact of several System 80+ design'

4

i \ features, as they relate to the reduction of core damage
. frequency for internal events, are presented. Finally, the

insights drawn from the uncertainty, sensitivity, and importance,

analyses are presented in Section 19.15.2.1.4.

; 19.15.2.1.1 Core Damage Frequency by Initiating Events
4

f The estimated core damage frequency attributable to internal
i events for the System 80+ plant is 1.7E-06. Table 19.15.2-1
2 presents the core damage frequency contributions by initiating

events (for comparison, the core damage frequency for theg

j Standard System 80 design is also presented). The core damage
} frequency of the System 80+ design is a factor of 128 less than
j the core damage frequency of the System 80 design. This factor
; was derived using the same groundrules of the System 80 PRA.
: The relative contributions (percent of total) of the various
! internal events to the total core damage frequency are tabulated

in Table 19.15.2-1 and shown graphically in Figure 19.15.2-1.
For the System 80 design, loss of offsite power and station4

blackout dominates (47%) the core damage frequency profile. This
is followed by the LOCAs (32%) and then transients (15%). The
contribution by ATWS is relatively small (6%). For the System'

80+ design, the LOCA categories of initiating events dominate-

'

(37%) the core damage frequency profile. This is followed by the
transient category (34%) of events and SGTR category (18%) of

- events. The contribution from loss of offsite power (including
;

4
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station blackout) is relatively small because of the following |
features that were incorporated into the design: ;

1

A. Multiple independent connections to the grid.

B. Turbine-generator runback capability to maintain hotel
loads.

C. Alternate standby AC source (combustion turbine).

D. Six vital 125 VDC batteries.

The contribution from ATWS is also relatively small.

19.15.2.1.2 Dominant Accident Sequences for Internal Events

The general assumptions that were made in developing the accident
sequences are outlined below. Assumptions that are applicable to

,
specific accident sequences are outlined under the appropriate

! initiating event. System oriented assumptions, which include
success criteria, are provided in the various subsections of
Section 19.6. Because of the large number of system assumptions,
they are not repeated in this section.

A. Except for a large or medium Loss of Coolant Accident
(LOCA), a reactor trip is the primary means of reactivity
control for all initiating events.

B. For accident sequences that include failure of containment
heat removal or failure to cool the IRWST, it was assumed
that the CVCS can provide an alternative source of borated
water to replenish the IRWST inventory. Some IRWST
inventory (in the form of steam - flashing) will be lost
after the containment fails.

C. The list of initiating events analyzed during power
operation was assumed to be complete and comprehensive.
This list was generated based on initiating events addressed
in previous PRAs, guidance from the PSA Procedures Guide,
and features which are unique to the System 80+ design.

D. For those accident sequences which include inoperable
systems / components due to loss of power to the
system / components, it was assumed that certain operator
recovery actions could be performed to restore power to the
affected systems / components, and consequently prevent core
damage.

E. It was assumed that, in general, mechanical failures of
components cannot be repaired within the 24 hour mission

| time. As a result, mechanical failures are assumed to be

|
,

Amendment S
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' non-recoverable and are therefore not credited as a means of-

preventing core damage.

F. For all initiating events, except large and medium LOCAs, it
was assumed that the preferred means of removing decay heat

| from the reactor is via the steam generator (s). If decay
heat cannot be removed via this means,then " feed and bleed"'

is an alternate means of accomplishing this function.

G. Steam removal from the secondary side is the preferred means
of removing decay heat from - the reactor core during the
short-term phase of decay heat removal. Because of the
diverse and redundant paths available for steam removal,
f ailure 'to accomplish this function is assumed to be an
extremely low probability event (when compared to failure of
other functions on the event trees). Hence, failure of this
function is not explicitly modeled in the event trees.

H. For transient and small LOCA sequences where long-term decay j

heat removal is accomplished via long-term emergency
feedwater delivery, it was conservatively assumed that the

| Emergency Feedwater Storage Tank (EFWST) inventory would
'

need to be replenished within the 24 hour- mission time.
Calculations have indicated that the EFWST inventory would

f last much longer.than 24 hours'.

t
The dominant accident sequences due to internal initiated events

! and their contributions to the core damage frequency for the
System 80+ design are presented in Table 19.15.2-2. The dominant
accident sequences are described below.

; LOSS OF FEED FLOW EVENTS

The following assumptions were made for the loss of feed flow |
accident sequences.

i l
i A. Following a reactor trip, .it was assumed that the RCS

'

pressure will not increase to the lift pressure of the
| Primary Safety Valves. Hence, consequential PSV induced '

LOCA was not modeled.

B. The Startup Feedwater System can be used to deliver
| feedwater to the steam generators following a reactor trip.
| Because this system is connected to the main feedwater
| system it was assumed to be also unavailable following a
i loss of main feedwater event.

i Four dominant accident sequences were identified for loss of main
feedwater flow events, LOFW-9, LOFW-4, LOFW-8, and LOFW-5. The
calculate frequencies for these accident sequences are 4.4E-07,w

' 3.6E-08, 2.1E-08, and 5.1E-09 per year respectively.

i
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| A. LOFW-9 is an accident sequence which involves loss of main j
l feedwater to the steam generators followed by failure of the

'

Emergency Feedwater System (EFWS), and failure of the Safety
| Depressurization System (SDS) to perform bleed operation.
| The EFWS is the preferred means available for removing decay

heat via the steam generators. If the EFWS fails then once- !
'

through cooling or " feed and bleed" is the alternate means
of removing decay heat from the reactor core. However in
this sequence, the " bleed" portion of " feed and bleed" fails
and consequently core damage occurs. The dominant
contributors to this sequence are: (1) common cause failure
of EFW distribution line check valves, (2) common cause
failure of EFW pump discharge check valves, (3) common cause
failure of the " bleed" valves, and (4) operator fails to
initiate " feed and bleed".

| B. LOFW-4 is an accident sequence which involves loss of main
feedwater to the steam generators followed by successful
deliver of emergency feedwater to the steam generators,

|
' failure of long-term decay heat removal, and failure of

" feed" operation. Long-term cooling provides continued
decay heat removal, once the initial cooldown by the EFWS is
completed. However for this sequence, long-term cooling
fails and " feed and bleed" becomes the other alternative for
removing decay heat from the reactor core to prevent core
damage from occurring. Because the " feed" portion of " feed
and bleed" also fails core damage eventually occurs. The
dominant contributors to this sequence are: (1) common cause
failure of the safety injection line - check valves, (2)
independent failure of the CST makeup valve (check or
manual), and (3) operator fails to align CST to EFW storage
tanks.

C. LOFW-8 is an accident sequence that is similar to LOFW-9
except that the " bleed" portion of " feed and bleed" fails
instead of " feed". The dominant contributors to this
sequence are: (1) common cause failure of the EFW
distribution line check valve, (2) common cause failure of
the EFW pump discharge check valve, (3) common cause failure
of safety injection line check valves, (4) common cause
failure of the safety injection line motor operated valves,
and (5) common cause failure of the safety injection pumps.

D. LOFW-5 is an accident sequence that is similar to LOFW-4
except that the " bleed" portion of " feed and bleed" fails
instead of " feed". The dominant contributors to this
sequence are: (1) common cause failure of the SCS suction
valves, (2) independent failure of the CST makeup valve
(check or manual), (3) operator fails to initiate " feed and
bleed", (4) common cause failure of " bleed" valves, (5)
operator fails to align CST to EFW storage tanks.

|
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STEAM GENERATOR TUBE RUPTURE (SGTR) EVENTS
:

f The following assu aptions were made for Steam Generator Tube

j Rupture (SGTR) accident sequences.

A. The representative SGTR event was assumed to be a complete'

i severance of a single tube. Multiple tube ruptures are less
: likely than a single tube rupture. In addition, the success

|_ criteria of the systems called upon to respond are
| substantially the same as those for L single tube rupture.
| Therefore, multiple tube ruptures are not addressed

separately.

i
j B. Following a turbine and reactor trip, the secondary side
1 pressure may increase to the lif t pressure of the first bank

| of Main Steam Safety Valves (MSSVs).
!

I Five dominant accident sequences were identified, SGTR-17,
; SGTR-9, SGTR-16, SGTR-12, and SGTR-8. The calculated frequencies
j for these dominant sequences are 2.7E-07, 3.1E-08, 1.5E-08, 6.9E- |

09, and 3.1E-09 per year respectively.'

;

| A. SGTR-17 is an accident sequence which involves a steam
: generator tube rupture event followed by failure of the
; Safety Injection System (SIS) and the inability to
( aggressively cooldown the secondary side of the plant to ,

'

j initiate shutdown cooling injection. Failure of SIS results
| in loss of'the preferred way of making-up and controlling
i. the lost RCS inventory. By aggressively cooling down and
j depressurizing the RCS, the SCS can be used to provide the |
: necessary makeup to the reactor core.' Therefore, a failure i

| of SIS and failure to establish aggressive cooldown results
| in core damage. The dominant contributors to this sequence
| are: (1) common cause failure of the safety injection line
; check valves, (2) common cause failure of safety injection
i line motor operated valves, (3) common cause failure of
i safety injection pumps to start or run, and (4) operator
j fails to perform aggressive cooldown,
i
j Aggressive Secondary Cooldown (ASC) has a significant impact
i on the core damage frequency contribution for SGTR.

|- to as SGTR should specifically address ASC. This should
Therefore, the emergency operating procedures for responding

: include procedural steps for early identification of the
j failure of safety injection and specific steps for
! instituting the.cooldown by opening the ADVs and ensuring |

j that EFW is being delivered to both generators. The
| procedure should also specify that even if ASC is in
; progress, the ruptured steam generator should be isolated

,

I when the RCS temperature and pressure have decreased to the I

point at which there is reasonable assurance that the MSSVsj

j %, on the ruptured generator will not lift. The procedures
j

!
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should direct the operator to continue the ASC using only
the good generator. The procedures should also include all
steps needed to align the SCS pumps for injection once the
appropriate temperature and pressure limits have been
reached.

| B. SGTR-9 is an accident sequence which involves a steam
generator tube rupture event followed by failure of RCS
pressure control, fnilure to isolate the ruptured steam
generator, and failure to re-fill the IRWST. Following the
tube rupture event, the SIS successfully provided the
necessary make to the RCS. Also, the EFWS delivered
feedwater specessfully to the intact steam generator for
decay heat romoval via the steam generator. However for
this sequence, RCS pressure control is not provided, the
ruptured steam generator is not isolated, and re-filling of
the IRWST is also not accomplished. As a result, core
damage eventually occurs. The dominant contributors to this
sequence are: (1) failure of the main steam safety valves to
re-seat, (2) operator fails to throttle safety injection
pumps, and (3) operator fails to align CVCS to re-fill IRWST
following SGTR.

| C. SGTR-16 is an accident sequence which involves a steam
generator tube rupture event followed by failure of the SIS
and failure of the SCS to inject borated water into the RCS.
Once SIS fails, an aggressive cooldown of the secondary side
is successfully accomplished. The aggressive cooldown also
decreases the RCS pressure so that the SCS pumps can be used
to provide the necessary makeup to the RCS. However for
this sequence, the SCS fails to provide the necessary makeup
and consequently core damage occurs. The dominant

,

contributors to this sequence are: (1) common cause failure ;

of the safety injection line check valves, (2) common cause
failure of the safety injection to start or run, and (3)
operator fails to align SCS for injection.

| D. SGTR-12 is an accident sequence which involves a steam
generator tube rupture event followed by f ailure of the EFWS
and the SDS. Following the SGTR event, the SIS provides
makeup for the lost reactor coolant (through the ruptured
tube). However, the removal of decay heat via the intact
steam generator is not accomplished because the EFWS fails
to deliver feedwater to the steam generator. Although the
removal of decay heat via the steam generator is lost (the
preferred means), " feed and bleed" would then be used as the
alternate means of removing decay heat from the RCS.
However for this sequence, the SDS which provides the
" bleed" portion of " feed and bleed" also fails and
consequently core damage occurs. The dominant contributors
to this sequence are: (1) common cause failure of the EFW
distribution line check valves, (2) common cause failure of

Amendment S
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k the EFW pump discharge check valves,- (3) operator-fails to
initiate " feed and. bleed", and_ (4) common cause failure of
the " feed and bleed" valves.

E. SGTR-8 is an accident. sequence which involves a Steam
Generator Tube Rupture event followed by an unisolable leak l

in the ruptured steam generator and failure- to maintain |

secondary heat removal. Unisolable leak results in the
increase in the level and, subsequently, pressure: in the
ruptured steam generator rises. Therefore, failure .to
maintain secondary heat removal results in loss of decay
heat removal from the reactor core. This scenario leads to
core damage. The dominant contributors-to this sequence
are: (1) common cause failure of the Atmospheric Dump Valves'

,

i (ADVs) and (2) failure of the Condensate Storage Tank (CST)
discharge manual and check valves to open.

SMALL LOCA EVENTS
1

The following assumptions were made for the small Loss of Coolant
Accident (LOCA) sequences. i

l
A. The break size is not large enough to remove decay heat from i

the core. Therefore, the removal of. decay heat via the '

secondary side is required.
! ( ,

! B. If the Safety Injection System (SIS) fails to control and '

! maintain RCS inventory, it was assumed that the Shutdown
Cooling System (SCS) can be used to provide RCS inventory
control provided an aggressive depressurization of the RCS
is performed.

Three dominant accident sequences were identified for small Loss i

of Coolant Accident (LOCA) events, SL-11, SL-10, and SL-4. The |

calculated frequencies for these dominant accident sequences are
,

i 1.6E-07, 9.0E-09, and 8.9E-09 per year, respectively. | 1

| A. SL-11 is an accident sequence which involves a small break
| loss of coolant followed by failure of SIS and failure to

aggressive cooldown the secondary side. To mitigate a small
LOCA, makeup of the lost reactor coolant must be provided.
Normally the SIS provides this function, but for this
sequence it fails. The.other line of defence would be to
aggressively cooldown the secondary side and use the SCS
pumps to provide the needed makeup. Aggressive cooldown
also fails and the lost coolant is not restored.
Consequently, core damage occurs. The dominant contributors
to this sequence are: (1) common cause failure of the safety j
injection line check valves, (2) common cause failure of the '

safety injection line motor valves, (3) common cause failure
of the safety injection pumps to start or run, and (4)

|
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operator fails to perform aggressive cooldown rollowing e
small LOCA.

.

Aggressive Secondary Cooldown (ASC) has a significant impact
on the core damage frequency contribution for_small LOCA.
Therefore, the emergency operating procedures for responding
to a small LOCA should specifically address ASC. This
should include procedural steps for early identification of
the failure of safety injection and specific steps for
instituting the cooldown by opening the ADVs and ensuring
that EFW is being delivered to both generators. The
procedures should also include all steps needed to align the

,

SCS pumps for injection once the appropriate temperature andi

pressure limits have been reached.

B. SL-10 is an accident sequence which involves a small break
loss of coolant followed by failure of the SIS and failure
of the SCS to provide injection. Makeup of the lost reactor
coolant must be provided to mitigate a small LOCA. Normally
this function is provided by the SIS, but for this sequence,
it fails. Aggressive cooldown of the secondary side is then
accomplished successfully. In cooling down the secondary
side, RCS pressure also decrease and the SCS would then be
aligned to inject borated water ~into the RCS. Although
aggressive cooldown was successful for this sequence, the
SCS fails to provide the necessary makeup and consequently
core damage occurs. The dominant contributors to this
sequence are: (1) common cause failure of the safety
injection line check valves, (2) common cause failure of the
safety injection line motor valves, (3) operator. fails to
align SCS for injection, and (4) common cause' failure of the
safety injection pumps to start or to run.

1

C. SL-4 is an accident sequence which involves a small break I.

loss of coolant followed by failure of long-term decay heat
removal and failure of the SDS. For this sequence, the SIS

,

,
provided the necessary makeup to the RCS and the EFWS I

2 successfully provided feedwater to the steam generators
during the first phase of plant cooldown. Long-term decay,

heat removal would normally be initiated to continue the
plant cooldown process, but this function is not
accomplished in this sequence. " Feed and bleed" is the next
alternative. However, the failure of the SDS causes the
" bleed" portion to be unsuccessful and consequently core
damage occurs. The dominant contributors to this sequence
are: (1) common cause failure of the SCS/CCW valves, and (2)
failure of the " bleed" valves.

MEDIUM LOCA EVENTS

The following assumptions were made for the raedium LOCA
sequences.
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A. A reactor trip is not required to mitigate a medium LOCA
event.

B. The break size is large .to remove decay heat from the
reactor core. Therefore,-the removal of decay heat via the
secondary side is not required.

C. SIT injection is not required for RCS inventory control.and
prevention of significant core damage for a' medium LOCA.

Two dominant accident sequences were identified for. medium LOCA
events, ML2-3 and ML1-3. The calculated frequencies for these-
accident sequences are-1.6E-07 and 1. 4E-07, respectively.- (To
facilitate the definition and evaluation of the Plant Damage
States- (PDS) for the containment response analysis, the medium
LOCA category of events were split into two separate events bases
on'the estimated in-vessel pressure at the time of the onset of
core damage.)

A. ML2-3 is an accident sequence which involves a medium LOCA-
event followed by failure'of the SIS. Failure of the SIS
during the early phase of the medium LOCA - ( i . e . , during
direct vessel injection) results in failure to provide
makeup to the-reactor. core and also to remove heat from the
core. Failure of the SIS during the-latter phase of the

O medium LOCA (i.e., simultaneous hot-leg and direct vessel
injection) results in . boron. crystallization which blocks
flow through the core and consequently core damage occurs.
The' dominant contributors to this sequence are: -(1) common
cause failure of the hot-leg isolation valves, (2) common

| cause failure of the safety injection -line check valves,
! (3) common . cause failure of hot-leg check valves, (4)
j operator fails to initiate hot-leg injection, and '(5) common
| cause failure of the safety injection line motor valves,
i

B. ML1-3 is an accident sequence which is similar to ML2-3,
except that the in-vessel pressure at the onset of core
damage is less than the in-vessel pressure associated with
ML2-3 sequence.

LARGE LOCA EVENTS

The assumptions for the large LOCA sequences are similar to
assumptions A and B for the medium LOCA sequences and are
therefore not repeated.

Two dominant accident sequences were identified for large LOCA
events, LL-3 and LL-4. The calculated frequencies for these
accident sequences are 1.1E-07 and 4.7E-09, respectively.

f] A. LL-3 is an accident sequence which involves a large loss of

Q coolant followed by failure of the SIS. The inventory of
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the Safety Injection Tanks (SITS) discharges into the RCS to
provide the instantaneous makeup required following the
rapid depressurization of the RCS caused by the large LOCA.
The SIS then failed to provide its function. Failure of the
SIS during the early phase of the medium LOCA (i.e., during
direct vessel injection) results in failure to provide
makeup to the reactor core and also to remove heat from the
core. Failure of the SIS during the latter phase of the
medium LOCA (i.e., simultaneous hot-leg and direct vessel
injection) results in boron crystallization which blocks
flow through the cere and consequently core damage occurs.
The dominant contributors to this sequence are: (1) common
cause failure of the safety injection line check valves, (2)
common cause failure of the safety injection line motor
valves, (3) common caese failure of the hot-leg check
valves, (4) common cause failure of hot-leg isolation valve,
and (5) operator fails to initiate hot-leg injection.

B. LL-4 is an accident sequence which involves a large loss of
coolant followed by failure of the SITS. The required
instantaneous makeup of reactor coolant is not provided and
consequently core damage occurs. The dominant contributors
to this sequence are: (1) common cause failure of safety
injection line check valves, and (2) common cause failure of
SIT discharge check valves.

VESSEL RUPTURE EVENT

This event is defined as any breach of the primary pressure
boundary that causes loss of reactor coolant in excess of the
capacity of the SIS. If this event were to occur, it is assumed
that it would lead directly to core damage and there are no
sequences with mitigating system failures associated with it.
The estimate frequency for this event is 1.0E-07 per year.

OTHER TRANSIENT EVENTS
i

The following assumptions were made for transient accident !

sequences other than loss of main feedwater flow.
!

A. The Startup Feedwater System or the Emergency Feedwater
System can be used to deliver feedwater to the steam
generators following a reactor trip.

i

B. Following a reactor trip for a loss of condenser vacuum
initiating event, the RCS pressure may approach the lift
pressure of the Primary Safety Valves (PSVs). Hence,
consequential PSV induced LOCA for loss of condenser vacuum
was modeled.

O
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| Other Transients are those non-LOCA events other than loss of
main feedwater in which a process parameter perturbation leads.to

.

a reactor trip. Four dominant accident sequences were identified
for Other Transient events, TOTH-4, TOTH-12, TOTH-5, and TOTH-9.
The calculated frequencies for these accident sequences are 6.9E-
08, 2.7E-08, 6.9E-09, and 2.3E-09 per year, respectively. |

A. TOTH-4 is an accident sequence which involves a transient
other than loss of main feedwater followed by failure of
long-term decay heat removal and failure of the SIS. The
EFWS is used during the early phase of. plant cooldown-to
remove decay heat from the RCS. Once SCS entry conditions
are met, long-term decay heat removal is normally initiated
to continue the cooldown process. This function is-not
accomplished for this sequence because of fa'ilure of the SCS
during initiation or during operation and makeup to the
emergency feedwater storage tanks is not provided. Without
the added makeup the EFWS cannot continue the decay heat
removal process. Failure of long-term decay heat removal
using the SCS and the EFWS would then'cause operator'to
initiate " feed and bleed". However for this sequence, the
SIS also fails and " feed" cannot be accomplish. As a
result, the decay heat removal process is terminated and
core damage eventually occurs. The dominant contributors to
this sequence are: (1) common cause failure of safety
injection line check valves, (2) independent failure of CST
make-up valve (check or manual), and (3) operator fails to
align CST to EFW Storage Tanks.

B. TOTH-12 is an accident sequence which involves a transient,
failure of the primary safety valves (PSVs) to re-seat, and
failure of the safety injection system (SIS). Because of
the pressure transient associated with this event, the
primary safety valves open to relieve primary pressure.
However, the valves do not re-seat as required and a PSV

iinduced LOCA occurs. The SIS would' provide make-up for the '

lost RCS inventory under these conditions, but the SIS fails
and consequently core damage eventually occurs. The
dominant contributors to this sequence are: (1) failure of
the PSVs to re-seat, (2) common cause failure of the safety
injection line check valves, (3) common cause failure of the
safety injection line motor operated valves, and (4) common
cause of the safety injection pumps to start or to run.

C. TOTH-5 is an accident sequence which involves a transient
other than loss of main feedwater followed by failure of
long-term decay heat removal and failure of the SDS. This
sequence is similar to TOTH-4, except that " bleed" fails
instead of " feed". The dominant contributors to this
sequence are: (1) common cause failure of the SCS suction
valves, (2) failure of the CST make-up valve (check or;

j manual), (3) operator fails to initiate " feed and bleed",
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(4) common cause failure of the " feed and bleed" valves, and |
(5) operator fails to align CST to EFW Storage Tanks. I

1

D. TOTH-9 is an accident sequence which involves a transient
other than loss of main feedwater followed by failure of the
EFWS, the Startup Feedwater System (SFWS), and the SDS. The
inability to deliver feedwater to the steam generators
terminates the preferred means of removing decay heat.
" Feed and bleed" operation then becomes the next alternative
for removing heat from the core. Both the " feed" portion
and the " bleed" portion must function for this operation to
be successful. For this sequence, the SDS also fails to
provide " bleed" and therefore all mean of removing decay
heat from the core is lost. Consequently, core damage
eventually occurs. The dominant contributors to this
sequence are: (1) common cause failure of the EFW
distribution line check valves, (2) common cause failure of
the EFW pump discharge check valves, (3) failure of the

| startup feedwater pump to start, and (4) operator fails to
initiate " feed and bleed".

ANTICIPATED TRANSIENTS WITHOUT SCRAM (ATWS) EVENTS

The following assumptions were made for Anticipated Transient
without Scram (ATWS) accident sequences.

A. It was assumed that if the peak RCS pressure resulting from
an ATWS event exceeds the ASME level C stress limits, the
RCS pressure boundary will be breached and the SIS isolation+

check valves will be deformed so that they will not open.

B. Sufficient negative Moderator Temperature Coefficient (MTC)
will preclude the RCS peak pressure from exceeding the level
C stress limits.

C. It was assumed that at least three of the four primary
'

safety valves must open to prevent the RCS pressure from
exceeding the level C stress limits.

D. Once the RCS pressure is relieved, the PSVs should re-close.
It was assumed that if any PSV fails to re-close, reactor
coolant will be lost through the stuck open PSV and the leak
is equivalent to a medium LOCA.

E. Because of the high differential pressure between the
primary and secondary sides, a consequential steam generator
tube rupture may occur following an ATWS event.

Two dominant accident sequences were identified for ATWS events,
ATWS-29 and ATWS-9. The calculated frequencies for these

| accident sequences are 4.7E-08 and 2.9E-09 per year,
respectively.
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k ) A. ATWS-29 is an accident sequence which involves a tr ;ient |

without scramming the reactor in conjunction with ar averse
Moderator Temperature Coefficient (MTC) . For this <quence, |

the MTC is not negative enough to reverse by reactivity (
feedback the increasing temperature and pressure of the RCS. |
As a result the reactor vessel eventually fails. '

B. ATWS-9 is an accident sequence which involves ATWS followed I
by successful delivery of emergency feedwater to the steam |
generators, failure to deliver borated water to the RCS, and I

failure of " bleed" operation. Failure to borate the RCS |
prohibits the ability to decrease the reactivity, and |

therefore reactivity control cannot be accomplished. The
failure of " bleed" prevents the depressurization of the RCS
to allow the injection of borated water by the safety
injection pumps. The dominant contributors to this sequence |

are: (1) operator fails to initiate boron delivery via the
CVCS, (2) operator fails to initiate " feed and bleed", and
(3) common cause failure of the " bleed" valves, i

I
LOSS OF OFFSITE POWER (LOOP)/ STATION BLACKOUT (SBO) EVENTS

|

The following assumptions were made for Loss of Offsite Power
(LOOP) and Station Blackout (SBO) accident sequences. I

O A. A loss of offsite power event includes loss of the two

( #) offsite power sources (switchyards), and the
'~ turbine / generator does not run back and maintain hotel loads

such that actuation of the emergency power source is
required.

B. Best estimates analyses show that the increase in RCS ;

pressure following a LOOP event is well below the lift I
pressure of the PSVs. Therefore, a LOCA due to failure of '

a the PSVs to reseat is not modeled.

C. If AC power (alternate AC source or offsite power) cannot be
restored within 10 hours, station blackout with complete
depletion of the batteries will occur and core damage will
also occur.

Three dominant accident sequences were identified for LOOP /SBO
events, LOOP-9, LOOP-8, and SBO. The calculated frequencies for
these sequences are 3.9E-09, 3.4E-09, and 2.1E-08 per year,
respectively.

A. LOOP-9 is an accident sequence which involves a loss offsite |
power followed by failure of the EFWS, and failure of the
SDS. For this sequence, the primary safety valves open and
re-seat as required following the plant trip. Because the
EFWS has failed, the removal of decay heat from the reactor

7 core via the steam generators cannot be accomplished. " Feed
( /
\_./
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and bleed" would be the next means of removing decay heat,
but the SDS also fails. " Bleed" is not accomplish because
of SDS failure. As a result, all means of removing decay
heat from the core is now lost and core damage eventually
occurs. The dominant contributors to this sequence are: (1)
common cause failure of the EFW distribution line check
valves, (2) common cause failure of the EFW pump discharge
check valves, (3) operator fails to initiate " feed and
bleed", and (4) common cause failure of the " bleed" valves.

B. LOOP-8 is an accident sequence which is similar to LOOP-9,
except that the " feed" portion of " feed and bleed" fails
instead of " bleed". The dominant contributors to sequence
LOOP-8 are: (1) common cause failure of the EFW turbine-

| driven pumps, (2) common cause failure of the emergency
diesel generators to operate, (3) common cause failure of
the emergency diesel generators on demand, and (4) common
cause failure of the EFW distribution line check valves.

C. SBO is treated as a special LOOP event. For this event, the
offsite power sources, the onsite emergency diesel
generators, and the alternate AC source are 'mavailable.
Therefore, the only mitigating system available is the EFWS,
using the turbine-driven pumps. After eight hours the
batteries would be depleted if an AC power source is not

' restored. Once the batteries are depleted, long-term decay
heat removal would be terminated and core damage eventually
occurs. The dominant contributors to this sequence are: (1)
common cause failure of the emergency diesel generators on
demand, (2) failure to start and load standby AC source, (3)
common cause failure of DG sequencers, and (4) failure of

'

the emergency diesels to start and load.

LOSS OF HVAC EVENTS

The following assumptions were made for Heating, Ventilation and
Air-Conditioning (HVAC).

A. The loss of one division of HVAC was assumed to be any
failure in one of the two divisions of HVAC that is not
restored before a critical temperature is exceeded in a room |
containing temperature sensitive electrical and electronic

|equipment. The temperature sensitive equipment is assumed
to fail and cause the loss of control for the associated
division of safety related systems. Consequently, one

,

division of safety related systems would be unavailable to |
perform their functions. '

One dominant accident sequence was identified for loss of HVAC
events, LHV-5. The calculated frequency for this accident
sequence is 4.0E-09 per year.
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| (#) A. LHV-5 is an accident sequence which involves loss of one
|

'

division of HVAC followed by failure of long-term decay heat
' removal and failure of SDS. The Emergency and Startup

Feedwater systems are used to remove decay heat from the RCS
until shutdown cooling entry conditions are met. Once
shutdown cooling conditions are met, the SCS would then be
used to remove decay heat. However for this sequence, the
SCS fails either during initiation or during operation and
the EFWS cannot continue to remove decay heat because makeup

| to the Emergency Feedwater Storage Tanks is not provided.
: Failure of the feedwater and shutdown cooling systems causes
| the preferred means of removing decay heat to be lost.
' " Feed and bleed" would then be the alternate means of

removing decay heat from the core. The SDS is used to i
provide the " bleed" function in the " feed and bleed"
operation, but this system also fails. Failure of both the
preferred and the alternate means of removing decay heat
eventually causes core damage to occur. The dominant
contributors to this sequence are: (1) common cause failure

i of the " bleed" valves, (2) operator fails to initiate " feed
| and bleed", (3) failure of the SCS suction valve, (4)

failure of the CST makeup valve (check or manual), and (5)
operator fails to align CST to EFW Storage Tanks.

p LARGE SECONDARY SIDE BREAK (LSSB) EVENTS |
, i !

| 'u/ The following assumptions were made for Large Secondary Side
,

| Break (LSSB) accident sequences. '

I

A. The location of an LSSB event (inside containment or outside
containment) is not modeled because plant and operator
responses with respect to core damage prevention will be
similar.

1B. It was assumed that there is a potential for return to power I

if the rod with the most negative reactvity worth is stuck
outside the core and the RCS is not borated.

One dominant accident sequence was identified for LSSB events,
LSSB-9. The calcu:ated frequency for this sequence is 2.1E-09 |
per year.

A. LSSB-9 is an accident sequence which involves a Large
Secondary Side Break event followed by failure of the EFWS
and failure of the SDS. For this sequence, the EFWS fails
to deliver feedwater to the inta't steam generator. Ifc
decay heat cannot be removed via the steam generator, the
" feed and bleed" would be the next alternative. Both the
" feed" portion and the " bleed" portion must operate
successfully to remove decay heat. The SDS which performs

( ])[ the " bleed" operation also fails in this sequence. The
removel of decay heat from the core is therefore terminated

v
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and core damage eventually occurs. The dominant
contributors to this sequence are: (1) common cause failure

,

of the EFW distribution line check valves, (2) common cause
failure of the EFW pump discharge check valves, (3) operator
fails to initiate " feed and bleed", and (4) common cause
failure of the " bleed" valves.

19.15.2.1.3 Risk-Reduction Design Features

The System 80+ possesses several features, as described in
Section 19.15.1.1, that are beneficial to reducing the frequency
of core damage. The major reduction in core damage frequency
(CDF), when compared with System 80, are associated with:

A. LOOP /SBO events (CDF reduced from 3.8E-05 to 2.8E-08)i

B. Transient (Loss of Main Feed' water and Other Transient)
| events (CDF reduced from 1.2E-05 to 5.7E-07)

C. Steam Generator Tube Rupture events (CDF reduced from

| 1.1E-05 to 3.0E-07)

| D. Small LOCA events (CDF reduced from 9.4E-06 to 2.1E-07)

| E. ATWS events (CDF reduced from 4.8E-06 to 4.9E-08)
'

The following features of the System 80+ design are the major
contributors to the reduction of the core damage frequency (with
respect to the System 80 design) for the above categories of
internally imitated events.

A. LOOP /SBO - multiple of fsite power sources, alternate standby
AC power source, dedicated batteries for each emergency |

diesel generator, four trains of emergency feedwater (two !

with turbine-driven pumps), turbine generator capable of
;

; running back to hotel loads. I

B. Transients - four trains of emergency feedwater (two with
turbine-driven pumps), redundant sources of emergency
feedwater, high reliable normally running Component Cooling
Water / Station Service Water systems, separate Startup i

Feedwater System (actuated before EFWS) , turbine generator
'

capable of running back to hotel loads, two redundant and
diverse Emergency Feedwater Actuation Systems, once through
cooling capability (" feed and bleed").

C. Steam Generator Tube Rupture - four trains of Emergency
Feedwater System (two with turbine-driven pumps), four
trains of safety injection, once through cooling capability

'

(" feed and bleed").

O
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D. Small LOCA - In-containment Refueling Water Storage Tank
(eliminated the need for switch-over of pump suction), four
trains of Emergency Feedwater System (with two turbine-
driven pumps), four trains of Safety Injection System, once
through cooling capability (" feed and bleed").

E. ATWS - larger pressurizer, larger steam generators, Safety
Depressurization System, diverse protection system.

19.15.2.1.4 Insights from the Uncertainty, Sensitivity, and
Importance Analyses

19.15.2.1.4.1 Insights from the Uncertainty Analysis

The System 80+ PRA results for internal events, as presented
Table 19.15.Z-2 of this report, are summarized in terms of mean
value and associated error factor, which is a measure of the
uncertainty. (The error factor is the average ratio between the

th th9 5'h percentile to the 50 percentile and the 50 percent 11e to
the 5 percentile.) The first 14 accident sequences listed inth

Table 19.15.2-2 contribute more than 90% of the overall total
core damage frequency for internal events of the System 80+
design. The magnitude of uncertainties that characterize the
first 14 dominant accident sequences is shown in Table 19.15.2-3.

f"N This table lists the dominant core damage sequences, the mean

(d) core damage frequency and associated error factor for each of the
dominant core damage sequences, the major contributors to each'

dominant sequence, and the error factor associated with each of
the major contributors. The major insights from the uncertainty
analysis are listed below:

A. The majority of the major contributors to the dominant
accident sequences have relatively small uncertainties
(i.e., error factor less than 10) associated with them.

B. A few of the major contributors to the dominant accident
sequences have relatively large uncertainties (i.e., error
factor of 10 or greater). The contributors with large
uncertainties included hardware failures such as common
cause failure of the safety injection pumps (EF 16.1),=

common cause failure of the emergency DG sequencers (EF =
11.2), independent failure of the CST manual makeup valve
(EF = 15), and vessel rupture (EF = 10.0). The human errors
with large uncertainties include operator fails to initiate

11.7), operator fails to perform" feed and bleed" (EF =

aggressive secondary side cooldown following SGTR (EF =

15.0), operator fails to perform aggressive cooldown
- following a small LOCA (EF = 16.6), and operator fails to

align CVCS to fill IRWST following SGTR (EF = 25.3).

/9 C. The hardware failures and human errors with large

(v) uncertainties associated with them are the major contrib-
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utors to the uncertainty associated with the calculated core
damage frequency for internal events.

19.15.2.1.4.2 Insights from Level I Sensitivity Analyses,

.

Several cases of sensitivity analyses were preformed for the
'

System 80+ design to determine what impact, if any, the following
issues would have on the core damage frequency. The sensitivity
insights are summarized in Table 19.15.2-4.

,

OVERALL OPERATOR ERROR RATE

The probability that the operator fails to perform a specified
l30task was determined using the SHARP methodology. It has been

shown in previous PRAs that the core damage frequency can be
sensitive to human error probabilities. As a result, a
sensitivity was performed to determine the impact on the core
damage frequency for internal events. All operator error
probabilities and non-recovery probabilities were increase by a
factor of 10 and the total core damage frequency for internal
events was then requantified. The results for this case are
presented in Table 19.15.2-4 as case No. 1. For this case, the
results show that the "present" core danage frequency would
incredse by a factor of approximately 6. This implies that the
core damage frequency for the System 80+ design is somewhat
sensitive to operator error probabilities.

CONTROL ROOM RESPONSE

Several types of operator actions are performed during the
progression of an accident sequence. Actions are performed
inside the control room as well as outside the control room. An
issue has arisen regarding the capability of the operator to
perform mitigating actions outside the control room once an

'

accident or transient has occurred. To address this issue, a
sensitivity analysis was performed which credited only the
operator actions that took place from the control room. The
results, case No. 2 of Table 19.15.2-4, show that the "present" |

| core damage frequency would increase by approximately two orders
1

of magnitude. Consequently, the System 80+ design is extremely
]sensitive to operator actions which are performed outside the '

control room during the progression of an accident sequence. |

MOTOR-OPERATED VALVE FAILURE RATE

A large number of motor-operated valves are used in safety
related systems of the System 80+ design. In general, these
valves are required to change position in order for the systems

,

'to perform their safety related functions. There has been
concern that the failure rates of motor-operated valves have been
under-estimated. Consequently, a sensitivity analysis was
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performed to address this issue. The results for this case are
presented in Table 19.15.2-4 as case No. 3. The results show

I that the "present" core damaga frequency would increase by a
factor of approximately 5 and the core damage. frequency for |
internal events is not highly sensitive to the failure rates of
motor-operated valves.

SITS FOR MEDIUM LOCA

For the System 80+ PRA, a best-estimate thermo-dynamic analysis
was performed to confirm the belief that the Safety Injection
Tanks (SITS) were not needed to prevent core damage following a
medium LOCA event. In previous PRAs, it was assumed that three
of the four SITS must inject to prevent core damage from

! occurring following a large or medium LOCA' event. This
assumption.is included only in the large LOCA model and not in I

the medium LOCA models, and a sensitivity analysis was therefore |

performed to address this issua. The results for this case are
presented in Table 19.15.2-4 as case No. 4. There were '

measurable changes in the "present" core damage frequency when j

the SITS were credited for preventing core damage following a )
i medium LOCA event. The System 80+ design is not sensitive to |

this issue. )
I

FEASIBILITY OF AGGRESSIVE SECONDARY SIDE COOLDOWN i

For small LOCAs and Steam Generator Tube Ruptures (SGTRs) , it was
assumed that if safety injection was not available for inventory
control, the RCS could be depressurized via a rapid cooldown of
the secondary side then aligning the SCS pumps to provide
injection for RCS inventory control. This assumption was based
on analyses for the System 80 plants documented in CEN-239m20,2u,
A confirmatory analysis was performed to demonstrate that these
analyses are applicable to the System 80+ design. However, the
impact on core damage .r aggressive cooldown is not feasible
still remained an issue and was therefore addressed via
sensitivity analysis. The results for this case.are presented in
Table 19.15.2-4 as case No. 5. The results indicate that the
"present" core damage frequency would increase by a factor of
approximately 4, and the System 80+ PRA results for. internal |
events are not highly sensitively to the ability to perform
aggressive cooldown of the secondary side following a small LOCA
or SGTR event.

RCP SEAL FAILURE FOLLOWING STATION BLACKOUT EVENT

With a loss of station AC power (Station Blackout), cooling water
to the seals of the Reactor Coolant Pump (RCP) will be lost.. The
NRC has postulated in their evaluation of Station Blackout" that
under these conditions, the seals will begin to degrade and gross[ seal leakage on the order of several hundred gallons per minute(
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may occur. The CEOG contends that this in not credible for pumps
used in C-E plants " . A sensitivity analysia was performed to

,

| assess the impact on core damage frequency if there is a finite
| probability that the System 80+ RCP seals will fail following a

Station Blackout (SBO) or loss of cooling water event.

In the System 80+ PRA, SBO is defined as a Loss cf Offsite Power
(LOOP) with demand failure of both emergency diesel generators
and failure of the standby AC power source. If following an SBO,
RCP failures occur, core damage can be prevented if of fsite power
is restored and the injection pumps are started before the core
is uncovered. The available time to recover offsite power is a
function of the RCP seal leak rate. For this sensitivity
analysis, it was assumed that the RCP seal leak rate was such
that the time available to recover offsite power before the core
would become uncovered was one hour.

Loss of component cooling water, as an initiating event, will
also result in the loss of cooling water flow to the seals of two
of the four RCPs. The results for this case are presented in
Table 19.15.2-4 as case No. 6.

The modeling and quantification of the effects of RCP seal
failure on core damage frequency show that the "present" core
damage frequency for internal events would increase by less than
1%. Thus, the System 80+ core damage frequency for internal
events is not sensitive to RCP seal failure following a SBO or
loss of cooling water event.

COMPONENTS UNAVAILABLE DUE TO MAINTENANCE

Components in safety related systems are periodically tested per
technical specification requirements. In some cases, the
components may be unable to perform their safety related function
during the test. In addition, if the component is found to be
failed during the test, it is taken out of service for
maintenance. While the component is out of service for
maintenance, it is unable to perform its safety related function.
Component unavailability due to test and maintenance was included
in the System 80+ PRA models. A sensitivity analysis was
performed to evaluate the impact on core damage frequency if it
was assumed that all components were able to perform their safety
related function while in test and that no maintenance was
performed on safety related equipment while the plant was at
power.

The results for this case are presented in Table 19.15.2-4 as
case No. 7. The results show that the core damage frequency for
internal events did not change from its "present" value.

O
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U ADVERSE MTC
'

An ATWS is an event in which an anticipated transient occurs but
the reactor is not shutdown by automatic insertion of the control
rods. One factor that influences the progression of an ATWS event
is the Moderator Temperature Coefficient (MTC). If the MTC is
more positive than a calculated critical value, the peak RCS
pressure will exceed the level C stress limit pressure and a non-
mitigatable LOCA is assumed to occur. For System 80+, the |

critical MTC was calculated to be -0.30E-4 Ap/ F. For MTC values
more positive than -0.30E-4 Ap/ F, the peak RCS pressure will

,

I exceed the level C stress limit pressure if less than tree PSVs
open. For System 80+, it has been determined that the MTC value

| should be less than -0.30E-4 Ap/ F for 99% of the core life. The
dominant ATWS core damage sequence is (ATWS occurs) AND (MTC is
adverse). A sensitivity analysis was performed to assess the
impact on core damage frequency if the MTC was found to be

i adverse over a larger fraction of the core life.

The results for this case are presented in Table 19.15.2-4 as
case No. 8. The results show that the "present" core damage
frequency for internal events would increase by a factor of 1.3. |

This indicates that the System 80+ core damage frequency for
internal events is not very sensitive to the adverse MTC

("])
probability.

\
LOSS OF OFFSITE POWER FREQUENCY

For the System 80+ PRA, the core damage frequency contribution
attributable to events initiated by LOOP was calculated to be
2.8E-08 per year. This represents approximately 2% of the total |
core damage frequency for internal events. In past PRAs, the
core damage frequency attributable to LOOP has been greater in
both absolute value and relative contribution to the total.
There are a number of reasons for the reduction in the core
damage frequency coni.ribution for LOOP for System 80+. These
include: (1) the capability of the main turbine / generator to
runback and pickup hotel load on loss of offsite power, (2) two
separate switchyards for incoming power, (3) a four train EFW
system with two 100% capacity turbine driven pumps, (4) 6 vital
batteries which provide an 8 hour coping capability, and (5) a
standby combustion turbine which can backup the emergency diesel
generators.

Based on the first three features, a LOOP initiating event was
defined as a loss of site power which required the startup and
loading of the emergency diesel generators. The LOOP frequency
calculated for System 80+ is 5.0E-3 per year. This is almost an
order of magnitude lower than a LOOP frequency based purely on
the failure of the grid. This value, as presented in the KAGm ,7.s

( ) is 3.5E-2/ year. A sensitivity analysis was performed to
'\ j
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O|determine the impact on the "present" core damage frequency if
the LOOP frequency was increased by an order of magnitude. The
results for this case are presented in Table 19.15.2-4 as case i

No. 9.' The results show that the core damage frequency would '

increase by approximately 20%. This indicates that the System
80+ overall core damage frequency is somewhat sensitive to the
frequency of LOOP.

An additional LOOP sensitivity analysis was performed to evaluate
the effect of changing the base Loss of Grid frequency from 0.035
per year to 0.15 per year. The effective System 80+ LOOP
frequency for this case was 2.32E-2 per year as opposed to the
base case frequency of 5.0E-3 per year. For this case, the
"present" core damage frequency, shown as case No. 9A in Table
19.15.2-4, would increase by approximately 9% which is not
significant.

VESSEL RUPTURE

| Vessel rupture was originally evaluated in WASH-1400 " . It is
typically defined as a rupture of the vessel or a large LOCA in
excess of the ECCS capabilities. Vessel rupture is assumed to
directly lead to core damage. This event and its initiating
frequency have essentially been accepted as is since WASH-1400
because it has little impact on the overall core damage frequency
for existing plants. However, it contributes approximately 6% of
the core damage frequency for internal events. With current
materials and current manufacturing methods, it has been
questioned as to whether or not vessel rupture is a credible
event for an ALWR. A sensitivity analysis was therefore
performed to evaluate the impact on plant core damage frequency
if vessel rupture was assumed not to be credible. As expected,
the "present" core damage frequency for internal events would
decrease, by approximately 6%. The results for this case are ;

presented in Table 19.15.2-4 as case No. 10A.

COMMON CAUSE FAILURES
1

As shown in Section 19.15.2.1.4.3, the System 80+ plant core ,

damage frequency for internal events is dominated by common cause I

failures. It has been contended that with: (1) complete
divisional separation, (2) improved staff training, and (3)
improved maintenance techniques and proper selection of
components; the potential for common mode failure can be
essentially eliminated. A sensitivity analysis was performed to
evaluate the impact on plant core damage frequency of the
assumption that all common mode failures except for diesels and
batteries were eliminated. The results for this case are
presented as case No. 10B of Table 19.15.2-4. The results of
this analysis show that the "present" core damage frequency would
decrease by a factor of approximately 7. This is somewhat of a
modest decrease. Combining the assumptions that vessel rupture

|
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!V is not credible and that common mode failure of equipment other
j than the diesel generators and batteries are not credible would
j decrease the "present" core damage frequency by a factor of 12.
! The combined impact of these two assumptions ' on core damage

frequency would be significant..

!
j SGTR OPERATOR ERROR FAILURE RATES
i
i Several operator actions are required to mitigate a Steam

Generator Tube Rupture (SGTR) event. These actions are performed
i to minimize the leakage of reactor coolant to the secondary side,
; to isolate the ruptured generator,'and to control the level and
1 pressure of the ruptured steam generator. By performing the
i operator actions when required, plant cooldown will occur in a
j timely manner and the integrity of the secondary side will.be
i maintained (i.e. , . prevent a steam generator bypass condition ~ from
j occurring).
I

j Seven sensitivity analysis cases were performed to evaluate the
i impact of operator error rates on SGTR core damage frequency.

The first case involved increasing the error rates of operator
'

, ,

actions associated with steam generator tube rupture (SGTR) by a
factor of 10, collectively. The second through the seventh case-

also involved increasing the operator error rates by a factor of j,

| 10, out on an individual basis. The impact of operator error j

( rates on the overall core damage frequency for internal events'

,

'

j was also evaluated for each of the seven sensitivity cases.

| The results of the sensitivity cases are presented in Table
j 19.15.2-4a. The results for Case 1 indicate that the SGTR core
; damage frequency would be affected significantly by the
! cumulative effects of the increased operator. error rates. The
| SGTR core damage frequency would increase,by a factor of 12.5.
j For Case 2, the SGTR core damage frequency would increase by a
j factor of 9.3. The result for each of the other sensitivity

cases shows that the SGTR core damage frequency would increase by
'

less than a factor 2. It is thus concluded that the SGTR core
: damage frequency is highly sensitive to the cumulative effect of
i increasing the operator error rates by an order of magnitude.

The SGTR core damage frequency is also highly sensitive to an.

increase in the operator error rate for failing to perform
j aggressive secondary cooldown by an order of magnitude. It is |
1 also concluded that -except for failure to perform aggressive
! secondary cooldown, the SGTR core damage frequency is insensitive- |
4 to an increase of a factor of 10 to the individual operator error

rate.

4 The results presented in Table 19.15.2-4a for Case 1 also
indicate that the overall core damage frequency for internal;

j events would increase by factor of 2.6, and the increase is due
: r_. to the cumulative effect of increasing the operator error rates
j associated with SGTR by an order of magnitude. For Case 2, the
.

:
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1 ), (/ operator error rate for failing to perform aggressive secondary|

|
cooldown was increased by an order of magnitude. Due to this
change, the overall core damage frequency increased by a factor
of 2.3. The results for the other sensitivity cases show that
the core damage frequency for internal events would increase by
14% or less. It is, therefore, concluded that the overall core
damage frequency for internal events is sensitive to the
cumulative effect of increasing the operator error rates
associated with SGTR by an order of magnitude, it is also |

concluded that the overall core damage frequency is sensitive to
an increase of an order of magnitude to the operator error rate |
for failure to perform aggressive secondary cooldown. | |

19.15.2.1.4.3 Insights from the Importance Analyses

Importance analyses were performed at the system level and the
component level for the System 80+ design. At the system level,
the risk achievement and risk reduction measures of importance

; were calculated for the mitigating systems of the System 80+
| design. The risk achievement worth is expressed as the ratio
i giving the factor by which risk increases due to the system of
'

concern not being available. Likewise, the risk reduction worth
is a measure of the risk that would be reduced by decreasing the
unavailability of the system to zero (i.e., the system is always
operating or is operable when demanded). The system level
measure of importance are provided in Table 19.15.2-5. The

A results are sorted on the risk achievement measure, with the most

(b) important system (highest risk achievement worth listed firsti

followed by the next and the least important (lowest risk
achievement worth) listed last. Some insights gained from the
system level importance analyses are listed below:

A. The systems that would adversely impact (increase) the
,

overall core damage frequency for internal events the most l
include the Electrical Distribution System, the Emergency |
Feedwater System, the Safety Injection System, and the

'

Component Cooling Water / Station Service Water Systems.
B. The system that would be the most beneficial (i.e., system

with a high reliability) in reducing the overall core damage
frequency for internal events is the Emergency Feedwater
System followed by the Safety Injection System and then the
Safety Depressurization System.

Several importance measures were also calculated for the events
of the System 80+ PRA. The calculated component importance
measures are:

A. FUSSELL-VESELY - The Fussell-Vesely importance gives the
risk associated with a given component or event. This
importance measure determines how much the component is
contributing to the overall core damage frequency.

B. BIRNBAUM - The Birnbaum importance measures the difference
in core damage frequency with and without the occurrence of

A an event. The Birnbaum gives the increase in risk

(U) associated with the failure of a component.
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C. CRITICALITY - The Criticality importance measure gives the
core damage frequency that the system failure is a result of

j the failure of a critical component,

l D. RISK ACHIEVEMENT WORTH - The Risk Achievement Worth is
| expressed as a ratio giving the factor by which risk
i increases due to a component not being available.
!

| E. RISK REDUCTION WORTH - The Risk Reduction Worth is a measure
! of the risk that would be reduced by reducing the
| unavailability of the component of interest to zero.

F. UNCERTAINTY IMPORTANCE - The Uncertainty Importance is the
measure of the standard deviation about the mean frequency.
By reducing the uncertainty of a given event, the
uncertainty of the overall core damage frequency will also
decrease. This importance measure identifies those events
whose uncertainty contributes the most to the overall core
damage frequency.

The importance measures are calculated to analyze how each event
influences the overall core damage frequency and to analyze how
the events ranks against one another.

A list of component importance measures is presented in Table
19.15 2-6. The components are sorted according to their risk
achievement worth. The most important (highest risk achievement
worth) component is listed first followed by the next important
component. Finally, the least important (lowest risk achievement
worth) component is listed last. The following general insights
are provided for the component importance measures:

A. Of the top fifty components listed, with respect to risk
achievement worth, common cause failures are the most
important category (34 failures), followed by initiating
events (8 events), then independent faults (4 faults), and
then human errors (4 events).

B. Because of the redundancy and diversity of the mitigating
systems, independent faults are not the most important (high
risk achievement worth) events that would adversely impact
the core damage frequency for internal events.

C. Common cause failures of Electrical Distribution System
components are important (high risk achievement worth)
events. These events include: (1) common cause failure of
the 125 VDC class 1E buses, (2) common cause failure of the
480 VAC load center transformers, (3) common cause failure
of the 4.16 KV class 1E buses, (4) common cause failure of
480 VAC class 1E load centers, and (5) common cause failure
of 480 VAC motor control centers.
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h D. Common cause failures of the distribution line check valves-'

and the pump discharge check valves in the Emergency
,
' Feedwater System are also important (high risk achievement

worth) events.,

1

E. Several operator errors also have high risk achievement
.

worth. Such events include: (1) operator fails to initiate
j hot-leg injection, (2) operator fails to align the CST to

the Emergency Feedwater Storage Tanks, (3) operator fails to
reclose ADVs on ruptured SG-2, and (4) operator fails to"

j initiate " feed and bleed".
~

F. The most important (high risk achievement worth) independent
faults are associated with failure of the CST valves. These
valves are used primarily to provide makeup to the emergency

L; feedwater storage tanks in order to continue and maintain
j the decay heat removal from the reactor core.

G. Loss of main feedwater is the most important (highest risk'

reduction worth) event in terms of reducing the "present"*

i core damage frequency for internal events. ;

1

H. Common cause failure of the safety injection line check
: valves (which are used during safety injection, SCS

injection, and shutdown cooling operations) is the next
important event in terms of risk reduction. The "present"i <

i I core damage frequency of internal events would decrease by
,V approximately 30%, if common cause failure of the safety

injection line check valves never occurred.
;

!- I. Operator errors also play a big part in reducing the
"present" core damage frequency for internal events. The

| most important operator errors in terms of risk reduction
worth are: (1) operator fails to initiate " feed and bleed"

1 - 20% reduction, (2) operator fails to provide aggressive
: secondary cooldown following a Steam Generator Tube Rupture |
! event - 19% reduction, and (3) operator fails to provide
| aggressive secondary cooldown following a small LOCA event - |12% reduction.3

19.15.2.2 Analysis of Containment Performance and Source
;

Terms - Level II PRA.

*

The objective of the containment response analysis is to
ascertain the likelihood, magnitude, and timing of radiological

i releases to the environment following a severe accident. .In

'.
order to determine the consequences of an accident, each'of the
accident sequences identified as leading to core damage in the
Level I PRA is further analyzed to determine if~it will lead loss

| of containment integrity, and if so, the nature of its associated.
. release. The mode and timing of the containment failure and the

. nature of the releases are affected by the physical phenomena of
h the accident. The combinations of these physical phenomena
Q define specific event sequence with unique consequences. These-

7
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combinations of consequences are the potential Plant Damage
! States (PDSs) resulting from the accident. The parameters used

to define the PDSs are based on factors that have the greatest
effect on the public and include the following:

A. Source term magnitude and isotopic content.

B. Energy of the release.

C. Duration of the release.

D. Warning time for evacuation.

Based on the qualitative evaluation of the containment response
phenomena for System 80+ design, a set of eight PDS parameters
and their associated values were defined. Several (6480)
possible combinations of parameter values for the eight PDS
parameters were noted, all of which were not physically possible.
Therefore, a set of rules were developed to delete the
combinations that were physically impossible. After applying the
deletion rules, 245 logical PDSs survived the screening. In
order to ascertain the information for mapping the core damage
sequences into the appropriate PDS, six containment safeguard
states were developed. These containment safeguard states were
linked with the dominant core damage sequences to form plant
accident states which contained enough information to be mapped
directly into the PDSs. Twenty six of the 89 accident sequences
for internal events and 3 of the 9 accident sequences due to
tornado strikes were linked with the containment safeguard states

| to form plant accident states. Approximately 67% of the plant
accident states had frequencies below a certain screening value
and were therefore eliminated from further evaluation. The
eliminated plant accident states represent 1% of the overall core
damage frequency.

To provide some initial insight into the potential severe
accident progression, the relative split of the PDSs between
parameter values for major parameters was evaluated and
summarized below (the percentages presented are based on the core
damage frequency contribution and not sequence count):

RCS PRESSURE AT CORE DAMAGE

Approximately 18% of the PDSs are low pressure sequences, 47% are
medium pressure sequences, and 35% are high pressure sequences.
Of the high pressure sequences, 26% have a cycling relief valve
release rate and 9% have a small LOCA release rate.

CORE MELT TIMING

| Approximately 77% of the sequences resulted in core damage within
8 hours (early). Sequences resulting in core damage between 8
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; and 24 hours account for 21%. Only one PDS with two sequences had ;

; core damage after 24 hours. This PDS accounts for approximately j

2%.
'

!

! CAVITY CONDITION
i i

{ The cavity was not flooded in only 8% of the sequences. For the
remaining _92% of the sequences, the cavity was flooded.

i;
! CONTAINMENT SPRAY STATUS
5

For 81% of the sequence, the Containment Spray System was | j
'

available. The Containment Spray System was not available for i.

i the remaining 19% of the sequences. |
'

i !
RELEASE POINT

} 1

Approximately 37% of the sequences resulted in. initial releases | |
1 directly to the containment. Initial releases were to the IRWST 4

'

i for 46% of the sequences. Approximately 17 % - of the. sequences |
j resulted in initial releases through the steam generators. The

containment bypass sequence has a negligible contribution to the |
core damage frequency.

| 19.15.2.2.1 Containment Failure Frequency
4

j' The results from the containment response analysis show that the
j System 80+ containment is robust and quite capable of

accommodating severe accident challenges. The conditional
j probability for intact containment releases, RC1, is 0.887. |
| Likewise, the conditional probabilities for the various types of

containment failures are: (1)'O.079 for late containment failure |;

| releases, RC2, (2) 0.011 for early containment failure releases,
| RC3, (3) 0.024 for releases due to containment isolation failure, |
j RC4, and (4) 0.0 for containment bypass failure releases, RC5.
j The Conditional Containment Failure Probability (CCFP) is shown
j to be small. The above results are shown in Table 19.15.2-7 and' |
j Figure 19.15.2-2. Combining the CCFP with the core damage
i frequency calculated from the . Level I portion of the PRA (2.0E-06

per year) results in a very low frequency (2.2E-07 ' per year, |
seismic events excluded) of containment failure from severe
accidents.,

j A further breakdown of the contributors to the conditional
'

containment failure probability due to the timing of core damage
is shown. in Tables 19.15.2-8 and 19.15. 2-9. The relative
contributions to CCFP for early (i.e., less than 8 hours after,

the initiating event occurs) core damage sequences are provided;
a in Table 19.15.2-8. Similarly, the relative contributions to

CCFP for mid (8 - 24 hours after the initiating event occurs);.
i p core damage sequences are provided in Table 19.15.2-9.

!
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The insights and leading contributors to containment failure are
summarized in Section 19.15.2.2.2.

19.15.2.2.2 Dominant Contributors to Containment Failure

Table 19.15. 2-7 shows the fractional contributions by containment
failure modes to the core damage frequency for internal and
external events, excluding seismic events. The containment
remained intact for about 88.7% of the core damage sequences. Of
the 11.3% of core damage sequences in which the containment does
fail, the late containment failure mode is the most dominant
contributor followed by containment isolation failures, early
containment failures, and then containment bypass failures.

The breakdown of contributors to containment failure is also
shown as a pie chart in Figure 19.15.2-2. The majority of-
containment failures (69%) involve late containment failures. An
additional 20.7% of the containment failures is due to the
containment isolation failure mode followed by early containment
failures and containment bypass failures with 9.6% and 0.2%,
respectively.

LATE CONTAINMENT FAILURES

The leading contributor to containment failure following a severe
accident is " Late Containment Failure". This failure mode

| represents approximately 69% of the overall containment failure
frequency. The frequency for this containment failure mode is
1.5E-7 per year. The major contributor to this failure mode
includes base mat melt-through. All dry cavity cases result in
containment failure and a very small percentage of the wet cavity
cases are assume to result in containment melt-through.

CONTAINMENT ISOLATION FAILURES

| Containment isolation failures are the second largest contributor
to the frequency of containment failure. The frequency of this l
failure mode is 4.6E-08 per year and it accounts for
approximately 21% of the overall containment failure frequency.

EARLY CONTAINMENT FAILURES

| Early containment failures are the third largest contributor to
the frequency of containment failure. The frequency of this
failure mode is 2.1E-08 per year and it accounts for
approximately 10% of the overall containment failure frequency.
The major contributors to this failure mode includes rapid steam
generation and steam explosions, missile or rocket impingement,
hydrogen burns, and direct containment heating.

O
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j CONTAINMENT BYPASS

:

; The containment bypass sequences are virtual non-contributors to
the overall frequency of containment failure. The frequency for
this failure mode is 5.2E-10 per year, the majority of which is |

| cause by the Interfacing System LOCA sequence.
i

| 19.15.2.2.3 Fission Product Release Characteristics
.

The insights regarding the relative significance of the various}

|
fission product release classes are provided below.

f RELEASE CLASSES
i

A total of 63 release classes with non-zero frequencies were'

: identified. This includes 41 early core melt frequency release
classes, 20 mid core melt sequence release classes and 2 late
core melt sequence release class. Of these release classes, only
those that had frequencies above a certain screening value (i.e. ,;

' 1.0E-09 per year) were considered for further evaluation. A
i noted exception to the screening is the containment bypass

release class. This release class is caused by an Interfacing
System -LOCA. Although the frequency of this release class is,

j' less than the screening value, it is retained for further
. evaluation. The release classes that were eliminated from
| (p') further evaluation represent less than 1% of the total core

V damage frequency. |
4

RELEASE CHARACTERISTICS

! Each of the end-points of the Containment Event . Tree (CET)
! uniquely specifies the status of the containment following a
j severe accident, whether it is intact or breached and if breached
! the mode of containment failure. The status of the various
i phenomena which have the potential to affect the source term
| characteristics is also uniquely specified for each end-point of
I the CET. As a result, each end-point of'the CET represents a
' distinct release class which can be fully characterized by the
j following parameters:

{ A. Frequency of occurrence.
i
* B. Isotopic content and magnitude of the release.

C. Energy of the release.

'
D. Time of the release.

]
E. Duration of the release.

' O F. Location of the release.

b
:
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Values for the above parameters are summarized in Tables
19.15.2-10, except for the isotopic content and magnitude of the
release which is summarized in Table 19.15.2-11. As shown in

| Table 19.15.2-11, release class RC4.36L has the highest release
'

fractions for the radionuclide groups. This release class
represents a SGTR and containment isolation failure followed by
a dry cavity and the containment sprays being unavailable. Other
release classes with high release fractions include RC4.30E
(similar to RC4.36L, except that the containment sprays are
available) and RC4.22E (similar to RC4.36L, except that the
containment sprays are available and the cavity is flooded).

19.15.2.2.4 Insights from Level II Bensitivity Analyses
:

The results from the containment response analysis show that the
System 80+ containment is robust and quite capable of
accommodating severe accident challenges. To assess the impact
of certain assumptions that were made in performing the

,

containment response analysis, the Level II portion of the PRA,
several sensitivity analyses were performed. These analyses
determined what effect certain assumptions may have on the
containment failure modes and associated conditional failure
probabilities. The results from the sensitivity analyses are
summarized in Table 19.15.2-12.

The major insights from the Level II sensitivity analyses are
presented below:

A. Hydrogen ignitors are provided to prevent the build-up of
1
'

hydrogen inside the containment following a severe accident.
However, the conditional probabilities for the various
containment failure modes are insensitive to the
availability of the hydrogen ignitors following a severe
accident.

B. The System 80+ containment characteristics do not favor
deflagration to detonation transition and the release
classes are not sensitive to deflagration to detonation
transition.

C. Late containment failure releases are somewhat sensitive to*

low heat transfer rate from the corium to the cavity water.
This release class is also very sensitive to the amount of
water that is discharged to the cavity by the Cavity
Flooding System following a severe accident.

D. Late containment failure releases are sensitive to the
| recovery of containment heat removal following a severe

accident.

O
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E. The conditional probabilities for System 80+ release classes I
are not sensitive to temperature induced creep failure of

'

the RCS piping and the depressurization of the RCS, using
the Safety Depressurization System.

F. The frequency of containment isolation failure releases is !

mildly coupled to the reliability of the containment |
Isolation System (CIS). A very reliable CIS would result in
a very low frequency for containment isolation failure
releases.

19.15.2.3 Release Consecuences Assessment - Level III PRA

The characteristics of the release classes determined by the
containment response analysis are the primary input to the
consequence analysis which calculates the risk measures,
including:

A. The whole-body dose at 300 meters from the reactor,

B. The whole-body dose at one half mile from the reactor, and

C. Whole-body dose vs. distance.

The Complementary Cumulative Distribution Functions (CCDFs) for
( the above risk measures were generated. These distributions are
'

presented in Figures 19.15.2-3 through 19.15.2-5. Figure
19.15.2-3 presents the total CCDF for the whole-body dose at 300
meters. This CCDP represents the total frequency of exceeding a
given whole-body dose at a radius of 300 meters from the reactor.
Figure 19.15.2-4 presents the total CCDF for the whole-body dose
at one-half mile. This CCDF represents the total frequency of
exceeding a given whole-body dose at a radius of one half mile
from the reactor. In addition to 300 meters and on-half mile,
whole-body doses were calculated for distances at four miles,'11
miles, 25 miles, and 60 miles from the reactor. The whole-body
doses with exceedance probabilities of 1.00E-06 and 1.00E-07 for
the various distances from the reactor are presented in Figure
19.15.2-5.

The large offsite-release goal adopted by Combustion Engineering
for the System 80+ Standard Design is:

"In the event of a severe accident, the dose beyond a
,

one-half mile radius from the reactor shall not exceed 25 '

rem. The mean frequency of occurrence for higher offsite
doses shall be less than once per million reactor-years,
considering both internal and external events."

This goal is consistent with the ALWR large offsite release goal
established by EPRI in the ALWR Utility Requirements Document *.
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As can be seen from Figure 19.15.2-4, the frequency with which a
whole-body dose .2 25 rem is exceeded at one-half mile is i

| approximately 5.3E-8 per year. Also, as can be seen from Figure |

19.15.2-3, the frequency with which a whole-body dose of 25 Rem |
| is exceeded at 300 meters is approximately 6.2E-8 per year. In

,

both cases, the frequency of exceeding 25 Rem is less than the
goal of 1.0E-6 per year. Therefore, the System 80+ Standard'

Design meets the large offsite release goal with substantial |

margin. Figure 19.15.2-4 also shows that the probability of
exceeding a whole-body dose of one Rem at one-half mile from the

| reactor is 3.0E-07 per year.

19.15.2.3.1 Dominant Contributors to Risk

As mentioned in the previous section, risk measures at various
distances from the reactor were calculated for the System 80+
design. The dominant contributors to the whole-body dose at 300
meters and one-half mile measures are identified by release
class. The dominant contributors are described below.

DOSE AT 300 METERS

The dominant release classes for a whole-body dose of 25 Rem at
a distance of 300 meters from the reactor include RC4.36L,
RC4.30E, RC4.22E, RC3.4E, RC3.1E, and RC2.5M. The probabilities

J of exceeding 25 Rem at 300 meters for these release classes are
3.1E-08, 6.5E-09, 6.0E-09, 4.3E-09, 3.3E-09, and 2.9E-09
respectively. A description for each of these release clasoes is
provided below.

| A. RC4.36L covers the releases associated with a containment
isolation failure with vaporization releases and re-
vaporization releases for sequences in which the core damage
occurs after 24 hours. Scrubbing of in-vessel fission

| products is not successful and scrubbing of vaporization and
re-vaporization releases is not accomplished.

The dominant PDS for this release class is PDS194. This PDS
is characterized by a Steam Generator Tube Rupture with
successful safety injection and successful operation of the
Emergency Feedwater Water System. However, the ruptured

,

steam generator is not isolated and RCS pressure control is j
also not established, and the leakage from the primary side '

to the secondary side remains high. The inventory of the
IRWST is not replenished and is therefore depleted in
approximately 25 hours. Core damage is assume to occur once

,

the IRWST is depleted followed by vessel failure I
approximately one hour later. For this PDS, the cavity is |
dry and the Containment Spray System is unavailable due to i

depletion of the IRWST inventory. Releases occur via the j
unisolated ruptured steam generator. i

Amendment U
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The releases for this PDS were assumed to start at the time
of core damage and continue for approximately 24 hours. The
release to the environment was assumed to occur at an
elevation of 19.7 meters above grade.

B. RC4.30E covers the releases associated with a containment |
isolation failure with vaporization releases and re-
vaporization releases for sequences in which core damage
occurs within the first eight hours. In-vessel scrubbing is
not successful, but scrubbing of the vaporization and re-
vaporization releases is successful.

The dominant PDSs for this release class are PDS184A and
PDS181A. PDS184A is characterized by a Steam Generator Tube
Rupture with failure of safety injection and failure of
aggressive secondary cooldown. For this release class, it
is assumed that the ruptured steam generator is not
successfully isolated. Core damage is assumed to occur
within'four hours after the initiating | event with vessel-
failure occurring within the next hour. The. Containment
Spray System is available and'the cavity is flooded. The
releases are via the unisolated ruptured steam generator.

PDS181A is similar to PDS184A, except that the cavity is not |
/3 flooded. The releases for this class are assumed to start
( at the time of core damage and last for 24 hours. The

release to environment is assumed to occur at an elevation
of 19.7 meters above grade.

C. RC4.22E covers the releases associated with a containment |
isolation failure with vaporization releases but no re-
vaporization releases for sequences in which ' core damage
occurs within 8 hours after the initiating event. Scrubbing
of in-vessel fission products is successful as well as
scrubbing of vaporization releases.

The dominant PDS for this release class is PDS184A which is |
described above. The releases for this class were assumed
to start at the time of core damage and last for 24 hours.
The release to the environment was assumed to occur at an
elevation of 19.7 meters above grade.

D. RC3.4E covers the releases associated with an early |
containment failure with vaporization releases but not re-
vaporization releases for accident sequences in which core
damage occurs within the first 8 hours after the initiating
event. The scrubbing of in-vessel fission products is
successful as well as the scrubbing of vaporization
releases,

s

The dominant PDSs for this release class include PDS235,
PDS20, PDS3, and PDS85. The releases for PDS85 and PDS20
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[ are bounded by the releases for PDS3. Therefore, this
release class is dominated by PDS235 and PDS3. PDS235 is'

| characterized by a loss of main feedwater and failure of the
| Emergency Feedwater System. The " bleed" portion of " feed

and bleed" also fails for this PDS. Core damage is assumed
|

to occur within 4 hours after the initiating event followed
! by vessel failure within the next hour. The containment

Spray System is available and the cavity is flooded for this
PDS.

i

PDS3 is characterized by a large LOCA with failure of safety
injection. Core damage is assumed to occur within 4 hours
after the initiating event, followed by vessel rupture an
hour later. For PDS3, the Containment Spray System is also
available and the cavity is also flooded.

The releases for this release class are assumed to start at
the time of containment failure which occurs immediately
af ter vessel failure and last for approximately 200 seconds.
The release to the environment is assumed to occur at an
elevation of 16.6 meters above grade.

| E. Release class RC3.1E covers the releases associated with an
early containment failure with successful in-vessel fission
product scrubbing and no vaporization or re-vaporization
releases for sequences in which core damage occurs within
the first eight hour following the initiating event.

The dominant PDSs for this release class include PDS235,
PDS3, and PDS85. The releases for PDS85 are bounded by the
releases for PDS3. Therefore, this release class is
dominated by PDS235 and PDS3. PDS235 is characterized by a
loss of main feedwater and failure of the Emergency
Feedwater System. The " bleed" portion of " feed and bleed"
also fails for this PDS. Core damage is assumed to occur
within 4 hours after the initiating event followed by vessel
failure within the next hour. The Containment Spray System
is available and the cavity is flooded for this PDS.

PDS3 is characterized by a large LOCA with failure of safety
injection. Core damage is assumed to occur within 4 hours
after the initiating event, followed by vessel rupture an
hour later. For PDS3, the Containment Spray System is also
available and the cavity is also flooded.

The releases for this release class were assumed to start at
the time of containment failure, and the releases to the
environment were assumed to occur at an elevation of 16.6
meters above grade level.

O
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i V F. Release class RC2.5M covers the releases associated with a
! late containment failure with vaporization releases but no

re-vaporization releases for sequences in which core damage<

occurs within 8 hours to 24 hours time frame. In-vessel

i fission product scrubbing was successful but scrubbing of j

the vaporization releases is not successful,;

i

The sole contributor to this release class is PDS242. ;

PDS242 is characterized as a station blackout transient with |
~

successful operation of emergency feedwater until the'

batteries are depleted at 8 hours.- Core damage is assumed
to occur at 10. hours with vessel f ailure at 11 hours.
Containment spray is not available and the cavity is not

i flooded. The containment will fail due to basemat melt
; through. There is a 5% chance that the melt through will be

into the subsphere.

The releases for this release class were assumed to start at
i the time of containment failure at 65 hours and continue for
! 24 hours. The release to environment was assumed to occur
; at grade.
!

j DOSE AT ONE-HALF MILE

. [N Three dominant release classes were identified for the whole-body
'

( dose of 25 Rem at a distance of one-half mile from the reactor.a

These release classes include RC4.36L, RC4.30E, and RC4.22E. The |
i probabilities of exceeding 25 Rem at one-half mile for these
i release classes are 3.1E-08, 6.5E-09, and 6.0E-09, respectively. |
4 A description for each of the dominant release classes is
! provided above in the sub-section on " DOSE AT 300 METERS".

19.15.2.3.2 Insights from Level III Sensitivity Analyses

The results of the consequence analysis were compared with the
| NRC's health objectives and risk goals. The comparison shows

that the System 80+ design meets the NRC's large release
guidelines and by implication the health objectives are also met.-

For the base case consequence analysis, releases due to
,

containment isolation failure were the dominant contributors tot
5

J

r

4

4

;
4

:

|O
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whole-body dose at distances (i.e., 300 meter and one-half mile)
from the reactor. To assess the impact of certain assumptions
that were made in performing the consequence analysis, which is I!

the level III portion of the PRA, several sensitivity analyses I

were performed. The results of the sensitivity analyses are
summarized in Table 19.15.2-13.

The major insights from the Level III sensitivity analyses are
presented below:

A. The risk measures for whole-body doses at 300 meters and |
one-half mile from the reactor are relatively insensitive to
the location of the release point (i.e., whether the release
occurs at the top of the containment building or at grade
level).

B. The overall risk of the System 80+ design, as characterized
by the risk measures described in this report, is relatively
insensitive to containment bypass releases that are not
scrubbed prior to their release into the environment.

C. The reliability of the containment isolation function can
have a significant impact on the overall risk of the System
80+ design.

D. The risk measures at 300 meters and one-half mile are
somewhat sensitive to basemat melt-through that occurs more ,

frequently than currently anticipated.

E. Because of enhanced features and improvements are
incorporated into the System 80+ design, the frequency of
Interfacing System LOCA is several orders of magnitude lower
than existing PWRs. Because of this low frequency, |
containment bypass releases are not major contributors to
the risk of the System 80+ design. However, the overall
risk of the System 80+ design is sensitive to the frequency
of Interfacing System LOCA if it were to increase by several
orders of magnitude.

F. The risk of the System 80+ design is sensitive to the
isotopic content that is used to characterize the various
release classes.

G. The risk of the System 80+ design is slightly sensitive to
the concrete ablation rate. |

O
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TABLE 19.15.2.2
4

:
: (Sheet 1 of 3)
1- 1

! CORE DAMAGE FREOUENCY CONTRIBUTIONS FOR DOMINANT ACCIDENT SEOUENCES I

[ BY INITIATING INTERNAL EVENT
! i
: ;

! MEAN CORE DAMAGE
j FREOUENCY CONTRIBUTION

i
SEQUENCE ERROR

{
NUMBER SEQUENCE EVENTS / YEAR FACTOR

i
'

LOFW-9 (LOFW)(Emergency Feedwater Fails)(Safety 4.4 E-7 5.4
Depressurization for Bleed Fails)

'

,

!

SGTR-17 (SGTR)(Injection Fails)(Aggressive Secondary 2.7E-07 19.1 |
'

Cooldown Fails)
,

.

SL-11 (SLOCA)(Safety injection Fails)(Aggressive 1.6E-07 17.9+

: Cooldown Fails)
i
1

M L2-3 (Medium LOCA 2)(Safety injection Fails) 1.6E-07 5.1

; ML1-3 (Medium LOCA 1)(Safety injection Fails) 1.4 E-07 5.6

i |

! LL-3 (LLOCA)(SITS inject OK)(Safety injection 1. l E-07 5.3
'

Fails)
!

j VR Vessel Rupture 1.0E-07 10.0
.|$

TOTil-4 (Other Transients)(Deliver Feedwater 6.9E-08 7.6 |
| OK)(Long-term Decay Heat Removal |

Fails)(Safety injection for Feed Fails)
a
:

|
; ATWS-29 (ATWS)(Adverse MTC) 4.7E-08 8.9
;

,

LOFW-4 (LOFW)(Emergency Feedwater OK)(long-term 3.6E-08 : 6.9,

| Decay IIcat Removal Fails)(Bleed OK)(Safety
'

Injection for Feed Fails)

. SGTR-9 (SGTR)(Safety injection OK)(Deliver Feedwater 3. l E-08 12.1'

OK)(Unisolable Leak in SG) (Failure to Refill
IRWST)

1

TOTH-12 (TOTil)(PSV Fails to Rescat) 2.7E-08 8.34

i (Safety injection Fails)b
V

i
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TABl.E 19.15.2-2 (Cont'd)

(Sheet 2 of 3)

CORE DAMAGE FREOUENCY CONTRIBUTIONS FOR DOMINANT ACCIDENT SEOUENCES
BY INITIATING INTERNAL EVENT

MEAN CORE DAMAGE
FREOUENCY CONTRIBUTION

SEQUENCE ERROR
NUMBER SEQUENCE EVENTS / YEAR FACTOR

SBO Station Blackovi with Battery Depletion 2. l E-08 9.2

| LOFW-8 (LOFW)(Emergency Feedwater Fails)(Bleed 2. lE-08 4.6
OK)(Safety injection for Feed Fails)

SGTR-16 (SGTR)(Safety injection Fails)(Aggressive 1.5E-08 9.2
Cooldown OK)(RHR Injection Fails)

SL 10 (SLOCA)(Safety injection Fails)(Aggressive 9.0E-09 8.3
Cooldown OK) (RilR Injection Fails)

S L-4 (SLOCA)(Safety injection OK)(Deliver 8.9E-09 7.7
Feedwater OK)(Long-term Decay lleat Removal
Fails)(Safety Depressurization - Bleed Fails)

TOTil-5 (Other Transients)(Deliver Feedwater 6.9E-09 8.7
OK)(Long-term Decay lleat Removal
Fails)(Safety Depressurization Fails)

SGTR-12 (SGTR)(Safety Injection OK)(Feedwater 6.9E-09 7.9
Fails)(Safety Depressurization - Bleed Fails)

LOFW-5 (LOFW)(Emergency Feedwater OK)(Long-term 5. l E-09 8.3
Decay lleat Removal Fails)(St.fety
Depressurization for Bleed Fails)

| LL-4 (LLOCA)(SITS Fail to Inject) 4.7 E-09 6.4 |
l

LH V-5 (LHVAC)(Deliver Feedwater OK)(Long-term 4.0E-09 17.9 l
Decay lleat Removal Fails)(Safety )
Depressurization for Bleed Fails) |

LOOP-9 (LOOP)(Failure to Deliver Emergency 3.9E-09 9.0
Feedwater)(Safety Depressurization for Bleed I
Fails) l

O1
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2 A TAHl.E 19.15.2-2 (Cont'd)
!

(Sheet 3 of 3)

i CORE DAMAGE FREOUENCY CONTRIBUTIONS FOR DOMINANT ACCIDENT SEOUENCES
BY INITI ATING INTERNAL, EVENT

MEAN CORE DAMAGE
FREOUENCY CONTRIBUTION-

i

SEQUENCE ERROR

{ NUMBER SEQUENCE EVENTS / YEAR FACTOR

LOOP-8 (LOOP)(Failure to Deliver Emergency 3.4E-09 10.9
,

Feedwater)(Safety Dep. OK)(Safety Injection for,

Feed Fails)-

4

SGTR-8 (SGTR)(Safety Injection OK) 3.1 E-09 10.6.

(Delivery of Feedwater OK)4

! (Unisolable Leak in SG) (Refill IRWST OK)
(Failure to Maintain Secondary Heat Removal)2

| ATWS-9 (ATWS)(PSVs Open and Re-close OK)(No 2.9E-09 23.0 |
1 Consequential SGTR)(Deliver Feedwater

f OK)(Failure to Deliver Boron by Charging
; Pumps)(Safety Depressurization Fails)

.

TOTH-9 (Other Transients)(Feedwater Fails)(Safety 2.3 E-09 6.9
Depressurization Fails)

i

| LSSB-9 (LSSB)(Safety injection OK)(Failure to Deliver 2.1 E-09 12.0
j Feedwater)(Safety Depressurization for Bleed

| Fails)

!

I
a

:|

l
!

i

.

: a
;
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TABLE 19,15.2-3

:

(Sheet 1 of 2)
i

MAJOR CONTRIBUTORS TO THE UNCERTAINTY OF CDF (INTERNAL EVENTS)
FOR SYSTEM 80 +-

i

! DOMINANT MEAN EF MAJOR CONTRIBUTORS
- SEQUENCE CDF/yr
! Description EF

LOFW 9 4.4E-07 5.4 Loss of main feedwater event 3.0
Common cause failure of EFW distribution line check valves 3.2
Common cause failure of EFW pump discharge check valves 3.2

1 Common cause failure of ' bleed" valves 1.6
Operator fails to initiate " feed and bleed" 11.7

~|SGTR 17 2.7E-07 19.1 Steam generator tube rupture event 5.0
. Common cause failure of safety injection line check valves 3.2

| Common cause failure of safety injection line motor valves 1.2
- Common cause failure of safety injection pumps to start 16.1

Common cause failure of safety injection pumps to run 5.8.

Operator fails to perform aggressive secondary side cooldown 15.09

. SL 11 1.6E-07 17.9 Small LOCA event 5.0'
Common cause failure of safety injection line check valves 3.2

p) Common cause failure of safety injection line motor valves 1.2
'

Common cause failure of safety injection pumps to run 5.8.

i V Common cause failure of safety injection pumps to start 16.1
< Operator fails to perform aggressive cooldown 16.6

)' ML2-3 1.6E-07 5.1 Medium LOCA 2 event 5.0
a Common cause failure of hot-leg injection valves 1.6
j Common cause failure of safety injection line check valves 3.2

Common cause failure of hot leg check valves
.

3.2
; Common cause failure of safety injection line motor valves 1.2
-

Operator fails to initiate hot-leg injection 4.1

: ML13 1.4E-07 5.6 fJedium LOCA 1 event 5.0
3 Common cause failure of hot-leg injection valves 1.6
: Common cause failure of safety injection line check valves 3.2

Common cause failure of hot-leg check valves . 3.2
"

Common cause failure of safety injection line motor valves 1.2,

Operator f ails to initiate hot-leg injection 4.1

LL 3 1.1 E-07 5.3 Large LOCA event 5.0
Common cause f ailure of safety injection line check valves 3.2

j. Common cause failure of safety injection line motor valves 1.2
i Common cause failure of hot-leg check valves 3.2
: Common cause failure of hot-leg injection valves 1.6
} Operator f ails to initiate hot-leg injection 4.1

VR 1.OE-07 10.0 Vessel rupture event 10.0

|
TOTH-4 6.9E-08 7.6 Transient event other than loss of main feedwater 3.04

; Common cause failure of safety injection line check valves 3.2
CST manual makeup valve fails to open 15.0
CST makeup check valve fails to open 3.2
Operator fails to chgn CST to EFW storage tanks 3.4

4

i
<

,

.
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TABLE 19.15.2 3

(Sheet 2 of 2)

MAJOR CONTRIBUTORS TO THE UNCERTAINTY OF CDF (INTERNAL EVENTS)
FOR SYSTEM 80+

DOMINANT MEAN EF MAJOR CONTRIBUTORS
SEQUENCE CDFlyr

Description EF

ATWS-29 4.7E-08 8.5 ATWS event 6.3
Adverse moderator temperature coefficient 3.0

_

LOFW-4 3.6E-08 6.9 Loss of main feedwater event 3.0
Common cause failure of safety injection line check valves 3.2
CST manual makeup valve fails to open 15.0
CST makeup check valve fails to open 3.2
Operator fails to align CST to EFW storage tanks 3.4

SGTR-9 3.1 E-08 12.1 Steam generator tube rupture event 5.0
Operator fails to align CVCS to fillIRWST following SGTR 25.3
Common cause failure of atrnospheric dump / block valves to 3.8
reclose
Main steam safety valves (MSSVs) fail M reseat after early 2.3
opening

; TOTH-12 2.7E 08 8.3 Transient event other than loss of main feedwater 3.0

| PSV fails to reseat 5.0
Common cause failure of safety injection line check valves 3.2

S80 2.1 E-08 9.2 Loss of offsite power event 5.0
Common cause demand failure of the emergency DGs 3.2
Common cause failure of DG sequencers 11.2
Common cause failure of DG room dampers 2.3
Emergency DG fails to start 3.2
Failure to start and load standby AC power 3.0
Operator f ails to recover offsite power in 10 hours 1.0

f LOFW-8 2.1 E-08 4.6 Loss of main feedwater event 3.0
Common cause failure of EFW distribution line check valves 3.2
Common cause failure of EFW pump discharge check valves 3.2
Common cause failure of safety injection line check valves 3.2

| Common cause f ailure of safety injection line motor valves 1.2
Common cause failure of safety injection pumps to run 5.8

SGTR 16 1.5E-08 9.2 Steam generator tube rupture event 5.0
Common cause f ailure of safety injection line check valves 3.2
Common cause failure of safety injection pumps to run 5.8
Common cause f ailure of safety injection pumps to start 16.1
Operator fails to align SCS for injection 4.0

|

|

|

O
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19.15.3 EXTERNAL EVENTS RISK PROFILE INSIGHTS

The external events analyses for the System 80+ design included
both qualitative and quantitative analyses. Bounding site :

characteristics were used for the quantitative analyses to
minimize potential future restrictions on plant siting. The !

qualitative external events evaluation involved the following:
(1) identification of the external events to be considered, (2)
grouping of events with similar plant effects and consequences,
(3) establishment of screening criteria to eliminate events that
arc insignificant contributors to risk, and (4) identification of
events that require further quantitative evaluation. Based on

,

! the qualitative evaluation, most of the external events were
aliminated from further quantitative evaluation. Four external ;

| events (tornado, fire, flood, and seismic) were identified as
! having the potential to induce system failures and therefore |

| required further quantitative evaluation.
,

i

The major findings and insights obtained for tornados, fires, i
floods, and seismic events are provided in Sections 19.15.3.1, !

19.15.3.2, 19.15.3.3, and 19.15.3.4, respectively. l

l

19.15.3.1 Insights from the Tornado Strike Analysis j
j

The core damage frequency due to tornado strike events is |

calculated to be 2.5E-07 per year. The dominant contributors to l

the core damage frequency of tornado strike events are provided
in Table 19.15.3-1. For the System 80+ PRA, the following
assumptions were made for the tornado strike accident sequences.

A. It was assumed that offsite power will be lost for more than
24 hours and the plant will rely on the emergency diesel
generators during this period.

B. The turbine / generator will be unable to run back and pickup
hotel loads following a tornado strike.

C. The alternate AC power source was conservatively assumed to
be unavailable following a tornado strike.

D. The Station Service Water System (SSWS) intake structure was |
assumed to be vulnerable to accumulation of debris due a
tornado strike event and was included in the models. The
protection of the SSWS intake structure against the
accumulation of debris due to a tornado strike could prevent
or minimize the loss of suction to the SSWS pumps. The COL
applicant should re-evaluate the vulnerability of the SSWP
intake to tornado-generated debris. [ COL' Item 19-1]

E. Safety related structures outside the nuclear island will
not be destroyed by a tornado strike.
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F. The air intake for the emergency diesel generator rooms was
assumed to be protected from tornado and tornado generated
missiles.

G. The Condensate Storage Tank is unavailable to provide makeup
to the Emergency Feedwater Storage Tanks.

Three dominant accident sequences were identified for tornado
strike events: TRND-4, TRND-SBO, and TRND-5. The calculated
frequencies for these accident sequences are 2.5E-07, 1.7E-8, and
4.1E-9 per year respectively.

A. TRND-4 is an accident sequence which involves a tornado
strike event followed by successful opening and reseating of
the primary safety valves, failure of decay heat removal,
and failure of the SIS. Foc this sequence, the EFWS is used
to remove decay heat from the RCS until shutdown cooling
entry conditions are met. Once shutdown cooling entry
conditions are met, the SCS would be aligned for decay heat
removal. However, the SCS fails to perform its function and
consequently the only other means of removing decay heat
from the core is via " feed and bleed" operation. In order
for " feed and bleed" to be successful both the " bleed"
portion and the " feed" portion must operate. In addition to
SCS failure, " feed" also fails for this sequence. This
results in the termination of decay heat removal and
consequently core damage occurs. The dominant contributors
to this sequence are: (1) common cause operating failure of
the emergency diesel generators, (2) operating independent
failure of the emergency diesel generators. The diesel
generators will be included in D-RAP.

B. TRND-SBO is an accident sequence which involves a tornado
strike event followed by station blackout with battery
depletion. For this accident sequence, the emergency diesel
generators also fail and the only mitigating system
available is the EFWS, using the turbine-driven pumps.
After eight hours of operation, the batteries would be
depleted and long term decay heat removal would be
terminated. Consequently, core damage occurs. The dominant
contributors to this sequence are: (1) blockage of the
station service water intake structure due to tornado
generated debris, (2) common cause failure of the emergency
diesel generators, and (3) independent demand failures of
the emergency diesel generators.

C. TRND-5 is an accident sequence which involves a tornado
strike event followed by failure of long-term decay heat
removal and failure of the SDS. This accident sequence is
similar to TRND-4, except that " bleed" fails instead of
" feed". The dominant contributors to this accident sequence
are: (1) blockage of the station service water intake
structure, (2) failure of the operator to initiate " feed and

Amendment U
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bleed", (3) common cause operating failure of the emergency ,

diesel generators.

The major insight gained from the tornado strike evaluation is
that the single most dominant contributor to core damage is
caused by blockage of the intake structure. Blockage of the
intake structure for the station service water pumps is caused
tornado generated debris. Blockage would result in loss of
cooling water to the emergency diesel generators and all safety-
related motor-driven pumps. The EFWS, using the turbine-driven
pumps, would be the only means of removing decay heat from the
core until'the batteries are depleted.

19.15.3.2 Insichts from the Fire Risk Assessment

A qualitative fire risk assessment was performed for the System
80+ ' design. The evaluation addressed each of the fire areas ,

defined, except the containment area and the control room area.
Each fire area was analyzed to assure that in the event that all
the active equipment in the area affected by a fire were rendered
inoperable, redundant systems, trains, or channels would be
available in another fire area. This would enable safe shutdown
to be achieved and maintained.

,

The following assumptions were made in performing the fire
( scoping assessment.;

| \

| A. Because of the-enhanced features of the System 80+ control
| room design, a fire in the control room is assumed to be an

insignificant contributor to core damage due to internal
fires.

B. It was assumed that the materials used in the control room
panels do not independently support combustion. |

C. The energy sources coming into the control panels was
assumed to be limited to low power voltage, to the maximum
extent practicable. Such limited energy sources practically

,

'

eliminates potential ignition sources within the panels. A,

| significant portion of the control and indication signals
are interfaced to the main control panel via fiber optic I

| cables.

D. If a fire occurs inside the main control room and the
operator determines that the control room should be
evacuated, it is assumed that the operator will trip the j
reactor and transfer control to the Remote Shutdown Room -

prior to evacuation.

i.( i

|
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E. It was assumed that sufficient instrumentation and controls
are provided at the remote shutdown panel to bring the plant
to safe shutdown should the main control room need to be
evacuated.

F. Equipment that do not have dedicated instrumentation and
controls at the Remote Shutdown Panel can be controlled via
the operator's module, and procedures are in place to
instruct the operator how to control this equipment.

G. Instrumentation and controls are provided at the Remote
Shutdown Panel for the CCWS and SSWS to ensure that the
Emergency Feedwater System, Safety Injection System,
Containment Spray System, and the Shutdown Cooling System
can perform their functions.

H. It is assumed that a control room fire will not impact the
instrumentation and controls located at the remote shutdown
panel or the equipment itself which is required to place the
plant in cold shutdown.

I. The main control room and the remote shutdown room are
located at different elevations and in different fire areas.
Since the main control room ventilation system io separate
from the ventilation system for the remote shutdown room,
and the stairwells connecting these rooms are pressurized,
it was assumed that smoke, hot gases, or fire suppressants
cannot migrate from one room to the next.

J. Both the remote shutdown room and the main control room are
protected by 3 hour fire walls and 3 hour fire doors. It is
therefore assumed that a fire that originates in an area
outside the main control room area will not threaten the
habitability of the control room. Only fires that originate
inside the control room may force its evacuation.

K. All fire barriers which provide separation between the two
divisions are rated for at least 3 hours. It was assumed
that all fire doors and penetrations within the fire
barriers are maintained during power operation to prevent
the propagation of fire from one area to the next.

L. It was assumed that only the equipment within the fire area
will become inoperable due to the fire. Redundant safety
related equipment in the other division will not be affected
by the fire.

M. For the purposes of this analysis, it was conservatively
assumed that a fire within one of the two divisions would
disable all safety related equipment in the affected
division.

Amendment S
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) N. The reliabilities of the fire detection and suppression
| systems are assumed to be at least 80% and 96%,

respectively.

O. Although fire brigade action to suppress fires was not
modeled in the scoping fire risk evaluation, the

| capabilities of the plant fire brigade are important to
maintaining a low fire risk. The COL applicant should
maintian a well trained and prepared fire brigade. [ COL
Item 19-13].

A quantitative assessment of the risk due to internal fires can
not be made at this time because detailed design information for
cable routing and the fire detection and fire suppression system
is not presently available. However, a scoping evaluation is
performed to assess the risk due to internal fires in areas of
the Nuclear Annex other than the containment or the control room.
Two types of fires were considered in the scoping evaluation: (1)
a fire in an area which could disable safety-related equipment
in that area and which has the potential for initiating a
transient, and (2) a fire in an area which by itself could
disable safety-related equipment but would require the
penetration of a fire barrier in order to initiate a transient.
The first type of fire is designated as type "a" and the second

/ type as type "b". The fire ignition sources and frequencies by

(3) applicable areas are presented in Table 19.15.3-2.
xs

Although a detailed quantitative analysis of internal fires was
not performed at this stage of the System 80+ design, a scoping
estimate of the risk due to fire was calculated by using a
conservative scoping value ( 4 . 6E-02 per year) for fire event
frequency and by assuming that the effects on plant systems would
be the same as a loss of one division of component cooling
water / station service water. Using this approach, the estimated
scoping value core damage frequency due to internal fires is
6.1E-08 per year and the sequence of importance involves an
internal fire followed by failure of long-term decay heat removal
and failure of SDS.

Based on the robust seal design for the RCPs used in the System
80+ design and on the results of tests and operating experience,
ABB-CE asserts that the RCP seals will not fail on loss of seal
injection and seal cooling. However, in the interests of
completeness, an assessment of a postulated fire induced RCP seal

| LOCA was included as part of the quantitative ftre scoping
i evaluation. The scoping value for core damage frequency

associated with the postulated fire induced seal LOCA was
calculated to be 5.2E-10 per year. The potential risk due to a
postulated fire inside containment was also assessed. The
estimated scoping value of core damage frequency due to fire
inside containment is 1.3E-09 per year. Thus, the total((j) estimated scoping value of core damage frequency for internal

| fires is 6.3E-08 per year.

! Amendment V
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The following insights were drawn from the internal fire scoping
assessment:

.

A. The consequences of internal fires at the plant are bounded
by a fire that would disable all the safety related
equipment in the division where the fire originated.

B. The propagation of a fire from one division to the next is
prevented by the divisional separation of redundant safety
related equipment with a 3 hour fire barrier which is ,

'

maintained during power operation. The fire barriers will
be included in D-RAP.

C. In order to minimize or eliminate control room fires, the i

control panel specifications must be met. These
specifications prohibit the use of neoprene, limit the use
of PVC, and prohibit the use of materials that would
independently support combustion. The energy sources coming
into the control room panels must be limited to low voltage.

D. A control room fire is not a dominant contributor to the
overall core damage frequency due to internal fires.

E. Instrumentation and controls are provided at the Remote
Shutdown Panel to ensure that the plant can handle a
transient from the Remote Shutdown Room.

F. Because the main control room is continuously presswized,
the entry of smoke, hot gases, dirt, and fire suppressants
originating from outside the main control room will be
prevented.

G. The main control room utilizes a ventilation system which is
| separate from the rest of the control building. Therefore,
| the migration of smoke, hot gases, and fire suppressants
I that originate in areas outside the main control room such

| as the electrical equipment areas to the control room will ,

| not occur via the ventilation system or any other means. )
|

H. Separate ventilation systems are provided for each of the !
Idivisional separated building. Therefore, a fira in one

division cannot migrate to the next division via the
i

ventilation system.

I. Although ABB-CE asserts that the RCP seals will not fail on
loss of seal injection and seal cooling due to the robust
seal design, an assessment of a postulated fire induced RCP
seal LOCA was included as part of the quantitative fire
scoping evaluation. This evaluation indicates that a fire !
induced RCP seal LOCA is not a dominant contributor to the |
estimated scoping core damage frequency estimate for 1

internal fires.

J. Deterministic evaluations indicate that there is no credible
fire inside containment that could damage redundant trains
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(,/ of safe shtitdown equipment. A scoping assessment indicates
that the risk associated with a postulated fire inside

| containment is not a significant contributor to the overall
| scoping estimate of risk for internal fires.

19.15.3.3 Insichts from Internal Flood Analysis

The System 80+ plant design emphasizes the elimination and
| minimization of potential flood sources within safety-related

areas as a means of flood protection. For example, station
servit,e water and component cooling water heat exchangers are
located outside the Nuclear Annex. Water-cooled components
within the Nuclear Annex are cooled by Component Cooling Water,
with the exception of HVAC equipment which is cooled by chilled
water systems. These cooling water systems are closed systems
with a defined volume of water. The safety related cooling water
systems are separated by division with no open cross connections,
thus eliminating the possibility of a single pipe break from
flooding one division and the other division being lost due to
loss of pressure boundary integrity. Condenser circulating water
is also located outside of the Nuclear Annex. These features
reduce in-plant cooling water to a limited volume which can be
easily accommodated to limit the extent of flooding.

A The System 80+ control complex is protected from flooding in that
( ') no water lines are routed above or through the control room or
L' computer room. Water lines routed to HVAC air handling units,

around the control room, are contained in rooms with curbs which
prevent any potential water leakage from entering the control
room or computer room.

Protection from external flooding is provided by elevated
building entrances. Secondary flooding sources located in the
Turbine Building are confined to that building. Entrances from
the Turbine Building to the Nuclear Annex are sufficiently
elevated to allow operator action to isolate a break in the
Condenser Circulating Water System before the water level from
the Turbine Building flood reaches the Nuclear Annex entrance.
Lengths of high energy and moderate energy piping have been
minimized by equipment location. Equipment is located in
quadrants around the spherical containment to minimize the
lengths of piping runs. The subsphere provides further close
proximity of equipment to reduce piping runs from containment.

Flood barriers have been integrated into the design to provide
further flood protection while minimizing the impact on
maintenance accessibility. The primary means of flood control in
the Nuclear Annex is provided by the structural wall which serves
as a barrier between redundant divisions of safe shutdown systems
and components.

,,

)
w/
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Each half of the subsphere is compartmentalized to separate
redundant safe shutdown components to the extent practical, while
maintaining accessibility requirements. The subsphere, which
houses the front line safety systems is compartmentalized into
quadrants, with two quadrants on either side of the divisional
structural wall. Flood barriers provide separation between the
quadrants, while maintaining equipment removal capability.

.
In performing the flooding scoping assessment, the following
assumptions were made.

A. The possible sources of internal flooding within the Nuclear
Annex and Reactor Building are located below elevation 70+0.

B. It was assumed that the primary means of flood centrol in
the Nuclear Annex and Reactor Building is provided by the
divisional wall which serves as a barrier between redundant
divisions of safety related equipment.

C. It was assumed that the flood barrier that separates the
redundant divisions of safety related equipment will not
fail due to flooding.

D. It was assumed that there are no doors or passageways
connecting the divisions of safety related equipment up to
elevation 70+0.

E. The equipment within the Component Cooling Water Heat
Exchanger structure was assumed to be divisionally separated
by a wall such that a flood in one division will not affect
the other division.

F. An internal flood may occur due to rupture of the pipes
connected to the water source, and failure of the water
storage facility.

G. Rupture of the water storage facility is assumed to be
catastrophic, resulting in spillage of all its contents
immediately.

H. The worst credible flooding source was assumed to affect all
safety related equipment in the affected division. The
worst credible flood source will affect only one division.

I. Administrative procedures are in place to maintain the
barriers during power operation.

J. Flooding was assumed to occur from only one of the various
sources of internal floods within the Nuclear Annex. No
cascading effects of the flood sources are assumed.

O
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* K. It is assumed that the frequency of an internal flood during

power operation is no worse than one in a hundred plant |
years.

L. It was assumed that a failure of the Circulating Water
System or the main condenser large enough to cause flooding
in the Turbine Building can be detected and the flooding
source isolated. Administrative procedures are in place to
isolate the flooding source.

M. The major piping penetrations between the Nuclear Annex and
the Turbine Building are assumed to be sealed and. located
above the maximum flood level associated with flooding of
the Turbine Building.

N. There are no safety related components located in the
Turbine Building. Therefore, it was assumed that flooding I

of the ' Turbine Building will be limited to non-safety |
related equipment.

O. All entrances from the Turbine Building to the Nuclear Annex ;

were assumed to be located above the maximum flood level for i
the Turbine-Building. !

Although a detailed quantitative analysis of internal floods was ;

not performed at this stage of the System 80+ design, a scoping '

estimate ~ of the risk due to flood was calculated by using. a'

conservative scoping value (1.0E-02 per year) for flooding event | |
frequency and by assuming that the effects on plant systems would
be the same as a loss of one division ' of component cooling j
water / station service water. Using this approach, the scoping i

'

estimate of core damage frequency due to internal floods is 1.3E-
08 per year. The sequence of importance involves an internal
flood followed by failure of long-term decay heat removal and

|

| failure of SDS.

Based on the robust seal design for the RCPs used in the |
ISystem 80+ design and on the results of tests and operating

experience, ABB-CE asserts that the RCP seals will not fail on
( loss of seal injection and seal cooling. However, in the

interests of completeness, an assessment of a postulated flood I

induced RCP seal LOCA was included as part of the quantitative
flood scoping evaluation. The scoping value for core damage
frequency associated with the postulated flood induced seal LOCA
was calculated to be 1.2E-10 per year. Thus, the total estimated
scoping value of core damage frequency for internal . floods is
1.3E-08 per year.
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Based on the above assumptions made for the flooding evaluation,
the following flood insights were derived for the System 80+
design:

A. The divisional flood barrier between redundant divisions of
safety related equipment is an important design feature
which ensures that flooding of both divisions of safety
related equipment will not occur.

B. Maintaining the flood barrier is also important in ensuring
that the core damage frequency due to internal floods will
remain as low as the current value. The flood barriers will
be included in D-RAP.

C. The divisional separation of redundant safety related
equipment in the Component Cooling Water Heat Exchanger
structure and the Station Service Water Pump structure is
also an important design feature. This ensures that
flooding of both divisions of Component Cooling Water Heat
Exchangers and station service water pumps will not occur.

D. By maintaining the flood barriers for the various flood
zones, flooding will not propagate from one flood zone to
the next within the Nuclear Annex.

E. All the major flood sources within the Nuclear Annex are
located below the 70+0 elevation. Flooding of equipment
located above this elevation will not occur.

F. All safety related structures are designed to withstand the
static and dynamic forces of flooding. Therefore, the
structural wall between the Nuclear Annex and the Turbine
Building will not fail.

G. Based on the assumption regarding the location of
penetrations between the Nuclear Annex and the Turbine
Building, a flood in the Turbine Building will not propagate
to the Nuclear Annex and affect the operability of safety
related equipment.

H. Provided the interface requirements are met by the
applicant, flooding in the Turbine Building will have no
impact on plant safety.

I. It is important to locate all entrances from the Nuclear
Annex to the Turbine Building !

I
J. Since the plant grade is sloped away from safety relate i

structures, flooding of these structures from Turbine !
Building sources will not occur. I

O
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V K. Although ABB-CE asserts that the RCP seals will not fail on

! loss of seal injection and seal cooling due'to the robust
seal design, an assessment of a postulated flood inducted
RCP seal LOCA was included as part of the quantitative flood I

scoping evaluation. This evaluation indicates that a flood
induced RCP seal LOCA is not a dominant. contributor to the
estimated scoping core damage frequency estimate for
internal floods.

19.15.3.4 Insichts from the Beismic Marcin Analysis

| In the seismic margin analysis, the following assumptions were
made:'

A. A seismic initiator hierarchy tree was developed to
( represent the order of impact for the various seismic

initiators. It was. assumed that the order of impact in 1

terms of severity is as follows:

1. Seismically. induced Gross Structural Collapse |;

| '2. LOCA in Excess of ECCS Capability |

| 3. Seismically induced Medium LOCA
4. Seismically induced Small LOCA'

5. Seismically induced ATWS

(~p)| 6. Seismically induced Loss of Site Power
7. Seismically induced Transient(v'

i B. It was assumed that if one component fails to operate due to
| a seismic event, all similar component (s) in that system

would also fail (one-fail-all-fail). I
>

C. All random (independent) component failures with a
probability of less than 10-' and all human errors with a
probability of less than 10-2, except selected human errors
with a probability of less than 10-3, were deleted from the
initial seismic fault trees in accordance with the i
guidelines provided by the NRC. I

D. The High Confidence Low Probability of Failure (HCLPF)
acceleration values for the component and structural
failures in the seismic event trees and fault trees were
calculated using design specific response spectra and the
Conservative Deterministic Failure Margin (CDFM) approach

,

presented in EPRI NP-6041-SL*. '

E. It was assumed that a seismic event would not significantly
| alter the stress level nor the time available in which the
I operator actions required.to mitigate the. consequences of
'

such an event need to be performed. Thus, the seismic
margin analysis used the same human error rates as those
used.in the internal events analysis.

L
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F. It was assumed that solid state switching devices and robust
| electro-mechanical relays will be used in the NUPLEX 80+

protection and control systems. Use of these devices and
relays either eliminates or minimizes the mechanical
discontinuities associated with these devices. j

|

G. The structures housing the Station Service Water (SSW) pumps |

and the Component Cooling Water (CCW) heat exchangers was )
assumed to be as strong as the interior structure of the

| nuclear annex.

! H. Seismically induced gross structural collapse of the nuclear
annex interior structure was assumed to result in the
failure of all safety equipment and lead directly to core
damage.

I. Seismically induced f ailure of shield building structure was
assumed to result in damage to the control room due to
falling concrete. This was assumed to cause a transient,
and failure of the responding safety systems if control was
not transferred to the remote shutdown panel.

J. It was assumed that the seismically induced failure of the
shield building structure would not directly result in
failure of the remote shutdown panel.

K. It was assumed that the dominant seismic failure mode for
the containment shell is vertical rotation / overturning.
This failure mode was assumed to result in failure of all
safety equipment and breach of containment integrity.

L. It was conservatively assumed that seismically induced
failure of the supports for any major RCS component, such as ;

the RCPs or the steam generators, would result in failure of
all RCS piping attached to the component due to excess
motion of that component. Given the one-fail-all-fail
assumption, it was further assumed that all like components,
i.e. RCPs, would fail at the same time. In addition, it was
conservatively assumed that as a direct result of the piping
failures, the Safety Injection System would be unable to I

provide sufficient makeup flow for RCS reactivity control.
1

M. Under the one-fail-all-fail assumption, it was assumed that ;
seismically induced failure of a major RCS pipe would result |

in failure of all equivalent RCS piping. This would result |

1in a LOCA in Excess of ECCS Capacity.

N. Consistent with the assumptions L and M, it was assumed that
there were no seismically induced large LOCA sources.

O|
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( O. It was assumed that the occurrence of a seismic event did'

not automat.ically result in loss of offsite power or failure ,

of the standby combustion- turbine regardless of the "g" I

level.

P. The System 80+ Class 14E electrical distribution system is-
provided with . protection schemes which conform -to the
requirements of IEEE STD-741-1986. The protective schemes
are designed to isolate faulted. equipment from the rest of '

|the system to minimize the effect of the fault- and to
maximize the availability of the remaining equipment. The
basic schemes consist of ground fault protection,
instantaneous overcurrent and timed overcurrent protection. |

In developing the SMA models, it was assumed that the I

seismic failure of equipment in the Electrical Distribution
System were "open circuit" failures. Implicit within this

| assumption is the assumption that if a " hot short" failure
were to occur, the appropriate circuit interrupter (s) would'

open on overcurrent to prevent " backward" propagation of the

| fault.

1

Q. Seismically induced sliding of the. nuclear island structure |
is assumed to result in severing of all piping or cabling |
into the nuclear island. This was conservatively assumed to
lead.directly to core damage.

R. Seismically induced sliding of the CCW Heat Exchanger
,Building was assumed to result in severing of CCW piping to |

the nuclear island for both divisions of CCW. This results l

in loss of all CCW.

The HCLPF for System 80+ standard design plant is 0.6g (more
detailed information is provided in Section 19.7.5). The |dominant contributors to the plant HCLPF are provided in Table
19.7.5.3-1.

The following dominant sequences were identified for the seismic
event.

A. The dominant contributor to the plant.HCLPF is seismically
induced gross structural failure of the containment vessel
which was assumed to lead directly to core damage and
containment failure. Because.this sequence leads directly
to containment failure, the operability of the containment.
safeguard systems is of no importance.

|
|

B. The second dominant contributor to the plant HCLPF is a |

seismically induced LOCA in Excess of ECCS Capacity caused
by a seismically induced failure of the RCP supports.

(D
..
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C. In addition, there are three sequences where the
contribution to the plant HCLPF due to " mixed cutsets",
which contains both the seismic failures and random or
independent failures, is potentially significant. These
three sequences are described below.

1. Tho. sequence SEIS-SBO is a seismically induced station
blackout which is initiated by a seismically induced
loss of site power and failure of both diesel
generators and the standby combustion turbine. It was
assumed that offsite power can not be restored within
24 hours of a seismic event which results in a loss of
offsite power. It is also assumed that the
turbine-generator will be unable to runback and pick up
hotel loads following a seismic event which results in
a loss of offsite power. Therefore, the diesel
generators and standby combustion turbine are important
to maintaining the safety of the plant following a
seismic event. The station batteries and the turbine-
driven Emergency Feedwater (EFW) pumps can be used to
deliver emergency feedwater flow for approximately 8
hours. At this time, the batteries will be depleted
and the turbine-driven EFW pumpo will fail due to loss
of control power resulting in core damage.

2. Sequence EQA-15 is a seismically induced ATWS early in
core life when the MTC is greater than -0.3. The peak
RCS pressure for an ATWS with an MTC greater than -0.3
would exceed 3200 psia which would result in failure of
the Safety Injection System (SIS) check valves
and failure of piping resulting in a small LOCA. This
leads directly to core damage. For this sequence, it
was assumed that a seismic event initiates a transient
that requires a reactor trip but the trip does not
occur due to seismically induced deformation or
shifting of the upper guide structure preventing the
CEAs from inserting.

3. Sequence EQA-9 is a seismically induced ATWS later in
core life when the MTC is less than -0.3. The sequence
involves a seismically induced ATWS with successful
operation of EFW system but failure of the charging
system to provide boron for long term reactivity and
failure to depressurize the RCS using the Safety
Depressurization System (SDS). The failure to
depressurize results in inability to use the SIS for
reactivity control. As with the sequence EQA-15, the
seismically induced failure to trip is most likely due
to a seismically induced deformation or shif ting of the
upper guide structure preventing the CEAs from
inserting. The primary cause of failure to depressurize
the RCS is failure of the operator to initiate safety
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(j depressurization in preparation for feed and bleed
cooling.

| D. Four sequences have a HCLPF value of 0.89g. These are SEIS-
SBO, EQT-7, EQLP-8 and EQA-10. EQT-7 is a seismically
induced Transient with failure of the EFW system to deliver

.

emergency feedwater flow, successful feed and bleed cooling|
and failure of containment heat removal (failure to cool

| IRWST). EQLP-8 is a seismically induced Loss of Site Power
| with failure of the EFW system to deliver emergency

feedwater flow, successful depressurization of the RCS but
failure of the SIS to provide feed. EQA-10 is a seismically
induced ATWS with failure of the EFW system to deliver
emergency feedwater flow. The HCLPF value of 0.74g is
associated with a structural failure of the walls between
the Emergency Feedwater Storage Tanks (EFWSTs) and diesel
generator rooms. Seismically induced failure of this common
wall would result in the EFWST inventory being drained into

| the diesel generator room and flooding out the diesel
generator. This would result in loss of the EFW and the
diesel generator.

|

f)
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19.15.4 SHUTDOWN AND LOW-POWER OPERATION RISK INSIGHTS
,

A study of the risk associated with the low power and shutdown I

modes of operation was performed (see Section 19.8). The scope |
'

of this assessment included the evaluation of both internal
events and external events occurring during low-power and
shutdown modes of operation.

Event trees were developed and quantified for loss of Decay Heat
Removal (DHR) and loss of coolant inventory as initiating events
during Modes 4 through 6. The core damage frequencies associated
with loss of offsite power, fire, and floods were also |

quantified. In . quantifying the core damage frequency (CDF), |
'

emphasis was placed on the human errors because they have been
shown, in earlier studies, to be dominant contributors to
shutdown risk. The system failure probabilities were evaluated
using modifications to the fault trees presented in Section 19.6. |

| The results obtained from the shutdown and low-power risk
evaluation are summarized in Section 19.15.4.1. Similar to the
PRA that was performed during power operation, insights were
gained for the shutdown risk evaluation. Such insights are
summarized in Section 19.15.4.2. The general assumptions that
was made in developing the accident sequences for the shutdown
risk assessment are outlined below.

A. Modes 2 and 3 were not considered in the shutdown study
because the plant configuration is very similar to Mode 1
and therefore the effects are enveloped in the Mode 1
analysis.

B. The end point of the event trees is the establishment of
Decay Heat Removal (DHR) path or a " feed and bleed" path.

C. Containment heat removal has been neglected because of the
lower decay heat load than at full power and heat removal
can be accomplished with the containment coolers or
containment venting before containment over-pressurization.

D. No credit was given for the use of the steam generators as
a DHR path (it was assumed that they were always
unavailable).

E. No credit was given for the use of the SITS as a source of
coolant even though they are available during certain stages
of the shutdown.

F. During Modes 6 with the head detensioned but not removed and
during Modes 5 with reduced inventory, it is assumed that a
" bleed" path is required for " feed and bleed".

g G. No credit is given for recovery from operator errors by
'

additional personal in the control room.
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| H. Reduced inventory was conservatively modeled as mid-loop
| operation.

| I. No credit was taken for the reduction on decay heat after
| refueling when one third of the fuel elements and
| approximately half of the fission products have been
! replaced with fresh fuel.

J. Nozzle dams are assumed to be installed before steam
generator maintenance which is assumed to occur every

,

: refueling.

i
'

K. No credit has been given for the availability of the third
| and fourth Safety Injection (SI) pump or the second diesel

generator. Although this equipment is permitted to be out of
service during an outage, it is actually available much of
the time.

L. Initiating event frequencies were based on historical
occurrences and were not adjusted for improved
instrumentation, training or other advancements.

M. Loss of offsite power from fires during shutdown modes of
operation is negligible because of plant procedures
and practices with regard to activities in the
operating switchyard (if the second is unavailable).

N. The LOCAs are assumed to be sufficiently small that a
" bleed" path is required for a " feed and bleed" operation.

O. The initiating events and associated core damage scenarios
considered in the fire risk analysis are limited to the Loss
of Decay Heat Removal, and Loss of Coolant Accident.

P. Within a division, fire separation is maintained between the
systems that comprise the alternate shutdown success paths.

Q. Fires that have not reached the severe level cause no damage
to equipment in a fire area. Severe fires damage
all equipment in a fire area. Severe fires can occur only
through the failure of all fire suppression action (s).

R. Propagation of fires between divisions, quadrants, or fire
areas is assumed to be impossible.

S. Restoration of the fire damaged equipment is impossible in
the time frame of the event.

T. No credit was given for installed automatic suppression
equipment.

U. Flood barriers have been integrated into the design to
provide further flood protection while minimizing the

Amendment V
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impact on maintenance accessibility. The primary means of
flood control in the Nuclear Annex is provided by the
structural wall which serves as a barrier between redundant
divisions of safe shutdown systems and components. At the
lowest elevation, this structural wall contains no doors or
passages, and the limited penetrations through the wall are
sealed. This design confines floodwater to one division up
to elevation of 70+0. Preliminary determination of major |
flood volumes such as the Component Cooling Water and--

Emergency Feedwater Systems show that the volume of water
contained in one division.of these systems would not rise<

| above elevation of 70+0 should a large uncontrollable break |
occur. Thus, the other division is unaffected.

V. Each half of the subsphere is compartmentalized to separate
redundant safe shutdown components to the extent practical,
while maintaining -accessibility requirements. The
subsphere, which houses the front line safety
systems is compartmentalized into quadrants, _ with two
quadrants on either ' side of the divisional structural
wall. Flood barriers provide separation between the

_

quadrants, while maintaining equipment removal capability.
Emergency _Feedwater (EFW) pumps are -located in separate |
compartments within the quadrants- with . each compartment

m protected by flood barriers. Flood barriers also provide
separation between electrical equipment and fluid mechanical
systems at the lowest elevation within the Nuclear Annex.

| Elevated' equipment pads prevent equipment from being
inundated in the event of flooding.

W. Flood protection is also integrated into the floor drainage
systems. The floor drainage systems are separated by
division and Safety Class 3, Seismic Category I valves which
prevent backflow of water to areas containing
safety-related equipment. Each subsphere quadrant.contains
its own separate sump equipped with redundant' Safety Class
3, Seismic Category I sump pumps and associated
instrumentation. These pumps are also powered from the
diesel generator in the event of loss of offsite power. The
Nuclear Annex also has its own divisional separated floor
drainage system, having no common drain lines between
divisions. Floors are gently sloped to allow good drainage
to the divisional sumps. Floor drains.are routed to the
lowest elevation to prevent flooding of the upper
elevations. The lower elevation -in each division has
adequate volume to collect water from a break in any system
without flooding the other division. In addition, potential
discharge of fixed fire suppression systems.and fire hoses
is considered in the sizing of floor drains to preclude
flooding of areas should the fire protection systems be
initiated.

5
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19.15.4.1 Results
i \

The amtimate core damage frequency attributable to internal and |
ex'.ernal events during shutdown and low-power modes of operation i
i e. 8. 4 E-37 per year. Table 19.15.4-1 identifies the contributors |
to core damaga frequency (CDF) by shutdown and low-power modes of
operation and by initiating event. Reduced inventory operation
during mode 5 (Mode SR) accounts for 48% of the internal risk.
Loss of DHR is the dominant initiator for accident sequence in
this mode of operation. (This mode of operation and sequence
were also identified in earlier PRAs as being the dominant
contributors to CDF.) Internal events occurring during modes 6E
and 6I are the second leading contributors (29%) to CDF. During
mode 6E or 6I, the IRWST is empty and therefore not available as
a source of coolant for any makeup or feed and bleed operation.
LOCA is the dominant initiator fcr accident sequence in this mode
of operation because the capability to provide makeup to the
core is limited. The third leading contributors to CDF occur
during Modes 4, 5, and 6F (IRWST full). Loss of offsite power is
the dominant initiator for accident sequence during this mode of
operation because of the long time interval spent in this
configuration and the need to restore AC in about two hours.

The importance of the various internal initiating event types in
terms of CDF contribution is also shown in Table 19.15.4-1. Loss
of Offsite Power (LOOP) is the leading contributor (39%) to CDF
for internally initiated events during low-power and shutdown
modes of operations. Even with requirements for two switch-yards
and two standby generators to be available during shutdown, the
risk was not negli.gible. Loss of DHR was the second largest
initiating event type in terms of contribution to CDF (36% of
internal CDF).

Fires (3.0E-07 per year) account for 36% of the total internal
and external CDP during shutdown and low-power operations. The

| CDF due to flooding was calculated to be 8.2E-8 per year and was
modeled as part of the LOCA risk.

Table 19.15.4-2 compares the CDF for low-power and shutdown
events with thone for power operation. The CDF for low-power and
shutdown modes is 30% of the total CDF. The CDF for shutdown and
low-power events is significantly less than the EPRI goal of
1. 0E-05 per year. The total System 80+ CDF is also less than the
EPRI goal.

Table 19.15.4-3 lists the dominant sequences leading to core
damage. Loss of DHR in reduced inventory accounts for 24% of the
internal event CDF. LOOP in Modes 4, 5, and 6F is the second
largast sequence. LOCAs in Modes 6E, and 6I when the IRWST and
SIS is not necessarily available are the third largest sequence. ,

Table 19.15.4-4 compares the results of this study with other
shutdown PRAs. In all these studies, loss of DHR during reduced l

i
Amendment V

19.15-64 April 29, 1994

__



-- - . - .. . -- - - . . _ .

,

CESSAR unincuiu

inventory is the largest single contributor. The lower total CDF
for System 80+ is due to design improvements. The System 80+ has
two-train Shutdown Cooling System (SCS) that can also be used to |
feed coolant from the IRWST in a LOCA or during reduced inventory
operations. The Containment Spray System (CSS) pumps are
available as backup to the SCS pumps. The System 80+ has a four- |
train Safety Injection System (SIS) and a new -technical
specification requires that two trains be available during most
shutdown modes. This coupled with an IRWST gives added LOCA
protection and a DHR path using feed and bleed.

This study was performed as a part of the System 80+ design
process and had an impact on the design. For example, the cross-
connect valves for the CSS were replaced with MOVs which resulted
in an improvement in the restoration of.DHR. This PRA has been ,

used to help develop technical specifications. For example, a i

i new technical specification for two SIS trains to be available in
modes when the IRWST is available is being considered.

,

19.15.4.2 Insichts

The insights from the low-power and shutdown modes of operations
are listed below. General insights are provided as well as more
specific insights as they relate to the type of initiator.

,

1

O General Insichts |

The general insights for low-power and shutdown modes of ;

operation are listed below. !

A. The initiating event frequencies are higher than Mode 1
operation because of the greater opportunity for operator
errors during outages. Operator training and management
control of plant configuration is important to reducing
shutdown events and risk.

B. The operation and maintenance personnel must have the
procedures, training and spare parts to restore DHR in a
timely manner. SCS operation is the true end-state for
shutdown sequences.

C. Most systems are manually started or aligned in shutdown
modes. Training is especially important because the
operator must be able to cope with the plant in an unplanned
configuration.

{

D. The concept of defense in depth applies to shutdown modes as
well as Mode 1. The more ways that the operator can
maintain coolant inventory and remove decay heat, the lower
the risk. The presence of SIS capability in shutdown is an
example of added defense in depth.,

1
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Loss of DHR Insichts |

|The major insights from the loss of decay heat removal during
low-power and shutdown modes of operation are listed below:

A. Reduced inventory is the most critical operation. The j
operator should be aware of this and plant activities should
be scheduled accordingly. Use of nozzle dams is encouraged
as a method of limiting the time spent in this mode.

B. The operator must have procedures and training to align the
SCS train to the IRWST and use it to makeup inventory or do
a feed and bleed operation.

C. Failure of the standby SCS train for either DHR or feed
operation is dominated by failure of control valves and
MOVs. An aggressive valve testing and maintenance program
on the SCS and CSS would reduce shutdown risk.

D. The use of the CVCS to makeup inventory is an important
recovery action in reduced inventory operation. It also
acts as a temporary (about 12 hours) cooling technique. The
operator should have procedures and training on its use.

E. Safety injection in conjunction with bleed is an important
means of removing decay heat during shutdown modes. Having
two of the four SIS trains available during most shutdown
modes is an important new technical specification.

F. The CSS pumps are used as backup to the SCS pumps. The
operator must therefore be properly trained in performing
the procedure (s) to alignment the CSS pumps for operation if
the SCS pumps should fail. Again, valve maintenance and
testing is important for shutdown risk reduction.

LOCA Insichts |

|

The major insights for LOCAs during low-power and shutdown modes
of operation are listed below.

A. SCS injection is an important means of makeup following a
LOCA. Therefore, the development of appropriate procedures
and the training of the operator to perform these procedures |

are necessary and important in mitigating LOCA events during !

low-power and shutdown modes of operation. |

| B. The dominant failure mode for SCS injection is failure of
control valves and MOVs. A valve maintenance program is
important.

C. The use of the SIS to provide injection during a LOCA
important. Since manual actuation is required, training and
procedures are required to properly accomplish this task. I
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D. The Chemical and Volume Control System: (CVCS) is another |
important means of makeup following a LOCA and with proper
training and procedures this system will most likely be
available when required. .j

E. For LOCAs located in the containment, the IRWST acts as a |
'

sump and makes the. coolant available for injection.
Procedures are needed to ensure that flow paths are
maintained during the outage.

LOOP Insichts

The insights for loss of offsite power during low-power. and
shutdown modes of operation are listed below:

A. The new technical specification for having two of the three
standby and emergency generators available reduces the CDF.

B. The reliability of the two switchyards is important to risk
reduction for LOOP. Procedures to control maintenance in
both these' areas at the~same time should be considered.

I
C. Because of the nature of LOOP events,. the importance of |

Irestoring a source of AC to the nuclear facility must be

p emphasized. j

Fire Risk Insichts

The major insights for fire events occurring during low-power and
shutdown modes of operation are listed below:

A. The frequency of fires in outages is high because of the -

maintenance activities and can be reduced.by training.

B. The owners of the facility must maintain a well trained and
prepared fire brigade.

C. Availability of mitigating equipment following fires can be
maximized if separation is maintained between equipment
within a quadrant. This will increase the number of success
paths available for responding to the event and result'in a
decrease in risk.

Floodino Risk Insichts

The major insights for flooding events that occur during low-
power and shutdown modes of operation are listed below:

A. In order to maintain the validity of the assessment of the
level ' of flooding risk associated with the System 80+
design, separation must -be maintained between systems
comprising the alternate success paths within a quadrant.,

( Separntion between success paths implies not only separation
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| between their major coutponents but also separation between
j the associated power supplies.
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|\m capital in order to be cost beneficial. The fourth column is a i

capital cost estimate for the design alternatives. The net
benefit (capital benefit less capital cost) is given in the last
column.

|
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' ' 19.15.6 RISK SIGNIFICANT SSCs FOR CONSIDERATION IN THE
D-RAP

Table .19.15. 6-1 presents a list of risk significant Systems.

Structures and Components (SSCs) that should be included in the,

: D-HAP as described in Section 17.3. . The COL applicant should
incorporate these SSCs in their 0-RAP. [ COL Item'19-14) These

! SSCs were selected based on their risk importance as determined
in the Level 1 analyses, the Level 2 analyses, the Level 3
analyses, the shutdown risk evaluation, the internal fire and
flood evaluation, and the seismic margins evaluation. For'the
Level 1 analyses and the shutdown risk analyses, systems and
components were included as risk significant if their Risk
Achievement Worth (RAW) was greater than or equal to 5.0 or.their
Risk Reduction Worth (RRW) was 1.10 or greater. SSCs with a RAW
between 2.0 and 5.0 were selected if their RRS was greater than
1.05. For the Seismic Margins Assessment, a SSC was included if
it was a dominant contributor to the Plant- HCLPF. For. the
Level 2, Level 3, and internal fire and flood analyses, items
were included based on engineering judgement. SSCs were also
included in the list if specific engineering commitments were
made by the system designers. Table 19.15.6-1 contains three
columns. The first column identifies the system, structure or
component. The second column presents the rationale (basis) for

% including the SSC in the D-RAP (i.e., RAW . > 5.0, Level 2

") considerations, engineering judgement, engineering commitment,
etc.). The third column briefly describes the item and any
associated insights. The third column also identifies any test
interval or maintenance assumptions that were used in the PRA.
This table does not include any failure rate or unavailability
information. All component failure rates are documented in
Section 19.5 and its associated appendices. The random failure
rates for the individual components for the specific failure
modes of concern are summarized in Table 19.5-2. The common
cause failure rates are summarized in Table 19.5-3. The
maintenance unavailabilities are summarized in Table 19.5-4. The
component and structure HCLPF values are summarized in Tables
19. 7. 5.1-1 and 19.7. 5.1-2. Table 3. 9-15 summarizes the In-Service
Testing program for all safety related pumps and valves and
presents the applicable test intervals.

Table 19.15.6-2 presents a list of Important Operator Actions
selected from the PRA. These operator actions were selected
based on their risk importance as determined in the Level 1
analyses, the Level 2 analyses, the Level 3 analyses, the
shutdown risk evaluation, the internal fire and flood evaluation,
and the seismic margins evaluation. For the Level 1 analyses and'
the shutdown risk analyses, operator actions were included as
important if their Risk Achievement Worth (RAW) was greater than
or equal to 5.0 or their Risk Reduction Worth (RRW) was 1.10 or
greater. Operator actions with a RAW between 2.0 and 5.0 were
selected if their RRW was greater than 1.05. For the Seismics

Margins' Assessment, an operator action was included if failure to
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perform that action could result in a lower overall plant HCLPF
value. For Level 2, Level 3, and internal fire and flood
analyses, items were included based on engineering judgement.

The COL applicant is responsible for developing all plant
procedures. These procedures include, but are not limited to,
the normal operating procedures, system operating procedures,
maintenance procedures, emergency operating procedures and severe
accident procedures. The Emergency Operating Guidelines (EOGs)
provide guidance to the COL applicant for developing the detailed
Emergency Operating Procedures. Appendices to the EOGs provide
guidance on severe accident procedures and emergency operating
considerations during shutdown operations. In developing and
implementing procedures, training and other human reliability
related programs, the COL applicant should consider the
information on risk important operator actions presented in
Table 19.15.6-2. [ COL Item 19-15]

In the severe accident management procedures, the COL applicant
should include procedures for the use of the cavity Flood System,
the Hydrogen Mitigation System, and the Emergency Containment
Spray Backup function of the CSS. [ COL Item 19-16]

The COL should develop procedures for manually aligning the
Alternate AC power supply when one of the two emergency diesel
generators is unavailable during a loss of offsite power. [ COL ,

Item 19-19] |

|

9
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) 19.15.7 USE OF PRA TO SUPPORT CERTIFICATION ACTIVITIES |
1

| The System 80+ PRA results and insights are used in support of
1 pre- and post-certification activities. The majority of the
2 insights are identified during the pre-certification stage of the
! design. As a result, this has lead to further improvements in

the design to eliminate or minimize potential vulnerabilities
j during the review process. The following activities include the
j use of PRA insights in support of design certification process.
,

A. Understanding of the design robustnet.s to severe accidents -;
' PRA insights are used to develop an in-depth understanding

of the robustness and tolerance of the System 80+ design to
severe accidents initiated by events which are either
internal or. external to the plant systems.1

i

B. Importance of operator interface with the design PRA-

j insights are used to identify risk significant human errors
associated with the System 80+ design. By characterizing,

j the risk significant human error, new operating procedures
j can be developed or existing proceduras refined to provide
'

better. training to plant operators.

C. Development and implementation of other programs - the PRA |
j results and insights were used to systematically identify '

| the key assumptions, major operator. actions, and risk
significant components that charteterize the "present" risk.

] of the System 80+ design. This information was used to
j support such programs as: (1) Design Acceptance Criteria
| (DAC), (2) Inspection, tests, analyses, and acceptance
j criteria (ITAAC), and (3) Reliability Assurance Program
| (RAP).

The PRA for the System 80+ design provides adequate models and
associated data to effectively support the above mentioned |e

I certification activities,
i

i
!
:

:

I !
4

)
:
i
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\ TAHI.E 19.15.6-1

(Sheet 1 of 18)
|

j RISK SIGNIFICANT SSCs FOR INCLUSION IN TIIE D RAP

!
SSC Rationale Insights and Assumptions,

i

| SYSTEM:- Emergency RAW * > 5.0 The EFWS is used for secondary side heat removal following a
i Feedwater System transient or small LOCA. The EFWS consists of two trains,

(EFWS) one per steam generator (SG). Each train has two 100%'

capacity redundant and diverse pumps, one motor driven and _;

; one turbine driven, Each train has its own EFW storage tank l

j which can be refilled from the condensate storage tank or the
j demineralized water makeup system. There is a cross connect

between the two trains on the discharge side of the pumps.,

The cross-connect line is isolated by two NC manual isolation.

valves. In the PRA, only unscheduled maintenance was
assumed.- Maintenance unavailability was assigned at the,

j subtrain level based on generic data provided in the EPRI PRA
; Key Assumptions and Groundrules (KAG) documentm,
'

Component: EFW RAW > 5.0 The EFW pumps deliver EFW to the SGs for secondary side
: Motor driven pumps . (CCF) decay heat removal. Each train has one 100% capacity motor-
3 k

driven pump powered from the appropriate vital 4.16 KV bus.
Consistent with current practices, the EFW pumps are tested

<

_

on a quarterly basis with unscheduled maintenance performed
4 on failure. Maintenance unavailability is covered by the a

subtrain level maintenance unavailability (see above). ||
| ComDonent: EFW RAW > 5.0 The EFW pumps deliver EFW to the SGs for secondary side _|

Turbine driven pumps (CCF) decay heat removal. Each train has one 100% capacity
*

'

. turbine-driven pump powered by steam derived from its
associated SG. Consistent with current practices, the EFW

j pumps are tested on a quarterly basis with unscheduled
! maintenance performed on failure. Msintenance unavailability

is covered by the subtrain level maintenance unavailability (see
5 above).
1

; Component: EFW RAW > 5.0 Consistent with current practices, these check valves are ' ;|
..

! pump discharge check (CCF) assumed to be tested on a cold shutdown basis with
1 valves maintenance performed on failure.
:.
} Comnonent: EFW RAW > 5.0 These check valves are assumed to be tested on a cold

distribution line check (CCF) shutdown basis with maintenance performed on failure.,

valves
,

|
'

.

!

! !

[hc

.i V
4

'
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SSC Rationale Insights and Assumptions i
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_ _ . _ j
'

Component: EFW RAW > 5.0 These valves must open to deliver EFW to the respective SG in
distribution line AC (RAW) the event of a transient. These valves are also used to control
motor operated valves EFW flow to the SGs during long term EFW usage.

Consistent with current practices, these valves are tested on a
quarterly basis with unscheduled maimenance performed on
failure. The maintenance unavailability is covered by the
subtrain maintenance unavailability.

Component: EFW SMA, Flood The EFWSTs provide the inventory for the EFW system.
Storage Tank (EFWST) Seismic failure of the wall between the EFWST and the

adjacent DG room would result in Hooding of the DG room
with failure of the DG and the loss of EFW inventory. Each
EFWST also represents a potential flood source for the
subsphere for its associated division.

Component: SMA If the EFW system is used for extended time periods, the CST
Condensate Storage provides a source to replenish the EFWST inventory. Seismic
Tank (CST) failure of this tank would preclude extended EFW usage

following a seismic event. The seismic fragility (CDFM
HCLPF) used for this tank was 0.56g.

Component: EFW RAW > 5.0 Generic demand failure rate used. No specific assumptions on
storage tank inlet valves (CCF) test or maintenance intervals

Component: EFW RAW > 5.0 The motor-driven EFW pump circuit breakers must close to
motor driven pump (CCF) provide power to the motor-driven EFW pumps. The breakers
breakers are tested at the same time the motor-driven pumps are tested.

Component: EFWST RAW > 5.0 Generic demand failure rate used. No specific assumptions on
lill line manual isolation test or maintenance intervals.
valve between CST and i

EFWSTs

Component: EFWST RAW > 5.0 Generic demand failure rate used. No specific assumptions on
fill line check valve test or maintenance intervals.
between CST and i

EFWSTs
|

l

|

O
Amendment V
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SSC Rationale insights and Assumptions

SYSTEM: Electrical RAW > 5.0 The EDS is provided to supply AC and DC electrical power
Distribution System necessary for normal plant operation and mitigation of i

t

'

(EDS) abnormal events. The EDS consists of two portions, the non-
class lE portion which provides power to equipment needed
for normal operation and equipment not needed for safe
shutdown, and the class IE portion, consisting of two class IE 4

| divisions which provides power to equipment needed to I
'

establish and maintain safe shutdown. During normal
operation, station power is provided from the grid via one of
two offsite power circuits with automatic transfer to the second
source on the permanent non-safety buses if the first source is

[ lost. There are manual transfer capabilities to power the IE

| buses directly from the reserve auxiliary transformers, if the
grid is lost, the turbine generator can runback and pick up;

! hotel load. If this is unsuccessful, AC power to the class IE

| p loads can be supplied by the two emergency diesel generators
.

t (1 per class IE division). Selected non-class IE loads on the
permanent non-safety bus can be powered from the standby
combustion turbine. The standby combustion turbine is capable
of supplying all the loads on the permanent non-safety bus plus
all the safety loads on one of the two class IE buses.

Component: 125 VDC RAW > 5.0 The class IE 125 VDC buses provide safety grade control and
class IE vital buses (CCF) instrumentation power. These buses are continuously energized

and faults are detected on occurrence. Unscheduled
maintenance is performed on failure.

Component: 480 VAC RAW > 5.0 The class IE 480 VAC load centers provide 480 VAC power
class IE load center (CCF) to the 480 VAC Motor Control Centers (MCCs) for safety
transformers related 480 VAC loads. The load centers are supplied with

power from the 4.16 KV buses via the load center
transformers. The load center transformers are continuously
energized and faults are detected on occurrence. Unscheduled
maintenance is performed on failure.

Component: 480 VAC RAW > 5.0 The class IE 480 VAC load centers provide 480 VAC power
class IE load centers (CCF) to the 480 VAC Motor Control Centers (MCCs) for safety,

related 480 VAC loads. The load centers are continuously
energized and faults are detected on occurrence. Unscheduled
maintenance is performed on failure.

v
Amendment V
April 29, 1994
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SSC Rationale Insights and Assumptions*

Component: 480 VAC RAW > 5.0 The 480 VAC class IE MLCs provide power to the various
class IE Motor Control (CCF) 480 vac safety loads. The 480 VAC MCCs are normally
Centers energized with the breaker (s) or contactors to the safety load (s)

open to remove power from the load. The load would be
energized by closing the breaker (s) or contactors. Faults in the
MCCs are detected on occurrence and unscheduled
maintenance is performed on failure.

Comp (ment: 4.16KV RAW > 5.0 The 4.16KV buses provide the AC power to AC-powered
class IE Buses (CCF) safety related loads. 4.16KV power for the pump motors is

'

provided directly from the 4.16 KV buses. 480 VAC power is
provided to the load centers via load center transformers. The
4.16 KV buses also indirectly provide power to the vital DC
buses via the battery chargers which are powered from 480
VAC vital MCCs. The 4.16 KV buses are continuously
energized and faults are detected on occurrence. Unscheduled
maintenance is performed on failure.

Component: 4.16KV RAW > 5.0 The 4.16 KV Permanent Non-Safety (PNS) bus provides 4..KV
Permanent Non-Safety (CCF) power and 480 VAC power via stepdown transformers to the
buses permanent non-safety loads. The 4.16 KV PNS bus is

continuously energized and faults are detected on occurrence, l
Unscheduled maintenance is performed on failure.

Comrxment: 125 VDC RAW > 5.0 The 125 VDC batteries provide 125 VDC power to the 125
class IE vital batteries (CCF) VDC vital buses in the event that AC power is unavailable.

During normal operation, the battery chargers maintain a
floating charge on the batteries. Consistent with current |.

standard practices, the battery terminal voltage is assumed to
be verified every 7 days.

Comrxment: RAa 50 The EDGs supply 4.16 KV power to the Class IE loads in the !
Emergency Diesel (CCF) event that offsite power is not available following a transient or i

' '

Generators (EDGs) accident. The EDGs are tested on a monthly basis.
Unscheduled maintenance is performed on failure.
Maintenance unavailability was calculated based on the EDG
failure rate, a monthly test interval, and an allowed outage time
of 72 hours.

.

O
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;

Component: RAW > 5.0 The Engineered Safety Features Component Control System
Emergency Diesel (CCF) has the load sequencers for the vital 4.16 KV buses. They
Generator load protect the DG from overload and also prevent vital buses from

| Sequencers all loading at once if offsite power is lost and regained. The
load sequencers are implemented in the Programmable Logic
Controllers (PLCs). The PLCs have internal diagnostic tests
on a continuous basis and failures are annunciated.
Maintenance is performed on failure.

! Component: RAW > 5.0 These breakers connect the EDGs to the 4.16 KV vital buses.

| Emergency Diesel (CCF) - These breakers are tested in conjunction with the monthly EDG
| Generator Supply tests.

Breakers to 4.16KV
class 1E buses

Component: Ahernate Engineering The Alternate AC (AAC) source will supply 4.16 KV power to
[ AC source (Combustion .ludgement the permanent non safety bus in the event that offsite power is

k Turbine) unavailable. In addition, the AAC source can also so.aply
power to one division of Class IE loads if the EDGs are
unavailable. The PRA used a generic unavailability for the
AAC source as provided in the EPRI PRA Key Assumptions

mand Groundrules . No specific assumptions were made as to

_

testing and maintenance intervals for the AAC.

Component: DG room RAW > 5.0 'the DG room ventilation system is temperature actuated.
ventilation fans (CCF) Based on operating experience information, it is anticipated that

the DG room ventilation system will be actuated when the DGs
are started for their monthly testing. Thus, the DG room
ventilation fans are assumed to be effectively tested on a
monthly basis in conjunction with the DG test.

Component: DG room RAW > 5.0 The DG room ventilation system is temperature actuated.

| ventilation dampers Based on operating experience information. it is anticipated that
| the DG room ventilation system will be actuated when the DGs

are started for their monthly testing. Thus, the DG room
ventilation dampers are assumed to be effectively tested on a
monthly basis in conjunction with the DG test.

|

|

[
(w
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SSC Rationale Insights and Assumptions 1

Component: EDG air Engineering Each EDG is assumed to have two independent air starting

|
starting system Judgement systems. The stating capability of these systems are tested in

conjunction with the monthly EDG test. The replenishment
capability of the starting air system is constantly verifiable
because the starting air compressors must function to supply air
to the starting air tanks due to leakoff and EDG panel usage.

Component: EDG fuel Engineering Each EDG has a complete and separate fuel oil system. These
oil storage systems Judgement fuel oil systems were assumed to be inspected, tested and -

maintained consistent with current practices.

Component: Turbine Engineering The turbine generator system is designed to be capable of
generator Judgement running back to and maintaining " hotel" load following a loss

of load.

SYSTEM: Component RAW > 5.0 The CCWS is a closed loop system that provides cooling water
Cooling Water (CCWS) flow to remove heat released from plant systems and
/ Station Service Water components. The CCWS also provides cooling water flow for
(SSWS) Systems decay heat removal from the SCS during shutdown cooling and

from the CSS flow during containment spray operation. The
CCWs rejects the heat to the SSWS via the SSWS beat
exchangers. The SSWS is an open loop system, which takes
suction from the ultimate heat sink, passes the flow through
SSWS heat exchanger to remove the heat from the CCWS, and
then discharges the heated water to the ultimate heat sink. The!

CCWS and SSWS each consist of two divisions. Each division
of SSWS and CCWS have two 100% capacity pumps. One

| pump in each division is normally operating and the other
l pump is in standby. If the operating pump trips, the standby

pump would be started. Each division also has two 100%
capacity SSWS/CCWS heat exchangers with one in service and
the other in standby. Manual valve alignment is required to
valve in the standby heat exchanger. Pump and heat exchanger
maintenance is performed on the pump or heat exchanger that
is in standby. The SSWS and CCWS are in operation during
normal power operation and faults in operating equipment are
detected on occurrence.

l
I

O
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SSC Rationale insights and Assumptions

Component: CCWS RAW > 5.0 These valves open to provide CCWS flow through the
inlet flow control valves (CCF) shutdown cooling heat exchanger during shutdown cooling
to SCS heat exchangers operation. It was assumed that, consistent with current

practices, these valves were tested on a quarterly basis and

|
unscheduled maintenance performed on failure.

Component: Service - Tornado Strike The SSWS uses a common intake structure for both divisions.
Water Intake Structure Evaluation The intake structure is that structure in which the SSWS draws

suction from the ultimate heat sink. The SSWS intake
structures are required to meet Reg Guide 1.27 requirements.

| In the event of a tomado strike on site, the tornado might
' deposit suf0cient debris in the intake structure to cause

blockage of the intake structure. If complete 'olockage occurs,
all SSW and CCW flow will be lost. Provisions should be

! incorporated to protect the intake structure against the

[] accumulation cf sufficient debris to block the structure..
,,

Component: CCWS SMA The CCWS surge tanks are located in the upper levels of the
surge tanks nuclear annex at elevation 170+0. Seismic failure of these'

tanks could lead to loss of all CCW inventory with subsequent
failure of CCW.

Component: CCWS SMA The CCWS heat exchanger buildings are separate from the
heat exchanger building nuclear annex building. Seismically induced differential sliding

of these buildings could result in failure of the CCWS piping
from the heat exchanger buildings to the nuclear annex with
consequential failure of the CCWS.

Component: SSWS SM A, Fire, The SSWS pump building is a Seismic Category i structure
pump building Flood which houses the SSWS pumps for both divisions. This

structure is outside the CESSAR-DC scopi. It was assumed
!

that this structure would have divisional sepacation equivalent
to that in the nuclear annex such that the proptgation of
intemal floods or fires from one division to tht, other is
prevented. It was also assumed that this Seismic Category 1
structure has a seismic strength equivalent to the nuclear annex
structure.

|

SYSTEM: Safety RAW > 5.0 The function SI system is to inject borated water into the RCS
Injection (SI) System to provide RCS inventory control in response to a LOCA or

and SGTR. The SI system also provides inventory injection
for feed and bleed cooling in conjunction with the RDS.

Amendment V
April 29, 1994
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| SSC Rationale Insights and Assumptions |

Comnonent: SI pumps RAW > 5.0 The SI pumps are required to provide RCS inventory control in

(CCF) response to LOCAs, SGTRs, and situations requiring RCS feed
and bleed cooling. The Si pumps also provide long term
reactivity control via the injection of borated water. Consistenti

! with current practices, the SI pumps were assumed to be tested
quarterly. Unscheduled maintenance is performed on failure.

! Comrxment: Sipump RAW > 5.0 The Si pump motor circuit breakers are normally open and
motor breakers (CCF) must close to provide power to the SI pump motors. The

breakers are tested at the same frequency as the SI pumps.

Component: SIpump RAW > 5.0 Consistent with current practices, these check valves are
discharge check valves (CCF) assumed to be tested on a fuel cycle basis with maintenance

performed on failure.

Comrxment: Safety R AW > 5.0 The SI DVI MOVs must open to provide injection flow to the
Injection Direct Vessel (CCF) DVI lines to provide RCS inventory makeup. Consistent with
Injection (DVI) line current practices, these valves are assumed to be tested on a
motor operated valves quarterly basis with maintenance performed on failure.

Component: DVI line RAW > 5.0 This includes all the Si check valves in the DVI line inside
check valves (CCF) containment. These valves must open for injection flow to

reach the reactor vessel. The test interval was assumed to be
one fuel cycle. Maintenance is performed on failure and only
when the plant is shutdown, ;

1

Component: Hot Leg RAW > 5.0 These check valves are in the hot leg injection lines. These I
Injection line check (CCF) valves must open to provide hot leg injection to prevent boron
valves crystallization after initial response to large and medium

LOCAs. The test interval for these check valves was assumed
to be one fuel cycle. Maintenance on these valves is |
performed on failure and only when the plant is shutdown. |

1

Component: Hot Leg R AW > 5.0 The hot leg injection MOVs must open to provide hot leg |

injection line motor- (CCF) injection to prevent boron crystallization after initial response
operated isolation valves to large and medium LOCAs. Consistent with current

|

practices, these valves are assumed to be tested on a quarterly
I basis with maintenance performed on failure.

Component: SIT RAW > 5.0 in the event of a LOCA, these valves must open for the SIT
discharge check valves (CCF) inventory to inject into the RCS. These valves are tested once

a fuel cycle during plant refueling. No scheduled maintenance
is performed on these valves while the plant is at power.

O
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;

{ Component: Safety RAW > 5.0 The SITS provide a source of inventory for passive injection
injection Tanks (SITS) (CCF) into the RCS in response to large and medium LOCAs and

during aggressive secondary cooldown for SCS injection for
small LOCAs SIT pressure and level are monitored every 12,

' hours, but the tanks are inspected and tested only on a fuel
cycle basis and all maintenance is performed while the plant is
shutdown.

!

] SYSTEM: Engineered RAW > 5.0 The ESTAS provides the signals to actuate equipment in the
Safety Features front line safety systems following a transient or accident. The<

Actuation System System 80+ ESFAS was assumed to be as reliable as the
1 (ESFAS) System 80 ESFAS. The analysis of the System 80 ESFAS
j assumed the system was tested on a monthly basis with

maintenance performed on failure. For System 80+, most of
: the ESFAS logic is automatically tested continuously with

i f alarms if problems detected. In addition, a full channel

( functional test is performed every 92 days to verify that the<

ESFAS is operable, and to confirm . hat the automatic testing is'

functioning properly.
,

ComDonent: ESFAS SMA Solid state switching devices and electromechanical relays will
relays be used in the NUPLEX 80+ protection and control systems.

Solid state switching devices are immune to mechanical
switching discontinuities. Robust electromechanical relays are
selected for NUPLEX 80+ applications such that inherent
mechanical contact chatter is within the requisite system

; performance criteria.
:

| SYSTEM: Reactor Engineering The RPS provides the signals to trip the reactor following a
Protection System (RPS) Judgement transient or accident. Failure to trip the reactor results in an.

J ATWS. The System 80+ RPS was assumed to be as reliable as
the System 80 RPS. The analysis of the System 80 RPS<

assumed the system was tested on a monthly basis with
maintenance performed on failure. For System 804 .ut of-

the RPS logic is automatically tested continuously ,- Marms'

if problems detected. In addition, a full channel fuiictional '.

test is performed every 92 days to verify that the RPS is
; operable, and to confirm that the automatic testing is
i

I functioning properly.

h'

d'

4

1
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SSC Rationale Insights and Assumptions

I SYSTEM: Control Engineering The plant is operated from the main control room. The control

j Room Judgement, Fire room contains sufficient instrumentation displays and controls
Evaluation to allow the operators to control the plant during normal

operating conditions and to respond to transients and accidents.

Comrxment: Control Engineering The control panels contain the instrumentation displays and
Panels Judgement, Fire equipment controls needed to control the plant during normal

Evaluation operation and during transient or accident conditions.
Materials which do not independently support combustion are
used in the control panels to minimize the potential for fires in
the control panels propagating to affect multiple channels.

Comr>onent: Control Engineering The control room has its own dedicated ventilation system.
room ventilation Judgement, Fire This climinates the possibility of smoke, hot gases, and fire

Evaluation suppressants originating in areas outside the control room
migrating to the control room via the ventilation system

SYSTEM: Remote Engineering The Remote Shutdown Panel has sufficient instrumentation and
Shutdown Panel Judgement, Fire controls to bring the plant to safe shutdown if the main control

| Evaluation room must be evacuated.

SYSTEM: Shutdown R AW > 5.0 The function of the SCS is to cool the RCS from shutdown

i Cooling System (SCS) cooling entry conditions to cold shutdown conditions, in the
'

event of a small LOCA with failure of the Si system, the SCS
can be aligned to provide injection if the RCS is depressurized
to below the SCS pump shutoff head.

Comr>onent: Pressure RAW > 5.0 The SCS suction Motor Operated Valves (MOVs) are
Interlocks for SCS (CCF) interlocked so that they can not be opened if the RCS pressure
suction valves is greater than the shutdown cooling entry pressure. Common

cause failure of these interlocks would prevent the SCS suction

[ MOVs from opening.

O
Amendment.V
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|

| Componenti SCS RAW > 5.0 The SCS suction MOVs must open in order to start shutdown
'

suction MOVs (CCF) cooling. These valves are located inside containment, are
interlocked on RCS pressure and are part of the RCS pressure
boundary. Therefore, these valves can not be tested at power.
Consistent with current practices, these valves are tested on a

! cold shutdown basis and maintenance is performed only when
l i

the plant is shutdown. I

ComDonent: SCS RAW > 5.0 The SCS suction isolation MOVs must open in order to ]
suction isolation MOVs (CCF) establish shutdown cooling. These valves are interlocked on ;

RCS pressure, like the suction MOVs , but they are outside |
containment and are not part of the RCS pressure boundary, it
was assumed that these valves could be tested on a quarterly i,

| basis. However, the IST in Table 3.9-15 (Amendment T) |
specifies that these valves are tested on a cold shutdown basis, i

This difference is addressed in Table 19.6A-1 )
ComDonent: SCS RAW > 5.0 These check valves must open to establish shutdown cooling |
discharge check valves (CCF) flow. These check valves are assumed to be tested on a cold !

shutdown basis consistent with current practices. Maintenance |
is performed on failure.

Component: SCS heat RAW > 5.0 The SCS heat exchanger flow control valves must open in
i

exchanger flow control (CCF) order for SCS flow to pass through the heat exchangers to
valves, reject the core heat to the CCW and SSW systems. These

valves were assumed to be tested on a quarterly basis and
maintenance performed on an as needed basis.

ComDonent: SCS Shutdown Risk The SCS pumps recirculate the RCS fluid through the SCS heat
! pumps Analysis exchangers to cool the RCS from shutdown cooling entry
| conditions to cold shutdown conditions and to maintain cold I

shutdown conditions. The SCS pumps can be backed up by the
CSS pumps during shutdown cooling. The SCS pumps can be
used to back up the CSS pumps. The SCS pumps can also be

| aligned to inject to the RCS if the RCS is depressurized to the
'

SCS pump shutoff head. The SCS pumps were assumed to be-
tested on a quanerly basis consistent with current practices.

I

| C
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SSC Rationale Insights and Assumptions

Componenu SCS/ CSS Engineering In order to use the SCS pumps to backup the CSS pumps or ton

Crossover Valves Judgement, use the CSS pumps to backup the SCS pumps, the SCS/ CSS
Shutdown Risk suction and discharge crossover valves must be opened. These
Assessment valves were assumed to be tested on a quarterly based with

maintenance performed on an as needed basis.
_ _ .

SYSTEM: Rapid RAW > 5.0 The RDS consists of two trains, each containing two MOVs in
Depressurization System series, that provides a discharge path from the top of the !

(RDS) pressurizer to the IRWST. The primary function of the RDS is
to provide a means of depressurizing the RCS in the event of a
severe accident with the RCS at high pressure to prevent a
liigh Pressure Melt Ejection. The RDS also provides the
" bleed" capability for feed and bleed (or once through) cooling
of the RCS.

Component: Rapid R AW > 5.0 The RDVs must open for feed and bleed cooling, or for
Depressurization Valves (CCF) depressurization of the RCS during a severe accident. These
(RDVs) valves are inside containment and are part of the RCS pressure

boundary so they can not be tested at power. ' These valves are
tested on a fuel cycle basis and maintenance is performed on
these vahes only when the plant is shut down and
depressurized.

_

Component: RDV RAW > 5.0 The RDV valves are 480 VAC motor operated valves which
inverters (CCF) are powered from the 125 VDC class IE vital buses via

dedicated inverters. Failure of the inverters would result in
failure of the RDVs to open. These inverters are continuously
energized and failures are indicated. Maintenance is performed
on failure, i

SYSTEM: Containment RAW > 5.0, The CSS provides containment temperature and pressure '
Spray System (CSS) Level 2 control following accidents such as LOCAs and steam line

breaks inside containment. The CSS also provides containment ,

temperature and pressure control following a severe accident. |
|

Comrmnent: Level 2 The CSS pumps deliver spray flow from the IRWST to the
Containment Spray spray headers. The CSS pumps are assumed to be tested on a
pumps quarterly basis with unscheduled maintenance performed on

failure. The SCS pumps can be used to backup the CSS
pumps, and the CSS pumps can be used to backup the SCS
pumps.

O
I
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!

Component: Low Shutdown Risk The LTOP valves are to provide RCS overpressure protection
Temperature Evaluation, during low temperature operations. These valve also provide a
Overpressure (LTOP) RAW > 5.0 " bleed" path for feed and bleed cooling during low ternperature,

valves low pressure conditions with the shutdown cooling system
,

: valves open. It was assumed that these valves are tested and

{ maintained consistent with current practices.
:

SYSTEM: Emergency Level 2 The function of the ECSBS is to provide an independent self ,
i Containment Spray contained means of supplying water to the containment spray

Backup System (ECSBS) header for containment heat removal during emergency
conditions where the CSS and SCS pumps are not available,1

a

4 Comtxment: CS header 12 vel 2 An 8 inch "T" connector is provided in each CS header line
"T" outside containment so that the CS headers can accept spray,

i flow from an external source.
# \i ( ) Component: ECSBS Level 2 The ECSBS will have an independent pumping device that is
(,/ pumping device capable of delivering sufficient flow to the containment spray

; headers at 24 hours after the onset of a severe accident to
prevent the pressure in containment from exceeding level C
pressure limits. No specific assumptions were made about the,

testing or maintenance of this pumping device. ,

:i

!

SYSTEM: StanUp Engineering The function of the startup feedwater system is to provide
Feedwater System Judgement feedwater flow during low power /startup/ shutdown conditions. I.

The startup feedwater system can backup the EFWS.

Component: Startup Engineering The startup feedwater pump is used to provide feedwater flow
feedwater pump Judgement during low power /startup/ shutdown conditions. The startup

feedwater pump can act as a backup to the EFW pumps.
i Generic failure rates were used for this component. No
; specific assumptions were made as to the test interval or the

maintenance frequency for this pump.a

~

SYSTEM: Main Steam RAW > 5.0 The Steam Removal System consists of the main steam line and
System associated valves up to the turbine control valves. The valves

in this system include those which provide for containment
j isolation following a steam line break or an SGTR and those

which provide steam removal during a cooldown of the plant.

I
i

C).v
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RISK SIGNIFICANT SSCs FOR INCLUSION IN TIIE D-RAP

SSC Rationale insights and Assumptions

Component: RAW > 5.0 These valves provide a controllable means of releasing steam

Atmospheric Dump (CCF) from an SG to the atmosphere to prevent challenging the

Valves (ADVs) MSSVs. These valves were assumed to be tested on a
quarterly basis.

Com pement: Main Engineering The MSIVs provide containment isolation following a steam
Steam isolation Valves Judgement line break. The MSIVs are also used to isolate the ruptured

(MSIVs) (CCF) Steam Generator (SG) following an SGTR once the RCS
pressure has been reduced to the point at which the MSSVs
will not lift. The MSIVs have a partial stroke test on a
quarterly basis with a full stroke test on a cold shutdown
basis. Maintenance is performed only when the plant is
shutdown.

Component: Main Engineering The MSSVs are the code safety valves for the SGs. Failure of
Steam Safety Valves Judgement the MSSVs to open could result in overpressurization of the

(MSSVs) SGs. If the MSSVs are challenged following an SGTR and fail
to rescat, they provide a direct release path to atmosphere.
The MSSVs are not tested at power. They were assumed to be
tested consistent with current practices.

Component: Turbine Engineering Following a turbine trip, the turbine bypass valves open to
Bypass Valves (TBVs) Judgement discharge steam directly to the condenser, bypassing the

turbine, to avoid unnecessary reactor trips and to prevent
opening of the Primary Safety Valves and the Main Steam
Safety Valves. The turbine bypass valves are air operated
valves that fail closed on loss of air. These valves are
interlocked so that they do not open on turbine trip if the
condenser is not available. A generic failure rate was used for
these valves. No specilic assumption was made as to the test
and maintenance intervals for these valves.

SYSTEM: Reactor
Coolant System (RCS)

Component: Primary RAW > 5.0 The PSVs are the code safety valves for tbn RCS. Failure of
Safety Valves (PSVs) (CCF) one of these valves to rescat following a challenge such as an

ATWS would result in LOCA. The PSVs cannot be tested at
power. It was assumed that the PSVs are tested consistent with
current practices. All PSV maintenance is performed while the
plant is shutdown and depressurized.
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i
SSC Rationale Insights and Assumptions

,

ComDonent: Reactor SMA Failure of the RCP supports during a seismic event could result.

,

Coolant Pump (RCP) in excessive RCP motion with the potential for failure of |,

supports multiple RCS cold legs during the seismic event. Seismically '

j induced failure of the RCP supports was the second dominant
contributor to the plant HCLPF.

i

SYS I EM: Chemical RAW > 5.0 ' The primary function of the CVCS is to provide RCS
; and Volume Control chemistry and volume control during normal power operation.
; System (CVCS) The charging subsystem provides a mechanism for injection

boron for long term reactivity control following an ATWS, and<

_ a mechanism for refilling the IRWST. The charging subsystem i
?

also provides the RCP seal injection function.
l

Component: Charging Engineering The normal function of the charging pumps is to provide RCS
pumps Judgement volume control during normal operation. The charging pumps

p\ also provide RCP seal injection Dow. The charging pumps can
| provide boron injection capability for long term reactivity
N

control following an ATWS and can provide IRWST inventory
makeup flow. During normal operation, one charging pump is |

running and the other is in standby. If the operating pump
fails, the standby pump will be started, and unscheduled
maintenance would be performed on the failed pump. j

Component: Dedicated Engineering The dedicated seal injection pump is a positive displacement
seal injection pump Commitment pump whose function is to provide seat injection Dow to the

RCP seals in the event that RCP seal cooling is unavailable due
to the combined unavailability of the CCW/SSW system,
concurrent with any charging pump failing to provide seal
injection Dow. The PRA did not include any specific test or
maintenance assumptions for this pump.

SYSTEM: Hydrogen Engineering The function of the llMS is to burn the hydrogen released in
Mitigation System Judgement containment during a severe accident in a controlled manner.
(HMS) (Level 2) The HMS consists of two redundant trains of hydrogen

igniters. Igniters are powered from either the station batteries
or from the vital AC buses. The HMS is tested on a fuel cycle
basis and maintenance is performed while the plant is
shutdown.

O
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RISK SIGNIFICANT SSCs FOR INCI,USION IN TIIE D-RAP

SSC Rationale Insights and Assumptions

Component: liydrogen Engineering The hydrogen igniters are tested on a fuel cycle basis and
Igniters Judgement maintenance is performed while the plant is shutdown.

(Level 2)

SYSTEM: Cavity Engineering in the event of a severe accident, the CFS provides a means of

Flood System (CFS) Judgement flooding the reactor cavity with water to cool the corium. The

(Level 2) cavity is flooded from the IRWST by opening the holdup
spillway valves from the IRWST to the lloidUp Tank (IlUT)
and by opening the cavity spillway valves from the llUT to the
cavity.

Component: IIoldup Engineering The holdup spillway valves provide the means of flooding the
Spillway Valves Judgement IIUT from the IRWST. The cavity is flooded from the 11UT

(Level 2) via the cavity spillway valves. The holdup spillway valves can
not be tested at power because opening the valves would result
in an unwanted flooding of the IIUT. Therefore, the holdup
spillway valves are tested on a fuel cycle basis when the plant
is shutdown. Maintenance is performed on these valves only
when the plant is shutdown.

Component: Cavity Engineering The cavity spillway valves provide the path for flooding the
Spillway Valves Judgement cavity from the IIUT, which is flooded from the IRWST via

(Level 2) the holdup spillway valves. During normal power operation,
the llUT is empty. Thus, in the PRA it was assumed that the
cavity spillway valves could be stroke tested on a quarterly
basis.

.

|

| NUCLEAR ANNEX:

Component: Fire Fire Risk Three hour rated fire doors are provided for each fire zone to |
Doors Evaluation prevent the propagation of fire from one fire zone to another.

All fire doors are normally closed and their positions are
indicated in the control room. if a fire door must be held open i

'for maintenance access or other reason, a fire watch is
maintained at the affected fire doors. No specific assumptions
were made in the PRA as to the maintenance for the fire doors.

I

O
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SSC Rationale Insights and Assumptions

Component: Flood Flood Risk Flood doors are provided for each flood zone in the Nuclear
Doors Evaluation Annex subsphere area to prevent the propagation of an internal

Good from one flood zone to another. These flood doors are
normally closed and their positions are indicated in the control
room. If a flood door must be held open for maintenance
access or other reason, a watch is maintained at the affected
flood door. No specific assumptions were made in the PRA as
to maintenance for the flood doors.

Comrx,nent: Floor Engineering Flooding from the Radwaste Building and Turbine Building
Drain Sump Discharge Judgement, through the Door drain sump pump discharge lines to the.
Check Valves Flood Nuclear Annex is prevented by the reverse flow check valves

located at each of the sump pump discharges.

The check valves on the Reactor Building Subsphere floor
p drain sump pumps and Diesel Generator Building floor drain

V)/ sump pumps are Safety Class 3. These valves are reverse flow
tested quarterly as specified in the IST plan in Table 3.9-15.
The check valves on the discharge of the Nuclear Annex
radioactive floor drain sumps, CVCS area floor drain sumps,
and non-radioactice floor drain sumps are non-safety related.
These valves should also be reverse flow tested on a quarterly
basis as part of the 0 RAP.

SYSTEM: Containment
|

Comp < ment: level 2, SM A The containment shell is the primary barrier preventing release
Containment shell of radioactive material following a core damage accident.

Also, seismically induced overturning / sliding of the
containment shell was found to be the dominant contributor to
the plant level llCLPF value in the SM A.

Component: IRWST/ Engineering The IIUT/IRWST screens prevent trash and debris from
IIUT screens commitment entering the llUT and the IRWST and potentially blocking the

suction lines for the safety pumps or the cavity flood valves.
These screens are assumed to be inspected and cleaned on a
fuel cycle basis. They are indirectly tested during the quarterly
safety injection pump tests.

5
N
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Comrxment: Level 2 Containment integrity is important to reduce the risk to the
Containment penetration public. The major containment penetrations (equipment hatch,
seals personnel airlocks and fule transfer tube) will be designed to

assure that they will not fail up to the ASME service level "C"
pressure for the containment shell. Penetrations will be'

designed and sealant materials will be selected to ensure that
the seal and mounting will provide a minimum of I day
containment integrity.

Containment failure from high temperatures due to a dry cavity
contribute little to public risk in the System 80+ PRA.
Consequently, the penetrations are not specifically designed to
the low probability dry cavity scenario. However, to maximize
containment integrity, the penetration design process will
consider high quality and high capability seals as well as
double seals (inner and outer) as applicable.

* For SSCs which contain (CCF) following " RAW > 5.0". the RAW is based on common cause failure of
two or more of the specified SSCs.

|

|

4
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'\ TABLE 19.15.6-2'

!

| (Sheet 1 of 2)

| IMPORTANT OPERATOR ACTIONS FROM THE PRA
,-

|
Important Operator Action Source RAWL RRW8 |

Operator fails to initiate Hot Leg injection Level 1 1.62E+02 1.02E+00 |
. ,

j_ Operator fails to align EFWSTs to CST Level 1 1.29E +02 1.01E +00 | |

''
Operator fails to initiate RCS heat removal via . Level 1 1.93E+01 1.20E+00

! Feed and Bleed Cooling
i

j Operator fails to initiate SCS for long-term decay Level 1 6.81E+00 1.00E+00

j heat removal

Operator fails to align SCS pumps for RCS Level 1 5.49E +00 1.02E +00
injection following aggressive secondary cooldown

,

; Operator fails to perform aggressive secondary Level 1 3.49E +00 1.19E +00'

cooldown (permitting injection via SCS) after2

SGTR

!p Operator fails to perform aggressive tecondary Level 1 2.85E+00 1.12E+00
;i cooldown (permitting injection via SCS) after

small LOCAj

]
Operator fails to reclose ADVs on ruptured SG Level 1 1.98E +01 1.00E+00 |

| Operator fails to align CVCS to refill IRWST Level 1 4.07E+00 1.01E+ 00
following an SGTR j

. Operators fail to align AAC to Vital AC buses Level 1 Medium Medium
I following loss of offsite power and failure of (Engineering (Engineering

EDGs Judgement Judgement);
1

i Operator fails to initiate cavity flooding Level 2 High' High) |

1 Operator Fails to Depressurize RCS prior to Level 2 liigh 2 High 2

|
Vessel breach using RDVs

i Operator fails to initiate Hydrogen Mitigation Level 2 Mediums Medium'
System

2Operator fails to align emergency backup level 2 Medium Medium 2
containment spray system for use.

:
Operator fails to Isolate an isolatable LOCA and Shutdown Risk 1.87E+024 1.01 E + 00*

'

isolate containment during shutdown operations Evaluation,

: Operator fails to initiate feed using SCS during Shutdown Risk 2.21 E + 01' 1.42E +00'
shutdown operations Evaluation

.

.

i
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BfPORTANT OPERATOR ACTIONS FROh! TIIE PRA

| Important Operator Action Source RAW' RRW2

Operator fails to start and load standby AC source Shutdown Risk 1.20E + 0 ld 1.40E+004
during shutdown operations Evaluation

0;wrator fails to isolate an isolatable leak /LOCA Shutdown Risk 1.08E + 0 l* 1.16E + 004

during shutdown operations. Evaluation

Operaun fails to start standby SCS train during Shutdown Risk 8.56E + 00' l .32 E + 004

shutdown operation Evaluation

Operator fails to initiate feed using the SIS during Shutdown Risk 7.06E + 00d 1.24 E + 004

mode 5 operations Evaluation

Operator fails to restore SCS train given that Shutdown Risk 6.19E + 004 1.00E +004
leak /LOCA is isolated Evaluation

4Operator fails to restore DilR in 73 hours given Shutdown Risk 5.40E + 00' l .05E+00
loss of DIIR in mode 6 with refueling pool full Evaluation
and IRWST empty.

4Operator fails to recover DliR within 12 hours Shutdown Risk 4.15 E + 00 1.54 E + 004
following loss of DHR with successful boiloff Evaluation
makeup using the CVCS

Operator fails to use the CVCS to makeup Shutdown Risk 3.52 E + 00* 1.21 E + 004

inventori n mode 5 Evaluationi

Operator fails to suppress fire during shutdown Shutdown Risk 2.76E + 004 1.24 E + 00d
operations Evaluation

NOTES

8 RAW = Risk Achievement Worth
2 RRW = Risk Reduction Wonh
' The RAW and RRS values were not calculated for Operator actions in the level 2 analyses. Qualitative

importances were assigned based on engineering judgement,
d The RAW and RRW values presented for the Shutdown Risk Evaluation are event tree branch point RAW

and RRW values and include contributions from both operator errors and equipment failures.

I

1
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() 1.0 INTRODUCTION

The U.S. Nuclear Regulatory Commission's policy related to severe accidents requires, in part, that

i an application for a design approval comply with the requirements of 10CFR50.34(f). hem (0(1)(i)
requires " performance of a plant site specific [PRA] the aim of which is to seek improvements in the
reliability of core and containment heat removal systems as significant and practical and do not
impact excessively on the plant." Section 19.15 provides the base PRA of the System 80+ plant. |

The NRC also requested the ALWR participants to evaluate Design Alternatives! that help mitigate
the consequences of severe accidents. To address these requirements and requests, a review of
potential modifications to the System 80+ design, beyond those included in the Probabilistic Risk
Assessment (PRA), was conducted to evaluate whether potential severe accident mitigation design
features could be justified on the basis of cost per person-rem averted.

This report summarizes the results of ABB-CE's review and evaluation of Design Alternatives that
were considered in the System 80+ design. Improvements have been reviewed against conservatively
high estimates of risk reductions based on the PRA and conservatively low estimates of costs, to
determine whether potential modifications are cost beneficial.

2.0 SUMMARY AND CONCLUSION

The System 80+ design is an evolutionary Advanced Light Water Reactor (ALWR) design with
improved design features to reduce the risk of core damage and mitigate the consequences if core

[] damage should occur. The design process was integrated with the PRA to ensure that the risk was

(") very low and distributed over all of the safety related systems (i.e., no single system carries a
disproportional responsibility for plant safety). The design ensured that no single accident sequence
dominated the plant risk and the lessons learned from previous PRAs were addressed.

Sixty-three Design Alternatives were considered and the expected risk reduction from twenty-seven
of those alternatives were quantified. These were selected based on the Design Alternatives (DAs)
evaluated for the Limerick plant: , Comanche Peak", NUREG/CR-4920", GSI-163 , and the results |

i6

from the System 80+ PRA performed by ABB-CE. The DAs were selected to address the sequences
that either have the largest risk to the public or sequences that have high CDF. The analysis used
a bounding technique. It was assumed that each DA worked perfectly and completely eliminated the
accident sequences that the DA was to address. This approach maximizes the benefits associated with
each DA. The benefits were the reduction in risk in terms of whole body person-rems per year
received by the total population around the ALWR site. Consistent with the standard used by NRC
to evaluate offsite impacts, health and economic effect costs were evaluated based on a value of
$1000 per offsite person-rem averted. Using this $1,000 per person-rem, and a levelized capital cost
rate of 16.6L this risk reduction was converted to a maximum capital benefit that was compared
with capital costs.

Table 19A.2-1 summarizes the results of the Design Alternative analysis. The first column, is the
annual risk reduction to the general population using $1000 per person-rem / year reduction for each
Design Alternative. The next column, labeled capital benefit, is an equivalent present worth of the
annual dose reduction. It is also the maximum amount that could be spent in capital to be cost

/3
IO'
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O|beneficial. The third column is a capital cost estimate for the Design Alternatives. The net benefit
(capital benefit - capital cost) is given in the last column.

The System 80+ plant was designed to meet the stringent design goals in the EPRI ALWR Utility
Requirements Document. The System 80+ design has a core damage frequency approximately two
orders of magnitude lower than existing plants. Therefore, the benefits of improving the existing

2design are significantly lower than predicted for the Limerick Plant . The analysis presented in this
report conservatively estimated the benefits of the DAs by assuming that they would work perfectly
to eliminate the type of accident they are designed to address and would require no maintenance or
testing. Because of the small initial risk associated with the System 80+ design, none of the DAs
are cost beneficial.

3.0 METIIODOLOGY

The Design Alternative (DA) evaluation followed the format and procedure used by the NRC in
2evaluating DAs for Limerick . The DAs were evaluated in terms of cost benefit where the cost of4

the additional equipment is compared with the savings in terms of a reduced exposure risk to the

| general population. The savings, in person-rems per year, were converted to dollars using $1,000per person-rem. The risk of the base System 80+ design is described in Section 19.15.

3.1 RISK REDUCTION

Risk (person-rem / year) in this analysis is the product of the frequency of core damage for each type
of accident (events /y) times the consequence of the accident (person-rem / event). The total risk is the
sum of the risks from all the types of accidents. For each Design Alternative, the reduction in total
risk is the difference between the risk of the base System 80+ design and the risk with the Design
Alternative added. The risk reduction was converted to an annual benefit ($/y) using $1000 per
person / rem. This was then converted to an equivalent capital cost which could be compared to the
estimated price for the DA.

Risk is defined as the product of frequency and consequence. The frequency of core damage for
various accident sequences are calculated. These sequences are then grouped (" binned") into release
classes depending on the timing of the accident and the conditions of the core, vessel, containment,
and release characteristics for the sequence. Each Design Alternative is evaluated in terms of how
it might affect each release class. For this analysis it is assumed that each DA is perfect; that is, if
installed it completely eliminates all failures associated with the systems for which it is designed to
be an alternative or addition. This implies that each DA is also tied to perfect support systems. This
is a conservative upper limit approach since it overestimates the benefits associated with any design
addition. If a DA is cost beneficial using this screening approach, then a more detailed analysis could
be performed.

The Design Alternatives can be divided into two groups. One group prevents core damage and the
other group protects the containment or reduces the releases. For the Design Alternatives that
prevent core damage, the frequency of affected release classes was decreased based on the sequences
that were binned and the risk reduction was calculated. For example, an Alternative Pressurizer

| Auxiliary Spray (DA B3) is assumed to eliminate all core melt risk of a Steam Generator Tube

9
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Rupture (SGTR) by always getting the p; nt depressurized and into shutdown cooling. Therefore,
the frequency of core damage for the Plant Damage States (PDS) with failure to aggressively'

cooldown was reduced to zero and a risk reduction was calculated.,
1

! Some Design Alternatives protect the containment or reduce the amount of radioactive material that
I is released in an accident. These Alternatives reduce the consequence of the accident and therefore

reduce the risk (risk = frequency x consequence). Using the S80SOR, a modified version of the.

: ZISOR Code, the consequence in terms of dose to the general population is calculated for the ALWR
i site. The ALWR site was described in the May 1989 version of the KAG' and was to represent 80% |

of the potential sites. The site was an existing site in South Carolina with the population increased ;
*

4

| to represent most potential sites . For DAs that prevent containment failure, the releases were
: assumed to be reduced to zero and the risk was reevaluated. I

i I

L 3.2 COST ESTIMATES
!
! In order to evaluate the effectiveness of the DAs, the benefits were compared to the costs of the
! Alternatives. Conservatively low cost estimates were made for each potential modification. These
; costs represent the incremental costs that would be incurred in incorporating the alternative in a new
i plant. The cost estimate for each of the modifications is given in Section 4 of this Appendix where
j- the modification is discussed.

!
.

| The cost estimates were intentionally biased on the low side, but all known or reasonably expected j

j costs were accounted for in order that a reasonable assessment of the minimum cost would be
)

| obtained. Actual plant costs are expected to be higher than indicated in this evaluation. All costs '

for the DAs are in 1993 U.S. dollars.*

s
|'

The analysis presented here conservatively neglects any annual costs associated with the operation;

! -of the Design Alternatives. These Alternatives would have to be tested and maintained at regular
| intervals. Regular training would also be required. In a more detailed analysis, such costs would
; be converted to an annual cost and be used to reduce the annual benefits.
i
1 3.3 COST BENEFIT COMPARISON
:
|

As described in Section 3.1 of this Appendix, the benefit of a Design Alternative is risk reduction4

which was evaluated in terms of reduced exposure of the general population (in units of person-
. rem /y). The cost of additional equipment is in dollars, a one-time initial capital cost. To compare
j these two numbers, a common measure must be used. In this analysis, the risk reduction was
j converted to a single capital benefit which can be directly compared with the capital cost.
4

The benefits of a particular DA were defined as the risk reduction to the general public. Offsite-

! factors evaluated were limited to whole body dose to the general public. Consistent with the standard
i used by the NRC to evaluate radiological impacts, health and economic effects costs were evaluated
i based on a value of $1,000 per offsite person rem averted due to the design modification. This factor
j converts person-rem /y to $/y and represents both health effects and offsite economic losses" |
1

.

;
.

i

'

i
i
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; The annual benefit in $/y is converted to a single capital benefit using a levelized capital cost rate.

Using the method described in Ref. 5, a component and plant economic life of 60 years, and other
assumptions given in Table 19A.3-1, a levelized capital cost rate of 16.6% was used. The DA results

,

are not very sensitive to the detailed economic assumptions used in calculating a levelized capital cost
rate. If the calculations are performed using zero inflation and a reduced cost of capital (capital costs
reflect expected inflation plus an expected real return), similar results are obtained.

t

i The offsite costs for other items, such as relocation of local residents, elimination of land use and

| decontamination of contaminated land are considered as part of the $1000/ person-rem. Economic
j losses, replacement power costs and direct accident costs incurred by the plant owner also are not
| considered in this evaluation.
|

|

l 4.0 PRA RELEASE CLASSES

In assessing the risk reduction of each Design Alternative (DA), the potential for each DA to reduce
| the frequency of occurrence or the consequence of each Release Class (RC) is assessed. To do this,

an understanding of each RC is required.

|
| In Section 19.12, the containment event analysis describes the possible accident pathways in a

Containment Event Tree (CET). This CET was devaloped so that each end point of an accidentl

sequence uniquely specified the mode of containment failure and the status of the various phenomena
which have the potential to affect the source term characteristics. Therefore, each of the accident end
points is a distinct release class. A release class (RC) can be fully characterized by the following
parameters:

! A) Its frequency of occurrence,
B) the isotopic content and magnitude of the release,
C) the energy of the release,
D) the time of the release,

E) the duration of the release, and

F) the location of the release.

The RC frequency is ietermined directly from the cumulative frequency for its respective
Containment Event Tree end point. The location of the release was assigned as follows-

1

1) For overpressure containment failure RCs, the release was assumed to occur at the top ulthe
containment building. This is at an elevation of 52.8 meters above grade.

2) For containment bypass RCs initiated by an interfacing systems LOCA and for containment
; melt-through RCs, the release from containment occurs in the region of the auxiliary building
| located below the containment sphere. The actual release to the environment occurs at grade
| level.
!

! 3) For all other RCs, the releases are assumed to occur at grade level.

|

O
r
|
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S80SOR analyses were used to determine the isotopic content and magnitude of the source term and
the time of the release. In general, releases were calculated for a period of 24 hours from the time
of containment fcilure or from the time of vessel failure for containment bypass and containment
isolation failure RCs.

Table 19A.4-1 presents a brief description for each release class with a frequency greater than or
equal to 1.0E-10. This table is used to identify the effect of mitigation equipment (more details of
each RC is given in Section 19.12.3). Table 19A.4-2 gives the mapping of each PDS into each
release class. Also given in this table are the mapping of the Core Damage Frequency (CDF)
sequences into the PDSs. In addition, the description of each sequence and the sequence CDF is also
presented. This table is used to reduce each RC frequency (column 2 of Table 19A.4-2) for
preventative DAs.

The sequence CDF (last column of Table 19A.4-2) was used to calculate the risk reduction associated
with DAs that prevent core damage. It was assumed that any prevention DA would completely
eliminate the sequence that the DA would address. For example, a Safety Injection DA would reduce
the RCl.lE by 55%. Safety Injection System (SIS) failure appears in five of the sequences with a |
total sequence frequency of 7.15E-7. The sum of all the sequences contributing to RC1.lE is
12.89E-7 and therefore the DA is assumed to reduce this RC by 55% (7.15E-7/12.89E-7). Each
release class is evaluated in this manner for each prevention DA.

Table 19A.4-3 gives the ranking of the release classes in terms of risk to the general population
(mrly). It also gives the base frequency, and population dose for each RC that is used in the risk

( ,}' reduction analysis. The first three sequences are associated with steam generator tube ruptures. This;

table (used with the previous two tables) was used in selecting the DAs because it highlights the
importance of the failure modes. Table 19A.4-4 gives the ranking of the Level I sequences in terms
of CDF. This table is useful for selecting DAs for preventing core damage.

Each release class was evaluated for total person-rem exposure using MACCS. Table 19A.4-3 gave
the initiating frequency, and total person-rem dose for the twenty three release classes with initiating |,

frequencies greater than 1.0E-10. The lifetime doses were calculated for the people within 50 miles
of the site and assumes me evacuation strategy used in NUREG-1150. The risk for each release class
is the product of fregt ency (events / year) times the total person-rem exposure pcr event. This product
gives person rem per year and is a measure of the risk. The total risk of the dominant release classes
is 0.135 person-rem /y. These results are for the ALWR site which is representative of most of the

4current U.S. sites

Table 19A.4-1 summarizes the accident characteristics for each release class. These are the dominant
sequences of the binned accidents. For each DA, the release class was reviewed assuming that the
DA worked perfectly (failure rate = 0.0). This means that each DA had perfect support systems,
power supplies and heat sinks. In addition, for each DA, no other failure modes were considered
when the DA was employed. For example, when the Pressurizer Auxiliary Spray Design Alternative
is employed to ensure that the primary coolant pressure can be decreased to enter SCS operation, the
Shutdown Cooling System (SCS) is assumed to always work. This represents an upper limit scoping |
analysis and maximizes the benefit of each Design Alternative. If a DA is cost beneficial in this
analysis, then a more detailed analysis addressing the actual failure rate of the Design Alternative can
be undertaken.

O
( )v
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5,0 DESIGN ALTERNATIVES;

Potential modifications to the System 80+ design were derived from a survey of the dominant failure
; modes are shown in Table 19A.4-1 through Table 19A 4 4. Others were suggested by the PRA or
| design engineering staff. Some of the DAs were suggested by a foreign utili y. Table 19A.5-1 givest

| the DAs considered and how they were treated.

| The risk reduction values of twenty-seven DAs were quantified. These were selected based on the

| | SAMDAs for the Limerick plant , Comanche Peak SAMDA , NUREG/CR-4920 , GSI-163"', and2 l4 15

j a review of the dominant failure modes for the System 80+ plant. In addition, suggestions from

| ABB-CE personnel with technical expertise in containment response were employed. Design
i Alternatives from earlier plant studies were also considered.

The Design Alternatives can be divided into five groups (see Table 19A.5-2). The first four groups
prevent core damage by:

i A) Increase primary and secondary boundary integrity,
! B) Increase decay heat removal reliability,

C) Improved electrical power reliability,
D) General reduction of CDF.

! The fifth group protects the containment or reduces the releases:

E) Reduce Radioactive Releases.

For the DA that prevents core damage, the frequency of affected release classes are reduced by the
fraction that the sequence contributes to the RC and the total risk reduction is calculated. This group
includes the high capacity safety injection systems, improved DC Battery and Emergency Feedwater
System (EFWS), Anticipated Transients Without Scram (ATWS) pressure relief valves, improved
pressurizer auxiliary spray, improved primary depressurization system, and alternative RCP seal
cooling system.

At the beginning of the design process, it was recognized that the steam generator integrity was
| important to safety and plant economics. The risk of the Steam Ge . tor Tube Rupture (SGTR) in I

the System 80+ design is two orders of magnitude below current put but SGTR represents over |
| half the off site risk. System 80+ is designed to prevent Main Steam ,in;ty Valve (MSSV) actuation |

following SGTR as described below and also includes new or enhanc,:d features for the prevention
'

of SGTRs.
1

Features to prevent SGTRs include:

- Steam generator tubes made of thermally treated Inconel 690, which has favorable corrosion
resistance properties including superior resistance to primary and secondary stress corrosion
cracking,

- A deaerator in the condensate /feedwater system for removal of oxygen.

- Condensate system with full flow condensate polisher to remove dissolved and suspended
impurities, -
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- Main condenser with provisions for early detection of tube leaks, and segmented design permitting
repair of leaks while operating at reduced power,

- Steam, feedwater and condensate generator blowdown system and SG secondary side recirculation
system for chemistry control during wet layup, and

- N-16 monitors to provide early detection and an opportunity to shutdown prior to SGTR.

The response to Unresolved Safety issue A-4 (see Chapter 20) further describes design features to |
assure SG tube integrity. New or enhanced System 80+ features which help to mitigate SGTRs
include:

- the larger steam generator secondary volume,

- larger pressurizer,

- four train Safety Injection System,

- four train Emergency Feedwater System,

- electrical system upgrades including alternate AC combustion turbine and 8-hour batteries, |

- safety Depressurization and Vent System,
,

,
i n(j - component Cooling Water System upgrade to four 100% capacity pumps and heat exchangers,>

4 - highly reliable Turbine Bypass System, discharging all steam to condenser, not partially to
atmosphere as in earlier designs,

- radiation monitors on the steam lines, and

- N-16 monitors for the steam generators.

The System 80+ design meets the EPRI ALWR requirement of preventing main steam safety valve ;

actuation following a SGTR. A reactor trip on high SG water level, actuation of the Turbine Bypass
System and controlled depressurization of the RCS using the Reactor Coolant Gas Vent System !

(RCGVS) limit secondary side pressure below the MSSV setpoint. The turbine bypass valves |
discharge steam to the main condenser, which minimizes the radioactive release to the environment.
The intent of the ALWR URD was to meet the above requirement on a best-estimate basis (i.e.,
credit for operator action and use of control-grade equipment is acceptable) to provide an effective l

and economical design. 1

The consequences of a Steam Generator Tube Rupture (SGTR) with Loss of Offsite Power (LOOP)
where the containment is bypassed due to malfunction of an Atmospheric Dump Valve (ADV) has
been analyzed and presented in Section 19.15.6.3.3, SGTR with LOOP and Single Failure, calculated |
the worst-case releases for an SGTR event with LOOP and a stuck open ADV on the affected steam
generator. '

n
* \
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O|The analysis simulated a double-ended break of one SG tube. The analysis contained conservative
assumptions regarding atmospheric dispersion factors, initial RCS and SG activity levels, and iodine |

spiking. Mitigating operator actions based on the approved ABB-CE Emergency Procedure ;

Guidelines (EPGs), CEN-152, were simulated. The analysis showed that no fuel failures were '

expected for this event.

The ADV on the affected SG was assumed to stick open when the operator tried to reseat the ADV
; to isolate the affected SG. After 30 minutes of steaming through the stuck-open ADV, the operator
'

isolated this path by closing the ADV block valve. However, the leak of RCS liquid through the tube
break continues for the duration of the analysis (8 hours) due to the conservative nature of the
analysis models. In order to avoid overfilling the SG, the operator periodically steams from the
affected SG per the EPGs. This additional steaming increased the total radiation dose. The total
releases are well within regulatory limits.

| An additional analysis was performed that looked at SGTRs that are beyond design bases Thist8

analysis looks at failure of up to five tubes in a SG concurrent with a stuck open MSSV. The
analysis credits the Turbine Bypass Control System and shows that the operator has thirty minutes
to take action before the MSSVs lift. This analysis also evaluated eleven design changes including:

| automatically bypass MSIS on high SG level, automatically initiate Auxiliary Pressurizer Spray, and
automatically open the Reactor Coolant Gas Vent System (RCGVS). The report contains a technical
discussion of the advantages and disadvantages of each modification and concluded that none of them
are worth including in the design.

It was recognized that the SGTR event represented a significant fraction of the offsite risk and DAs
were selected specifically to address these sequences. These DAs include the Alternative Pressurizer

| Auxiliary Spray, Ideal 100% SG inspection, MSSV and ADV Scrubbing, Alternative SIS, and Diesel

| SIS Pump. The last two DAs address failure to inject for RC4.30E. DA B8 specifically addresses
refilling the Refueling Water Storage Tank (RWST) during a SGTR. Secondary side guard pipes'

(DA A6) are also evaluated.

A. INCREASE PRIMARY AND SECONDARY BOUNDARY INTEGRITY

This group of design alternatives were grouped because they address primary or secondary coolant
boundary integrity.

Al RCP SEAL COOLING

The System 80+ employs a type of Reactor Coolant Pump (RCP) seal which can withstand a loss
of cooling and not result in a LOCA. This type of seal design has been employed in the operating
ABB-CE plants and experience has shown that the seals do not fail when seal cooling is lost The8

reliability of the reactor coolant pump seal cooling could be improved by adding a small dedicated
positive displacement pump for diverse seal injection. This design addition will provide additional
diversity for RCP seal cooling and provide a seal cooling system that is not dependent on CCW.
Such a RCP seal cooling pump has been added to the System 80+ plant as a result of NRC's
questions on testing of the RCP seals and, therefore, a cost benefit analysis is not needed.

O
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! A2 100% SG INSPECTION
,

Inspection of 100% of the tubes in a steam generator is not really a Design Alternative but is a
.

maintenance practice. It was selected because it has reasonable costs, and can be executed with a
| management decision. This DA was introduced to specifically address Steam Generator Tube .

! Rupture (SGTR) which is the initiating event for the largest three RCs. The analysis assumes that
j all SGTRs are eliminated. This reduces the risk of SGTR in the System 80+ design has for six RCs
i (see Table 19A.5-3). Using a $1,000 per averted person-rem and a levelized cost rate of 16.6%,

| such a system would be cost beneficial if it cost less than $941. |
!

} The increased cost'of performing eddy current testing on 100% of the' steam generator tubes
compared to a 20%' random inspection of the steam generator tubes is $1.5 million per refueling,

j outage. Assuming an eighteen month refueling, this would cost $1.0M/y or be equivalent to a capital
: cost of $5.59M.
;

A3 N-16 MONITORS

{ The N-16 monitors have been added to the System 80+ design. Its purpose is to assist the operators
'

in identifying SGTR events, it also helps prevent SGTR by offering an alternative method on
:. detecting a leaking tube before rupture occurs. This DA was not quantified since it has been included
: in the design.
d

A4 INCREASE SECONDARY SIDE PRESSURE

0'

y1 Upgrading the design pressure of the secondary system including the MSSVs to 1500 psia from the,

current 1200 psia was considered early in the System 80+ design process. It was determined that;

an increased design pressure would not significantly reduce the probability of containment bypass and1

j release to the environment during a SGTR event.

) During a SGTR with loss of offsite power, the condenser is not available for plant cooldown. The !
decay heat of the core and the stored energy in components are released to the atmosphere via the,

i

MSSVs, then via the ADVs. The steaming will continue until reaching Shutdown Cooling System | l.

; entry conditions. The total heat to be removed (or the total steam release) is only slightly reduced
by increasing the secondary design pressure and MSSV setpoints. Ilence, using conservative safety

; analysis assumptions and methods, the overall radiation release would be essentially unchanged.

j During a SGTR with offsite power available, the operator will act to mitigate this event according
; to the Emergency Procedures Guidelines, using both control grade and safety grade equipment, if

required. Therefore, for a "real-world" scenario, an increased _ design pressure would not:

significantly decrease the likelihood of lifting the MSSVs.,

I

j There are several technical disadvantages of increasing the secondary system design pressure to 1500
t psia:
,

i
|

1

!

O
l
;

i
i
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1. Steam generator would increase by up to 100 tons each. The added weight would increase
containment heat sinks, and increase thermal stresses on the steam generator shell and main
steam piping. These factors would likely impact the volume and arrangement of the
containment. The additional weight would also increase the handling difficulties during
fabrication.

2. The RCS support system would need to be redesigned and/or reevaluated to accommodate the
increased loads. Any contribution to containment sizing must also be assessed.

3. For decreased heat removal events, RCS temperature and pressure would rise to a higher value
than in current plants. Pressurizer safety valve actuation would be more likely.

4. Unless the entire steam system and turbine are upgraded to 1500 psia, a second set of
| secondary side relief valves would be required downstream of the Main Steam Isolation Valves

(MSIVs) to protect the low pressure portion of the steam system.

5. Feedwater systems would have to be compatible with the higher design pressure, increasing
secondary design pressure would require a major redesign effort and increase design
complexity.which are not consistent with the evolutionary ALWR goals.

In summary, the issue of including an upgrade to the secondary side design pressure was considered
from design considerations. Based on this review, this DA poses serious design drawbacks with
limited berefits. A cost benefit analysis was not performed for this DA because very limited benefits
were expec,ed for extensive costs.

A5 PASSIVE SECONDARY SIDF, COOLERS

Secondary heat rejection for System 80+ has been considered at the conceptual level. Passive
secondary heat rejection was included in the conceptual design for SIR, a much smaller plant.

The passive secondary heat rejection concept that is often promoted consists of an elevated condenser
designed to full secondary side pressures. The heat sink for this condenser can be either water or
air. If it is water, then in addition to the elevated condenser, there is an elevated water tank that
gravity feeds into the condenser and is allowed to boil to atmosphere. Use of air in natural
circulation results in a large increase of the surface area of the condenser but it has the potential of
continuous long term operation without support. The water tank concept requires a periodic tefill.

The base system is relatively simple. However, several supporting functions are required to initiate
the system. Isolation of the affected steam generator will be required, otherwise one must assume
the entire cooling loop will go water soiid with pressures equal to RCS pressure. An alternative is
to have a continuous drain system that maintains a suitable free surface in tiie steam generator. This
requires coordination with the RCS makeup system. If the design basis is isola * ion, will that require
redundant systems on each steam generator. Control of cooldown rates is expected to be required,
adding additional complexity. lleat rejection capacity sufficient to avoid early releases is expected
to result in excessive cooldown rates later.

O'
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) While simple in concept, the implementation of secondary closed loop cooling is expected to require
major changes in the plant structures. A workable system will be more complex than the conceptual
presentations being offered. Because of the redundancies in the current System 80+ design, and the
potential high cost of this DA, this DA will not be further studied as a Design Alternative.

A6 SECONDARY SIDE GUARD PIPES

The secondary side guard pipe was proposed to address a Main Steam Line Break (MSLB) outside
containment. This event is postulated to trigger multiple steam generator tube failures which could
then result in a core melt because of depletion of coolant inventory. This sequence also bypasses the
containment. The guard pipe would extend from the containment to the MSIVs and would be
designed to prevent depressurization, given a MSLB in the specific section of pipe. MSLB
represented 0.5% of the CDF for System 80+ and consequential SGTR was not modeled. It was
assumed that this DA would halve the risk associated with Interfacing Systems LOCAs (RC5. lE) and |
halve the risk associated with all steam line break sequences because it is assumed that half of the
lengths of main steam lines are guarded. Table 19A.5-4 quantifies the risk reduction value of this
DA. Using a $1000 per averted person-rem and a levelized capital cost of 16.6%, such a
modification would be cost beneficial if it cost less than $4.40.

The cost for the guard pipes was taken from GSI-163 and adjusted for the different number and |
M

size. The original estimate of $1.lM was for a four loop plant. Since the System 80+ has four
steam lines leaving the two SGs, this estimate will be used for our DA analysis. The final cost of
$1,100,000 was used in this analysis. This cost neglects the increased inspection and maintenance
cost of the main steam lines because they are no longer accessible.

A7 AUTOMATIC OVERPRESSURE PROTECTION

ABB-CE conducted an extensive evaluatbn of the System 80+ standard design to respond to
Interfacing System LOCA (ISLO CA) challenges, to address Staff concerns raised in SECY-90-016 |
and SECY-93-087. ABB-CE and the Staff worked closely in the development of an acceptance
criteria and performance of a system-by-system evaluation of ISLOCA challenges. The evaluation
was documented in an ABB-CE special report which has been incorporated as Appendix 5E. Table |
2-1 of Appendix 5E summarizes the design changes made to achieve ISLOCA responses acceptable
to the Staff. Section 4 of Appendix SE presents the evaluation of Design Alternatives and rationale
for the selected design approach for each potential ISLOCA pathway. Section 5 of Appendix SE
presents the Nuplex 80+ indication and control availability requirements supporting ISLOCA
detection and diagnosis. Since this issue has been designated by the Staff as technically resolved, no
further evaluation or reporting will be provided.

AS DIGITAL LBLOCA PROTECTION

The likelihood of Plant Protection System (PPS) or Engineered Safety Feature (ESP) component
system failure has been made extremely low through redundancy, hardware qualification, and a
rigorous quality assurance program which has been reviewed by the NRC (see Section 7.2.1.1.2.5). |
Large Break LOCAs represent only 6.6% of the CDF and steam line breaks represent 0.5% of the
CDF. These event 3 are not major contributors to offsite risk because they tend to be inside the |
containment. Therefore only minor benefits in terms of public risk would be expected.
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f The Large Break LOCA (LBLOCA) and steam line break within containment events can be assured
'

through operator action in response to symptoms of precursor leakage (Leak Before Break, LBB).
The instrumentation available to detect the leakage includes:

| - Acoustic leak monitoring system alarm and trending,
!

- Containment Temperature Level,

- Containment Radiation,

- Containment Humidity.

Nuplex 80+ makes possible tracking of leakage within containment and correlation of multiple
symptoms. In addition to increased costs and complexity of additional trips and ESF actuation paths,
the additional trips could decrease plant availability and merease the potential for equipment challenge
(false actuation leading to transients) for a negligible improvement in plant safety. Because of the
small public risk associated with the LBBLOCA and the sophistication of the current protection
system, this DA will not be further considered.

B. INCREASE DECAY IIEAT REMOVAL RELIABILITY

This group of design alternatives has been grouped together as improved decay heat removal
| reliability. The SIS and Safety Depressurization System (SDS) were grouped here because of their

feed and bleed capability.

B1 ALTERNATIVE DC BATTERIES AND EFWS
|

This Design Alternative addresses the release classes where emergency feedwater is lost after battery
depletion during a station blackout. The System 80+ design already has an improved battery system
that will carry the DC loads for 8 hours. There are still accident sequences where the batteries are
depleted and emergency feedwater is lost leading to core damage. The improved DC batteries and
EFWS DA is assumed to have the capability to remove decay heat using batteries and the turbine-

| driven feedwater pump for whatever time period that is required (without any failures). This Design
Alternative prevents core damne and, therefore, removes two of the release classes (see
Table 19A.5-5). Using a $1000 per averted person / rem and a levelized cost rate of 16.6%, such a
system would be cost beneficial if it cost less than $11.

Design of a battery system with unlimited capacity is not possible. However, to increase the existing
battery capacity for the EFWS pumps from the current System 80+ design capacity of 8 hours to
72 hours will require 9 times the number of current battery cells and thus approximately 9 times the
space for building storage. The increased building space will also increase the Heating, Ventilation
and Air Conditioning (HVAC) requirements. The cost for the extra battery cells, building volume

i and increased HVAC requirements is estimated to exceed $2 million. In the Comanche Peak
| SAMDA" additional batteries were estimated to cost between $1.3M and $3M.

!

O
19A-12 Amendment V - 4/29/94



. . . . - . . .

|4 .CESSAR !!Lm,.
I
!
!

B2 12-HOUR BATTERIES

The DA described in Section 19A.Bl is for an ideal battery system. This DA is for a specific and
technically realistic Design Alternative of using a battery system that would maintain load for twelve
hours. Such an improvement would decrease the failure to restore offsite power from 0.081 to

1 0.031, a 38% improvement. In terms of risk reduction benefits, this DA reduces the risk of two |
9

RCs (see Table 19A.5-6) and would have an equivalent capital value of $4.

Increasing the current battery size to accommodate a 12-hour duty cycle for station blackout loads
, rather than an 8-hour duty cycle would require more plates per cell (minimum of 25% increase).
L Preliminary estimates show that the existing 8-hour duty cycle requires a large number of plates per

cell (assuming 60 cell battery). Therefore, a 25 % increase in plates per cell may exceed the number
of plates that can be placed in a typical cell and may not be possible. However, if cells are available
in sufficient size, they would be larger per cell and would require an additional mounting rack, which
would require at a minimum 1.5 times existing battery building space. The more likely scenario
would require another 60 cell battery or two 58 cell batteries connected in parallel. Thus, the
required space would be 2 times existing space. The cost of this modification would be in excess of
$300,000.

B3 ALTERNATIVE PRESSURIZER AUXILIARY SPRAY

This Design Alternative was introduced to specifically address Steam Generator Tube Rupture
(SGTR) which is the initiating event for the largest three RCs. The analysis assumes that during a
SGTR, the auxiliary spray will always depressurize the primary system to the SCS operation modei

Q with sufficient speed and the SCS will always remove decay heat. This reduces the risk of SGTR |
in the System 80+ design has for six RCs (see Table 19A.5-7). Using a $1,000 per averted person-
rem and a levelized cost rate of 16.6%, such a system would be cost beneficial if it cost less than
$807. |

Designing a perfect Pressurizer Auxiliary Spray System is not possible. However, increased
reliability and diversity can be obtained by increasing the redundancy and diversity of the pressurizer
spray valves and providing a diverse positive displacement charging pump that is powered from a
diverse power source. The reliability of the SCS can be improved by providing a diverse shutdown
cooling pump with a diverse power source and providing a diverse heat sink. The cost for the
additional components, piping, power supplies, instrumentation and building volume is estimated to
exceed SS million.

B4 ALTERNATIVE HIGH PRESSURE SAFETY INJECTION

The System 80+ design has a very reliable four train Safety injection System to begin with. The
high pressure Safety injection Design Alternative assumes that all sequences with SIS failures can be
eliminated (see Table 19A.5-8). This Design Alternative would have to cost less than $500 to be cost
beneficial.

f
U
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As shown in Table 19.6.3.6-5 of the PRA, the dominant failure mode (80% of the total for small
break LOCA) is conunon cause failure of the four check valves or four motor operated isolation
valves. The Alternative SIS would have eight additional valves, each one with piping to parallel the
existing valves. The estimated cost for this modification is $2.2M. It is assumed that these valves

| are not subject to conunon cause failures. Testing and maintenance has not been considered.

B5 ALTERNATIVE RCS DEPRESSURIZATION

The System 80+ design has motor operated relief valves (MORVs) that permit residual heat removal
| using the valves and SIS pumps in a " feed and bleed" mode of operation. This Design Alternative

models a perfect MORV system that permits the primary coolant system to be quickly depressurized
| so that the SIS pumps are effective in getting coolant into the core and removing decay heat. This

DA eliminates all sequences in Table 19A.4-2 where the SDS fails. The risk reduction, shown in
| Table 19A.5.9, is worth $85 in capital to be cost beneficial.

Designing a perfect Safety Depressurization System is not possible. However, increased reliability
and diversity of the system can be obtained by increasing the redundancy of the safety
depressurization valves and/or tiroviding valves that are diverse. Providing the additional valves,

| piping and instrumentation is estimated to exceed $500,000. In the Comanche Peak SAMDA", an
Alternate Depressurization System was estimated to cost between $1.9M and $3.7M.

B6 DIESEL SI Pumps (2)

| The System 80+ design has a very reliable four train Safety Injection System (SIS) to begin with.
The high pressure Safety injection Design Alternative (Section B4 of this Appendix) assumes that
all sequences with SIS failures can be eliminated (see Table 19A.5-8). This Design Alternative is
more specific. It assumes that two of the motor-driver SIS pumps are replaced with diesel pumps.
This reduces common cause failures of all four pumps and also reduces the risk of station blackout.

| Using the failure rates and conunon cause dependencies in Reference 9, the reliability or the SIS
would be increased by a factor of 60. Station blackout was assumed to be eliminated. Table 19A.5-
10 shows that nineteen RCs are reduced with a risk worth of $83.79/y. This DA would be cost

| beneficial in terms of offsite risk reduction if it could be installed for less than $502 in capital.
|

| This modification would require replacing the electric motors on two of the safety injection pumps
| with diesel engines. The diesel engines will also require additional support systems and additional
| building volume to house the diesel drives and support systems compared to electric motor drives.

The cost of this modification would be in excess of $2 million.

B7 ALTERNATIVE STARTUP FEEDWATER SYSTEM

The Startup Feedwater System introduces the feedwater upstream of the main feedwater control
valves and is assumed to be unavailable for transients such as loss of feedwater. The Alternative
Startup Feedwater System would be available as a backup to the EFWS. It is assumed to eliminate
the sequences in Table 19A.4-2 where the EFWS fails. This reduces the risk of thirteen RCs (see

| Table 19A.5-11) and would be cost beneficial if it could be installed for a cost under $533.

O
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| V. The System 80+ Startup Feedwater System has been modified such that it can be utilized as a back
up to the Emergency Feedwater System. The System 80+ startup feedwater pumps are powered from
the Combustion Turbine such that they are available on a loss of offsite power event. The Condensate
Storage Tank provides the water source for the startup feedwater pumps. Since, the Startup'

Feedwater System is non-safety the water from the startup feedwater pump is supplied upstream of;

! the main feedwater isolation valves. Should the transient cause the main feedwater isolation valves
i to close on a Main Steam Isolation Signal, the signal can be bypassed and the valves reopened. The

instrument air compressors are also powered from the Combustion Turbine. Therefore, they will be
available to provide the air source for reopening the main feedwater isolation valves. Since this DA4

is included in the System 80+ design, no cost benefit analysis is necessary.
;

| B8 EXTENDED RWST SOURCE

{ In the important SGTR sequences to public risk (RC4.36L), the RWST source expires as a makeup |
j source. This DA consists of a ground level tank of borated water and a pump and piping to pump

'.
the water to the RWST. It is assumed that the supply of water is sufficient to permit corrective
actions before it also is exhausted. This DA is assumed to eliminate RC4.36L (see Table 19A.5-12). |
Using a $1,000 per averted person-rem and a levelized cost rate of 16.6%, such a system would be

! cost beneficial if it cost less than $198.
i
! A detailed design for the extended RWST source has not been performed but it would require a
! ground level tank of borated water and a pump and piping to pump the water to the elevated RWST,
! and instrumentation and control system. It is estimated to cost in excess of $1 Million.
;-

C. IMPROVED ELECTRICAL POWER RELIABILITY

This group of Design Alternatives address station blackout. Battery depletion was considered under
improved decay heat removal because it was assumed to enable longer operation of the steam-driven

i emergency feedwater trains.
1

i C1 TIIIRD DIESEL GENERATOR
i

; The System 80+ plant is designed to have two Diesel Generators (DGs), a Combustion Turbine and
j two independent switchyards. Many plants are using a third DG as a swing unit or during a refueling
j when one DG is out for maintenance. This DA was selected to address the risk reduction of
f installing an additional unit. It was assumed that the unit was affected by common cause failure and

9; had a conditional failure rate (y) of 0.76/d given that the other DGs had failed. This reduced the |
} risk of the two RCs for station blackout by 24% (see Table 19A.5-13). Using a $1,000 per averted
{ person-rem and a levelized cost rate of 16.6%, such a system would be cost beneficial if it cost less
{ than $3.

; Addition of a third diesel generator to lower the probability of station blackout would require the
j addition of a 6.4 MW diesel generator, its associated support systems, additional component cooling

'

water piping to and from the diesel generator cooling water heat exchanger, an addition of a swing
bus, additional cabling for connecting the diesel generator to the Electrical Distribution System, an

"

additional diesel generator building to house the diesel, an additional fuel oil storage tank and storage
i

!
4

: o
.

.

4
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tank structure, and additional HVAC systems for the diesel generator building and fuel oil storage
tank structure. A study conducted for Duke Power Company's McGuire Nuclear Station estimates
the cost of adding a similar swing diesel to be in excess of $25 Million. This McGuire study
investigated the cost that other utilities incurred in installing additional diesel generators. Pennsylvania
Power and Light installed a swing diesel at their Susquehanna plant. This job was originally bid at
$30 Million; however, final installation ended up costing $130 Million. Northern States Power added
additional diesel generators at the Prairie Island site. The initial bid for the project was $60 Million;
however, the final price was around $78 Million. The cost estimates for an additional diesel was

| $18.4M to $19M in the Comanche Peak SAMDA" For this analysis the additional diesel will be
estimated to cost $25 million.

C2 TORNADO-PROTECTION FOR COMBUSTION TURBINE-

i

The PDSs in Table 19A.4-2 with the designator "TRND" are for tornados and it was assumed that
offsite power was lost and the combustion turbine was not available. For these three sequences, it
was assumed that the DA completely protected the turbine and it was available to supply AC with
a failure ratedof 0.025/d. This reduced the risk of two RCs (see Table 19A.5-14) and would be cost
beneficial if it could be installed for less than $10.

The cost of this DA was estimated at over $3M ind includes protection of the turbine, fuel tank, and
tunneling for cooling line. The cost could be as high as $4M depending on tunneling distances.

C3 FUEL CELLS

in addition, alternative battery types to the traditional lead battery were investigated. Alternative
battery types such as lithium or zinc are not commercially available in the necessary sizes to provide
the capacity required by System 80+. Fuel cells are available in the size required for System 80+;
however, they are not proven technologies in nuclear station applications and are not available as
Class 1E equipment. In addition, the use of fuel cells presents the problem of heat generation since
a typical fuel cell will operate at a temperature of 300 to 1000"C. IIVAC systems would have to be
capable of removing the heat. Also, a safety related fuel delivery and exhaust system would be
required fcr etch battery. Since fuel cells use combustible materials such as hydrogen or methane,
their presenec would increase the risk of fires in the plant. Design, development and installation of
this type of fuel cell system would cost well over $2 million more than a conventional lead acid
battery arrangement.

i

This Design Alternative addresses the release classes where emergency feedwater is lost after battery
depletion during a station blackout. This DA is assumed to have the capability to remove decay heat

| using the turbine-driven feedwater pump for whatever time period that is required (without any,

failure). This Design Alternative prevents core damage and therefore removes two of the release
cbses (same as Alternative DC Batteries and EFWS, see Table 19A.5-5). Using a $1,000 per
averted person-rem and a levelized cost rate of 16.6L such a system would be cost beneficial if it ;

cost less than $11.

I,

O|
|
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h C4 HOOKUP FOR PORTABLE GENERATORSa

|

! I

Instead of increasing the battery capacity for the turbine-driven EFW pump train, portable generators
could be brought in and hooked up for continued operation of the turbine-driven EFW pump train
after the batteries are depleted. This would require temporary hookup connections so that the portable4

generators could be connected in a timely manner. These temporary hook up connections would need
; to be located in an area that was easily accessible for installing the portable generators and would

have to be located in an appropriate environment for running the generators during station blackout;

conditions. The cost of adding these temporary hookup connections, including the cabling to an
appropriate location for hookup would be in excess of $10,000.

The System 80+ design includes numerous means of supplying feedwater to the steam generators.
j It has main feedwater runback, automatic actuation of the startup feedwater train, four emergency
; feedwater trains (two motor-driven and two steam-driven). The electric trains are supported by two
! diesel generators and a standby AC source (combustion turbine) in addition to the two sources of

offsite power. In addition, the design has the capability to remove decay heat by a feed and bleed
i process using one of four safety injection pumps. Because of the redundancy in feedwater and feed

and bleed capability, the use of the diesel-driven fire pump as an alternate feedwater source was not,

quantified because of the small risk reduction capability.

The Design Alternative addresses the release classes where emergency feedwater is lost after battery,

! depletion during a station blackout. This Design Alternative prevents core damage and, therefore,
i removes two of the release classes (same as Alternative DC Batteries and EFWS, see Table 19A.5-5)
j and would be cost beneficial if it cost less than $11.

D. ATWS AND EXTERNAL EVENTS, REDUCTION OF CDF l

| This group of design alternatives consist of ATWS prevention or mitigation alternatives and
protection of some extemal events.

4

| D1 ALTERNATIVE ATWS PRESSURE RELIEF VALVES

. This Design Alternative was selected because the System 80+ design uses an advanced digital Plant
Protection System that has raised much interest. It consists of a system of relief valves that can

! prevent any equipment damage from a primary coolant pressure spike in an ATWS accident
sequence. This DA is assumed to eliminate all the ATWS core damage sequences. ATWS does not

} show up as a dominant PDS but represents 3% of the CDF (see Table 19.15.2-1). Therefore, the |
| risk of all release classes from transients was reduced by 3% (see Table 19A.5-15). Using a $1,000

per averted person-rem and a levelized cost rate of 16.6%, such a system would be cost beneficial
! if it cost less than $6.
:

To implement this Design Alternative, the safety relief valve sizes and discharge piping size would,

need to be increased. It may also require additional safety relief valves and thus additional safety?

relief valve discharge piping and supports. In addition, the size and possible the number of safety
valve nozzles on top of the pressurizer would need to be increased. The cost of this design

j alternative is estimated to exceed $1 million.
1

,

i
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D2 ATWS INJECTION SYSTEM

An " ink" injection system was proposed for the heavy water New Production Reactor as a shutdown
system diverse from the mechanical rods. Also, a foreign utility also showed some interest in this
concept. Therefore, this DA was selected for evaluation. In terms of risk reduction benefits, this
DA has the same advantage as the ATWS pressure relief valves (see Table 19A.5-15) and would have
an equivalent capital value of less than $6.

For estimating the cost of this DA, it was assumed that the RCP seal cooling pump could be used
with existing sources of boron and existing piping and valves. The cost of this DA is $300,000 and
is associated with the instrumentation and control system to activate the pump and align it.

D3 DIVERSE PPS

This Design Alternative was selected because the System 80+ design uses an advanced digital Plant
Protection System that has raised much interest. A foreign utility also inquired about this DA. In
this analysis, it was assumed that the redundant PPS eliminated all ATWS. The System 80+ has an4

Alternate Protection System (APS) in order to meet the ATWS rule. The APS contains an alternate
scram system and a Diverse Emergency Feedwater Actuation System (DEFAS). The DA considered

| here is a third, diverse PPS to resolve Instrumentation and Control (I&C) diversity concerns. This
DA has the same risk reduction as the ATWS pressure relief valves (see Table 19A.5-15) and using
a $1,000 per averted person-rem and a levelized cost rate of 16.6%, such a system would be cost
beneficial if it cost less than $6. The cost of a diverse PPS was estimated to be $3,000,000.

4

D4 SEISMIC CAPAllILITY

The Syste. 80+ Plant is designed for a Safe Shutdown Earthquake (SSE) cf 0.3g acceleration. The
| Seismic Margins Analysis (Section 19.7.5) addresses the margins associateo with the seismic design

and demonstr:.tes that the plant liigh Confidence of Low Probability of Failure (HCLPF) value is
0.6g acceleration. Therefore, there is a 95% confidence that existing equipment has less than a 5%

| probability of failure at twice the SSE level. To meet this stringent design goal, the containmentdesign and SG support design may be modified. Recent Nuclear Regulatory Commission policy
decisions state that ALWRs need to only demonstrate a HCLPF of 0.5g. The seismic capability is
considered adequate for the System 80+ design and no additional changes are considered.

D5 FIRE AND FLOOD CAPAlllLITY

The System 80+ Plant is designed with four quadrants, two in each of two divisions with permanent
barriers between the divisions. Also, sources of flooding were reduced in the annex building and
drains were specifically designed to reduce flooding potential. These design features are described

| in Sections 9.5 (Fire Protection) and 3.4 (Flood Design). This capability is considered adequate for
the System 80+ design and no additional changes are considered for fire and flood.

O
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i E. DESIGN ALTERNATIVES TO REDUCE RADIOACTIVE RELEASES
:

The fifth group of Design Alternatives are alternatives that were selected to protect the containment j

or reduce the release fractions. For the DAs that protect the containment, the releases are set to zero |'

and then the risk is reevaluated. These DAs include the improved containment sprays, filtered vent,
,

concrete composition, reactor vessel exterior cooling, and H2 igniters. ;

El ALTERNATIVE CONTAINMENT SPRAY4

! An Alternative Containment Spray System is assumed to prevents the high pressure containment |

{ failures caused by slow steam pressurization (RC2.2M) and eliminate the sequences where scrubbing
i does not occur. This system is assumed to have a perfect power supply and heat sink and work in

all release classes where the containment is challenged regardless of the sequence of events or.
,

equipment failures that led to core damage and containment challenge. These assumptions
'

;

overestimate the benefits of this Design Alternative. It also reduces the releases in all the release;

classes where no scrubbing of fission products was initially predicted. This DA reduces the risk of'

i six cf the release classes (see Table 19A.5-16). Using a risk conversion factor of $1,000 per person- ;

; rem, this DA would have an annual value of $7.27/y. The annual benefit of the Design Alternative |
could be converted to a capital benefit using the levelized capital cost rate of 16.6% developed in '

j Section 19A.2. The ideal Containment Spray System would be cost beneficial if it could be installed
for less than $44 and have no maintenance and testing costs. Any annual operating costs would have;'

to be subtracted from the annual risk reduction benefits. 1

,

| J

: The above aaalysis assumes that the system has a failure rate of 0.0 in terminating the accident by
; 4 protecting the containment. The capital benefit is inversely proportional to the reliability of the
' V system. For examps, if the design had a conditional reliability of 0.5 in these accident sequences,

then the DA would have to cost less than $22 to be cost effective.,

; Estimating the cost to design and build a perfect Containment Spray System is not realistically
! possible. However, one option would be to provide piping from the containment spray header to the
! exterior of the Nuclear Annex for a temporary hook-up of a skid-mounted pump or fire truck should
j all containment spray and shutdown cooling pumps be unavailable. The cost of the additional Class 2
; piping, pipe supports, valves, on-site pump or fire truck with the required pumping capacity and

pump head and building to store the fire truck is estimated to exceed $1.5 million. This design,

; modification has been included in the design.

I E2 FILTERED VENT (CONTAINMENT)
;

i The Filtered Vent Design Alternative prevents all slow high pressure containment failures and
: therefore reduces the doses in RC2.2M (see Table 19A.5-17). Using a value of $',009 per person-

rem avoided, this Design Alternative has a benefit of $0.53/y. Using a levelized capital cost rate of
i 16.6%, a system with a capital cost of $3 would just be cost effective.

The cost estimates for a Filtered Vent System ranges from $2.8 Million to $25 Million. IDCOR,

j Technical . Report 19.1, July 1983, estimated a cost of $25M for larger systems than our design and
i sized to handle ATWS. In the Advanced Boiling Water Reactor (ABWR) SAMDA, a cost of $3M |
2 was quoted. This is probably a smaller design taking credit for scrubbing in the BWR suppression
4 pool. The Comanche Peak
i

i

1

i
J
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| SAMDA" estimated the cost from $15M to $22.3M and the Limerick SAMDA gives a range from2

$2.8M to $11.3M. The System 80+ estimate of $10M is for a non-ATWS sized, fully Category I
facility and is bounded by the other estimates.

,

i

E3 ALTERNATIVE CONCRETE COMPOSITION

| The containment building for System 80+ uses a spherical containment with rooms below it that are
'

part of the nuclear annex building. It is assumed that in accident sequences where corium/ concrete
interaction are not stopped, containment failure would lead to releases through the nuclear annex
building. This Design Alternative assumes that an ideal concrete composition could be developed,

| that prevents basemat melt-through. This would eliminate seven RCs where basemat melt-through
is modeled (see Table 19A.5-18). Using a $1,000 per averted person-rem and a levelized cost rate
of 16.6%, such a system would be cost beneficial if it cost less than $29.

An advanced concrete composition to prevent corium/ concrete interaction is not currently available.
However, additional concrete could be added to increase the time before containment failure would
occur. Currently, additional concrete can not be added to the reactor cavity, since there would be
an interference with the incore instrumentation tubes which exit the bottom of the reactor vessel. In

| order to add an additional two feet of concrete the Nuclear Steam Supply Sys:em (NSSS) would have,

i to be raised by two feet to avoid 5.terference with the incore instrumentation tubes. Raising the NSSS
| would also require the crane wall height to be increased by two feet in order to have adequate
| clearance to lift the reactor head and service other NSSS components. In order to increase the crane

wall height the containment diamater would have to be increased by approximately two feet in order
to avoid an interference between the crane wall and containment vessel and to allow adequate space

| for spray coverage. An increase in containment diameter may also require an increase in containment
| plate thickness. An increase in centainment plate thickness will require post-weld heat treatment for

the construction of the containment vessel since the current thickness is at the limit allowed by the
ASME Code before post-weld heat treatment is required. An increase in containment diameter will
also require an increase in the diameter of the concrete shield building. The added cost for an
additional two feet of concrete in the reactor cavity floor is small. However, the added cost of
additional steel for the increased containment diameter and thickness, post-weld heat treatment
required for the increased containment plate thickness, additional concrete and rebar for the increase
in crane wall height and shield building diameter is estimated to exceed $5 million.

Because the dominant risks are associated with containment bypass events, the risk reduction
associated with the additional thickness of the containment was not quantified. In events where no
decay heat removal is available, the containment failure would still be postulated.

E4 REACTOR VESSEL EXTERIOR COOLING

A reactor vessel exterior cooling system is assumed to prevent vessel melt-through and subsequent
basemat attack or steam explosions. This Design Alternative reduces the consequences of eleven RCs

| s(see Table 19A.5-19). Using a $1,000 per aserted person-rem and a levelized cost rate of 16.6%,
|

! uch a system would be cost beneficial if it cost less than $185.
!
|

|

O
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O The current arrangement for the In-Containment Refueling Water Storage Tank (IRWST) will not |
allow wetting of the reactor vessel. The elevation of the IRWST was selected to ensure that wetting
of the vessel would not occur should the holdup volume and cavity flood valves inadvertently open
during power operation. This will prevent thermal shock of the vessel, liowever, water can be
induced into the reactor cavity for exterior vessel cooling from external sources such as the Boric

; Acid Tank which provides a makeup source to the IRWST or by inducing water through the
| temporary hookup on the containment spray line discussed in Design Alternative El above and cost |
| $1.5M. Ilowever, to utilize this option it must first be demonstrated that the reactor vessel will not
j breach do to thermal shock of the vessel from the cold water. The analysis to demonstrate this is i
'

estimated to cost $1M. This is based on the FERC prudence hearings for Yankee Atomic Electric
Co. where it was reported that demonstration of vessel integrity would be a " multi-million dollar !

cost"!3 The total cost would be $2.5 M. |
'

Given such a design modification was licensable, an inadvertent wetting of the reactor vessel during
,

power, and no actual failures occurred, the event would require extensive testing and inspection |
'

before the plant would be permitted to startup. Such costs and additional economic risks have not i

been quantified but it is believed that these risks would outweigh any advantage of vessel flooding. |

ES ALTERNATIVE H2 IGNITERS 1

|

Ideal hydrogen (112) igniters would prevent release classes associated with containment failures from ;

hydrogen burns or explosions. The System 80+ design has two different hydrogen control systems l
'

as described in Section 6.2.5. The Containment 11ydrogen Recombiner System (CliRS) is designed |
to control the 112 concentrations in the containment following a LOCA. The CilRS prevents the !

g coacentratkn M byarogen from reaching the lower flammability limit of 4% by volume in air or
steam-air mixtures. During a degraded core accident, hydrogen will be produced at a greater rate

,
than that of a design basis LOCA. The liydrogen Mitigation System (IIMS) is designed to
accommodate the hydrogen produced from 100% fuel clad metal-water reaction and limit the average!

hydrogen concentration in the containment to a 10% for a degraded core accident. The liMS consists '

of 80 Glow Plug igniters distributed throughout the containment. ' Their placement is based on a
detailed assessment of the flow paths to fully cover all of the containment. Section 19.11.4.1.3 of
the discussed hydrogen in severe accidents. System 80+ already has a degroM core 112 control |
system and only two release classes (RC2.lE and 2.2E) have containment failure from hydrogen
burning. This Design Alternative reduces the risk of these RCs (see Table 19A.5-20). Such a system

( would have to cost less than $6 to be cost beneficial. |

Providing perfect hydrogen igniters which have no probability of failure is not possible, llowever,
the reliability of the hydrogen igniters could be improved by either providing dedicated batteries for

. the existing design (Glow Plug igniters) or by providing catalytic hydrogen recombiners which do
I not require a power source. Since catalytic hydrogen recombiners are not fully developed, possible

failure modes, including common cause failure modes, are not known. Therefore, they are not being <

selected for the System 80+ design at this time. The addition of dedicated batteries for the hydrogen
; igniters along with the additional equipment such as battery chargers and invertor and the additional

building space to store this equipment is estimated to exceed $1 million. In the Comanche Peak
SAMDA additional batteries were estimated to cost between $1.3M and $3M and an ignition system |

|- was estimated to cost $5.8M to $8M.

!

|
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E6 PASSIVE AUTOCATALYTIC RECOMBINERS (PARsj

Passive Autocatalytic Recombiners (PARS) are arrays of a palladium catalyst that will combine
molecular hydrogen and oxygen gases into water. These units are currently in tl e development stage
and have not been used in existing U 9. plants. They have a low conversion efficiency and,
therefore, would have to be used in combination with existing H2 igniters. The advantage of the
PARS is that they require no electrical power and, therefore, would operate during a station blackout.
The success of the PARS to prevent a H2 burn would depend on the speed of the production and
release of the H2. For this analysis, it was conservatively assumed that the PARS worked perfectly
and, therefore, would prevent release classes associated with containment failures from hydrogen
burns or explosions. The System 80+ design already has H2 igniters with redundant power backup

| via either DGs, batteries, or Combustion Turbine. Therefore, only two release classes (RC2.lE and
2.2E) have containment failure from hydrogen burning. This Design Alternative reduces the risk of
these RCs (see Table 19A.5-20, Alternative H2 Igniters). Such a system would have to cost less than
55 to be cost beneficial.

| EPRI he been developing PARS technology and estimates that 40 units would be needed for larget2

dry containments. EPRI estimates the units would cost $19,000 each, and the cost for the PARS in
Sysum 80+ would be $760,000. This costs neglects any annual costs of cleaning, inspection and
testing. Also, both Nuclear Regulatory Commission (NRC) and Advisory Committee on Reactor
Safety (ACRS) have expressed concern about the expected relative slow response time of the PARS.

E7 MSSV AND ADV SCRUBBING

The discharges of the Main Steam Safety Valves (MSSVs) and Atmospheric Dump Valves (ADVs)
could be scrubbed by routing the discharges through a structure with a water spray condense the
steam and remove most of the fission products. This DA was introduced to specifically address Steam
Generato: Tube Rupture (SGTR) where isolation fails (the largest three RCs). Table 19A.5-21 gives

| the risk reduction of this DA. The risk reduction is worth $922 dollars in capital to be cost
,

beneficial. !
i

This modification would require building structure over the valve discharges and installing a header j

system to distribute water. In addition, a pump, piping, water supply and instrumentation and drain
system would be needed. Conceptually, this system is similar to a Containment Sp y System for i

| which a cost estimate of $9.5M was given in the Commanche Peak SAMDA analysis and that cost
estimate will be used in this analysis.

E8 ALTERNATIVE CONTAINMENT MONITORING SYSTEM

The alternative containment monitoring system was selected to address the RCs where containment
bypass is predicted. It does not address steam generator tube rupture where failure to isolate the SG
is predicted. This DA is assumed to eliminate thd containment bypass RC4.8E and the Interfacing

| Systems LOCA RC5.lE (see Table 19A.5-22). Using a $1,000 per averted person-rem and a
levelized cost rate of 16.6%, such a system would be cost beneficial if it cost less than $10.

O
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This modification would require the addition of a redundant and diverse limit switch to each
containment isolation valve, and the addition of control and fiber optic cabling to the plant computer.
The cost of this modification would be in excess of $1 million. In the Comanche Peak SAMDA" | ;

an alternative bypass instrumentation system was estimated to cost $2.7M.

E9 CAVITY COOLING

The Cavity. Cooling DA uses the existing SCS heat exchangers in the IRWST to cool the reactor
vessel cavity under natural circulation. It uses existing piping and equipment but only increases the
size of the pipes to ensure that natural circulation is effective. In the upper limit as modeled here,
this DA assumes the existing SCS equipment always works and it is assumed to eliminate vessel
failure, steam explosions and concrete interactions. It has the same advantages and risk reduction
wcrth as the reactor vessel cooling system (see Section E4 and Table 19A.5-19) but has a lower
capital cost because it uses existing equipment. This modification would be cost beneficial if the cost
was less than $197.

This modification would require increasing the size of the existing cavity flood lines and performiig
analysis that there is adequate mixing between the reactor cavity and IRWST. The cost of this
modification would be in excess of $50,000. In the Comanche Peak SAMDA" an Alternative Cavity .|
Flooding System was estimated to cost between $1.2M and $2.3M.

E10 VENTING THE MSSV IN CONTAINMENT

ABB-CE does not plan to divert MSSV steam releases back to the containment. While such a system
would reduce radiological releases to the environment for selected accide'nt scenarios, such a system
does not significantly reduce public risk and does carry several disadvantages. It should be noted that
this feature does not eliminate releases to the environment.

1

The technical disadvantages of the MSSV-containment steam return system are sununarized below i

for two hypothetical systems. In the first system, the steam is simply returned to the containment |
atmosphere. In the second system, the steam is discharged into the IRWST " ie it would be
condensed.

Direct dischrge of MSSV into containment has several serious disadvantages:

1. The secondary system return will place an additional loading burden on the containment and
restrict plant operators in responding to accidents when containment sprays are unavailable.
This could lead to the addition of a containment vent to address those concerns which in itself
introduces another means of inadvertent containment bypass. I

2. Any condensed steam discharge will drain to the IRWST, diluting the boron concentration.
A minimum IRWST boron concentration for safety injection is necessary for mitigating LOCA :
and non-LOCA events.

-|

3. The release to containment atmosphere has the potential to cause personal injury.
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An MSSV return system directed to the IRWST has similar drawbacks to items 1 and 2 described
above and poses the additional complication that discharge of steam flows typical of the MSSVs may
produce excessive loadings within the IRWST.

Either return path would require a major redesign effort and increase design complexity, which are-

not consistent with evolutionary ALWR goals. Also, this provision will not eliminate radiological
releases to the environment from a SGTR.

,

In summary, the issue of including an MSSV discharge return to the containment was considered
from design considerations. Based on this review, this DA poses serious design drawbacks.
ABB-CE does not believe that the secondary steam should be piped and vented inside containment.

| These events are characterized as Anticipated Operational Occurrence (AOO) events and filling the
'

containment with steam during these events would be both damaging to the equipment and dangerous
to operators. A cost benefit analysis was not performed for this DA because as it would require an
assessment of equipment degradation, injuries, and loss of plant availability after secondary side
venting into containment.

E11 IIYDROGEN PURGE LINE

An existing System 80+ design feature that could be utilized in venting the containment is the
hydrogen purge vent. System 80+ is equipped with two 3 inch diameter hydrogen purge vents which

| can be used for purposes of containment venting. This design feature is shown in Figure 6.2.5-1.
The vents are intended for use in post-LOCA condition for diverting hydrogen to the secondary
containment (annulus) should the hydrogen recombiners be inoperative. The Annulus Ventilation
System then collects and filters the secondary containment atmosphere before release.

An analysis of the potential application of the venting capabilities of the hydrogen purge piping was
performed using the MAAP computer code. This analysis conservatively simulated hydrogen purge
as a 0.049 ft2 equivalent area opening in the containment. A hypothetical accident management
strategy was considered, whereby the hydrogen purge system is used to vent at the time the
containment reaches 80 psia will enable the containment to maintain its pressure well below the
containment failure threshold.

Since there are 4 AC electric motor-operated valves in series on each division that must be opened
to purge the containment and the Annulus Ventilation System requires AC power for operation, this
feature can not be credited for mitigating severe accidents resulting from a complete loss of AC
power.

This DA has already been included in the System 80+ design and no cost benefit analysis is
necessary.

E12 WATER COOLED RUBBLE BED

The purpose of the water cooled rubble bed is to achieve a coolable debris bed below the vessel and
remove decay heat. This DA consist of a floodable rubble bed in the honom of the vessel cavity.
The rubble bed would be kept dry until the corium had penetrated into it, thus minimizing the
potential for steam explosion. This DA would have the same risk reduction potential as the ideal,

| Alternative Concrete Composition (DA E3). This DA would eliminate seven RCs where basemat
i

O'
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; melt-through is modeled (see Table 19A.5-18). Using a $1,000 per averted person-rem and a
levelized cost rate of 16.6%, such a system would be cost beneficial if it cost less than $29.

2i The cost of the water cooled rubble bed is estimated to be between $35.5 and $38.5 Million.
1 Another sourcel8 estimated the cost to be $18.8 Million. Neither source included the cost of actually
4

developing the system. Periodic testing and maintenance of the device which could be significant.
For this analysis, the lower cost of $18.8M will be used,

d

; E13 REFRACTORY LINED CRUCIBLE
i

: The purpose of the refractory lined crucible is to achieve a coolable debris bed below the vessel and
j remove decay heat. This DA consist of a ceramic lined crucible with cooling located in the vessel

cavity. This DA would have the same risk reduction potential as the ideal, Alternative Concrete
Composition (DA E3). This DA would eliminate seven RCs where basemat melt-through is modeled |

!

! (see Table 19A.5-18). Using a $1,000 per averted person rem and a levelized cost rate of 16.6%,
such a system would be cost beneficial if it cost less than $29.

4

! The cost of the water cooled rubble bed is estimated 2 to be between $108 and $119 Million. Neither

'! source included the cost of actually developing the system. Periodic testing and maintenance of the
device which could be significant. For this analysis, the lower cost of $108M will be used.

E14 VACUUM BUILDING

ABB-CE developed a conceptual design for a vacuum building which was designed to reduce2

] emissions from severe accidents and is described in Reference 10. The cost was estimated as $30 M |
j in 1983. A separate IDCOR sponsored ;tudy (IDCOR Technical Report 19.1, July,1983) also
j estimated the cost to be $30M (approximately $42M in 1993 dollars). Becsuse of the high costs, and

'

because most of the significant releases are bypass events for which the vacuum building would not
help, this DA was not quantified.

!

j EIS RIBBED CONTAINMENT
;

i
i A ribbed containment was considered to address increased capacity against potential failure of the

containment from buckling during a seismic event coupled with an inadvertent actuation of the
containment spray. This conservative combination of events would lead to a vacuum in containment

,

and increase the potential for buckling. However, the free standir; nnreinforced containment design,

meets or exceeds all design criteria for this design basis event. Alw, the probability of simultaneous
j occurrence of maximum seismic excitation and maximum negative pressure is eyeedingly low. The
: cost of this DA is in the $10s of millions because the ribs complicate manufacturing and construction
{' and would require field heat treating. Given that this DA has a high cost and no appreciable benefit,

it will not be further quantified.

i
1

:

'

:

I
<
i
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TABLE 19A.2-1
'

(Sheet 1 of 2)

4 SUMMARY OF TIIE RISK REDUCTIONS OF TIIE DESIGN ALTERNATIVES

Annual Risk,

Reduction Capital Capital Net Capital
Desien Alternative $/Y Benefit * Cost Benefit .

A2 100% SG Inspection $156.15 $941 $1.500,000 ($1,499,059) |
A6 Secondary Side $0.73 $4 $1,100,000 ($1,099,9%)

<

;' Guard Pipes

| B1 Alt. DC Batiery and $1.87 $11 $2,000,000 ($1,999,989)
EFWS

i B2 12-Hour Batteries $0.71 $4 $300,000 ($299,996)
B3 Alt. Pressurizer Aux. $133.96 $807 $5,000,000 ($4,999,193) |

'

,

Spray
. .

B4 Alt. IIPSI $82.94 $500 $2,200,000 ($2,299,500)
B5 Alt. RCS $14.18 $85 $500,000 ($499,915)4 +

I Depressurization
B6 Diesel SI Pumps (2) - $83.35 $502 $2,000,000 ($1,999,535)
B8 Extended RWST $88.40 $533 $1,000,000 ($999,467)

| Source
,' C1 Third Diesel - $0.45 $3 $25,000,000 ($9,999,997)

Generator -'

i C2 Tornado-Protection
for Combustion $1.60 $10 $3,000,000 ($2,999,991)'

Turbine
C3 . Fuel Cells $1.87 $11 $2,000,000 . ($1,999,989)

i, C4 Ilookup for Portable $1.87 $11 $10,000 ($9,989)
'

Generator i

D1 Alt. ATWS Relief $0.97 $6 . $1,000,000 ($999,994) |

; Valves

i

!
i

i
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TABLE 19A.2-1'

(Sheet 2 of 2)

SUMMARY OF TIIE RISK REDUCTIONS OF TIIE DESIGN ALTERNATIVES

Annual Risk
Reduction Capital Capital Net Capital

Design Alternative $1X Benefit * Cost Benefit

D2 ATWS Injection $1.02 $6 $300,000 ($299,994)
System,

D3 Diverse PPS System $1.02 $6 $3,000,000 ($2,999,994)

| El Alt. Containment $7.35 $44 $1,500,000 ($1,499,956)
Spray

E2 Filtered Vent
(Containment) $0.53 $3 $10,000,000 ($9,999,997)

| E3 Alt. Concrete $4.86 $29 $5,000,000 ($4,999,971)
Composition

E4 RV Exterior Cooling $30.69 $185 $2,500,000 ($2,499,815)
E5 Alt.112 Igniters $0.92 $6 $1,000,000 ($999,994)
E6 Passive Autocatalytic

Recombiners (PARS) $0.75 $5 $760,000 ($759,995)
E7 MSSV and ADV

| Scrubbing $152.99 $922 $9,500,000 (59,499,078)
E8 Alt. Containment

| Monitoring System $1.66 $10 - $1,000,000 ($999,991)
E9 Cavity Cooling $32.60 $197 $50,000 ($49,818)
E12 Water Cooled Rubble $4.87 $29 $18,800,000 ($18,799,971)

Bed
E13 Refractory Lined $4.87 $29 $108,000 ($107,999,971)

Crucible

* The capital benefit is the present worth value equal to the annual benefit in risk reduction and assumes no maintenance or testing of
additional equipment.
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TABLE 19A.3-1

ECONOMLC ASSUMPTIONS FOR LEVELIZED CAPITAL COST RATE ,

Assumptions Value i

BOND (DEBT) INTEREST RATE, % 10.48
DEBT FRACTION 0.55
RETURN ON EQUITY, % 12.48
INCOME TAX RATE, % 50.0
RATE OF INFLATION, % - 4.0 .
ANNUAL PROPERTY TAX + INSURANCE, % 2.0
TAX DEPRECIATION LIFE, YRS. 20.0

,

'

PLANT AND COMPONENT ECONOMIC LIFE, 60.0
YRS.

RESULTING LEVELIZED CAPITAL COST RATE, % 16.6

Ar
!

I

i

i
i

i
t

!
;

!-

| (~
j .\

l

!
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; TABLE 19A.4-1
i
d

i (Sheet 1 of 2)

SUMMARY DESCRIPTION OF SYSTEM 80+ RELEASE CLASSES
,

Release Class Release Class Definition
,

: RCl.lE Early core melt, intact containment, Annulus filtering, Core damage less
,

than 8 hrs
!

,
RC1.1M Mid core melt, Intact containment, Annulus filtering, Core damage 8 to 24

I hrs

RC2. lE Early core melt, Late Contaimnent failure, in-vessel scrubbing, no,
j vaporization or revaporization releases, Core damage less than 8 hrs, H2
j burn

; RC2.2E Early core melt, In-vessel scrubbing, no vaporization releases,
revaporization releases, releases scrubbed, Late Containment failure, H2

! burn
;

.
. RC2.4E Early core melt, Late Containment failure, in-vessel scrubbing,

I vaporization releases, no revaporization releases, releases scrubbed,
Basemat melt through -

RC2.5E Early core melt, Late Containment failure, in-vessel scrubbing,'

vaporization releases, no revaporization releases, releases not scrubbed,;

i Basemat melt thru
; I

j RC2.6E Early core melt, Late Containment failure, in-vessel scrubbmg, j

{ vaporization releases and revaporization releases, releases scrubbed,
| Basemat melt through |
i

RC2.7E Early core melt, Late Containment failure, in-vessel scrubbing,
i vaporization releases and revaporization releases, revaporization releases |

j scrubbed, vaporization releases not scrubbed, Basemat melt
:

! RC2.2M Mid core melt, Late Containment failure, in-vessel scrubbing, no
vaporization releases, revaporization releases, releases scrubbed, CSS fis,,

i Steam failure

RC2.5M Mid core melt, Late Containment failure, in-vessel scrubbing, vaporization
; releases, no revaporization releases, releases not scrubbed, Basemat melt

thru

f RC2.6M Mid core melt, Late Containment failure, inoessel scrubbing, vaporization
! releases and revaporization releases, releases scrubbed, Basemat melt

through

.

,

i Amendment U - 12/31/93
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TABLE 19A,4-1

(Sheet 2 of 2)

SU5 DIARY DESCRIPTION OF SYSTEM 80+ RELEASE CLASSES

Release Class Release Class Definition
._

RC2.7M Mid core melt, Late Containment failure, in-vessel scrubbing, vaporization
releases and revaporization releases, revaporization releases scrubbed,
vaporization releases not scrubbed, Basemat melt

RC3.1E Early core melt, early containment failure, in-vessel scrubbing, no4

vaporization or revaporization releases, Steam explosion

RC3.2E Early core melt, early containment failure, in-vesscl scrubbing, no
'

vaporization release, revaporization releases, releases scrubbed, Steam
explosion

RC3.4E Early core rnelt, early containment failure, in-vessel scrubbing, vaporization
release, no revap, releases, releases scrubbed, steam explosion4

RC3.6M Mid core melt, early containment failure, in-vessel scrubbing, vaporization.

~

release, revap. releases, releases scrubbed, CSS failed, Steam explosion

RC4.22E Early core melt (SGTR), in-vessel scrubbing, vaporization releases, no |
revaporization releases, releases scrubbed, isolation failure

~

RC4.8E Early core melt, isolation failure, in-vessel scrubbing, vaporization releases,
revaporization releases, vaporization releases scrubbed, revaporization

'
releases not scrubbed

RC4.30E Early core melt (SGTR), isolation failure, in-vessel scrubbing, vaporization |
releases, revaporization releases, releases scrubbed

RC4.36L Late core melt (SGTR), isolation failure, in-vessel scrubbing, vaporization |
releases, revaporization releases, releases not scrubbed

RC5.16 Early core melt, containment bypass, vaporization releases, releases
scrubbed / attenuated in auxiliary building

9
.
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TABLE 19A,4 2

,

(Sheet 1 of 10)

MAPPING SEOUENCES INTO RELEASE CLASSES

RC RC PDS SEQ . DESCRIPTION SEQ
FREQ FREQ

RC1.lE 1.36E-6 PDS235 LSSB-9A (LSSB)(Safety injection OK)(Failure 1.8E-09 |
to Deliver Feedwater) (Safety.
Depressurization for Bleed Fails)

LOFW-9A (LOFW)(Emergency Feedwater 3.7E-07 |
Fails) (Safety Depressurization for

- Bleed Fails)
TOTii-9A L (Other Transients) (Feedwater Fails) 1.9E-09 |-

(Safety Depressurization Fails) .

LOOP-9A (LOOP)(Failure to Deliver 3.3E-09 |
Emergency Feedwater) (Safety
Depressurization for Bleed Fails) .

[ (Aggressive Cooldown OK) (RilR .
1.3 E-08 |PDS184 SOTR-16A (SGTR) (Safety injection Fails)

Injection Fails)
SGTR-17A (SGTR) (Injection Fails) 2.5E-07 |

(Aggressive Secondary Cooldown
Fails) - i

PDS3 LL-3A (LLOCA) (SITS Inject OK) (Safety 1.0E-07 |
Injection Fails)

LL-4A (LLOCA) (SITS Fail to inject) 4.4E-09 |
VR-A Vessel Rupture 1.0E-07

PDS85 ML2-3A (Medium LOCA 2) (Safety _ Injection 1.5E-07. |
Fails)

PDS201 SL-11 A (SLOCA) (Safety injection Fails) 1.5E-07 |
(Aggressive Cooldown Fails)

RCl.1M 3.83 E-7 PDS148 L.0FW-4E (LOFW)(Emergency Feedwater 1.5 E-09 |
OK)(Long-Term Decay lleat
Removal Fails) (Bleed OK) (Safety
injection for Feed Fails)

TOTil-4E (Other Transients) (Deliver 2.3 E-09 . |
Feedwater OK) (Long-Term Decay
lleat Removal Fails) (Safety
injection for Feed Fails)

TRND-4E Tornado, PSV Reseats, EFSW OK, 2.2E-07 |
LTDilR Fails, Bleed OK, Feed
Fails

Amendment V - 4/29/94
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| TABLE 19A.4-2

(Sheet 2 of 10)

MAPPING SEOUENCES INTO RELEASE CLASSES

RC RC PDS SEQ DESCRIPTION SEQ
FREQ FREQ

| PDS136 LOFW-4A (LOFW) (Emergency Feedwater 3.2E-08
OK) (Long-Term Decay Heat
Removal Fails) (Bleed OK) (Safety
Injection for Feed Fails)

TOTil-4A (Other Transients) (Deliver
| Feedwater OK) (Long-Term Decay 6.3E-08

Ileat Removal Fails) (Safety
Injection for Feed Fails

| TRND-4A Tornado, PSV Reseats, EFW OK, 2.0E-08
LTDHR Fails, Bleed OK, Feed
Fails

| RC2.1E 3.44E-9 PDS3 LL-3A (LLOCA) (SITS Inject OK) (Safety 1.0E-07
Injection Fails)

| LL-4A (LLOCA) (SITS Fail to inject) 4.4E-09
VR-A Vessel Rupture 1.0E-07

| PDS235 LSSB-9A (LSSB) (Safety injection OK) 1.8E-09
(Failure to Deliver Feedwater)
(Safety Depressurization for Bleed
Fails)

| LOFW-9A (LOFW)(Emergency Feedwater 3.7E-07
Fails)(Safety Depressurization for
Bleed Fails)

| TOTil-9A (Other Transients)(Feedwater Fails) 2.9E-09
(Safety Depressurization Fails)

| LOOP-9A (LOOP) (Failure to Deliver 3.3 E-09
Fmergency Feedwater) (Safety
Depressurization for Bleed Fails)

| RC2.2E 3.31 E-9 PDS201 SL-11 A (SLOCA) (Safety Injection Fails) 1.5E-07
(Aggressive Cooldown Fails)

| PDS235 LSSB-9A (LSSB) (Safety Injection OK) 1.8E-09
(Failure to Deliver Feedwater)
(Safety l>epressurization for Bleed
Fails)

| LOFW-9A (LOFW)(Emergency Feedwater 3.7E-07
Fails) (Safety Depressurization for
Bleed Fails) |

O|
|
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TABLE 19A.4 2
4

(Sheet 3 of 10)

MAPPING SEOUENCES INTO RELEASE CLASSES

RC RC PDS SEQ DESCRIPTION SEQ-

j FREQ FREQ
1

} TOTH-9A (Other Transients)(Feedwater Fails) 1.9E-09 |
(Safety Depressurization Fails)4

i LOOP-9A (LOOP) (Failure to Deliver 3.3E-09 |
Emergency Feedwater) (Safety:.

Depressurization for Bleed Fails).

| RC2.4E 3.76E-8 PDS233 LOFW-9B (LOFW)(Emeregency Feedwater 4.6E-07 |
_ Fails)(Safety Depressurization for
i

Bleed Fails)
PDS83 ML2-3B (Medium LOCA 2)(Safety injection 7,4E-09 |,

Fails);

: PDSi8 ML1-3B (Medium LOCA 1) (Safety Injection 6.6E-09 |
| Fails)
1 PDS3 LL-3A (LLOCA) (SITS inject OK) (Safety 1.0E-07 |O Injection Fails)

! LL-4A (LLOCA) (SITS Fail to Inject) 4.4E-09 |
1 VR-A Vessel Rupture 1.0E-07

PDSI LL-3B (LLOCA) (SITS Inject OK) (Safety 1.lE-07,

! Injection Fails)
; RC2.5E 2.84E-8 PDS241 LOFW-9F (LOFW)(Emergency Feedwater 4.3E-08 |
i Fails)(Safety Depressurization for

| Bleed Fails)
RC2.6E 3.33E-8 PDS181 SGTR-17B (SGTR) (Injection Fails) 1.3E-08 |

i

(Aggressive Secondary Cooldown
Fails).

{ PDS199 SL-11B (SLOCA) (Safety Injection Fails) ' 8.2E-09 |
(Aggressive Cooldown Fails),

1.9E-08 || PDS233 LOFW-98 - (LOFW) (Emergency Feedwater .
Fails) (Safety Depressurization for4

Bleed Fails).

i RC2.7E 1.62E-8 PDS241 LOFW-9F (LOFW)(Emergency Feedwater 4.3E-08 |
; Fails) (Safety Deprescurization for

| Bleed Fails)
RC2.2M 4.05E-9 PDS148 LOFW-4E (LOFW) (Emergency Feedwater 1.5 E-09 |,

- OK) (Long-Term Decay lleat
Removal Fails) (Bleed OK) (Safety
Injection for Feed Fails)

Amendment V - 4/29/94
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TABLE 19A,4-2

(Sheet 4 of 10)

MAPPING SEOUENCES INTO RELEASE CLASSES
!

RC RC PDS SEQ DESCRIPTION SEQ
FREQ FREQ

!

| | TOTil-4E (Other Transients) (Deliver 2.3E-09

| Feedwater OK) (Long-Term Decay
IIeat Removal Fails) (Safety

i Injection for Feed Fails)

| | TRND-4E Tornado, PSV Reseats, EFW OK, 2.2E-07

| LTDifR Fails, Bleed OK, Feed
! Fails

| | PDS136 LOFW-4A (LOFW)(Emergency Feedwater 3.2E-08

| OK) (Long-Term Decay lleat
| Removal Fails) (Bleed OK) (Safety

Injection for Feed Fails)

| TOTii-4A (Other Transients) (Deliver 6.3E-08
| Feedwater OK) (Long-Term Decay
| Ileat Removal Fails) (Safety

Injection for Feed Fails)
l | TRND-4A Tornado, PSV Reseats EFW OK, 2.0E-08

LTDilR Fails, Bleed OK, Feed
Fails

| RC2.5M 3.95E-9 PDS242 SBOBD-F Station Blackout with Battery 3.4E-09
Depletion

| TRND- Tornado, Station Blackout with 2.9E-09
SBF Battery Depletion

| RC2.6M 9.08E-9 PDS134 LOFW-4B (LOFW)(Emergency Feedwater 1.9E-09
OK) (Long-Term Decay IIeat
Removal Fails) (Bleed OK) (Safety
injection for Feed Fails)

| TOTii-4B (Other Traneients) (Deliver 3.0E-09
Feedwater OK) (Long-Term Decay
Ileat Removal Fails) (Safety
Injection for Feed Fails)

| PDS148 LOFW-4E (LOFW)(Emergency Feedwater 1.5 E-09
OK) (Long-Term Decay Heat
Removal Fails) (Bleed OK) (Safety
injection for Feed Fails)

O
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| TABLE 19A.4-2

(Sheet 5 of 10)

'

MAPPING SEOUENCES INTO RELEASE CLASSES
,

! RC RC PDS SEQ DESCRIPTION SEQ
{ FREQ FREQ
i i

h TOTH-4E (Other Transients) (Deliver 2.3E-09 | j
Feedwater OK) (Long-Term Decay ;

- Heat Removal Fails) (Safety |

i
.

Injection for Feed Fails)
: TRND4E Tornado, PSV Reseats, EFW OK,= 2.2E-07 - | .

| LTDHR Fails, Bleed OK, Feed i
!' Fails
| RC2.7M 1.22E-8 PDS145 TRND4F Tornado, PSV Reseats, EFW OK, l'0E-08 |

LTDHR Fails, Bleed OK, Feed,

Fails4

! PDS242 SBOBD-F Station Blackout with Battery 3.4E-09 . |
j Depletion

| TRND- - Tornado, Station Blackout with 2.9E-09 |,

SBF Battery Depletion;

; RC3.lE 4.64E-9 PDS235 LSSB-9A (LSSB) (Safety injection OK) 1.8E-09 |
Failure to Deliver Feedwater)

-

(Safety Depressurization for. Bleed )
i Fails) . i

j LOFW-9A (LOFW)(Emergency Feedwater - 3.7E-07 |
j Fails) (Safety Depressurization for

Bleed Fails)
j TOTH-9A (Other Transients)(Feedwater Fails) 1.9E-09 | j
j (Safety Depressurization Fails)
j LOOP-9A (LOOP)(Failure to Deliver 3.3 E-09 |
i Emergency Feedwa:er) (Safety .
| Depressurization for Bleed Fails)
j PDS85 ML2-3A (Medium LOCA 2) (Safety injection 1.5E-07 |

Fails)
PDS3 LL-3A (LLOCA) (SITS Inject OK) (Safety 1.0E-07 |

-

| Injection Fails)
'

LL-4A (LLOCA) (SITS Fail to inject) 4,4 E-09 |
| VR-A Vessel Rupture 1.0E-07

RC3.2E 3.16E-9 PDS184 SGTR-16A . (SGTR) (Safety injection Fails) 1.3 E-08 |
(Aggressive Cooldown OK) (RIIR
injection Fails),

i

j

k
Amendment V - 4/29/94,
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TABLE 19A.4-2

(Sheet 6 of 10)

&\PPING SEOUENCES INTO RELEASE CLASSES

RC RC PDS SEQ DESCRIPTION SEQ
FREQ FREQ

| SGTR-17A (SGTR) (Injection Fails) 2.5E-07
(Aggressive Secondary Cooldown
Fails)

| PDS235 LSSB-9A (LSSB) (Safety Injection OK) 1.8E-09

(Failure to Deliver Feedwater)
(Safety Depressurization for Bleed
Fails)

| LOFW-9A (LOFW) (Emergency Feedwater 3.7E-07
Fails) (Safety Depressurization for ;

Bleed Fails)
| TOTH-9A (Other Transients)(Feedwater Fails) 1.9E-09

(Safety Depressurization Fails)

| LOOP-9A (LOOP) (Failure to Deliver 3.3 E-09 |
Emergency Feedwater) (Safety
Depressurization for Bleed Fails)

| RC3.4E 6.52E-9 PDS235 LSSB-9A (LSSB) (Safety Injection OK) 1.8E-09
I (Failure to Deliver Feedwater)

(Safety Depressurization for Bleed :

Fails) )
| LOFW-9A (LOFW) (Emergency Feedwater 3.7E-07 I

Fails) (Safety Depressurization for
Bleed Fails)

| TOTH-9A (Other Transients)(Feedwater Fails) 1.9E-09
(Safety Depressurization Fails)

| LOOP-9A (LOOP) (Failure to Deliver 3.3E-09
Emergency Feedwater) (Safety
Depressurization for Bleed Fails)

| PDS20 MLl3A (Medium LOCA 1) (Safety injection 1.3E-07
Fails)

| PDS3 LL-3A (LLOCA) (SITS Inject OK) (Safety 1.0E-07
Injection Fails)

| LL-4A (LLOCA) (SITS Fail to Inject) 4.4E-09
VR-A Vessel Rupture 1.0E-07

| PDS85 ML2-3A (Medium LOCA 2)(Safety Injection 1.5E-07
'

Fails)

O
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(Sheet 7 of 10) j

MAPPING SEOUENCES INTO RELEASE CLASSES I

| RC RC PDS -SEQ DESCRIPTION SEQ
| FREQ FREQ

I

| RC3.6E 3.21E-9 PDS184 SGTR-16A (SGTR) (Safety Injection Fails) 1.3E-08 | )
(Aggressive Cooldown OK) (RHR
Injection Fails)

SGTR-17A . (SGTR) (Injection Fails) 2.5E-07 |
(Aggressive Secondary Cooldown
Fails) l

PDS235 LSSB-9A (LSSB) (Safety Injection OK) 1.8E-09 | I

| (Failure to Deliver Feedwater)
| (Safety Depressurization for Bleed ;

| Fails) ]
LOFW-9A (LOFW) (Emergency Feedwater 3.7E-07 |

Fails) (Safety Depressurization for '

L / Bleed Fails)

| b TOTH-9A (Other Transients)(Feedwater Fails) 1.9E-09 |
(Safety Depressurization Fails)

LOOP-9A (LOOP)(Failure to Deliver 3.3E-09 |
Emergency Feedwater) (Safety
Depressurization for Bleed Fails) i

RC3.2M 1.82E-9 PDS148 LOFW-4E (LOFW)(Emergency Feedwater 1.5E-09 |
'

OK) (Long-Term Decay Heat
Removal Fails) (Bleed OK) (Safety
Injection for Feed Fails)

TOTH-4E (Other Transients) (Deliver 2.3E-09 |
Feedwater OK) (Long-Term Decay
Heat Removal Fails) (Safety
Injection for Feed Fails)

TRND-4E Tornado, PSV Reseats, EFW OK, 2.2E-07 |,

'

LTDHR Fails, Bleed OK, Feed
Fails

PDS136 LOFW-4A (LOFW)(Emergency Feedwater 3.2E-08 |
OK) (Long-Term Decay Heat

: Removal Fails) (Bleed OK) (Safety
Injection for Feed Fails)

O
Amendment V - 4/29/94

_ -



CESSAR s!Sincew |

|

O
TABLE 19A.4 2

(Sheet 8 of 10)

MAPPING SEOUENCES INTO RELEASE CLASSES

RC RC PDS SEQ DESCRIPTION SEQ

FREQ FREQ

| TOTil-4A (Other Transients) (Deliver 6.3E-08
Feedwater OK) (Long-Term Decay

i

Heat Removal Fails) (Safety'

injection for Feed Fails)

| TRND-4A Tornado, PSV Reseats, EFW OK, 2.0E-08
LTDilR Fails, Bleed OK, Feed
Fails

| RC3.6M 1.83E-9 PDS148 LOFW-4E (LOFW) (Emergency Feedwater 1.5E-09

| OK) (Long-Term Decay lieat
Removal Fails) (Bleed OK) (Safety .
Injection for Feed Fails)

| TOTil-4E (Other Transients) (Deliver 2.3 E-09
Feedwater OK) (Long-Term Decay
lieat Removal Fails)(Safety
Injection for Feed Fails)

| TRND-4E Tornado, PSV Reseats, EFW OK, 2.2E-07
LTDilR Fails, Bleed OK, Feed
Fails

| PDS136 LOFW-4A (LOFW)(Emergency Feedwater 3.2E-08
OK) (Long-Term Decay IIeat
Removal Fails) (Bleed OK) (Safety
Injection for Feed Fails)

| TOTil-4A (Other Transients) (Deliver 6.3 E-08
Feedwater OK) (Long-Term Decay
lleat Removal Fails) (Safety
Injection for Feed Fails)

| TRND-4A Tornado, PSV Rescats, EFW OK, 2.0E-08
LTDIIR Fails, Bleed OK, Feed
Fails

| RC4.22E 5.99E-9 PDS184 SGTR-16A (SGTR) (Safety injection Fails) 1.3E-08
(Aggressive Cooldown OK) (RilR
Injection Fails)

| SGTR-17A (SGTR) (Injection Fails) 2.5E-07
(Aggressive Secondary Cooldown
Fails)

O
Amendment V - 4/29/94
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TABLE 19A.4 2 |
)

(Sheet 9 of 10) )
i

. MAPPING SEOUENCES INTO RELEASE CLASSES !

I

RC RC PDS SEQ DESCRIPTION SEQ I
FREQ FREQ

! RC4.8E 1.06E-9 PDS235 . LSSB-9A (LSSB) (Safety injection OK) 1.8E-09 |
'

(Failure to Deliver Feedwater)
(Safety Depressurization for Bleed
Fails;

LOFW-9A (LOFW)(Emergency Feedwater 3.7E-07 |
'

Fails) (Safety Depressurization for ]
Bleed Fails)' i

TOTH-9A (Other Transients)(Feedwater Fails) 1.9E-09 - |,

l
.

(Safety Depressurization Fails)
LOOP-9A (LOOP) (Failure to Deliver 3.3 E-09 |

Emergency Feedwater) (Safety
Depressurization for Bleed Fails) ;

PDS20 ML1-3A (Medium LOCA 1) (Safety Injection 1.3E-07 |
'

! O Fails)LU PDS3 LL-3A (LLOCA) (SITS Inject OK) (Safety 1.0E-07 |
| Injection Fails)

LL-4A (LLOCA) (SITS Fails to inject) 4.4E-09 |
VR-A - Vessel Rupture 1.0E-07

PDS85 ML2-3A (Medium LOCA 2) (Safety injection 1.5E-07 |
Fails) |

RC4.30E 6.55E-9 PDS184 SGTR-16A (SGTR) (Safety injection Fails) 1.3 E-08 | )
(Aggressive Cooldown OK) (RHR i

Injection Fails)
SGTR-17A (SGTR) (Injection Fails) 2.5E-07 |

(Aggressive Secondary Cooldown
Fails),

!
PDS181 SGTR-17B (SGTR) (Injection Fails) 1.3E-08 |

(Aggressive Secondary Cooldown
| Fails)
| RC4.36L 3.08E-8 PDS194 SGTR-9F (SGTR) (Safety injection OK) 3. lE-08 |
| (Deliver Feedwater OK)(RCS
! Pressure Control Fails) (SG not

isolated) Failure to Refill IRWST)

O
V

Amendment V - 4/29/94
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TABLE 19A.4-2

: (Sheet 10 of 10)

SIAPPING SEOUENCES INTO RELEASE CLASSES*

RC RC PDS SEQ DESCRIPTION SEQ
FREQ FREQ4

i

|
'

RC5.1E 5.10E-10 ISLOCA Failure of Check & Isolation Valves 5.lE-10
in One SCS Linej

1
:
4

)
'

Frequency for Core Damage (Level 1)t

:
4

,

:

! O
:

4

w

4

|

|

|
:

|

,

4

;

;

O;

d

Amendment V - 4/29/94'
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U TABLE 19A.4-3

d RANKING OF RELEASE CLASSES BY OFFSITE RISK
,

,

Release Frequency Mean Dose Dose Risk
Rank Class Events /v mr/ event mr/v

,

4

1 RC4.36L 3.08E-08 5.90E+ 06 1.82E-01 |
i 2 RC4.30E 6.55E-09 5.07E +06 3.32E-02 |

3 RC4.22E 5.99E-09 5.24E + 06 3.14E-02 |.

4 .RC3.4E 6.52E-09 1.20E +06 7.82h-03 |
5 RC3.lE 4.64E-09 1.02E+06 4.73E-03 |
6 RC3.2E . 3.16E-09 1.32E + 06 4.17E-03 |,

7 RC3.6E 3.21 E-09 1.27E + 06 4.08E-03 -|

| 8 RC3.6M 1.83E-09 1.97E+06 3.61 E-03 |.

. 9 RC3.2M 1.82E-09 1.81 E + 06 3.29E-03 |'n 10 RC2.7M 1.22E-08 1.38E + 05 1.68E-03

{ 11 RC5.lE 5.10E-10 2.87E + 06 1.46E-03

; 12 RC2.4E 3.76E-08 2.38E+04 8.95E-04
'

|
'

|

13 RC2.6E 3.33 E-08 2.35E + 04 7,83E-04 |
'

14 RC2.5E 2.84E-08 2.35E + 04 6.67E-04,

15 RC2.2M 4.05E-09 1.31 E + 05 5.31 E-04

! 16 RC2.lE 3.44 E-09 1.37E + 05 4.71 E-04 |4

17 RC2.2E 3.31 E-09 1.37E+05 4.53E-04 |
18 RC2.7E 1.62E-08 2.35E + 04 3.81 E-04 |

) 19 RC2.6M 9.08E-09 3.02E +04 2.74E-04
.

i 20 RC4.8E 1.06E-09 1.86E + 05 1.97E-04 |
21 RC2.5M 3.95E-09 4.73E + 04 1.87E-04

22 RCl.1 E 1.36E-06 1.19E + 02 1.62E-04

: 23 RC1.1M 3.83E-07 1.09E + 02 4.17E-05 |
SUM = 1.96E-06 2.82E-01 |O

*\j

, Amendment V - 4/29/94
:
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TABLE 19A.4-4
i

(Sheet 1 of 2)
,

; RANKING OF SEOUENCES BY CDF

SEQUENCE CDF
CODE SEQUENCE EV/ YEAR

.

LOFW-9 (LOFW)(Emergency Feedwater Fails)(SDS for Bleed Fails) 4.4E-7 |<

| SGTR-17 (SGTR) (Injection Fails) (Aggressive Secondary Cooldown 2.7E-7
g Fails)
; SL-11 (SLOCA) (Safety Injection Fails) (Aggressive Cooldown Fails) 1.6E-7

ML2-3 (Medium LOCA 2) (Safety Injection Fails) 1.6E-7.

ML1-3 (Medium LOCA 1) (Safety Injection Fails) 1.4E-7
; LL-3 (LLOCA) (SITS Inject OK) (Safety Injection Fails) 1.lE-7
: VR Vessel Rupture 1.0E-7

TOTH-4 (Other Transients) (Deliver Feedwater OK) (Long-Term Decay 6.9E-8
3 Heat Removal Fails) (SIS for Feed Fails)
' ATWS-29 (ATWS) (Adverse MTC) 4.7E-8

] p LOFW-4 (LOFW) (Emergency Feedwater OK) (Long-Term DliR Fails) 3.6E-8
(Bleed OK) (SIS for Feed Fails),

SGTR-9 (SGTR) (Safety Injection UK) (EFW OK)(Unisolable Leak in 3.lE-8
"

Ruptured SG) (Failure to Refill IRWST)
'

TOTH-12 (TOTH) (PSV Fails to Rescat) (SI Injection Fails) 2.7E-8
SBO Station Blackout with Battery Depletion 2.1E-8
LOFW-8 (LOFW)(Emergency Feedwater Fails)(Bleed OK)(Safety 2.1 E-8

Injection for Feed Fails)
SGTR-16 (SGTR) (Safety Injection Fails) (Aggressive Cooldown OK) 1.5E-8

) (RHR Injection Fails) |
4 SL-10 (SLOCA) (Safety Injection Fails) (Aggressive Cooldown) (RHR 9.0E-9
| Injection Fails)
j SL-4 (SLOCA) (Safety Injection OK) (Deliver Feedwater OK) 8.9E-9

(Long-Term Decay Heat Removal Fails) (SDS Fails)
TOTH-5 (Other Transients) (Deliver Feedwater OK) (Long-Term Decay 6.9E-9

Heat Removal Fails) (SDS Fails)
SGTR-12 (SGTR) (Safety Injection OK) (Feedwater Fails) (SDS - Bleed 6.9E-9 |

Fails),

LOFW-5 (LOFW) (Emergency Feedwater OK) (Long-Term DHR Fails) 5.1E-9 |
(SDS for Bleed Fails)

LL-4 (LLOCA) (SITS Fali to Inject) 4.7E-9
LOOP-9 (LOOP) (Failure to Deliver Emergency Feedwater) (SDS for 3.9E-9 |,

3 Bleed Fails)

.

I

_ Amendment V - 4/29/94
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O|TABLE 19A.4-4

l

(Sheet 2 of 2)
'

RANKING OF SEOUENCES BY CDF |

)
SEQUENCE CDF |
CODE SEQUENCE EV/ YEAR

| LilV-5 (LIIVAC) (Deliver Feedwater OK) (Long-Term Decay lieat 4.0E-9
Removal Fails)(SDS for Bleed Fail)

| ATWS-9 (ATWS) (PSVs Open & Reclose OK) (No Consequential SGTR) 2.9E-9
,

(Deliver F edwater OK) (Failure to Borate by Charging Pumps)4

(Safety Depressurization Fails)

| TOTli-9 (Other Transients) (Feedwater Fails) (Safety Depressurization 2.3E-9
Fails)

| LSSB-9 (LSSB) (Safety Injection OK) (EFW Failure) (Safety 2,1E-9
Depressurization for Bleed Fails)4

1

.

4

T

1

9

e

1

;

O
Amendment V - 4/29/94
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TABLE 19A.5-I
-

(Sheet 1 of 4)

DESIGN ALTERNATIVES CONSIDERED

DESIGN ALTERNATIVE CATEGORY *

1. LARGER PRESSURIZER 1

2. LARGER STEAM GENERATORS 1

|'

3. HIGH-PRESSURE SHUTDOWN COOLING SYSTEM (SCS) 1

4, FUNCTIONALLY INTERCHANGEABLE SCS AND 1

CONTAINMENT SPRAY SYSTEM (CSS) PUMPS

5. MULTIPLE INDEPENDENT CONNECTIONS TO THE GRID 1

i

j 6. TURBINE-GENERATOR RUNBACK CAPABILITY 1

| 7. DEDICATED STARTUP FEEDWATER SYSTEM 1

8. IMPROVED CONTROL ROOM DESIGN 1

9. IMPROVED NORMALLY OPERATING COMPONENT 1

COOLING WATER SYSTEM (CCWS)/ STATION SERVICE
WATER SYSTEM (SSWS)

10. FOUR TRAIN SAFETY INJECTION SYSTEM (SIS) WITil 1

DIRECT VESSEL INJECTION

11. SAFETY DEPRESSURIZATION SYSTEM (SDS) 1

12. FOUR TRAIN EMERGENCY FEEDWATER SYSTEM 1

13. TWO EMERGENCY DIESEL GENERATORS AND A 1

STANDBY ALTERNATE AC SOURCE (COMBUSTION
TURBINE)

14. SIX VITAL BATTERIES 1

(Ol

Nj
|

- Amendment U - 12/31/93
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| TABLE 19A 5-1
I

(Sheet 2 of 4)

DESIGN ALTERNATIVES CONSIDERED

DESIGN ALTERNATIVE CATEGORY *

15. IMPROVED CONTROL ROOM DESIGN 1

16. CROSS-CONNECTED CSS AND SCS TRAINS I

17. IMPROVED CONTROL ROOM DESIGN !

18. LARGE SPHERICAL CONTAINMENT 1

19. REACTOR CAVITY DESIGNED FOR CORIUM 1

DISENTRAINMENT

20. REACTOR CAVITY DESIGNED FOR DEBRIS 1

COOLABILITY

21. IRWST AND SDS INTERCONNECTED 1

22. HYDROGEN MITIGATION SYSTEM 1

23. ALTERNATIVE CONTAINMENT SPRAY 2
|

|24. FILTERED VENT 2

25. ALTERNATIVE DC BATTERIES AND EFWS 2

26. RCP SEAL COOLING 1

27. ALTERNATIVE PRESSURIZER AUXILIARY SPRAY 2

28. ALTERNATIVE ATWS PRESSURE RELIEF VALVES 2

29. ALTERNATIVE CONCRETE COMPOSITION 2

30. REACTOR VESSEL EXTERIOR COOLING 2

31. ALTERNATIVE 112 IGNITERS 2

e
Amendment U - 12/31/93
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TABLE 19A 51

i (Sheet 3 of 4)
4

* DESIGN ALTERNATIVES CONSIDERED
!
! DESIGN ALTERNATIVE CATEGORY'
!

1

i 32. ALTERNATIVE HIGil PRESSURE SAFETY INJECTION 2

a

33. ALTERNATIVE RCS DEPRESSURIZATION 2 l
'

i

i 34. 100% SG INSPECTION 2

!
J

35. MSSV SCRUBBING 2 |.

36. THIRD DIESEL GENERATOR 2
1

38. BORON INJECTION SYSTEM (ATWS) 2

,

j 39. DIVERSE PPS 2
1

i 40. ALTERNATIVE CONTAINMENT MONITORING SYSTEM 2j
| VALVES-
1

! 41. ALTERNATIVE CAVITY COOLING 2

{ 42. 12 HOUR BATTERIES 2

<
l

j 43. TORNADO PROTECTION FOR COMBUSTION TURBINE 2 '

$

; 44. DIESEL SI PUMPS (2) 2
;

4 45. ALTERNATIVE STARTUP FEEDWATER SYSTEM 2

1 46. VACUUM BUILDING 3
4

47. RIBBED CONTAINMENT 3,

i

48. EXTENDED RWST SOURCE 2

49. N-16 MONITOR 1.

50. INCREASE SECONDARY SIDE PRESSURE 3

i-

1

i
3

Amendment U - 12/31/93
1-
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IABLE 19A,5-1

l (Sheet 4 of 4)
<

| DESIGN ALTER. NATIVES CONSIDERED

! DESIGN ALTERNATIVE CATEGORY'
|

| 51. PASSIVE SECONDARY SIDE COOLERS 3

52. VENTING MSSV TO CONTAINMENT 3

53. SECONDARY SIDE GUARD PIPES 2

54. PASSIVE AUTOCATALYTIC RECOMBINERS (PARS) 2

5.5. IlYDROGEN PURGE LINE 1

56. FUEL CELLS 2

57. IlOOKUP FOR PORTABLE GENERATOR 2

58. WATER COOLED RUBBLE BED 2

59. REFRACTORY LINED CRUCIBLE 2

60. AUTOMATIC OVERPRESSURE PROTECTION 3

61. DIGITAL LBLOCA PROTECTION 3

61. SEISMIC CAPABILITY 3

63. FIRE AND FLOOD CAPABILITY 3

* Category: 1 Modification is applicable to the System 80+ and already incorporated in the
design. No further evaluation is needed.

2 Modification was quantified in this report and not included in the System 80+.

3 Modification was not quantified because of high costs or small benefits.

O
Amendment U - 12/31/93
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TABLE 19A.5-2 .j

'

Sheet 1 of 2 |

|-

I'
DESIGN ALTERNATIVES EVALUATED '

) I

NUMBER DESIGN ALTERNATIVE4

A: INCREASE PRIMARY AND SECONDARY BOUNDARY INTEGRITY. |
4

|'

j Al RCP SEAL COOLING j
'

A2 100% SG INSPECTION
A3 N-16 MONITOR Ii

i A4 INCREASE SECONDARY SIDE PRESSURE i
: A5 PASSIVE SECONDARY SIDE COOLERS I

A6 SECONDARY SIDE GUARD PIPES,

A7 AUTOMATIC OVERPRESSURE PROTECTION
A8 DIGITAL LBLOCA PROTECTION*

"

3: INCREASE DECAY HEAT REMOVAL RELIABILITY
4

o B) ALTERNATIVE DC BATTERIES AND EFWS
I 3 d2 12 HOUR BATTERIES

.

i

B3 ALTERNATIVE PRESSURIZER AUXILIARY SPRAY;

B4 ALTERNATIVE HIGH PRESSURE 9AFETY INJECTION
B5 ALTERNATIVE RCS DEPRESSr TION

i B6 DIESEL SI PUMPS (2)
B7 ALTERNATIVE STARTUP FE 1 SYSTEM
B8 EXTENDED RWST SOURCE

,

f C: IMPROVE ELECTRICAL POWER RELIABILITY

C1 THIRD DIESEL GENERATOR
! C2 TORNADO PROTECTION FOR COMBUSTION TURBINE
a C3 FUEL CELLS
j C4 HOOKUP FOR PORTABLE GENERATOR
a
4 D: ATWS AND EXTERNAL EVENTS
:

DI ALTERNATIVE ATWS PRESSURE RELIEF VALVES
D2 ATWS INJECTION SYSTEM

-

! D3 DIVERSE PPS
D4 SEISMIC CAPABILITY
D5 FIRE AND FLOOD CAPABILITY

,

3:

?a,
,

e

Amendment U - 12/31/93
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TABLE 19A.5-2

Sheet 2 of 2 l

t I

DESIGN ALTERNATIVES EVALUATED |
l

NUMBER DESIGN ALTERNATIVE ]

E: REDUCE RADIOACTIVE RELEASES

El ALTERNATIVE CONTAINMENT SPRAY
E2 FILTERED VENT (CONTAINMENT)
E3 ALTERNATIVE CONCRETE COMPOSITION
E4 REACTOR VESSEL EXTERIOR COOLING
E5 ALTERNATIVE H2 IGNITERS
E6 PASSIVE AUTOCATALYTIC RECOMBINERS (PARS)
E7 MSSV AND ADV SCRUBBING
E8 ALTERNATIVE CONTAINMENT MONITORING SYSTEM*

E9 CAVITY COOLING
E' VENTING MSSV TO CONTAINMENT
Ell HYDROGEN PURGE LINE
E12 WATER COOLED RUBBLE BED
E13 REFRACTORY LINED CRUCIBLE
E14 VACUUM BUILDING
E15 RIBBED CONTAINMENT

L

:

!

!

O
'

Amendment U - 12/31/93
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TABLE 19A.5-3

RISK REDUCTION EVALUATION FOR
A2.100% SG INSPECTION

Benefit
Release Frequency Mean Dose Dose Risk fract. Savings
Class Events /v mr/ event mr/v reduct. $/v

RCl.lE 1.36E-06 1.19E + 02 1.62E-04 0.21 $0.03

RCl.lM 3.83E-07 1.09E+02 4.17E-05 0.00 $0.00

RC2.lE 3.44E-09 1.37E + 05 4.71 E-04 0.00 $0.00

RC2.2E 3.31E-09 1.37E + 05 4.53E-04 0.00 .$0.00

RC2.4E 3.76E-08 2.38E +04 8.94E-04 0.00' $0.00

RC2.5E 2.84E-08 2.35E + 04 6.67E-04 0.00 $0.00

RC2.6E 3.33E-08 2.35E + 04 7.83E-04 0.00 $0.00 ' | 3

RC2.7E 1.62E-08 2.35E+ 04 3.81 E-04 0.00 $0.00

RC2.2M 4.05E-09 1.31 E + 05 5.31E-04 0.00 $0.00

RC2.5M 3.95E-09 4.73E +04 1.87E-04 0.00 $0.00

RC2.6M 9.08E-09 3.02E + 04 2.74E-04 0.00 $0.00

RC2.7M 1.22E-08 1.38E + 05 1.68E-03 0.00 $0.00
- RC3.lE 4.64E-09 1.02E +06 4.73E-03 0.00 $0.00

RC3.2E 3.16E-09 1.32E + 06 4.17E-03 0.38 $1.58

RC3.4E 6.52E-09 1.20E+06 7.82E-03 0.00 $0.00
RC3.6E 3.21E-09 1.27E + % 4.08E-03 0.38 $1.55
RC3.2M 1.82E-09 1.81 E + 06 3.29E-03 0.00- $0.00
RC3.6M ' l .83E-09 1.97E +06 3.61E-03 0.00 $0.00
RC4.22E 5.99E-09 5.24E + 06 3.14E-02 1.00 $31.38
RC4.8E 1.M E-09 1.86E + 05 1.97E-04 0.00 $0.00
RC4.30E 6.55E 09 5.07E + 06 3.32E-02 1.00 $33.21

RC4.36L 3.08E-08 5.90E +06 8.84E-02 1.00 $88.40
RC5.lE 5.10E-10 2.87E+06 1.46E-03 0.00 $0.00

SUM 1.96E-06 1.89E-01 $156.15 |

b
-|

Amendment V - 4/29/94
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TABLE 19A.5-4

RISK REDUCTION EVALUATION FOR'
A6. SECONDARY SIDE GUARD PIPES

Benefit
Release Frequency Mean Dose Dose Risk fract. Savings
Class Events /v mr/ event mr/v reduct. $/v

RCl.lE 1.36E-06 1.19E +02 1.62 E-04 - 0.001 $0.00

RC1.1M 3.83E-07 1.09E +02 4.17E-05 0.00 $0.00

RC2.lE 3.44E-09 1.37E + 05 4.71E-04 0.002 $0.00

RC2.2E 3.31 E-09 1.37E + 05 4.53E-04 0.002 $0.00

RC2.4E 3.76E-08 2.38E + 04 8.94 E-04 0.00 $0.00
RC2.5E 2.84E-08 2.35E + 04 6.67E-04 0.00 $0.00

RC2.6E 3.33E-08 2.35E + 04 7.83E-04 0.00 $0.00 |
RC2.7E 1.62E-08 2.35E + 04 3.81E-04 0.00 $0.00
RC2.2M 4.05E-09 1.31 E + 05 5.31 E-04 0.00 $0.00
RC2.5M 3.95E-09 4.73 E +04 1.87E-04 0.00 $0.00
RC2.6M 9.08E-09 3.02E +04 2.74E-04 0.00 $0.00
RC2.7M 1.22E-08 1.38E + 05 1.68E-03 0.00 $0.00
RC3.lE 4.64E-09 1.02E + 06 4.73E-03 0.001 $0.0'0

RC3.2E 3.16E-09 1.32E + 06 4.17E-03 0.001 $0.00
RC3.4E 6.52E-09 1.20E + 06 7.82E-03 0.001 $0.00
RC3.6E 3.21 E-09 1.27E+ 06 4.08E-03 0.001 $0.00
RC3.2M 1.82E-09 1.81 E + 06 3.29E-03 0.00 $0.00
RC3.6M 1.83E-09 1.97E + 06 3.61 E-03 0.00 $0.00
RC4.22E 5.99E-09 5.24E + 06 3.14E-02 0.00 $0.00
RC ' .8E 1.06E-09 1.86E + 05 1.97E-04 0.00 $0.00
RC4.30E 6.55 E-09 5.07E + 06 3.32E-02 0.00 $0.00
RC4.36L 3.08E-08 5.90E + 06 8.84 E-02 0.00 $0.00
RC5.1E 5.10E-10 2.87E + 06 1.46E-03 0.50 $0.73

SUM 1.96E-06 1.89E-01 $0.73 |
|
|

|
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! TABLE 19A.5-5 |

RISK REDUCTION EVALUATION FOR i

Bl. ALTERNATIVE DC BATTERIES AND EFWS | I

Benefit -
Release Frequency Mean Dose Dose Risk fract. Savings
Class Events /v mr/ event mr/v reduct, $/v

RCI.1E 1.36E-06 1.19E + 02 1.62E-04 0.00 $0.00
RCl.lM 3.83E-07 1.09E + 02 4.17E-05 0.00 $0.00
RC2.lE 3.44E-09 1.37E + 05 4.71 E-04 0.00 $0.00<

| RC2.2E 3.31 E-09 1.37E + 05 4.53E-04 0.00 $0.00
RC2.4E 3.76E-08 2.38E+ 04 8.94E-04 0.00 $0.00
RC2.5E 2.84E-08 2.35E+04 6.67E-04 0.00 $0.00
RC2.6E 3.33E-08 2.35E + 04 7.83E-04 0.00 $0.00 |
RC2.7E 1.62E-08 2.35E + 04 3.81E-04 0.00 $0.00
"02.2M 4.05E-09 1.31E + 05 5.31 E-04 0.00 $0.00
RC2.5M 3.95E-09 4.73E +04 1.87E-04 1.00 $0.19
RC2.6M 9.08E-09 3.02E + 04 2.74E-04 0.00 $0.00

f,, RC2.7M 1.22E-08 1.38E + 05 1.68E-03 1.00 $1.68
% RC3. lE 4.64E-09 1.02E + 06 4.73E-03 0.00 $0.00

RC3.2E 3.16E-09 1.32E+06 4.17E-03 0.00 - $0.00
RC3.4E 6.52E-09 1.20E+06 7.82E-03 0.00 $0.00
RC3.6E 3.21E-09 1.27E +06 4.08E-03 0.00 $0.00
RC3.2M 1.82E-09 ' 1.81 E + 06 3.29E-03 0.00 $0.00
RC3.6M 1.83E-09 1.97E r06 3.61 E-03 0.00 $0.00 1

RC4.22E 5.99E-09 5.24E + 06 3.14E .02 0.00 $0.00
RC4.8E 1.06E-09 1.86E + 05 1.97C-04 0.00 $0.00

| RC4.30E 6.55E-09 5.07E+06 3.32E-02 0.00 $0.00 i

RC4.36L 3.08E-08 5.90E+06 8.84E-02 0.00 $0.00
RCS.lE 5.10E-10 2.87E + 06 1.46E-03 0.00 $0.00

SUM 1.96E-06 1.89E-01 $1.87 |

|
*

| O
I

j Amendment V - 4/29/94
|
|
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TABLE 19A.5-6

RISK REDUCTION EVALUATION FOR
B2.12-IIOUR BATTERIES

Benefit
Release Frequency Mean Dose Dose Risk fract. Savings
Class Events /v mr/ event mr/v reduct. $/v

RC1.1E 1.36E-06 1.19E + 02 1.62E-04 0.00 $0.00
,

RC1.1M 3.83E-07 1.09E + 02 4.17E-05 0.00 $0.00

RC2.lE 3.44E-09 1.37E+ 05 4.71E-04 0.00 - $0.00

RC2.2E 3.31 E-09 1.37E + 05 4.53E-04 0.00 $0.00

RC2.4E 3.76E-08 2.38E + 04 8.94E-04 0.00 $0.00

RC2.5E 2.84E-08 2.35E + 04 6.67E-04 0.00 $0.00
,

RC2.6E 3.33E-08 2.35E+ 04 7.83E-04 0.00 $0.00 |
RC2.7E 1.62E-08 2.35E + 04 3.81 E-04 0.00 $0.00

RC2.2M 4.05E-09 1.31E + 05 5.31 E-04 0.00 $0.00

RC2.5M 3.95E-09 4.73E +04 1.87E-04 0.38 $0.07

RC2.6M 9.08E-09 3.02E + 04 .2.74 E-04 0.00 $0.00

RC2.7M 1.22E-08 1.38E + 05 1.68E-03 0.38 $0.64

RC3.1E 4.64E-09 1.02E + 06 4.73E-03 0.00 $0.00

RC3.2E 3.16E-09 1.32E + 06 4.17E-03 0.00 $0.00

RC3.4E 6.52E-09 1.20E + 06 7.82E-03 0.00 $0.00

RC3.6E 3.21 E-09 1.27E +06 4.08E-03 0.00 $0.00

RC3.2M 1.82E-09 1.81 E + 06 3.29E-03 0.00 $0.00

RC3.6M 1.83E-09 1.97E+ 06 3.61E-03 0.00 $0.00'

RC4.22E 5.99E-09 5.24E + 06 3.14E-02 0.00 $0.00

RC4.8E 1.06E-09 1.86E +05 1.97E-04 0.00 $0.00

RC4.30E 6.55 E-09 5.07E + 06 3.32E-02 0.00 $0.00

RC4.36L 3.08E-08 5.90E + 06 8.84E-02 0.00 $0.00

RC5. lE 5.10E-10 2.87E+ 06 1.46E-03 0.00 $0.00

SUM 1.96E-06 1.89E-01 $0.71 |
4

O
Amendment V - 4/29/94
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TABLE 19A.5-7

; RISK REDUCTION EVALUATION FOR
B3. ALTERNATIVE PRESSURIZER AUXILIARY SPRAY j

i

Benefit.

Release Frequency Mean Dose Dose Risk fract. Savings
Class Events /v tur/ event mr/v reduct. $/v

RC1.1E 1.36E-06 1.19E+02 1.62E-04 0.21 $0.03j
; RC1.1M 3.83E-07 1.09E + 02 4.17E-05 0.00 $ 0.00

| RC2.1E 3.44E-09 1.37E+05 4.71E-04 0.00 $ 0.00
| RC2.2E 3.31E-09 1.37E+05 4.53E-04 0.00 $ 0.00

'

RC2.4E 3.76E-08 2.38E+04 8.94E-04 0.00 $0.00.

RC2.5E 2.84E-08 2.35E+04 6.67E-04 0.00 $0.00 i

; RC2.6E 3.33E-08 2.35E +04 7.83E-04 0.00 $0.00 |
'

'

RC2.7E 1.62E-08 2.35E+04 3.81E-04 0.00 $0.00 1

RC2.2M 4.05E-09 1.31E +05 5.31E-04 0.00 $0.00
; RC2.5M 3.95E-09 4.73E+04 1.87E-04 0.00 $0.00
; RC2.6M 9.08E-09 3.02E + 04 2.74E-04 0.00 $0.00

RC2.7M 1.22E-08 1.38E+ 05 1.68E-03 0.00 $0.00(V)i

i RC3.1E 4.64E-09 1.02E +06 4.73E-03 0.00 $0.00
I

RC3.2E 3.16E-09 1.32E+ 06 4.17E-03 0.36 $1.50
; RC3.4E 6.52E-09 1.20E +06 7.82E-03 0.00 $0.00

RC3.6E 3.21E-09 1.27E +06 4.08E-03 0.36 $1.47,

RC3.'2M 1.82E-09 1.81E + 06 3.29E-03 0.00 $ 0.00
RC3.6M 1.83E-09 1.97E+ 06 3.61E-03 0.00 $0.00

| RC4.22E 5.99E-09 5.24E + 06 3.14E-02 0.95 $29.83

| RC4.8E 1.06E-09 1.86E + 05 1.97E-04 0.00 $0.00
RC4.30E 6.55E-09 5.07E +06 3.32E-02 0.97 $32.21
RC4.36L 3.08E-08 5.90E + 06 8.84E-02 0.78 $68.95

j RC5.1E 5.10E-10 2.87E+06 1.46E-03 0.00 $0.00

SUM 1.96E-06 1.89E-01 $133.99 |

.

'
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Amendment V - 4/29/94
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TABLE 19A.5-8

RISK REDUCTION EVALUATION FOR
B4. ALTERNATIVE 1HGH PRESSURE SAFETY INJECTION

Benefit
,

Release Frequency Mean Dose Dose Risk fract. Savings
Class Events /v mr/ event mr/v reduct. $/v

RCl.lE 1.36E-06 1.19E + 02 1.62E-04 0.55 $ 0.09

RC1.1M 3.83 E-07 1.09E + 02 4.17E-05 1.00 $0.04
RC2.1E 3.44E-09 1.37E + 05 4.71E-04 0.16 $0.08
RC2.2E 3.31 E-09 1.37E + 05 4.53E-04 0.38 $ 0.17

RC2.4E 3.76E-08 2.38E + 04 8.94E-04 0.48 $ 0.43

RC2.5E 2.84E-08 2.35E + 04 6.67E-04 0.00 $ 0.00
RC2.6E 3.33 E-08 2.35E + 04 7.83E-04 0.48 $ 0.38 |
RC2.7E 1.62E-08 2.35E + 04 3.81 E-04 0.00 $ 0.00
RC2.2M 4.05E-09 1.31E + 0S 5.31E-04 1.00 $ 0.53
RC2.5M 3.95E-09 4.73 E + 04. 1.87E-04 0.00 $ 0.00
RC2.6M 9.08E-09 3.02E + 04 2.74E-04 1.00 $0.27
RC2.7M 1.22E-08 1.38E + 05 1.68E-03 0.87 $ 1.46
RC3.1E 4.64E-09 1.02E + 06 4.73 E-03 0.32 $ 1.51
RC3.2E 3.16E-09 1.32E + 06 4.17E-03 0.38 $ 1.58
RC3.4E 6.52E-09 1.20E + 06 7.82E-03 0.42 $ 3.28
RC3.6E 3.21 E-09 1.27E + 06 4.08E-03 0.38 $1.55#

RC3.2M 1.82E-09 1.81E + 06 3.29E-03 1.00 $ 3.29
RC3.6M 1.83E-09 1.97F + 06 3.61 E-03 1.00 $ 3.61
RC4.22E 5.99E-09 5.24E + 06 3.14E-02 1.00 $31.38
RC4.8E 1.06E-09 1.86E + 05 1.97E-04 0.42 $0.08
RC4.30E 6.55E-09 5.07 E + 06 3.32E-02 1.00 $33.21

RC4.36L 3.08E-08 5.90E + 06 8.84E-02 0.00 $ 0.00
RC5.1E 5.10E-10 2.87E + 06 1.46E-03 0.00 $0.00

SUM 1.96E-06 1.89E-01 $82.94 |
1

d

|
i
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TABLE 19A.5-9

g RISK REDUCTION EVALUATION FOR
B5, ALTERNATIVE RCS DEPRESSURIZATION

,

i Benefit
Release Frequency Mean Dose Dose Risk fract. Savings

Class Events /v mr/ event mr/v reduct. $/v

RCl.lE 1.36E-06 1.19E + 02 1.62E-04 0.36 $0.06
'

RCl.lM 3.83E-07 1.09E + 02 4.17E-05 0.00 $0.00
; RC2.lE 3.44E-09 1.37E + 05 4.71 E-04 0.69 $0.33
:

RC2.2E 3.31E-09 1.37E + 05 4.53E-04 0.75 $0.34

; RC2.4E 3.76E-08 2.38E + 04 8.94E-04 0.42 $0.38
RC2.5E 2.84E-08 2.35E + 04 6.67E-04 1.00 $0.67

j RC2.6E 3.33E-08 2.35E +04 7.83E-04 0.52 $0.41 |
RC2.7E 1.62E-08 2.35E + 04 3.81 E-04 1.00 $0.38-

RC2.2M 4.05E-09 1.31E + 05 5.31 E-04 0.00 $0.00<

RC2.5M 3.95E-09 4.73E + 04 1.87E-04 0.00 $0.00,

RC2.6M 9.08E-09 3.02E + 04 2.74E-04 0.00 $0.00

O RC2.7M 1.22E-08 1.38E + 05 1.68E-03 0.00 $0.00
(_) RC3.1 E 4.64E-09 1.02E + 06 4.73 E-03 0.56 $2.65

RC3.2E 3.16E-09 1.32E + 06 4.17E-03 0.62 $2.58
RC3.4E 6.52E-09 1.20E + 06 7.82E-03 0.48 $3.75
RC3.6E 3.21 E-09 1.27E + 06 4.08E-03 0.62 $2.53
RC3.2M 1.82E-09 1.81 E + 06 3.29E-03 0.00 $0.00
RC3.6M 1.83E-09 1.97E + 06 3.61E-03 0.00 $0.00
RC4.22E 5.99E-09 5.24E + 06 3.14E-02 0.00 $0.00
RC4.8E 1.06E-09 1.86E + 05 1.97E-04 0.48 $0.10
RC4.30E 6.55E-09 5.07E+ 06 3.32E-02 0.00 $0.00
RC4.36L 3.08E-08 5.90E+06 8.84E-02 0.00 $0.00
RC5.lE 5.10E-10 2.87E + 06 1.46E-03 0.00 $0.00

!
SUM 1.96E-06 1.89E-01 $14.18 | j

|
i

i
!
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| TABLE 19A.5-10
i
'

RISK REDUCTION EVALUATION FOR
B6. DIESEL St PUMPS (2)

Benefit
,

| Release Frequency Mean Dose Dose Risk fract. Savings
! Class Events /v mr/ event mr/v reduct. $/v

RCl.lE 1.36E-06 1.19E + 02 1.62E-04 0.55 $0.09
RCl.1M 3.83E-07 1.09E + 02 4.17E-05 1.00 $ 0.04

RC2.lE 3.44E-09 1.37E + 05 4.71E-04 0.16 $0.08
RC2.2E 3.31 E-09 1.37E+ 05 4.53E-04 0.38 $0.17

,

RC2.4E 3.76E-08 2.38E+ 04 8.94 E-04 0.48 $0.43
RC2.5E 2.84E-08 2.35E + 04 6.67E-04 0.00 $0.00
RC2.6E 3.33E-08 2.35E + 04 7.83E-04 0.48 $0.38 |
RC2.7E 1.62E-08 2.35E + 04 3.81E-04 0.00 $ 0.00

RC2.2M 4.05E-09 1.31E + 05 5.31E-04 1.00 $ 0.53

RC2.5M 3.95E-09 4.73E + 04 1.87E-04 1.00 $ 0,19

RC2.6M 9.08E-09 3.02E + 04 2.74E-04 1.00 $ 0.27

RC2.7M 1.22E-08 1.38E + 05 1.68E-03 1.00 $ 1.68

RC3.lE 4.64E-09 1.02E + 06 4.73E-03 0.32 $1.51
RC3.2E 3.16E-09 1.32E + 06 4.17E-03 0.38 $ 1.58

RC3.4E 6.52E-09 1.20E +06 7.82E-03 0.42 $ 3.28

RC3.6E 3.21 E-09 1.27E + 06 4.08E-03 0.38 $ 1.55

RC3.2M 1.82E-09 1.81E + 06 3.29E-03 1.00 $ 3.29
RC3.6M 1.83E-09 1.97E + 06 3.61 E-03 1.00 $ 3.61

RC4.22E 5.99E-09 5.24E + 06 3.14E-02 1.00 $31.38

RC4.8E 1.06E-09 1.86E + 05 1.97E-04 0.42 $ 0.08

RC4.30E 6.55E-09 5.07E+06 3.32E-02 1.00 $33.21

RC4.36L 3.08E-08 5.90E +06 8.84E-02 0.00 S 0.00

RCS.l E 5.10E-10 2.87E + 06 1.46E-03 0.00 $0.00

SUM 1.96E-06 1.89E-01 $83.35 |

I

|
1
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|

Amendment V - 4/29/94
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'V TABLE 19A.5-114

'

RISK REDUCTION EVALUATION FOR
, B7. ALTERNATIVE STARTUP FEEDWATER SYSTEM
i

t Benefit
; Release Frequency Mean Dose Dose Risk fract. Savings

Class Events /v mr/ event mr/v reduct. $/v;

k RCl.lE 1.36E-06 1.19E + 02 1.62E-04 0.36 $0.06
! RC1.1M 3.83E-07 1.09E + 02 4.17E-05 0.00 $ 0.00 '

RC2.lE 3.44E-09 1.37E + 05 4.71 E-04 0.69. $0.33
RC2.2E 3.31E-09 1.37E+05 4.53E-04 0.75 $ 0.34

| RC2.4E 3.76E-08 2.38E + 04 8.94E-04 0.42 $0.38
RC2.5E - 2.84E-08 2.35E + 04 6.67E-04 1.00 $0.67;

RC2.6E 3.33E-08 2.35E +04 7.83 E-04 0.52 $ 0.41 |
; RC2.7E 1.62E-08 2.35E + 04 3.81 E-04 0.00 $ 0.00

| RC2.2M 4.05E-09 1.31 E + 05 5.31 E-04 0.00 $0.00.

RC2.5M - 3.95E-09 4.73E + 04 1.87 E-04 0.00- $ 0.00
: RC2.6M 9.08E-09 3.02E + 04 2.74E-04 0.00 $ 0.00
$ O RC2.7M 1.22E-08 1.38E+ 05 1.68E-03 0.56 $0.94
ib RC3. lE 4.64E-09 1.02E + 06 4.73E-03 0.62 $2.93
1
-

RC3.2E 3.16E-09 1.32E + 06 4.17E-03 0.48 $ 2.00
; RC3.4E 6.52E-09 1.20E +06 7.82E-03 0.62 $4.85
! RC3.6E 3.21E-09 1.27E + 06 4.08E-03 0.75 $ 3.06
3
'

RC3.2M 1,82E-09 1.81 E + 06 3.29E-03 . 0.75 $ 2.47
! RC3.6M 1.83E-09 1.97E + 06 3.61 E-03 0.00 $ 0.00

RC4.22E 5.99E-09 5.24E + 06 3.14E-02 OA8 $15.07
RC4.8E 1.06E-09 1.86E + 05 1.97E-04 0.00 $ 0.00

; RC4.30E 6.55E-09 5.07E + 06 3.32E-02 0.00 $0.00
) RC4.36L 3.08E-08 5.90E+06 8.84E-02 0.00 $0.00
; RC5.lE 5.10E-10 2.87E + 06 1.46E-03 0.00 $0.00

SUM 1.96E-06 1.89E-01 $33.51 |

)

4
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L

Amendment V - 4/29/94
4

-

..u, ,,.--# . . , , . , y .,.4 y .oy..e y. e . g .o 9 .,.m .eg a-me-,- , +<m,-. ye wg* s n -e-



CESSAR ~CEWTIFICAT12N
'5'ra

TABLE 19A.5-12

RISK REDUCTION EVALUATION FOR
B8. EXTENDED RWST SOURCE

Benefit
Release Frequency Afean Dose Dose Risk fract. Savings
Class Events /v mr/ event mr/v reduct. $/v

RCl.lE 1.36E-06 1.19E + 02 1.62E-04 0.00 $ 0.00

RC1.1M 3.83E-07 1.09E + 02 4.17E-05 0.00 $ 0.00
RC2.lE 3.44E-09 1.37E + 05 4.71E-04 0.00 $ 0.00
RC2.2E 3.31 E-09 1.37E+05 4.53E-04 0.00 $ 0.00
RC2.4E 3.76E-08 2.38E + 04 8.94E-04 0.00 $ 0.00
RC2.5E 2.84E-08 2.35E + 04 6.67E-04 0.00 $0.00
RC2.6E 3.33E-08 2.35 E + 04 7.83E-04 0.00 $ 0.00 |
RC2.7E 1.62E-08 2.35E + 04 3.81 E-04 0.00 $ 0.00
RC2.2M 4.05E-09 1.31 E + 05 5.31E-04 0.00 $ 0.00
RC2.5M 3.95E-09 4.73E+04 1.87E-04 0.00 $ 0.00
RC2.6M 9.08E-09 3.02E + 04 2.74E-04 0.00 $ 0.00
RC2.7M 1.22E-08 1.38E + 05 1.68E-03 0.00 $ 0.00
RC3. lE 4.64E-09 1.02E + 06 4.73E-03 0.00 3 0.00
RC3.2E 3.16E-09 1.32E + 06 4.17E-03 0.00 $ 0.00
RC3.4E 6.52E-09 1.20E + 06 7.82E-03 0.00 $0.00

'
RC3.6E 3.21 E-09 1.27E + 06 4.08E-03 0.00 $ 0.00
RC3.2M 1.82E-09 1.81 E + 06 3.29E-03 0.00 $ 0.00
RC3.6M 1.83E-09 1.97E + % 3.61E-03 0.00 $ 0.00
RC4.22E 5.99E-09 5.24E + 06 3.14E-02 0.00 $ 0.00
RC4.8E 1.06E-09 1.86E + 05 1.97E-04 0.00 $0.00
RC4.30E 6.55E-09 5.07E + 06 3.32E-02 0.00 $0.00
RC4.36L 3.08E-08 5.90E + 06 8.84E-02 1.00 $88.40
RC5.l E 5.10E-10 2.87E + 06 1.46E-03 0.00 $0.00

SUM 1.96E-06 1.89E-01 $88.40 |

O
Amendment V - 4/29/94
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- TABLE 19A.5-13

RISK REDUCTION EVALUATION FOR
C1. TIIIRD DIESEL GENERATOR

Benefit
Release Frequency Mean Dose Dose Risk fract. Savings
Class Events /v mr/ event mr/v reduct. S/v

RCl. lE 1.36E-06 1.19E + 02 1.62E-04 0.00 $0.00
RC1.1M 3.83E-07 1.09E+ 02 4.17E-05 0.00 $0.00
RC2.lE 3.44E-09 1.37E + 05 4.71 E-04 0.00 $0.00;

| RC2.2E 3.31 E-09 1.37E + 05 4.53E-04 0.00 $0.00
| - RC2.4E 3.76E-08 2.38E+04 8.94E-04 0.00 $0.00
'

RC2.5E 2.84E-08 2.35E+ 04 6.67E-04 0.00 $0.00
RC2.6E 3.33E-08 2.35E + 04 7.83E-04 0.00 $0.00 |

| RC2.7E 1.62E-08 2.35E + 04 3.81E-04 0.00 $0.00
RC2.2M 4.05E-09 1.31E + 05 5.31 E-04 0.00 $0.00
RC2.5M 3.95E-09 4.73E+ 04 1.87E-04 0.24 $0.04
RC2.6M 9.08E-09 3.02E + 04 2.74E-04 0.00 $0.00
RC2.7M 1.22E-08 1.38E + 05 1.68E-03 0.24 $0.40

k/ RC3. l E - 4.64E-09 1.02E +06 4.73E-03 0.00 $0.00
'

RC3.2E 3.16E-09 1.32E+ 06 4.17E-03 0.00 $0.00
RC3.4E 6.52E-09 1.20E + 06 7.82E-03 0.00 $0.00
RC3.6E 3.21 E-09 1.27E+06 4.08E-03 0.00 $0.00
RC3.2M 1.82E-09 1.81 E+ 06 3.29E-03 0.00 $0.00
RC3.6M 1.83E-09 1.97E + 06 3.61E-03 0.00 $0.00
RC4.22E 5.99E-09 5.24E + 06 3.14E-02 0.00 $0.00
RC4.8E 1.06E-09 1.86E+05 1.97E-04 0.00 $0.00
RC4.30E 6.55E-09 5.07E + 06 3.32E-02 0.00 $0.00
RC4.36L 3.08E-08 5.90E + 06 8.84E-02 0.00 $0.00
RC5. lE 5.10E-10 2.87E+ 06 1.46E-03 0.00 $0.00

SUM 1.96E-06 1.89E-01 $0.45 |

F(

Amendment V - 4/29/94
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TABLE 19A.5-14

RISK REDUCTION EVALUATION FOR
C2. TORNADO-PROTECTION FOR C05fBUSTION TURBINE

,

l

Benefit |

Release Frequency Alean Dose Dose Risk fract. Savmgs !

Class Events /v mr/ event mr/v reduct. $/v I

|

RC1.1E 1.36E-06 1.19E + 02 1.62E-04 0.00 $0.00 ;

RC1.lM 3.83E-07 1.09E + 02 4.17E-05 0.00 $0.00;

RC2.lE 3.44E-09 1.37E + 05 4.71 E-04 0.00 $0.00 ;

RC2.2E . 3.31E-09 1.37E + 05 4.53 E-04 0.00 $0.00

RC2.4E 3.76E-08 2.38E + 04 8.94E-04 0.00 $0.00

RC2.5E 2.84E-08 2.35E + 04 6.67E-04 0.00 $0.00
RC2.6E 3.33E-08 2.35E + 04 7.83E-04 0.00 $0.00 |
RC2.7E 1.62E-08 2.35E + 04 3.81 E-04 0.00 $0.00
RC2.2M 4.05E-09 1.31E+05 5.31E-04 0.00 $0.00
RC2.5M 3.95E-09 4.73E + 04 1.87E-04 0.43 $0.08

RC2.6M 9.08E-09 3.02E + 04 2.74E-04 0.00 $0.00
RC2.7M 1.22E-08 1.38E + 05 1.68E-03 0.90 $1.52

RC3.1E 4.64E-09 1.02E + 06 4.73E-03 0.00 $0.00
RC3.2E 3.16E-09 1.32E + 06 4.17E-03 0.00 $0.00
RC3.4E 6.52E-09 1.20E+06 7.82E-03 0.00 $0.00
RC3.6E 3.21 E-09 1.27E + 06 4.08E-03 0.00 $0.00
RC3.2M 1.82E-09 1.81 E+ 06 3.29E-03 0.00 $0.00
RC3.6M 1.83E-09 1.97E + 06 3.61E-03 0.00 $0.00
RC4.22E 5.99E-09 5.24E + 06 3.14E-02 0.00 $0.00
RC4.8E 1.06E-09 1.86E + 05 1.97E-04 0.00 $0.00 ;

RC4.30E 6.55E-09 5.07E + 06 3.32E-02 0.00 $0.00
RC4.36L 3.08E-08 5.90E + 06 8.84E-02 0.00 $0.00
RC5.lE 5.10E-10 2.87E + 06 1.46E-03 0.00 $0.00

SUST 1.96E-06 1.89E-01 $1.60 |

l

e
Amendment V - 4/29/94
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TABLE 19A.5-15

.

RISK REDUCTION EVALUATION FOR
DI. ALTERNATIVE ATWS PRESSURE RELIEF VALVES

Benefit
Release Frequency Mean Dose . Dose Risk - fract. Savings
Class Events /v mr/ event mr/v reduct. $/v

'RCl.lE 1.36E-06 1.19E + 02 ' l .62 E-04 0.03 $0.00

RCI.lM 3.83E-07 1.09E + 02 4.17E-05 0.03 $0.00

RC2.1E 3.44E-09 1.37E + 05 4.71 E-04 0.03 $0.01

; RC2.2E 3.31E-09 1.37E + 05 4.53E-04 0.03 $0.01

| RC2.4E 3.76E-08 2.38E + 04 8.94E-04 0.03 $0.03

RC2.5E 2.84E-08 2.35E + 04 6.67E-04 0.03 $0.02

RC2.6E 3.33E-08 2.35E+04 7.83E-04 0.03 $0.02 j'
RC2.7E 1.62E-08 2.35E + 04 3.81 E-04 0.00 $0.00

| RC2.2M 4.05E-09 1.31 E + 05 5.31 E-04 0.03 $0.02
| ' RC2.5M 3.95E-09 4.73E + 04 1.87E-04 0.00 $0.00 i

RC2.6M 9.08E-09 3.02E + 04 2.74E-04 0.03 - $0.01
;tb RC2.7M 1.22E-08 1.38E + 05 1.68E-03 0.00 $0.00

U RC3. lE 4.64E-09 1.02E + 06 4.73 E-03' O.03 $0.14|

RC3.2E 3.16E-09 1.32E + 06 4.17E-03 0.03 $0.13
'

RC3.4E 6.52E-09 1.20E +06 7482E-03 0.03 $0.24
RC3.6E 3.2 ' E-09 1.27E + 06 4.08E-03 0.03 $0.12 -
RC3.2M 1.82E-09 1.81E + 06 3.29E-03 0.03 $0.10
RC3.6M 1.83E-09 1.97E + 06 3.61 E-03 0.03 $0.11

RC4.22E 5.99E-09 5.24E + 06 3.14E-02 0.00 $0.00
RC4.8E 106E-09 1.86E + 05 1.97E-04 0.03 $0.01

RC4.30E 6.55E-09 5.07E + 06 3.32E-02 0.00- $0.00
RC4.36L 3.08E-08 5.90E + 06 8.84E-02 0.00 $0.00
RC5.lE 5.10E-10 2.87E + 06 1.46E-03 0.00 $0.00

SUM 1.96E-06 1.89E-01 $0.97 |

,

Amendment V - 4/29/94

-
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TABLE 19A.5-16

RISK REDUCTION EVALUATION FOR
,

IEl. ALTERNATIVE CONTAINMENT SPRAY

Benefit
Release Frequency Mean Dose Dose Risk fract. Savings
Class Events /v mr/ event mr/v re_ duct. $/v

RCl.lE 1.36E-06 1.19E + 02 ! .62E-04 0.00 $0.00

RCl.lM 3.83E-07 1.09E + 02 4.17E-05 0.00 $0.00

RC2. lE 3.44E-09 1.37E+05 4.71 E-04 0.00 $0.00

RC2.2E 3.31E-09 1.37E + 05 4.53E-04 0.00 $0.00
RC2.4E 3.76E-08 2.38E + 04 8.94E-04 0.00 $0.00
RC2.5E 2.84E-08 2.35E + 04 6.67E-04 0.05 $0.03

RC2.6E 3.33E-08 2.35E + 04 7.83E-04 0.00 $0.00 |
RC2.7E 1.62E-08 2.35E +04 3.81 E-04 0.00 $0.00
RC2.2M 4.05E-09 1.31E + 05 5.31E-04 1.00 $0.53
RC2.5M 3.95E-09 4.73E + 04 1.87E-04 0.36 $0.07
RC2.6M 9.08E-09 3.02E + 04 2.74E-04 0.00 $0.00
RC2.7M 1.22E-08 1.38E + 05 1.68E-03 0.78 51.31

RC3.lE 4.64E-09 1.02E + 06 4.73 E-03 0.00 $0.00
RC3.2E 3.16E-09 1.32E + 06 4.17E-03 0.00 $0.00
RC3.4E 6.52E-09 1.20E +06 7.82E-03 0.00 $0.00
RC3.6E 3.21 E-09 1.27E + 06 4.08E-03 0.00 $0.00
RC3.2M 1.82 E-09 1.81 E + 06 3.29E-03 0.78 $2.57
RC3.6M 1.83E-09 1.97E + 06 3.61 E-03 0.78 $2.82
RC4.22E 5.99E-09 5.24E + 06 3.14E-02 0.00 $0.00
RC4.8E 1.06E-09 1.86E + 05 1.97E-04 0.00 $0.00
RC4.30E 6.55E-09 5.07E + 06 3.32E-02 0.00 $0.00 ;

RC4.36L 3.08E-08 5.90E + 06 8.84E 02 0.00 $0.00 '

RC5. lE 5.10E-10 2.87E + 06 1.46E-03 0.00 $0.00 !

i

SUM 1.96E-06 1.89E-01 $7.35 | l

;

1

O
Amendment V - 4/29/94 i
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TABLE 19A.5-17,

RISK REDUCTION EVALUATION FOR'

E2. FILTERED VENT (CONTAINMENT)
,

Benefit 1

Release Frequency Mean Dose Dose Risk fract. Savings
,

Class Events /v mr/ event mr/v reduct. $/v
.

f RCl. lE 1.36E-06 1.19E + 02 1.62E-04 0.00 $0.00

RCl.lM 3.83 E-07 1.09E + 02 4.17E-05 0.00 $0.00 )
RC2 lE 3.44E-09 1.37E + 05 4.71 E-04 0.00 $0.00

'

,

] RC2.2E 3.31 E-09 1.37E + 05 4.53E-04 0.00 $0.00

] RC2.4E 3.76E-08 2.38E + 04 8.94E-04 0.00 $0.00

RC2.5E 2.84E-08 2.35E + 04 6.67E-04 0.00 $0.00

l RC2.6E 3.33E-08 2.35E + 04 7.83E-04 0.03 $0.00 |
; RC2.7E 1.62E-08 2.35E+ 04 3.81 E-04 0.00 $0.00

| RC2.2M - 4.05 E-09 1.31 E + 05 5.31 E-04 1.00 $0.53
,

3 RC2.5M 3.95E-09 4.73E + 04 1.87E-04 0.00 $0.00 I
RC2.6M 9.08E-09 3.02Et04 2.74E-04 0.00' $0.00 I

'
RC2.7M 1.22E-08 1.38E + 05 1.68E-03 0.00 $0.00 ;

5 L RC3.1E 4.64E-09 1.02E + 06 4.73E-03 0.00 $0.00
RC3.2E 3.16E-09 1.32E+06 4.17E-03 0.00 $0.00;

} RC3.4E 6.52E-09 1.20E + 06 7.82E-03 0.00 $0.00

; RC3.6E 3.21 E-09 1.27E + 06 4.08E-03 0.00 $0.00 |

i RC3.2M 1.82E-09 1.81E + 06 3.29E-03 0.00 $0.00 !

! RC3.6M 1.83E-09 1.97E+ 06 3.61 E-03 0.00 $0.00 -

RC4.22E 5.99E-09 5.24E + 06 3.14E-02 0.00 50.00;

RC4.8E 1.06E-09 1.86E + 05 1.97E-04 0.00 $0.00
RC4.30E 6.55E-09 5.07Ei 06 3.32E-02 0.00 $0.00

i RC4.36L 3.08E-08 5.90E * 06 8.84E-02 0.00 $0.00
j RC5.lE 5.10E-10 2.87E +06 1.46E-03 0.00 $0.00
.

4 SUM 1.96E-06 1.89E-01 $0.53 | I
i

!

!

!

,

;

)
: s
!
1

Amendment V - 4/29/94
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TABLE 19A.5-18

| RISK REDUCTION EVALUATION FOR
! E3. ALTERNATIVE CONCRETE COMPOSITION

Benefit

| Release Frequency Mean Dose Dose Risk fract. Savings
! Class Events /v mr/ event mr/v reduct. $/v

RCl .lE 1.36E-06 1.19E +02 1.62E-04 0.00 $0.00

RCl.1M 3.83E-07 1.09E + 02 4.17E-05 0.00 $0.00

RC2.lE 3.44E-09 1.37E + 05 '4.71 E-04 0.00 $0.00

RC2.2E 3.31E-09 1.37E + 05 4.53E-04 0.00 $0.00

; RC2.4E 3.76E-08 2.38E + 04 8.94 E-04 1.00 $0.89
! RC2.5E 2.84E-08 2.35E + 04 6.67E-04 1.00 $0.67

RC2.6E 3.33E-08 2.35E + 04 7.83 E-04 1.00 $0.78 |
RC2.7E 1.62E-08 2.35E+04 3.81 E-04 1.00 $0.38

RC2.2M 4.05E-09 1.31 E + 05 5.31 E-04 0.00 $0.00
RC2.5M 3.95E-09 4.73E+ 04 1.87E-04 1.00 $0.19

RC2.6M 9.08E-09 3.02E + 04 2.74E-04 1.00 $0.27
RC2.7M 1.22E-08 1.38E +05 1.68E-03 1.00 $1.68
RC3.lE 4.64E-09 1.02E + 06 4.73E-03 0.00 $0.00
RC3.2E 3.16E-09 1.32E + 06 4.17E-03 0.00 $0.00
RC3.4E 6.52E-09 1.20E+ 06 7.82E-03 0.00 $0.00
RC3.6E 3.21E-09 1.27E + 06 4.08E-03 0.00 $0.00
RC3.2M 1.82E-09 1.81 E + 06 3.29E-03 0.00 $0.00
RC3.6M 1.83E-09 1.97E + 06 3.61 E-03 0.00 $0.00
RC4.22E 5.99E-09 5.24 E + 06 3.14E-02 0.00 $0.00
RC4.8E 1.06E-09 1.86E + 05 1.97E-04 0.00 $0.00
RC4.30E 6.55E-09 5.07E + 06 3.32E-02 0.00 $0.00
RC4.36L 3.08E-08 5.90E +06 8.84E-02 0.00 $0.00
RC5.1E 5.10E-10 2.87E + 06 1.46E-03 0.00 $0.00

SUM 1.96E-06 1.89E-01 $4.86 |

O
Amendment V 4/29/94
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TABLE 19A.5-19 i

\ .,

RISK REDUCTION EVALUATION FOP. i

E4. REACTOR VESSEL EXTERIOR COOLING I|
|.

; Benefit
Release Frequency Mean Dose Dose Risk fract. Savings,

! Class Events /v mr/ event mr/v reduct. $/v

RCl .lE 1.36E-06 1.19E + 02 1.62E-04 0.00 $0.00

RCl.1M 3.83E-07 1.09E + 02 4.17E-05 0.00 $0.00 )
j RC2. lE 3.44E-09 1.37E + 05 4.71E-04 0.00 $0.00 |

| RC2.2E 3.31 E-09 1.37E + 05 4.53E-04 - 0.00 $0.00

i RC2.4E 3.76E-08 2.38E + 04 8.94E-04 1.00 $0.89

RC2.5E 2.84E-08 2.35E + 04 6.67E-04 1.00 $0.67
,

RC2.6E 3.33E-08 2.35E + 04 7.83E-04 1.00 $0.78 |
| RC2.7E ' l .62E-08 2.35E + 04 3.81E-04 1.00_ $0.38
'

RC2.2M 4.05E-09 1.31E + 05 5.31 E-04 0.00 $0.00
RC2.5M 3.95E-09 . 4.73E + 04 1.87E-04 0.00 $0.00
RC2.6M 9.08E-09 3.02E + 04 2.74E-04 1.00- $0.27

i '

RC2.7M ' l .22E-08 1.38E+05 1.68E-03 ~ 0.00 $0.00
; RC3.lE 4.64E-09 1.02E + 06 4.73E-03 1.00 $4.73

RC3.2E 3.16E-09 1.32E + 06 4.17E 03 1.00 $4.17.

RC3.4E 6.52E-09 1.20E + 06 7.82 E-03 1.00 $7.82,

i RC3.6E 3.21 E-09 1.27E + 06 4.08E-03 1.00 $4.08
I

RC3.2M 1.82E-09 1.81 E + 06 3.29E-03 1.00 $3.29
RC3.6M 1.83E-09 1.97E + 06 3.61 E-03 1.00 $3.61 )
RC4.22E 5.99E-09 5.24E + 06 3.14E-02 0.00 $0.00 |

| RC4.8E 1.06E-09 1.86E+05 1.97E-04 0.00 $0.00
'

j RC4.30E 6.55E-09 5.07E + 06 3.32E-02 0.00 $0.00
RC4.36L 3.08E-08 5.90E + 06 8.84E-02 -0.00 $0.00

i RC5.lE 5.10E-10 2.87E + 06 1.46E-03 0.00 $0.00
:
1

j SUM 1.96E-06 1.89E-01 $30.69 |
.

I

j

.
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,
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Amendment V - 4/29/94
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TABLE 19A.5-20

RISK REDUCTION EVALUATION FOR
E5. ALTERNATIVE 112 IGNITERS

Benefit
Release Frequency Mean Dose Dose Risk fract. Savings

Class Events /v mr/ event mr/v reduct. $/v

RCl.lE 1.36E-06 1.19E + 02 1.62E-04 0.00 $0.00

RCl.1M 3.83 E-07 1.09E + 02 4.17E-05 0.00 $0.00

RC2.lE 3.44E-09 1.37E + 05 4.71 E-04 1.00 $0.47

RC2.2E 3.31 E-09 1.37E + 05 4.53E-04 1.00 $0.45

RC2.4E 3.76E-08 2.38E + 04 8.94 E-04 0.00 $0.00

RC2.5E 2.84E-08 2.35 E + 04 6.67E-04 0.00 $0.00
RC2.6E 3.33E-08 2.35E + 04 7.83 E-04 0.00 $0.00 |
RC2.7E 1.62E-08 2.35E + 04 3.81 E-04 0.00 $0.00
RC2.2M 4.05 E-09 1.31 E + 05 5.31 E-04 0.00 $0.00
RC2.5M 3.95E-09 4.73E + 04 1.87E-04 0.00 $0.00
RC2.6M 9.08E-09 3.02E + 04 2.74E-04 0.00 $0.00
RC2.7M 1.22E-08 1.38E + 05 1.68E-03 0.00 $0.00
RC3 lE 4.64E-09 1.02E + 06 4.73E-03 0.00 $0.00
RC3.2E 3.16E-09 1.32E + 06 4.17E-03 0.00 $0.00
RC3.4E 6.52E-09 1.20E + 06 7.82E-03 0.00 $0.00
RC3.6E 3.21 E-09 1.27E + 06 4.08E-03 0.00 $0.00
RC3.2M 1.82 E-09 1.81 E + 06 3.29E-03 0.00 $0.00,

RC3.6M 1.83 E-09 1.97E + 06 3.61 E-03 0.00 $0.00
RC4.22E 5.99E-09 5.24E + 06 3.14E-02 0.00 $0.00
RC4.8E 1.06E-09 1.86E + 05 1.97E-04 0.00 $0.00
RC4.30E 6.55 E-09 5.07E + 06 3.32E-02 0.00 $0.00 |

s

RC4.36L 3.08E-08 5.90E + 06 8.84E-02 0.00 $0.00 i

RC5. lE 5.10E-10 2.87E + 06 1.46E-03 0.00 $0.00 j

SUM 1.96E-06 1.89E-01 $0.92 |

O
Amendment V - 4/29/94
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TABLE 19A,5-21
;

RISK REDUCTION EVALUATION FOR
E7. MSSV AND ADV SCRUBBING )

-

r

Benefit ,

'
Release Frequency Mean Dose Dose Risk fract. SavinFS
Class Events /v mr/ event . mr/V reduct, $/v

I

RCl.lE 1.36E-06 1.19E + 02 1.62E-04 0.00 $0.00 |
RCl.1M 3.83E-07 1.09E + 02 4.17E-05 0.00 $0.00 l

RC2.1E - 3.44E-09 1.37E + 05 4.71 E-04 0.00 $ 0.00
RC2.2E 3.31E-09 1.37E+ 05 4.53E-04 0.00 f,0.00
RC2.4E 3.76E-08 2.38E + 04 8.94E-04 0.00 3 0.00
RC2.5E 2.84E-08 2.35E + 04 6.67E-04 0.00 $ 0.00
RC2.6E 3.33E-08 2.35E+04 7.83E-04 0.00 $ 0.00 | |
RC2.7E 1.62E-08 2.35E + 04 3.81E-04 0.00 $ 0 00 |

|

RC2.2M 4.05E-09 1.31E + 05 5.31 E-04 0.00 $ 0.00 |

RC2.5M 3.95E-09 4.73E +04 1.87E-04 0.00 '$ 0.00 |

RC2.6M 9.08E-09 3.02E + 04 2.74E-04 0.00 $0.00
i RC2.7M 1.22E-08 1.38E + 05 1.68E-03 0.00 $ 0.00 |

RC3.1E 4.64E-09 1.02E + 06 4.73E-03 0.00 $0.00 j
RC3.2E 3.16E-09 1.32E + 06 4.17E-03 0.00 $0.00

, RC3.4E 6.52E-09 1.20E + 06 7.82E-03 0.00 $0.00 l

! RC3.6E 3.21 E-09 1.27E+ 06 4.08E-03 0.00 $0.00 I

RC3.2M 1.82E-09 1.81 E + 06 3.29E-03 0.00 $ 0.00
RC3.6M 1.83E-09 1.97E + 06 3.61 E-03 0.00 $0.00
RC4.22E 5.99E-09 5.24E + 06 3.14 E-02 1.00 $31.38

| RC4.8E 1.06E-09 1.86E + 05 1.97E-04 0.00 $ 0.00
RC4.30E 6.55E-09 5.07E + 06 3.32E-02 1.00 $33.21
RC4.36L 3.08E-08 5.90E + 06 8.84 E-02 1.00 $88.40
RC5.lE 5.10E-10 2.87E + 06 1.46E-03 0.00 $ 0.00

!

SUM 1.96E-06 1.89E-01 $152.99 |

o
N.

Amendment V - 4/29/94
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TABLE 19A.5-22 l

I

| RISK REDUCTION EVALUATION FOR l

| E8. ALTERNATIVE CONTAINMENT MONITORING SYSTEM |
|

|

Benefit |
Release Frequency Mean Dose Dose Risk fract. Savings !

Class Events /v mr/ event mr/v reduct. $/v

! RCl.1E 1.36E-06 1.19E + 02 1.62E-04 0.00 $0.00

RCl.lM 3.83E-07 1.09E + 02 4.17E-05 0.00 $0.00

RC2. lE 3.44E-09 1.37E + 05 4.71 E-04 0.00 $0.00

RC2.2E 3.31E-09 1.37E + 05 4.53 E-04 0.00 $0.00

RC2.4E 3.76E-08 2.38E + 04 8.94E-04 0.00 $0.00

RC2.5E 2.84 E-08 2.35 E + 04 6.67E-04 0.00 $0.00

RC2.6E 3.33E-08 2.35E + 04 7.83 E-04 0.00 $0.00 |
RC2.7E 1.62E-08 2.35E + 04 3.81E-04 0.00 $0.00

RC2.2M 4.05E-09 1.31 E + 05 5.31E-04 0.00 $0.00

RC2.5M 3.95E-09 4.73E + 04 1.87E-04 0.00 $0.00

RC2.6M 9.08 E-09 3.02E + 04 2.74 E-04 0.00 $0.00

RC2.7M 1.22E-08 1.38E + 05 1.68E-03 0.00 $0.00

RC3. lE 4.64E-09 1.02E + 06 4.73E-03 0.00 $0.00

RC3.2E 3.16E-09 1.32E + 06 4.17E-03 0.00 $0.00

RC3.4E 6.52E-09 1.20E + 06 7.82E-03 0.00 $0.00

RC3.6E 3.21 E-09 1.27E + 06 4.08E-03 0.00 $0.00

RC3.2M 1.82 E-09 1.81 E + 06 3.29E-03 0.00 $0.00

RC3.6M 1.83 E-09 \ .97E + 06 3.61 E-03 0.00 $0.00

RC4.22E 5.99E-09 5.24E +06 3.14E-02 0.00 $0.00
RC4.85 1.06E-09 1.86E +05 1.97E-04 1.00 $0.20
RC4.30E 6.55E-09 5.07E + 06 3.32E-02 0.00 $0.00 |

RC4.36L 3.08E-08 5.90E + 06 8.84 E-02 0.00 $0.00

RC5. l E 5.10E-10 2.87E + 06 1.46E-03 1.00 $1.46

SUM 1.96E-06 1.89E-01 $1.66 |

!

|
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20.0 CLOSURE OF UNRESOLVED AND GENERIC SAFETY ISSUES

I
This chapter documents the technical resolution for all Unresolved Safety Issues (USIs) and Medium- i

and High-Priority Generic Safety Issues (GSIs) that are relevant to the System 80+ Standard Design I

as required by 10 CFR Part 52.47 for Design Certification.

After the System 80+ applicable issues were identified, a methodology for the documentation of the !

technical resolution of each issue was developed. Each applicable issue is comprised of three sections:
ISSUE, ACCEPTANCE CRITERIA, and RESOLUTION. A fourth section, REFERENCES is
provided where appropriate. The ISSUE statement section consists of a brief summary description of j

the safety issue. This is followed by the ACCEPTANCE CRITERIA section. These criteria are taken
from NUREG-0933 in most cases, and, in the absence of a formal NRC resolution, developed from
accepted industry codes, guidelines, standards and/or good engineering practice.- The RESOLUTION
section contains the technical resolution of the safety issue which is based upon the System 80+ ;

Standard Design as described in this report or other pertinent documentation as listed in the
REFERENCES section. This structure is intended to establish a clear and concise technical resolution
for each safety issue.

,

!

| . ,

|

O
|

|

i

!
1

i i
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20.1 NRC LIST OF UNRESOLVED SAFETY ISSUES AND GENERIC SAFETY ISSUES |
'

Unresolved and Generic Safety Issues were evaluated for their applicability to the System 80+ | ;

Standard Design based on the review of NRC and industry documentation (e.g., NUREG-0933 ''A l

Prioritization Of Unresolved and Generic Safety Issues" and NUREG-1197, " Advanced Light Water
] Reactor T'rogram, Management Review Methodology"). Section (a)(1)(iv) of 10 CFR 52.47 requires

technical resolutions of those USIs and medium- and high-priority GSIs identified in the version of
NUREG-0933, current on the date six months prior to application and that are technically relevant to
the design. All USIs and GSIs identified through Supplement 15 of NUREG-0933, issued in April
1993, were reviewed in accordance with the guidance of NUREG-0933.

All USIs and GSIs that have been reviewed are listed in Table 20.1-1; the results of the review are )
presented for each issue as either Category 1 (not relevant) or Category 2 (relevant to the System 80+ '

Standard Design).

'

Issues were eliminated as not relevant to the System 80+ Standard Design if it met one or more of the |
following criteria:

The issue is prioritized in NUREG-0933 as DROPPED or LOW, or the issue has not yet beena.

prioritized.
i

!
b. The issue is specific to another design (e.g., BWR, W, B&W). J

1

The NRC identified the issue as resolved with no new requirements and no references to oldc.

requirements.
;

d. The NRC identified the issue as either an operational, environmental, licensing, or NRC
internal issue.

i,
e. The issue has been superseded by one or more USIs and GSIs.

'

f. The issue was classified as a DROP issue in the EPRI Regulatory Stabilization Program (see
NUREG-1197).

g. The issue was classified as NOT APPLICABLE in the EPRI Regulatory Stabilization Program
(see NUREG-1197).

Some Unresolvec and Generic Safety issues described in NUREG-0933 include a cross-reference to
other issues which address related concerns. Table 20.1-1 identifies the cross-references among issues
relevant to the System 80+ Standard Design.

20.1-1 Amendment V - 4/29/94
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b TABLE 20.1 1

(Sheet I of 37)

LISTING OF UNRESOLVED SAFETY ISSUES AND
GENERIC SAFFTY ISSUES

Number Title Type Category

i Failures in Air-Monitoring, Air Cleaning, and Ventilation GSI/LI- la
Systems

2 Failure of Protective Devices On Essential Equipment GSI la
L

3 Setpoint Drift in Instrumentation GSI 2

4 End-of-Life Maintenance Criteria GSI id

5 Design Check and Audit of Balance of Plant Equipment GSI le

! 6 Separation of Control Rod from its Drive and BWR High GSI lb
Roo Orth Events

7 Failures Due to Flow-Induced Vibrations GSI If

8 Inadvertent Actuation of Safety injection in PWRs GSI le

9 Re-Evaluation of Reactor Coolant Pump Trip Criteria GSI le

10 Surveillance and Maintenance of Tip Isolation Valves and GSI ig
Squib Charges

11 Turbine Disc Cracking GSI le

12 BWR Jet Pump Integrity GSI lb

13 Small Break LOCA from Extended Overheating of GSI If

Pressurizer Heaters

14 PWR Pipe Cracks GSI 2

15 Radiation Effects On Rea: tor Vessel Supports USI 2 |

16 BWR Main Steam Isolation Valve Leakage Control Systems GSI If-

17 less of Offsite Power Subsequent to a LOCA GSI If |

v
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TABLE 20.1-1

(Sheet 2 of 37)

LISTING OF UNRESOLVED SAFETY ISSUES AND
GENERIC SAFETY ISSUES

Number Title Type Catecory

18 Steam Line Break with Consequential Small LOCA GSI le

i
19 Safety Implications of Non-Safety Instrument and Control GSI le

Power Supply Bus

20 Effects of Electromagnetic Pulse On Nuclear Plant Systems GSI Ic

21 Vibration Qualification of Equipment GS! If

22 Inadvertent Boron Dilution Events GSI 2

23 Reactor Coolant Pump Seal Failures GSI 2

|

| 24 Automatic Emergency Core Cooling System Switchover to GSI 2
'

Recirculation

! 25 Automatic Air Header Dump On BWR SCRAM System GSI lb

26 Diesel Generator Loading Problems Related to SIS Reset On GSI le
Loss of Offsite Power

27 Manual Versus Automated Actions GSI le

28 Pressurized Thermal Shock GSI le

| 29 Bolting Degradation or Failures in Nuclear Power Plants GSI 2

30 Potential Generator Missiles -- Generator Rotor Retaining GSI If

Rings
|

31 Natural Circulation Cooldown GSI le |

| 32 Flow Blockage in Essential Equipment Caused by Corbicula GSI le

33 Correcting Atmospheric Dump Valve Opening Upon Loss of GSI le
Integrated Control System Power

I

|

|

! O
!
|

| Amendment V - 4/29/94
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(Sheet 3 of 37)

LISTING OF UNRESOLVED SAFETY ISSUES AND
GENERIC SAFETY ISSUES

Number - Title True Catenory

34' Reactor Coolant System Leak GSI If

35 Degradation of Internal Appurtenances in LWRs GSI la

36 Loss of Service Water [Ref; USI A-45] GSI 2 |

37 Steam Generator Overfill & Combined Primary & Secondary GSI le
Blowdown

38 Potential Recirculation Failure as a Consequence of ingestion GSI lb
of Containment Paint or Other Fine Debris

39 Potential for Unaccept Interaction Between the CRD System GSI lb
& Non-Essential Control Air System (BWR)

40 Safety Concerns Associated with Breaks in the BWR . GSI lb
SCRAM System

41 BWR SCRAM Discharge Volume Systems GSI lb |

42 Combination Primary & Secondary System LOCA GSI le

43 Reliability of Air Systems GSI 2 |

44 Failure of Salt Water Cooling System GS! la |

45 Inoperability of Instrumentation Due to Extreme Cold GSI 2 |
Weather

l

46 Imss of 125 VDC Bus GSI le

47 Loss of Offsite Power GSI le |j.
48 LCO for Class 1E Vital Instrument Buses in Operating- GSI 2

Reactors [Ref; GSI-128]
|

49 Interlocks and LCOs for Redundant Class IE Tie Breakers GSI 2
[Ref; GSI-128]

|

O ;
~

Amendment V - 4/29/94 |
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TABLE 20.1-1

(Sheet 4 of 37)

LISTING OF UNRESOLVED SAFETY ISSUES AND
GENERIC SAFETY ISSUES

Number Title Tyr>e Cateeory

|50 Reactor Vessel Level Instrumentation in BWRs GSI lb

51 Proposed Requirements for Improving Reliability of Open GSI 2

Cycle Service Water Systems

| 52 SSW Flow Blockage by Blue Mussels GSI le

53 Consequences of a Postulated Blockage Incident in a BWR GSI If

54 Valve Operator Related Events Occurring During '78, '79, GSI le
80

55 Failure of Class IE Safety Related Switchgear Circuit GSI If

Breakers to Close On Demand

56 Abnormal Transient Operating Guidelines as Applied to a GSI le
Steam

Generator Overfill Event

57 Effects of Fire Protection System Actuation On Safety GSI 2

Related Equipment

58 Inadvertent Containment Flooding GSI If
'

59 Technical Specification Requirements for Plant Shutdown GSI/R1 Id
When Equipment for Safe Shutdown is Degraded or
Inoperable

| 60 Lamellar Tearing of Reactor Systems Structural Supports GSI le

61 SRV Line Break Inside the BWR Wetwell Airspace of Mark GSI lb
I & II Containment

62 Reactor Systems Bolting Applications GSI le

63 Use of Equipment Not Classified as Essential to Safety in GSI lb
BWR Transient Analysis

64 Identification of Protection System Instrument Sensing lines GSI 2

O
Amendment V - 4/29/94
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O TABLE 20.1-1
|

| (Sheet 5 of 37)'

LISTING OF UNRESOLVED SAFETY ISSUES AND
GENERIC SAFETY ISSUES

Number Title Type Catenorv

65 Probability of Core Melt Due to Component Cooling Water . GSI le
System Failures

66 Steam Generator Requirements [Re; USI A-4] GSI 2 |

67.2.1 Steam Generator Staff Actions--Integrity of Steam Generator GSI/RI Id
Tube Sleeves

67.3.1 Steam Generator Staff Actions--Steam Generator Overfill GSI le
!

67.3.2 Steam Generator Staff Actions--Pressurized Thermal Shock GSI le
'

!

| 67.3.3 Steam Generator Staff Actions--Improved Accident GSI/L1 2
Monitoring

| |

'

g 67.3.4 Steam Generator Staff Actions--Reactor Vessel Inventory GSI le
( Measurement
u

67.4.1 Steam Generator Staff Actions--Reactor Coolant Pump Trip GSI le

67.4.2 Steam Generator Staff Actions-Control Room Design GSI le
REVIEW

67.4.3 Steam Generator Staff Actions--Emergency Operating GSI le
Procedures !

,

67.5.1 Steam Generator Staff Actions--Reassessment of Radiological GSI/LI ld |
Consequences

67.5.2 Steam Generator Staff Actions--Reevaluation of Design Basis GSI/LI ld |

67.5.3 Steam Generator Staff Actions--Secondary System Isolation GSI If

67.6.0 Steam Generator Staff Actions--Organizational Responses GSI le
i

67.7.0 Steam Generator Staff Actions-Improved Eddy Current Tests GSI le |

67.8.0 Steam Generator Staff Actions--Denting Criteria GSI/RI id

;

Amendment V - 4/29/94
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!
(Sheet 6 of 37)

LISTING OF UNRESOLVED SAFETY ISSUES AND
GENERIC SAFETY ISSUES -

Number Title Type Catecory

67.9.0 Steam Generator Staff Actions--Reactor Coolant System GSI le
Pressure Control

| 67.10.0 Steam Generator Staff Actions--Supplemental Tube GSI/LI Id
Inspectioris

68 Postulated loss of AFWS Resulting from Turbine Driven GSI le
| AFW Pump Steam Supply Line Rupture

69 Make-Up Nozzle Cracking in B&W Plants GSI lb

| 70 PORV and Block Valve Reliability GSI 2

71 Failure of Resin Demineralizer Systems and Their Effect On GSI la
| Nuclear Power Plant Safety

.

72 Control Rod Drive Guide Tube Support Pin Failures GSI la

73 Detached Thermal Sleeves GSI If

74 Reactor Coolant Activity Limit for Operating Reactors GSI la

75 Generic Implications of ATWs Events at the Salem Nuclear GSI 2
Plant

76 Instrumentation and Control Power Interactions GSI la

77 Flooding of Safety Equipment Compartments by Backflow GSI le
| Through Floor Drains

78 Monitoring of Fatigue Transient Limits for Reactor Coolant GSI 2
System

79 Unanalyzed Reactor Vessel Thermal Stress During Natural GSI 2

| Convection Cooldown [Ref; USI A-44]

i

I

O'
Amendment V - 4/29/94
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TABLE 20.1-1

. (Sheet 7 of 37)

LISTING OF UNRESOLVED SAFETY ISSUES AND
GENERIC SAFETY ISSUES

Number Title Troe Catenorv

80 Pipe Break Effects On CRD Hydraulics in the Drywalls of GSI lb |
BWR MK I & 11 Containments '

81 Impact of Locked Doors & Barriers On Plant and Personal GSI If

Safety

82 Beyond Design Bases Accidents in Spent Fuel Pools GSI 2

|
83 Control Room Habitability GSI 2

84 C-E PORVs GSI la

85 Reliability of Vacuum Breakers Connected to Steam GSI lb
Discharge Lines inside BWR Containments

\
\

f) 86 Long Range Plan for Dealing with SCC In BWR Piping GSI lb |
\]'

87 Failure of HPCI Steam Line without Isolation (In BWRs) GSI 2 |
|

| 88 Earthquakes and Emergency Planning GSI ig

89 Stiff Pipe Clamps GSI If

| 90 Technical Specifications for Anticipatory Trips GSI Ig

91 Main Crankshaft Failure in TransAmerica Delaval GSI le i

Emergency Diesel Generators |

|
92 Fuel Crumbling During LOCA GSI la

l

j 93 Steam Binding of Auxiliary Feedwater Pumps GSI 2 l

l

94 Additional LTOP for Light Water Reactors GSI 2

95 Loss of Effective Vo'ume for Containment Recirculation GSI lb-
Spray

|

96 RHR Suction Valve Testing GSI lb

|

|C
: \
I
l

i
f

| Amendment V - 4/29/94 - '
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TABLE 20.1-1
!-

(Sheet 8 of 37)

! LISTING OF UNRESOLVED SAFETY ISSUES AND
'

GENERIC SAFETY ISSUES

| Number Title Type Catecorv

97 PWR Reactor Cavity Uncontrolled Exposure GSI le

98 CRD Accumulator Check Valve Leakage (In BWRs) GSI lb

| 99 RCS/RHR Suction Line Interlock On PWRs GSI 2

100 OTSG Level (B&W) GSI lb

101 BWR Water Level Redundancy GSI lb
,

i

I 102 Human Error in Events involving Wrong Unit or Wrong GSI le
Train

103 Design for Probable Maximum Precipitation GSI 2

104 Reduction of Boron Dilution Requirement GSI/RI Id

105 Interfacing Systems LOCA at LWRs GSI 2

106 Piping and Use of Highly Combustible Gases in Vital Areas GSI 2

(Fire Protection)

| 107 Main Transformer Failures GSI la

|108 BWR Suppression Pool Temperature Limits GSI/RI lb

109 Reactor Vessel Closure Failure GSI lb

110 Equipment Protection Devices On Engineered Safety Features GSI lb

i11 SCC of Pressure Boundary Ferretic Steels in Selected GSI/LI Id
Environments

112 Westinghouse RPS Surveillance Frequencies & Out-of- GSI/RI lb
Service Times

O
Amendment V - 4/70/04



. . --

CESSAR i!!L"ic re.

O
TABLE 20.1-1

(Sheet 9 of 37)

LISTING OF UNRESOLVED SAFETY ISSUES AND
GENERIC SAFETY ISSUES

Number Title Tyg Catenory

113 Dynamic Qualification Testing of Large Bore Hydraulic OSI 2 |
Snubbers

114 Seismic Induced Relay Chatter GSI le

115 Enhancement of the Reliability of the Westinghouse SSPS GSI lb
(ATWS)

116 Accident Management GSI la

117 Allowable Outage Times for Diverse Simultaneous GSI la
Equipment Outages i

l

118 Tendon Anchorage Failure GSI 2 |

119.1 Piping Rupture Requirements and Decoupling of Seismic and GSI/RI 2,

() LOCA Imads
,

<

119.2 Piping Damping Values GSI/RI 2 |

119.3 Decoupling the OBE from the SSE GSI/RI 2 |

119.4 BWR Piping Materials GSI/R1 lb

119.5 Leak Detection Requirements GSI/RI 2

120 On-Line Testability of Protection Systems GSI 2

121 Hydrogen Control for Large, Dry PWR Containments GSI 2

122.la Failure of Isolation Valves in Closed Positions GSI le |

122.lb Recovery of Auxiliary Feedwater GSI le

122.1c Interruption of Auxiliary Feedwater Flow GSI le

122.2 Initiating Feed and Bleed [Ref; USI A-45] GSI 2 |

f\

|
w)t

|

| Amendment V - 4/29/94
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TABLE 20.1-1

(Sheet 10 of 37)

LISTING OF UNRESOLVED SAFFTY ISSUES AND
GENERIC SAFETY ISSUES

Number Title Irps Catenory

122.3 Physical Security System Constraints GSI la

123 Deficiencies in the Regulations Governing DBA and Single GSI la

| Failure Criteria - Davis Besse Event

124 Auxiliary Feedwater System Reliability GSI 2

125.1.1 Availability of the Shift Technical Advisor GSI la

125.I.2.a PORV Reliability-Need for a Test Program to Establish GSI le
Reliability of the PORV

125.I.2.b PORV Reliability-Need for PORV Surveillance Tests to GSI le
Confirm Operational Readiness

| 125.1.2.c PORV Reliability--Auto Block Valve Closure GSI If

| 125.I.2.d PORV Reliability-Capability of the PORV to Support Feed GSI le
& Bleed

| 125.I.3 SPDs Availability [Ref; GSI/TMI I.D.2] GSI 2

|125.I.4 Plant Specific Simulator GSI la

| 125.I.5 Safety System Tested in All Conditions Required by Design GSI la
| Basis Analysis
!
'

125.I.6 Valve Torque Limit and Bypass Switch Settings GSI la

125.1.7.a Recover Failed Equipment GSI la

125.I.7.b Realistic Ilands On Training GSI la

125.1.8 Procedures and Staffing for Reporting to NRC Emergency GSI la
Response Center

O
Amendment V - 4/29/94
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TABLE 20.1-1 1

'

(Sheet 11 of 37)

LISTING OF UNRESOLVED SAFETY ISSUES AND
GENERIC SAFETY ISSUES

Number Title Dm Catenoryi

125.II.I.a Two-Train AFW Unavailability GSI la |

125.II.1.b Review Existing AFWs for Single Failure GSI le

125.II.1.c NUREG-0737 Reliability Improvements GSI la

! 125.II. I .d AFW Steam & Feedwater Rupture Control System /ICS GSI la |
| Interactions in B&W Plants

125.11.2 Adequacy of Existing Maintenance Requirements for Safety GSI la
Related Systems

125.II.3 Review Steam / Feed Line Break Mitigation Systems for GSI la |
Single Failure;

i 125.11.4 Thermal Stress of OTSG Components (B&W) GSI lb |

125.11.5 Thermal Hydraulic Effects of Loss and Restoration of GSI la
Feedwater on Primary System Components

125 II.6 Reexamine PRA Estimates of Core Damage Risk from IAss GSI la
of all Feedwater |

125.11.7 Reevaluate Provision to Automatically Isolate Feedwater from GSI 2

Steam Generator During Line Break

125.11.8 Reassess Criteria for Feed & Bleed Initiation GSI la

125.11.9 Enhanced Feed & Bleed Capability GSI le

j 125.11.10 Hierarchy ofImpromptu Operator Actions GSI la
i

l 125.11.11 Recovery of Main Feedwater as an Alternative to AFW GSI la

1

1

f 1

( |
L

Amendment V - 4/29/94
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TABLE 20.1-1

(Sheet 12 of 37)

LISTING OF UNRESOLVED SAFETY ISSUES AND
GENERIC SAFETY ISSUES

Number Title T CatecorvE

| 125.lL12 Adequacy of Training Regarding PORV Operation GSI ld

125.11.13 Operator Job Aids GSI la

125.11.14 Remote Operation of Equipment Which Must Now Be GSI la
Operated Locally

126 Reliability of PWR Main Steam Safety Valves GSI/LI Id

127 Maintenance and Testing of Manual Valves In Safety Related GSI la
Systems

|128 Electrical Power Reliability [Ref; GSI 48, 49] GSI 2

129 Valve Interlocks to Prevent Vessel Drainage During GSI le
Shutdown Cooling

130 Essential Service Water Pump Failures at Multiplant Sites GSI 2

| [Ref; USI A-45]

131 Potential Seismic Interaction involving the Movable incore GSI lb
| Flux Mapping System in Westinghouse-Designed Plants

132 RHR Pumps Inside Containment GSI la

133 Update Policy Statement On Nuclear Plant Staff Working GSI/LI id
Hour

|134 Rule on Degree and Experience Requirement GSI Id

|135 Steam Generator and Steam Line Overfill GSI 2

136 Storage and Use of Large Quantities of Cryogenic GSI/LI id
| Combustibles On Site

137 Refueling Cavity Seal Failure GSI la

O
Amendment V - 4/29/94
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(Sheet 13 of 37)

LISTING OF UNRESOLVED SAFETY ISSUES AND
GENERIC SAFETY ISSUES |

Number Title TVDe Category

138 Deinerting of BWR Mark I & II Containments During Power GS1 lb
Operation Upon Discovery of RCS Leakage or a Train of a
Safety System Inoperable

139 Thinning of Carbon Steel Piping in LWRs ' - GSI lb

140 Fission Product Removal Systems GSI lb |

141 Large Break LOCA with Consequential SGTR GSI la |

142 Leakage Through Electrical Isolators in Instrumentation GSI 2
Circuits

143 Availability of Chilled Water Systems and Room Cooling GSI . '2 | .

\
144 SCRAM Without a Turbine / Generator Trip GSI la

145 Actions to Reduce Common Cause Failures GSI lb |

153 Loss of Essential Service Water in LWRs GSI 2

155.1 More Realistic Source Term Assumptions GSI 2

A-1 Water Hammer USI 2

A-2 Asymmetric Blowdown leads On Reactor Primary Coolant USI 2
Systems

j

A-3 Westinghouse Steam Generator Tube Integrity USI -Ib

A-4 C-E Steam Generator Tube Integrity USI 2

A-5 B&W Steam Generator Tube Integrity USI lb

A-6 Mark I Short-Term Program USl Ib

A-7 Mark I Long-Term Program USI lb

|
i

l

Y

.
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TABLE 20.1-1

(Sheet 14 of 37)

LISTING OF UNRESOLVED SAFETY ISSUES AND
GENERIC SAFETY ISSUES

Number Title T._ype Cateeory

A-8 Mark 11 Containment Pool Dynamic Loads--Long Term USI lb
Program

A-9 Anticipated Transients Without SCRAM (ATWS) USI 2

A-10 BWR Feedwater Nozzle Cracking USI lb

A-11 Reactor Vessel Material Toughness USI lb

A-12 Fracture Toughness of Steam Generator & RCP Supports USI 2

A-13 Snubber Operability Assurance GSI 2

A-14 Flaw Detection GSI If

A-15 Primary Coolant System Decontamination and Steam GSI Ic
Generator Chemical Cleaning

A-16 Steam Effects of BWR Core Spray Distribution GSI lb

|A-17 Systems Interactions in Nuclear Power Plants USI 2

A-18 Pipe Rupture Design Criteria GSI If

A-19 Digital Computer Protection System GSI Id

A-20 Impacts of the Coal Fuel Cycle GSI Id

A-21 Main Steamline Break Inside Containment--Evaluation of GSI la
Environmental Conditions for Equipment Qualification

A-22 PWR Main Steamline Break--Core, Reactor Vessel and GSI If

Containment Building Response

A-23 Containment Leak Testing GSI/RI id

A-24 Qualification of Class IE Safety Related Equipment USI 2

O
Amendment V - 4/29/94
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(Sheet 15 of 37)

LISTING OF UNRESOLVED SAFETY ISSUES AND
GENERIC SAFETY ISSUES

Number Title Type Catenory

A-25 Non-Safety Loads On Class IE Power Sources GSI 2

A-26 Reactor Vessel Pressure Transient Pruection USI 2 1

A-27 Reload Applications GSI/LI Id

A-28 Increase in Spent Fuel Pool Storage Capacity GSI le |

A-29 Nuclear Power Plant Design for the Reduction of GSI 2

Vulnerability to Industrial Sabotage

A-30 Adequacy of Safety Related DC Power Supplies GSI 2
[Ref; GSI/TMI II.E.1.1] |

_
A-31 RilR Shutdown Requirements USl 2.

k A-32 Missile Effects GS! le

A-33 NEPA Review of Accident Risks GSI Id

A-34 Instruments for Monitoring Radiation and Process Variables GSI le
During Accidents

A-35 Adequacy of Offsite Power Systems GSI - 2

A-36 Control of Heavy Loads Near Spent Fuel USI 2

A-37 Turbine Missiles GSI 1f

A-38 Tornado Missiles GSI la

A-39 Determination of Safety Relief Valve Pool Dynamic Loads USI lb
and Temperature Limits (In BWRs)

|

A-40 Seismic Design--Criteria USI 2 |
A-41 Iong Term Seismic Program GSI le

f\
V

.
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(Sheet 16 of 37)

LISTING OF UNRESOLVED SAFETY ISSUES AND
GENERIC SAFETY ISSUES

Number Title Troe Catecory

A-42 Pipe Cracks in Boiling Water Reactors USI lb

A-43 Containment Emergency Sump Performance USI 2

A-44 Station Blackout US! 2

A-45 Shutdown Decay Heat Removal Requirements USI 2

| [Ref; USI A-44]

A-46 Seismic Qualification of Equipment in Operating Plants US! Id

A-47 Safety implications of Control Systems USI 2

A-48 Hydrogen Control, Measures & Effect of Hydrogen Burns USI le

| On Safety Equipment

A-49 Pressurized Thermal Shock USI 2

B-1 Environmental Technical Specifications GSI id

B-2 Forecasting Electricity Demand GS1 Ig

B-3 Event Categorization GSI Id

B-4 ECCS Reliability GSI le

B-5 Ductility of Two-Way Slabs & Shells and Buckling Behavior GSI 2
of Steel Containments

B-6 Loads, lead Combinations, Stress Limits GSI le

B7 Secondary Accident Consequence Modeling GSI/LI Id

B-8 locking Out of ECCS Power-Operated Valves GSI If

B-9 Electrical Cable Penetrations of Containment GS! Ic

O
Amendment V - 4/29/94
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TABLE 20.1-1

(Sheet 17 of 37) -

LISTING OF UNRESOLVED SAFETY ISSUES AND
GENERIC SAFETY ISSUES

,

Number Title La Categon

B-10 Behavior of BWR Mark Ill Containments GSI !b '

'

B-ll Subcompanment Standard Problems GSI/LI Id

B-12 Containment Cooling Requirements (Non-LOCA) GSI Ic

B-13 Marviken Test Data Evaluations GSI/LI ld -

B-14 Study of Hydrogen Mixing Capability in Containment Post- GSI le
LOCA

B-15 CONTEMPT Computer Code Maintenance GSI/LI Id

B-16 Protection Against Postulated Piping Failures in Fluid GSI le
Systems Outside Containment

%

B-17 Criteria for Safety Related Actions GSI 2 |

B-18 Vonex Suppression Requirements for Containment Sumps GSI le
,

B-19 Thermal-Hydraulic Stability GSI Ic

B-20 Standard Problem Analysis GSI/LI ld

B-21 Core Physics GSI/LI Id

B-22 LWR Fuel GSI la

B-23 LMFBR Fuel GSI/LI id

B-24 Seismic Qualification of Electrical and Mechanical GSI le
Components

B-25 Piping Benchmark Problems GSI/LI Id j

B-26 Structural Integrity of Containment Penetrations GSI le |
1

B-27 Implementation and Use of Subsection NF GSI/LI id

bd
Amendment V - 4/29/94

_ . - - _ - . _ . , _ _ . . . _ . ~ , - - - - . - --,



CESSAR anir"icari u

TABLE 20.1-1

(Sheet 18 of 37)

LISTING OF UNRESOLVED SAFETY ISSUES AND
GENERIC SAFETY ISSUES

Number Title Troe Catecory

B-28 Radionuclide/ Sediment Transport Program GSI Ig

B-29 Effectiveness of Ultimate Heat Sinks GSl/L1 la

B-30 Design Basis Floods and Probability GSI/LI Id

B-31 Dam Failure Model GSI/RI ld

B-32 Ice Effects On Safety-Related Water Supplies GSI la

B-33 Dose Assessment Methodology GSI/LI ld

B-34 Occupational Radiation Exposure Reduction GSI le

B-35 Confirmation of Appendix I Models for Calculations of GSI/LI Id
Releases of Radioactive Materials in Gaseous and Liquid
Effluents from LWRs

B-36 Develop Design, Testing Maintenance Criteria for GSI 2

Atmosphere Cleanup System Air Filtration and Adsorption
Units for ESF Systems and for Normal Ventilation Systems

B-37 Chemical Discharge to Receiving Waters GSI/RI id

B-38 Reconnaissance Level Investigations GSI lg

B-39 Transmission Line- GSI if

B-40 Effects of Power Plant Entrainment On Plankton GSI If

B41 Impact of Fisheries GSI If

B-42 Socioeconomic Environmental Impacts GSI Id
,

|

| B-43 Value of Aerial Photographs for Site Evaluation GSI ig
i.

O
|

Amendment V - 4/29/94
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TABLE 20,1-1

(Sheet 19 of 37)

LISTING OF UNRESOI,VED SAITTY ISSUES AND

GENERIC SAFETY ISSUES

Number Title TVDe Category

B-44 Forecasts of Generating Costs of Coal and Nuclear Plants GSI Ig

B-45 Need for Power - Energy Conservation GSI le

B-46 Costs of Alternatives in Environmental Designs GSI If

B-47 Inservice Inspection Criteria for Support of Class 1,2, and 3 GSI If

and MC Components

B-48 BWR CRD Mechanical Failure (Collet Housing) GSI lb

B-49 Inservice Inspection Criteria and Corrosion Prevention GSI/LI Id
Criteria for Containments

B-50 Post-Operating Basis Earthquake Inspection GSI/RI Id

B-51 Assessment of inelastic Analysis Techniques for Equipment GSI le
and Components

B-52 Fuel Assembly Seismic and LOCA Responses GSI le

B-53 Load Break Switch GSI/RI 2

B-54 Ice Condenser Containments GSI lb

B-55 Improved Reliability of Target Rock Safety Relief Valves (in GSI lb
BWRs)

B-56 Diesel (Generator) Reliability GSI 2

B-57 Station Blackout GSI le

B-58 Passive Mechanical Failures GSI Ic

B-59 (N-1) Loop Operation in BWRs and PWRs GSI/RI Id ' |

%
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Number Title T50e Catecory

B-60 Loose Parts Monitoring System GSI 2

B-61 Allowable ECCS Equipment Outage Periods GSI 2

B-62 Reexamination of Technical Basis for Establishing SLs. GSI/LI id
| LSSSs, and Reactor Protection System Trip Functions

B-63 Isolation of IAw Pressure Systems Connected to the Reactor GSI 2

Coolant Pressure Boundary

B-64 Decommissioning of Reactors . GSI id

B-65 Iodine Spiking GSI If

B-66 Control Room Infiltration Measurements GSI 2

B-67 Effluent and Process Monitoring Instrumentation GSI le

B-68 Pump Overspeed During LOCA GSI 1f

B-69 ECC Leakage Ex-Containment GSI le

B-70 Power Grid Frequency Degradation and Effect of Primary GSI le
Coolant Pumps

B-71 Incident Response GSI le

| B-72 Health Effects and Life Shortening from Uranium and Coal GSI/LI id
Fuel Cycles

B-73 Monitoring for Excessive Vibration Inside the Reactor GSI le
| Pressure Vessel

|C-1 Assurance of Continuous lAng-Term Capability of Hermetic GSI 2
Seals On Instrumentation and Electrical Equipment

O
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Number iltle Type Catenory

l
i C-2 Study of Containment Depressurization by Inadvertent Spray GSI 2 i

Operation to Determine Adequacy of Containment External
Design Pressure

C-3 Insulation Usage Within Containment GSI le

C-4 Statistical Methods for ECCS Analysis GSI/R1 2

C-5 Decay lleat Update GSI/RI 2

' C-6 LOCA Ileat Sources GSI/RI 1d

C-7 PWR System Piping GSI Ic

C-8 Main Steam Line Leakage Control Systems (in BWRs) GSI lb;

I O
,

C-9 RiiR lleat Exchanger Tube Failures GSI If,

| C-10 Effective Operation of Containment Sprays in a LOCA GSI 2

C-Il Assessment of Failure and Reliability of Pumps and Valves GSI Ic

C-12 Primary System Vibration Assessment GSI 2

C-13 Non-Random Failures GSI le

C-14 Storm Surge Model for Coastal Sites GSI/LI If

C-15 NUREG Report for Liquid Tank Failure Analysis GSI/LI id

C-16 Assessment of Agricultural Land in Relation to Power Plant GSI Ig
Siting and cooling System Selection

C-17 Interim Acceptance Criteria for Solidification Agents for GSI Id |
Radioactive Solid Wastes

D-1 Advisability of a Seismic SCRAM GSI la
.]

,

O
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GENERIC SAFETY ISSUES

Number Title Tvoe Catecory

D-2 Emergency Core Cooling System Capability for Future Plants GSI la

D-3 Control Rod Drop Accident GSI Ic

HF 1.1 Shift Staffing GSI ld

HF 1.2 Engineering Expertise on Shift GSI Id

HF 1.3 Guidance on Limits and Conditions of Shift Work GSI Id

HF 1.3.1 Human Factor Program Plan--Training GSI Id

HF 1.3.2 Human Factors Program Plan--Licensing Examinations GSI Id

HF 1.3.3 Human Factors Program Plan--Procedures-Operating and GSI Id
Maintenance

HF 1.3.5 Human Factors Program Plan--Staffing and Qualifications GSI Id

HF 1.3.6 Human Factors Program Plan--Management and Organization GSI ld

HF 1.3.7 Human Factors Program Plan--Human Performance GSI Id

HF 2.1 Evaluate Industry Training GSI Id

HF 2.2 Evaluate INPO Accreditation GSI Id

HF 2.3 Revise SRP Section 13.2 GSI Id

HF 3.1 Develop Job Knowledge Catalog GSI Id

HF 3.2 Develop License Examination Handbook GSI Id

HF 3.3 Develop Criteria for Nuclear Power Plant Simulators GS! ld

HF 3.4 Examination Requirements GSI Id

O
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Number Title Tvoe Catenory

HF 3.5 Develop Computerized Exam System GSI Id

HF 4.1 Inspection Procedure for Upgraded Emergency Operating GSI Id
Procedures

| HF 4.2 Procedures Generation Package Effectiveness Evaluation GSI Id

HF 4.3 Criteria for Safety-Related Operator Actions GSI Id

HF 4.4 Guidelines for Upgrading Other Procedures GSI Id

HF 4.5 Application of Automation and Artificial Intelligence GSI le

HF 5.1 Local Control Stations GSI 2

[m HF 5.2 Review Criteria for Human Factors Aspects of Advanced GSI 2

g Controls and Instrumentation

HF 5.3 Evaluation of Operational Aid Systems GSI Id

HF 5.4 Computers and Computer Displays GSI ld

HF 6.1 Develop Regulatory Position on Management and GSI Id
Organization

HF 6.2 Regulatory Position on Management and Organization at GSI ld
Operating Reactors

HF 7.1 Human Error Data Acquisition GSI ld

HF 7.2 Human Error Data Storage and Re rieval GSI Id

HF 7.3 Reliability Evaluation Specialist Aids GSI id

HF 7.4 Safety Event Analysis Result Applications GSI id

HF 8.0 Maintenance and Surveillance Program GSI Ic

/
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| GENERIC SAFETY ISSUES

Number Title T_ype Catecorv

1.A.l.1 Operational Safety--Shift Technical Advisor GSI Ig

| 1.A.I.2 Operational Safety--Shift Supervisor Administrative Duties GSI Ig

1.A.I.3 Operational Safety--Shift Manning GSI ig

|1.A.l.4 Long Term Upgrading of Operating Personnel GSI ld

I.A.2.1 Immediate Upgrading of Operator and Senior Operator GSI Ig
(1-3) Training

1.A.2.2 Training and Qualifications of Operating Personnel GSI id

1.A.2.3 Administration of Training Programs GSI lg

I.A.2.4 NRR Participation in Inspector Training GSI id

1. A.2.5 Training and Qualification of Operating Personnel--Plant GSI ig
Drills

I.A.2.6 Long Term Upgrading of Training Qualifications GSI id
(1)

1.A.2.6 Long-Term Upgrading of Training and Qualifications GSI Ig
(2,4,5,6)

1.A.2.6 Operator Workshops CSI le
(3)

1.A.2.7 Accreditation of Training Institutions GSI lg

1.A 3.1 Revise Scope of Criteria for Licensing Exams GSI Ig

1. A.3.2 Operator Licensing Program Change GSI Ig

1. A.3.3 Requirements for Operator Fitness GSI le

O
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tiumber Title Type Category

I. A.3.4 Licensing of Additional Operations Personnel GSI ig

1.A.3.5 Licensing of Personnel--Statement of Understanding with GSI/L1 Id
INPO and DOE

I.A.4.1 Initial Simulator Improvement GSI id |
(1-2)

1.A.4.2 Research on Training Simulators GSI/TMI le |
(1)

I.A.4.2 Upgrade Training Simulator Standards GSI/TMI Ig |
(2)

l.A.4.2 Regulatory Guide on Training Simulators GSI/TM1 Id |,

(3)

I.A.4.2 Review Simulators fot Conformance to Criteria GSI/TMI le |
(4)

1.A.4.3 Feasibility Study for Procurement of Training Simulator GSI/LI Id

I.A.4.4 Feasibility Study ti Fvaluate Potential Value of NRC GSI/LI Id
Engineering Comp .

1.B.I.1 Organization and Management - Long Term improvements GSI/TMI le
(1-4)

1.B.I.1 Management for Operation-Long-Term Improvements GSI Ig
(5)

1.B.I.1 Organization and Management - Long Term improvements GSI/TMI le
(6,7)

|

| 1.B.1.2 Management for Operations-Evaluation of NTOL Applicants GSI/LI ig
(1-3)

|

|

f~%b
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| GENERIC SAFETY ISSUES

Number Title Type Catecory

| 1.B.I.3 Management for Operations--Loss of Safety Function GSI/LI Id

| (1-3)
|

1.B.2.1 Revision of IE Inspection Program GSI/LI ld
(1-7)

1.B.2.2 Resident inspectors at Operating Reactors GSI/LI Ig

I.B.2.3 Inspections at Operating Reactors -Regional Evaluations GSI/LI Id

1.B.2.4 Overview of Licensee Performance GSI/LI Id

l.C.1 Short Term Accident Analysis and Procedures Revision GSI 2,

| (1-4)

1.C.2 Shift and Relief Turnover Procedures GSI Ig

1.C.3 Shift Supervisor Responsibilities GSI Ig

| 1.C.4 Operating Procedures--Control Room Access GSI Ig

1.C.5 Procedures for Feedback of Operating Experience GSI/TMI Ig

1.C.6 Procedure for Verification of Correct Performance of GSI Id
Operating Activities

I.C.7 NSSS Vendor Review of Operating Procedur" GSI Ig

1.C.8 Pilit Monitoring of Selected Emergency Procedures for GSI Ig
NTOL Applicants

|1.C.9 Iong-Term Program Plan for Upgrading of Procedures GSI 2|

1. D.1 Control Room Design Reviews GSI/TMI 2

i

O
Amendment V - 4/29/94



I

|

CESSAR inL"icamn

- ,r
N TABI.E 20.1-1

(Sheet 27 of 37)

LISTING OF UNRESOLNED SAFETY ISSUES AND
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Number Title Tvoe Category

I.D.2 Control Room Design--Plant Safety Parameter Display GS!/TMI 2

Console

I.D.3 Control Room Design--Safety System Status Monitoring GSI/TMI 2.

I.D.4 Control Room Design Standard GSI 2

1.D.5 Control Room Design--Improved Instrumentation Research - GSI 2

(1) Operator - Process Communication

I.D.5 Control Room Design-Improved Instrumentation Research - GSI 2

(2) Plant Status and Post-Accident Monitoring
[Ref; GSI/TM1 I.F.3] |

1.D.5 Control Room Design--On-Line Reactoc Surveillance System GSI/LI 2

}.
I.D.5 Control Room Design--Improved Instrumentation Research - GSI 2

(4) Process Monitoring Instrumentation
[Ref; GSI/TMI II.F.2] |

1.D.5 Disturbance Analysis Systems GSl/LI le
(5)

1.D.6 Control Room Design--Technology Transfer Conference GSI/LI Id

I.E.1 Establish Office for Analysis and Evaluation of Operational GSI/LI ld
Data

I.E.2 Program Office--Operational Data Evaluation - GSI/L1 Id

I.E.3 Operational Safety Data Analysis GSI/LI Id

I.E.4 Coordination of Licensee, Industry, and Regulatory Programs GSI/LI Id

I.E.5 Nuclear Plant Reliability Data System - GSI/LI Id

| O

1 L)
;

|
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|

Number Title Type Catecory

I.E.6 Reporting Requirements for Reactor Operating Experience GSI/LI Id

I.E.7 Information for Analysis and Dissemination of Operating GSI/LI Id
| Experience--Foreign Sources

! I.E.8 iluman Error Rate Analysis GSI/LI Id

I.F.! Quality Assurance - Expand Quality Assurance List for GSI 2

Equipment Important to Safety

I.F.2 Quality Assurance--Dev: fop More Detailed QA Criteria GSI/TMI 2
(1,4,5,7,
8,10,11)

I.F.2 Quality Assurance--Develop More Detailed QA Criteria GSI/TMI 2
(2,3)

1.F.2 Quality Assurance- Develop More Detailed QA Criteria GSI 2
(6,9)

1.G .1 Scope of Test Program--Preoperational and Low Power GSI Ig
Testing

| 1.G.2 Scope of Preoperation and Irw-Power Test Program GSI 2

II. A.1 Siting Policy Reformulation GSI Ic

II. A.2 Site Evaluations of Existing Facilities GSI le

ll.B.1 Safety Review Consideration--Reactor Coolant System Vents GSI/TMI 2

II.B.2 Safety Review Consideration--Plant Shielding to Provide Post GSI/TMI 2
Accident Access to Vital Areas

II.B.3 Safety Review Consideration--Post Accident Sampling System GSI/TMI 2

i
.

O
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Number Title TVDe CateEorY

ll.B.4 Safety Review Consideration--Training to Mitigate Core GSI - Ig
Damage |

l
'II.B.5 Behavior of Severely Damaged Fuel & Core Melt GSI/LI Id

(1,2)

II.B.5 Effect of 112 Burning and Explosions on Containment GSI/LI Id
(3) Structure

II.B.6 Risk Reduction for Operating Reactors with Sites with liigh GSI Id
Population Densities

II.B.7 Safety Review Consideration--Analysis of liydrogen Control GSI Id

II.B.8 Rulemaking Proceedings on Degraded Core Accident. GSI 2
11ydrogen Rule, Severe Accident, Etc.

,

ll.C.1 Interim Reliability Evaluation Program GSI lc

II.C.2 Continuation of Interim Reliability Evaluation Program GSI Ic

I
II.C.3 Risk Assessment--Systems Interaction GSI le l

I

II.C.4 Reliability Engineering [Ref; GSI B-56] GSI/TMI 2 |

II.D.1 Coolant System Valves--Testing Requirements GSI/TM1 2

II.D.2 Coolant System Valves- Research on Test Requirements GSI/TMI la

ll.D.3 Coolant System Valves--Valve Position Indication GSI/TMI 2

II.E.1.1 Auxiliary Feedwater System Evaluation GSI/TMI 2

II.E.1.2 Auxiliary Feedwater System . Automatic Initiation and Flow GSI/TMI 2
Indication

D
b
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T CatecoryNumber Title ag

II.E.1.3 Update Standard Review Plan and Develop Regulatory Guide GSI/L1 Id

II.E.2.1 Reliance on Emergency Core Cooling System GSI le

II.E.2.2 Research on Small Break LOCAs and Anomalous Transients GSI Ic

II.E.2.3 Uncertainties *et ECCS Performance Predictions GSI/TMI la

II.E.3.1 Decay Heat Removal-Reliability of Power Supplies for GSI/TMI 2

Natural Circulation

II.E.3.2 Decay Heat Removal--Systems Reliability GSI le

II.E.3.3 Coordinated Study of Shutdown Heat Removal Requirements GSI le

II.E.3.4 Decay Heat Removal--Alternate Concepts Research GSI Id

II.E.3.5 Decay Heat Removal--Regulatory Guide GSI le

II.E.4.1 Containment Design--Dedicated Penetrations GSI 2

II.E.4.2 Containment Design--Isolation Dependability GSI/TMI 2

II.E.4.3 Containment Integrity Check GSI/TMI id

II.E.4.4 Containment Design--Purging GSI/TMI 2

(I-5)

II.E.5.1 B&W Design Evaluation GSI lb

II.E.5.2 B&W Reactor Transient Response Task Force GSI lb

| II.E.6.1 In-Situ Valve Test Adequacy Study GSI 2

II.F.1 Additional Accident Monitoring Instrumentation GSI/TMI 2

01
!
l
f
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'

GENERIC SAFETY ISSUES

Number Titic Inte . Category

II.F.2 Identification and Recovery from conditions 12ading to GSI/TMI 2 l

Inadequate Core Cooling

II.F.3 Instrumentation for Monitoring Accident Conditions GSI/TMI 2

II.F.4 Study of Control and Protection Action Design GSI/TMI If

II.F.S Classification of I & C, and Electrical Equipment GSI/LI Id

II.G.1 Power Supplies for Pressurizer Relief Valves, Block Va'ves, GSI/TMI 2

and Level Indicators

1

II.H.1 Maintain Safety of TMI-2 and Minimize Environmental GSI ig - i

Impact

II.H.2 Obtain Data on Inside Condition of TMI Containment GSI/TMI - lg

II.H.3 Evaluate and Feedback Information Obtained from TMI GSI le

II.H.4 Determine Impact of TMI on Socioeconomic and Real GSI/LI id
i

Property Values
!

II.J 1.1 Establish a Priority System for Conducting Vendor GSI/L1 Id '!
Inspections

!
i II.J. l .2 Modify Existing Vendor laspection Programs GSI/LI Id
I

li.J. l .3 Increase Regulatory Control Over Present Non Licensees GSI/LI Id

11.J.1.4 Assign Resident Inspectors to Reactor Vendors and Architect- GSI/LI ld
Eagineers

II.J.2.1 Reorient Construction Inspection Program GSI/LI id

ll.J.2.2 Increase Emphasis on Independent Measurement in GSI/LI Id
Construction Inspection Program

i

:

| D
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Number Title Type Catecory

II.J.2.3 Assign Resident Inspectors to All Construction Sites GSI/LI Id

| 11.J.3.1 Organization and Staffing to Oversee Design and GSI 2

Construction

II.J.3.2 Management for Design and Construction - Issue Reg. Guide GSI le

II.J.4.1 Revise Deficiency Report Requirements GSI Id

| II.K.1 Measures to Mitigate Small Break LOCAs and Loss of GSI 1

|(1,2,4[a-
Feedwater Accidents - IE Bulletins

c],7,8, l l-
13,17-23)

II.K.1 Measures to Mitigate Small Break LOCAs and less of GSI 2

(3,4d,5,6, Feedwater Accidents - IE Bulletins
9,10,14-
16,24-28)

II.K.2 Commission Orders on B&W Plant to Mitigate Accidents GSI lb
(1-15,18,
20,21)

II.K.2 Commission Order on B&W Plants to Mitigate Accidents GSI/TMI lb
(16,17,19)

| li.K.3 Final Recommendations of Bulletins and Orders Task Force GSI 1

(1,3,4,7, to Mitigate Accidents
9-24,26-
29,32-54,
56,57)

| II.K.3 Final Recommendations of Bulletins and Orders Task Force GSI/TMI 2

(2,5,6,8, to Mitigate Accidents
25,30,31,

55)

III. A. I .1 Upgrade Emergency Preparedness GSI Ig
(1,2)

O
Amendment V - 4/29/94
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lli. A. I.2 ' Upgrade Licensee Emergency Suppon Facilities . GSI/L1 2;

(1-3)
'I

Ill. A. I .3 Maintain Supplies of Thyroid Blocking Agent - GSI lg
(1)

Ill. A. I .3 Maintain Supplies of Thyroid Blocking Agent GSI Ig
(2)

III. A.2.1 Amendment to 10 CFR 50 and Appendix E GSI ld
(1-4)

III. A.2.2 Development of Guidance and Criteria GSI Ig

Ill. A.3.1 Emergency Preparedness--NRC Role in Responding to GSI/LI- Id
(1-5) Nuclear Emergencies

Ill. A.3.2 Emergency Preparedness--Improve Operations Centers GSI/LI ld

Ill. A.3.3 Emergency Preparedness--Communications GSI/LI Id
(1,2),

|

Ill. A.3.4 Nuclear Data Link GSI id

Ill. A.3.5 Emergency Preparedness--Training, Drills & Tests' GSI/LI Id

Ill. A.3.6 Emergency Preparedness--NRC and Other Agencies _ GSI/LI Id
(1-3)

lli.B.1 Transfer of Emergency Preparedness Responsibilities to GSI/LI - Id
FEMA

Ill.B.2 Implementation of NRC'S and FEMA'S Responsibilities GSI/LI . ld
(1,2)

Ill.C.1 Public Information--Provide to News Media and Public GSI/LI Id
! (1-3)

|

n
{.
|
'

|
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Number Title Type Catecory

III.C.2 Public Information--Provide Training GSI/LI id
(1,2)

| Ill.D. I .1 Primary Coolant Sources Outside the Containment Structure GSI/TMI If

| (1)

III.D. l .1 Review Information on Provisions for Leak Detection GSI 2

(2)

Ill.D. l .1 Develop Proposed System Acceptance Criteria GSI la
(3)

Ill.D. I .2 Radioactive Gas Management GSI/TMI 1f

Ill.D. I .3 Ventilation System and Radioiodine Absorber Criteria GSI/TMI If

(1-3)

lil.D.I.3 Ventilation System and Radiciodine Absorber Criteria GSI Id
(4)

III.D. I .4 Radwaste System Features to Aid in Accident GSI/TMI If

III.D.2.1 Radiological Monitoring of Effluents GSI/TMI la
(1-3)

III.D.2.2 Radiciodine, Carbon-14, and Tritium Pathway Dose Analysis GSI id
(1)

III.D.2.2 Radiciodine, Carbon-14, and Tritium GSI le
(2-4)

Ill.D.2.3 Liquid Pathway Radiological Control GSI Ic
(1)

III.D.2.3 Screening of Sites for Liquid Pathway Consequence GSI Ic
(2)

O
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Number Title TYEe Category -
_

!!!.D.2.3 Liquid Pathway Interdiction GSI Ic
(3)

Ill.D.2.3 Summary Assessment of Liquid Pathway Consequences GSI Ic
(4)

III.D.2.4 Offsite Dose Measurements GSI .ld
(1)

III.D.2.4 Offsite Dose Measurements GSI/LI Id
(2)

III.D.2.5 Offsite Dose Calculational Manual GSI/LI Ic

lli.D.2.6 ' Independent Radiological Measurements GSI/LI Id
'

\ III.D.3.1 Radiation Protection Plan GSI Ic
<

Ill.D.3.2 Health Physics Improvements GSI/LI Id
(1-4)

Ill.D.3.3 In-Plant Radiation Monitoring ' GSI/TMI 2
(1-4)

III.D.3.4 Control Room Habitability GSI 2

III.D.3.5 Radiation Worker Exposure Data Base GSI/LI Id
j (1-3)

!

| IV.Al Seek Legislative Authority in Enforcement Process GSI/LI id
| IV.A.2 Revise Enforcement Policy GSI/LI Id

IV.B.1 Revise Practices for Issuance of Instructions and Information GSI/LI id
to 1.icensees

f%
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IV.C.1 Extend Lessons Learned from TMI to Other NRC Programs GSI/LI ld

IV.D.1 NRC Staff Training GSI/LI Id

IV.E.1 Expand Research on Quantification of Safety Decision- GSI/LI Id
Making

IV.E.2 Plan for Early Resolution of Safety Issues GSI/LI ld

IV.E.3 Plan for Resolving Issues at the Construction Permit Stage GSI/LI Id

IV.E.4 Resolve Generic issues by Rulemaking GSI/LI id

IV.E.5 Assess Currently Operating Plants GSI Ic

IV.F.1 increase IE Scrutiny of Power Ascension Test Program GSI/LI Id

IV.F.2 Evaluate the Impacts of Financial Disincentives to the Safety GSI/LI Id
of Nuclear Power Plants

IV.G.1 Develop a Public Agenda for Rulemaking GSI/LI ld

IV.G.2 Periodic and Systematic Reevaluation of Existing Rules GSI/LI Id

IV.G.3 Improve Rulemaking Procedures GSI/LI Id

IV.G.4 Study Alternatives for Improves Rulemaking Process GSI/L1 Id

IV.ll.1 NRC Participation in the Radiation Policy Council GSI/LI Id

V. A.1 Develop NRC Policy Statement on Safety GSI/LI Id

V. B.1 Study and Recommend, as Appropriate. Elimination of GSI/LI id
Nonsafety Responsibilities

V.C.1 Strengthen the Role of Advisory Committee on Reactor GSI/LI Id
Safeguards
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\ TABLE 20.1-1

(Sheet 37 of 37)

LISTING OF UNRESOLVED SAFETY ISSUES AND
GENERIC SAFETY ISSUES

Number Title TVDe Category

V.C.2 Study Need for Additional Advisory Committees GSI/LI Id
!

V.C.3 Study the Need to Establish an Independent Nuclear Safety GSI/LI id
Board

V.D.1 Improve Public and Intervenor Participation in the Hearing GSI/LI Id
Process

|
|

V.D.2 Study Construction-During-Adjudication Rule GSI/LI Id |

V.D.3 Reexamine Commission Role in Adjudication GSI/LI Id 1

V.D.4 Study the Reform of the Licensing Process GSI/LI Id

V.E.1 Study the Need for TMI-Related Legislation GSI/LI id
D'

'

( V.F.1 Study NRC Top Management Structure and Process GSI/LI ' id
,

V.F.2 Reexamine Organization and Functions of the NRC Office- GSI/LI Id

V.F.3 Revise Delegation of Authority to Staff GSI/LI Id

V.F.4 Clarify and Strengthen the Respective Roles of Chairman, GSI/LI Id
| Commission, and Executive Director for Operations

V.F.5 Authority to Delegate Emergency Response Functions to a GSI/LI Id
Single Commissioner

| V.G.1 Achieve Single location, long-Term GSI/LI Id ||
.

1

|- V.G.2 Achieve Single Location, Interim GSI/LI Id
'

!

|

O
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20.2 TECIINICAL RESOLUTION FOR UNRESOLVED AND GENERIC SAFETY ISSUES
'

APPLICABLE TO TIIE SYSTEM 80+ STANDARD DESIGN

This section presents the technical resolution for safety issues applicable to the System 80+ Standard
Design. Each issue is composed of three parts: a statement that describes the safety concern;
acceptance criteria that discuss the applicable NRC guidance and regulations, industry codes, and
standards, or other relevant requirements; and a resolution section providing the technical bases for
resolution of the issue considering the System 80+ Standard Design. The resolution is described
within this safety analysis report or other relevant documentation (e.g., special technical reports).
References appropriate to the issue, its acceptance criteria, or resolution are also provided.

!

|

20.2.1 SETPOINT DRIFT IN INSTRUMENTATION |

ISSUE

Generic Safety Issue 003 addresses drift in safety-related instrumentation and controls setpoints and the |
potential for a delay in initiation of a safety-related system or component. j

l
Setpoint drift can be defined as a change in the input-output relationship of an instrument over a period 1

of time. Setpoint drift can occur as a result of a number of factors including component failure,
instmmentation error and environmental conditions. Setpoint drift primarily affects analog
instrumentation rather than digital instrumentation (which is less sensitive to the environmental effects j

( of temperature, humidity, etc.). Safety-related instrumentation and controls systems use setpoints as '

a means of determining when to initiate a safety function. Should an unplanned change in the setpoint j

of a safety-related component occur (i.e., setpoint drift) the actual value of the measured parameter at I
which a particular action is specified to occur will be altered. This phenomenon can result in the delay |
in the initiation of a safety function.

'

A number of Licensee Event Reports (LER's) were reviewed by the NRC which dealt with setpoint
drift in safety-related instrumentation and controls. Subsequently, many of these LER's were
determined to have reported setpoint drift in safety-related instruments beyond their permissible l
technical specification limits. Therefore, the NRC determined that it was necessary to provide industry
with additional guidance, Regulatory Guide 1.105 (Reference 1), which could be utilized in establishing |
and maintaining safety-related instrument setpoints. In conjunction with the NRC work, industry j

developed a standard, ISA S67.04-1987 (Reference 2) for safety-related instrument setpoints. This | |
revised standard replaces ISA S67.04-1982 endorsed by Regulatory Guide 1.105, Revision 2. i

ACCEPTANCE CRITERIA

The acceptance criteria for the resolution of GSI 003, are that safety-related instrumentation and
controls systems and components which use setpoints as a means of initiating their safety functions
shall: (1) establish and maintain the setpoints using the guidance in Regulatory Guide 1.105,
Revision 2, (with the exception of ISA S67.04-1982) and (2) conform to the criteria identified in
ISA S67.04-1987.

,A)
b
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Specifically, a setpoint shall be established such that its selection shall allow sufficient margin between
the setpoint and the technical specification limit to account for the expected instrument drift. In
particular, the setpoint selection shall consider the expected environmental conditions.

RESOLUTION

The System 80+ Standard Design includes safety-related instrumentati'm and controls with established
setpoints to actuate safety functions (Chapter 7). Setpoints for safety related systems and components,
e.g., the Plant Protection System, are established and maintained in accordance with the guidance given
in Regulatory Guide 1.105 and conform to the criteria identified in ISA-S67.04-1987.

The environment considered when determining errors is the most detrimental realistic environment
calculated or postulated to exist up to the longest time of the required Reactor Trip or Engineered
Safety Feature Actuation. This environment may be different for different events analyzed. For the
setpoint calculation, the accident environment error calculation for process equipment uses the
environmental conditions up to the longest required time of trip or actuation that results in the largest
errors, thus providing additional conservatism to the resulting setpoints. For additional detail on safety-
related instrumentation and control setpoints see Section 7.1.2.27. [ Note: actual equipment setpoints
are determined during plant construction, when specific equipment is purchased, and are based on the
setpoints and setpoint methodology described in the safety analysis].

Although setpoint drift is expected to be negligible because of digital protective systems, periodic
surveillance tests designed to detect input parameter drift and setpoint changes are performed. In
addition, automatic testing of the PPS bistable trip function is provided and PPS trip setpoints are

| monitored by the Data Processing System as described in, Sections 7.2.1.1.9 and 7.7.1.8.2.1.

| Setpoints used to initiate these plant safety functions are established and maintained by implementing
the requirements ofISA-S67.04-1987 and therefore meet the intent of Regulatory Guide 1.105, Rev 2.
Since the guidance and requirements are met, this issue is resolved for the System 80+ Standard
Design.

REFERENCES

|1. Regulatory Guide 1.105, Revision 2. " Instrument Setpoints For Safety-Related Systems", U.S. !
Nuclear Regulatory Commission, February 1986. j

!

2. Standard ISA-S67.04-1987, "Setpoints for Nuclear Safety-Related Instrumentation Used in |
Nuclear Power Plants", Instrument Society of America. I

l

| 20.2.2 SECONDARY PIPE CRACKS

ISSUE

| Generic Safety issue 014 addresses the pipe crack phenomenon in pressurized water reactors (PWRs). |

In particular, piping cracks associated with secondary plant high pressure systems which could result
in a diminished system functional capability and safety margin.

20.2-2 Amendment V - 4/29/94
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Cracking has occurred in PWR piping systems as a result of stress corrosion, vibratory and thermal
fatigue and dynamic loadings. All incidents of cracking have been detected and corrective actions
taken prior to any catastrophic failures. (Pipe thinning due to erosion has caused catastrophic failure,
but that mechanism is considered separate from cracking.)

Experience has shown that few pipe cracks have occurred in primary piping. Recently, some primary
pipe cracks have occurred near leaking valves in branch lines. These cracks have leaked detectably
with no piping failures. Secondary piping cracks resulting from corrosion and/or erosion and thermal
fatigue, for example in feedwater lines, have also caused concern within the nuclear industry. An
investigation was conducted for the Nuclear Regulatory Commission to review the known cracking
incidents in PWR piping, the safety implications of pipe cracking, and to study all the cracking
mechanisms which have been known to affect PWR piping. The results of this investigation were
reported in NUREG-0691 (Reference 1). '|

'

After evaluating potential enhancements of high energy secondary system piping surveillance and
inspection requirements, the NRC concluded that existing regulatory guidance was satisfactory for the
design of secondary system piping in future plants. Therefore no new requirements were issued.

ACCEPTANCE CRITERIA

The acceptance criteria for the resolution of GSI 014 are that the high energy secondary piping systems
j shall be designed, manufactured, constructed, tested and inspected in accordance with accepted industry

codes and standards, and shall meet the intent of the relevant guidance in Chapters 3 and 10 of the SRP

Q (Reference 2), Section 6.6 of the SRP, and Regulatory Guide 1.26 (Reference 3). |

! RESOLUTION

The high energy secondary piping systems of the System 80+ Standard Design conform to industry
codes, standards, and regulatory design and inspection criteria as identified in Chapters 3 and 10, and |
Section 6.6, consistent with the acceptance criteria above. The systems are those which comprise the
steam and power conversion segment of the plant, such as the Main Steam and the Condensate and
Feedwater Systems, and are described in Chapter 10. |

Structures, components, systems, and piping of the System 80+ Standard Design are grouped in four
safety classes for the definition of design, manufacturing, construction, inspection and testing
requirements. Safety Classes 1,2, and 3 apply to equipment needed to accomplish nuclear safety
functions; the fourth class, Non-Nuclear Safety (NNS), applies to equipment not relied on to perform
a nuclear safety function. These safety classes are equivalent to Quality Groups A through D of
Regulatory Guide 1.26. The safety class groups are described in Section 3.2. Fluid systems piping
in Safety Classes 1-3 is designed in accordance with the ASME Boiler and Pressure Vessel Code
Section Ill, Code Classes 1,2, and 3 and Section XI (Reference 4); piping in Safety Class NNS is'

i designed in accordance with accepted industry standards.

For example, the Condensate and Feedwater System described in Section 10.4.7 contains Safety
Class 2 secondary system piping which conveys water from the main feedwater isolation valves to the |
steam generators. The piping for this portion of the system is designed, manufactured, constructed,

'

tested and inspected in accordance with Section Ill, Code Class 2 and Section XI of the ASME Boiler
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| and Pressure Vessel Code, as identified in Section 10.1, Table 10.1-1. The appropriate portions of
the Condensate and Feedwater System piping meet the requirements of the General Design Criteria and
Branch Technical Position ASB 10-2 identified in SRP Section 10.4.7. The design and layout of the
system piping are such as to minimize the probability of 'hermal stratification or water hammer.

The remainder of the piping in the Condensate and Feedwater System is Safety Class NNS and is
designed, manufactured, constructed, tested and inspected in accordance with ANSI Standard B 31.1

| (Reference 5), as identified in Section 10.1, Table 10.1-1.

This issue is, therefore, resolved for the System 80+ Standard Design.

REFERENCES

|1. NUREG-0691, " Investigation and Evaluation of Cracking Incidents in Piping ic Pressurized
Water Reactors", U.S. Nuclear Regulatory Commission, September 1980.

2. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants -- PWR Edition", U.S. Nuclear Regulatory Commission.

3. Regulatory Guide 1.26 Revision 3, " Quality Group Classifications and Standards for Water ,
Steam , and Radioactive-Waste-Containing Components of Nuclear Power Plants", U.S.
Nuclear Regulatory Commission, February 1976.

4. ASME Boiler and Pressure Vessel Code, Section 111, " Nuclear Power Plant Components", and
Section XI, " Rules for Inservice Inspection of Nuclear Power Plant Components", American
Society of Mechanical Engineers.

|5. ANSI /ASME B31.1-1992, " Power Piping", American Society of Mechanical Engineers.

| 20.2.3 RADIATION EFFECTS ON REACTOR VESSEL SUPPORTS

ISSUE l

| Unresolved Safety issue (US1) 015 addresses the potential for failure of the reactor vessel support
structure (RVSS) due to a combination of low temperature and low neutron flux irradiation
embrittlement.

Neutron irradiation of structural materials used in the RVSS causes embrittlement that may increase l

the potential for propagation of pre-existing cracks or fiaws within these materials. The potential for |
brittle fracture of these materials is typica'ly measured in terms of their nil ductility transition
temperature (NDTT). As long as the operating environment in which a material is used has a
temperature that is significantly higher than the NDTT of the material, no failure by brittle fracture
would be expected. Many materials, when subjected to neutron irradiation, experience an upward shift
in the NDTT, i.e., they become more susceptible to brittle fracture. This effect must be accounted for
in the design and fabrication of RVSS.

O
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During 1988, new data was developed for the RVSS materials at the Oak Ridge National Laboratory
(References 1, 2). This data indicated that low neutron flux at low temperatures caused greater |
embrittlement of the materials used in RVSS than previously anticipated. This increased material

| embrittlement or " upward shift" in NDTT reduces the fracture toughness of these materials and, under

| certain specific and conservative transient conditions such as an earthquake or a large-break loss-of-
coolant accident, could conceivably result in the failure of the supports thus permitting the reactor
vessel to move.

As a result of the Oak Ridge National Lab work, the NRC re-prioritized this issue and is reviewing
its regulatory position relative to low temperature and low neutron flux radiation embrittlement.

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of USl 015 is that the material integrity for the reactor
vessel support structure shall be maintained for the design lifetime of the plant.

i Specifically, the design of the reactor vessel supports shall address irradiation effects (including low
temperature and low neutron flux) and the attendant material embrittlement, and be designed to restrain

| the reactor vessel under the combined Safe Shutdown Earthquake (SSE) and branch line pipe break
; loadings in accordance with the stress and deflection limits established in Section 111 of the ASME

B&PV Code (Reference 3). |

O RESOLUTION
l

~

The RVSS for the System 80+ Standard Design is described in Section 5.4.14.2 and Figure 5.4.14-2.
It consists of four vertical columns (this configuration is defined by Oak Ridge National Lab as the |
"long column type") which are located under the vessel inlet nozzles. These columns are designed to
flex in the direction of horizontal thermal expansion and thus allow unrestrained heatup and cooldown.
In addition, they also act as hold down devices for the reactor vessel.

The supports are designed to accept normal, seismic, aid branch line pipe break loads. Irradiation
effects are addressed in the fracture mechanics analysis cf the columns which is performed using the
philosophy of ASME Section 111 Appendix G to ensure that structural integrity is maintained. This
fracture mechanics analysis addresses potential embrittleraent and accident loads including a safe
shutdown earthquake and a large-break loss of coolant accident. This analysis demonstrates that the
structural integrity of the columns would be maintained, even if large cracks existed in the columns
and they were subjected to the lowest possible temperatures and the maximum normal and safe
shutdown earthquake loadings. The sensitivity to uncertainty in the extent of the embrittlement is also
addressed. The conservatism of this analysis is further enhanced by the adoption of the
leak-before-break method in the System 80+ Design Basis. |

The concrete pedestal and anchorage embedments for the Reactor Vessel Support columns are not
subjected to significant neutron flux. These items are not, therefore, addressed in the above analysis.

/
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in conclusion, the irradiation effects have been addressed in a fracture mechanics analysis of the
System 80+ reactor vessel supports. This analysis indicates that tlie structuralintegri;y of the columns
will be maintained when the conservative combination of irradiation embrittlement, low temperature,
and the design basis loads is imposed on the columns. Therefore, this issue is resolved for the
System 80+ Standard Design.

REFERENCES

|1. ORNL/TM-10444, " Evaluation of HFIR Pressure Vessel Integrity Considering Radiation
Embrittlement", Oak Ridge National Laboratory,1988

.2. ORNL/TM-10966, " Impact of Radiation Embrittlement on the Integrity of Pressure Vessel
Supports for Two PWR Plants". Oak Ridge National Laboratory,1988.

3. American Society of Mechanical Engineers, Boiler & Pressure Vessel Code, Section 111
(Nuclear), American Society of Mechanical Engineers.

| 20.2.4 INADVERTENT BORON DILUTION EVENTS

ISSUE

| Generic Safety issue 022 addresses the possibility of core criticality during cold shutdown conditions
because of an inadvertent boron dilution event.

Inadvertent boron dilution events have occurred at PWR's during maintenance and refueling periods.
If the boron in the RCS is sufficiently diluted and the reactor core is near the beginning of life, there
is the potential for core criticality with all rods inserted (i.e., during cohl shutdown conditions).

The NRC and others performed a variety of stud es of the consequences of an inadvertent boron
dilution event. The conclusions of the NRC assessment along with other studies were that the
consequences of an unmitigated boron dilution event, although undesirable, are not severe enough to
warrant backfit of additional protective features at oprating plants, and that Section 15.4.6 of the
Standard Review Plan (Reference 1) is adequate for plarts presently undergoing license review.

ACCEPTANCE CRITERIA
|

The acceptance criterion for GSI 022 is that new plants .shall minimize the consequences of inadvertent
boron dilution events by meeting the intent of SRP aection 15.4.6. Specifically, when performing a
safety analysis to evaluate the consequences of an inadvertent boron dilution, plant designers should
consider: (1) design limits for maximum RCS pressure and minimum DNBR, (2) moderate frequency
events in conjunction with a single failure or operator error and their possible effects on fuel integrity

| and radiological dose calculations, and (3) time limits specified for each mode of plant operation, if
operator action is required to terminate an inadvertent boron dilution.

O
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BESOLUTION

Safety Analyses were performed as part of the design process for the System 80+ Standard Design. |
These analyses address a variety of design bases events including inadvertent boron dilution (see
Section 15.4.6). Furthermore, these analyses consider SRP Section 15.4.6 criteria including, design
limits (e.g., maximum RCS pressure and minimum DNBR), a single failure in conjunction with
moderate frequency events, and the impact of a single failure or operator error on fuel integrity and
radiological dose calculations.

The safety analysis also considered the time limits required for an operator to terminate an inadvertent
boron dilution for a particular plant mode of operation identified in SRP, Section 15.4.6. For example,
indication of a boron dilution event in the cold shutdown mode of operation is provided to the operator
by the boron dilution alarm logic within the Nuplex 80+ Advanced Control Complex. As described
in Section 7.7.1.1.10, the boron dilution alarm logic would detect an inadvertent boron dilution event i

by monitoring the neutron flux indications provided by the ex-core detector instrumentation while in |

plant modes 3 through 6. Alarm signals are generated by the non-safety-related discrete indication and
alarm system and the data processing system alerting the operator. Reliance on the boron dilution
alarm logic is credited in the safety analysis (Chapter 15) as the annunciator of the event and assures
that the 15 minute and 30 minute criteria for loss of shutdown margin are met.

This System 80+ Standard Safety Analysis Report demonstrates that the consequences of an inadvertent |
boron dilution during cold shutdown are minimized. Furthermore, clear and concise indication and

[,s alarm instrumentation is provided to an operator via the Nuplex 80+ Advanced Control Complex |V} which is considered in the safety analysis. Therefore, the intent of SRP Section 15.4.6 is met and this
issue is resolved for the System 80+ Standard Design.

REFERENCES

1
1. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear |

i

Power Plants ", LWR Edition, U.S. Nuclear Regulatory Commission.

2. Letter to R. T. Curtis (NRC) from N. S. DeMuth (LANL), " Analyses of Unmitigated Boron |

Dilution Events", November 18, 1981.

20.2.5 REACTOR COOLANT PUMP SEAL FAILURES |

ISSUE

Generic Safety Issue 023 addresses the high rate of Reactor Coolant Pump (RCP) seal failures that
challenge the makeup capacity of the ECCS in PWRs. Such an event could result in a small-break
loss-of-coolant-accident with possibly core damage consequences.

WASH-1400, (Reference 1) indicated that breaks in the reactor coolant pressure boundary having an |
| equivalent diameter in the range of 0.5 to 2 inches were a significant cauw of core melt. Since then,
! O a study has shown that comparable break flow rates have resulted from RCP seal failures at a

'(G) frequency about an order of magnitude greater than the pipe break frequency used in WASH-1400.
|

20.2-7 Amendment V - 4/29/94



CESSARH%nc-

OThus, the overall probability of core melt due to small-size breaks could be dominated by events such I

as RCP seal failures.

While proper design and testing of the RCP shaft seal is important, the most significant area of concern
is the capability of the seals to withstand a combined loss of component cooling water and seal
injection, which could occur during station blackout conditions.

ACCEPTANCE CRITERIA

The acceptance criteria for the resolution of GSI 023 are that the plant designer should provide for
greater RCP shaft seal integrity than has been exhibited by the seal design on some operating plants.
Seal integrity can be obtained by using improved design features, such as, better pump and shaft seal
design, and/or improved seal auxiliary support systems (conc :nent cooling water and seal injection
systems).

The objective of improved RCP shaft seal integrity is to limit the possibility of a small-break L.OCA
(which might lead to core damage) resulting from a RCP shaft seal failure. In particular, the

j susceptibility of the auxiliary systems to failure because of a station blackout should be addressed.

RESOLUTION

The System 80+ Standard Design minimizes the possibility of core damage resulting from a small-
break LOCA event caused by a RCP shaft seal failure by assuring seal integrity. Ceal integrity is
ensured by seal and support systems design which address, as described below, susceptibility to station
blackout.

The Reactor Coolant Pump shaft seal design for System 80+ is a CE-KSB design. This design employs
three cartridge-type, hydrodynamic seals, including two equally staged seals and a third stage used as
a vapor seal (see Section 5.4.1.2). With this seal arrangement, all three seals must fail before leakage
from the reactor coolant system can occur. In addition to the seal design, the RCPs and integral shaft
seals are factory performance tested.

The RCP shaft seals are normally operated in conjunction with two independent and redundant support
systems for seal cooling: RCP seal injection provided by the Chemical and Volume Control System,
and the RCP cooling water provided by the Component Cooling Water System. In addition,
System 80+ has a third seal auxiliary support system: the Dedicated Seal Injection System (DSIS).
The DSIS features a small-capacity positive displacement pump which is available to provide a diverse
means of seal injection to the RCPs if normal means of seal cooling are lost. The DSIS pump operates
in parallel with the centrifugal charging pumps and supplies seal injection flow through the normal seal
injection flow path. Due to its support role in ensuring RCP seal integrity, the components of the
DSIS are designed as ASME Ill Class 3. The DSIS is considered a part of the CVCS and is described

| in Section 9.3.4.

During a loss of offsite power (LOOP), the emergency diesel generators provide power to 2 of 4
availele component cooling water pumps to provide RCP seal cooling. The charging pumps can also

O
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be powered by the diesel generators to provide RCP seal injection. If component cooling water seat I

cooling water and charging pump seal injection are unavailable, the DSIS will be aligned to the diesel
generator to provide seal cooling.

The System 80+ design includes an onsite Alternate AC power source to cope with station blackout.
As mentioned in Section 8.1.4.2, the installation and design of the Alternate AC power source complies l
with the intent of Regulatory Guide 1.155 (Reference 2). This power source will be available within j

10 minutes and as such, per Regulatory Guide 1.155 a coping analysis is not required for the station )

blackout event. During a station blackout, the AAC power source will provide power to a charging ;

pump and a CCW pump (both with redundant availability) to provide RCP seal cooling. If CVCS seal
injection and CCW cooling are lost, the DSIS is aligned to the AAC power source to provide RCP seal
injection. The DSIS can be operated for the entire cooldown until seal injection is no longer required.

In summary, the System 80+ RCP seal design is based on technology proven in operating plants and
,

the seal injection (CVCS and DSIS) and CCW support systems for the System 80+ Standard Design |
'

are powered by an additional AAC power source in the event of an SBO.

This alternate AC source, under station blackout conditions, sustains electrical power to a charging |
pump and component cooling water pump to provide RCP seal cooling. If necessary, the DSIS can
be powered by the AAC within 10 minutes to provide seal injection to the RCPs. Furthermore, the
DSIS can be aligned with the diesel generator to supply seal injection during a loss of offsite power. |
The combined reliability and availability of the normal means for seal cooling and the diverse and
highly reliable dedicated seal injection system provides a design with an extremely low probability for

,

( loss of RCP seal cooling (see Sections 19.10.6 and 19A.S.4). Consequently, cooling to the RCP seals
can be assured for maintaining reactor coolant pressure boundary integrity and thus, this issue is
resolved for the System 80+ Standard Design.

REFERENCES

1. WASH-1400 (NUREG-75/014), " Reactor Safety Study, An Assessment of Accident Risks in |
Commercial Nuclear Power Plants", U.S. Nuclear Regulatory Commission, October 1975.

2. Regulatory Guide 1.155, " Station Blackout", U.S. Nuclear Regulatory Commission, June
1988.

20.2.6 AUTOMATIC ECCS SWITCIIOVER TO RECIRCULATION

ISSUE

Generic Safety Issue 024 was raised by the staff following a review of operating events that indicated
a significant number of ECCS spurious actuations, particularly, the four events that occurred at Davis-
Besse during 1980.
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ECCS operation has two different phases in PWRs: injection and recirculation. The injection phase
involves initial cooling of the reactor core and replenishment of the primary coolant following a
LOCA. In this phase, the ECCS pumps typically takes suction from the refueling water storage tank
(RWST). The recirculation phase provides long-term cooling during the accident recovery period.
The ECCS is realigned in the recirculation phase to take suction from the containment sump.

Switchover from injection to recirculation phase involves realignment of several valves and may be
accomplished by: (1) manual operations to realign the valves; (2) fully automatic realignment of the
valves; or (3) automatic realignment of some valves, followed by manual completion of the process
(semi-automatic). Each option is vulnerable in varying degrees to human errors, hardware failures,
and common cause failures.

During a LOCA, ECCS pump suction must be switched form the RWST to the containment sump
before RWST inventory is lost or loss of the ECCS pumps will occur. Switching to the sump early
could adversely affect the accident because the containment sump may not have enough inventory to
provide pump suction. The automatic and the semi-automatic switchovers reduce the risk of human
error but have a slight increase in risk for inadvertent actuations. This issue affects PWRs only.

ACCEPTANCE CRITERIA

The two possible solutions to this issue are alternate cases requiring fully-automatic or semi-automatic
switchover to the containment sump. The fully-automatic switchover could be implemented by a
system that would monitor the water level in the RWST and, at a preset level, automatically realign
the ECCS to take suction from the containment sump. The semi-automatic switchover could be
implemented by a system that would involve automatic alignment of some valves and manual
completion of the switchover process.

RESOLUTION

This issue was resolved for the System 80+ design by designing the refueling water storage tank as
an integral part of the containment and containment sump. The ECCS recirculation switchover is,
therefore, eliminated.

20.2.7 BOLTING DEGRADATION OR FAILURE IN NUCLEAR POWER PLANTS

ISSUE

Generic Safety issue 029 addresses bolting degradation within safety-related components and support
structures and its impact on the integrity of the reactor coolant pressure boundary.

The most crucial bolting applications are those constituting an integral part of the primary pressure
boundary such as closure studs and bolts on reactor vessels, reactor coolant pumps, and steam
generators. Degradation of these bolts or studs could result in the loss of reactor coolant. Other
bolting applications such as component support and embedment anchor bolts or studs are essential for
withstanding transient loads created during abnormal or accident conditions.

O
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O Review of operating experience demonstrated that the owner-operator's maintenance practices
significantly affect bolting degradation.

ACCEPTANCE CRITERIA

The acceptance criteria for the resolution of GSI 029 are that proven bolting dc.igns, materials, and
fabrication techniques shall be employed. In addition, reactor coolant pressure boundary (RCPB)
bolting shall meet the requirements of ASME Code, Section 111 (Reference 1). Also, the |
owner-operator shall use established industry practice as defined in EPRI reports NP-5769
(Reference 2) and NP-5067 (Reference 3) as amended by NUREG-1339 (Reference 4) in developing
maintenance, assembly, and disassembly procedures for reactor coolant pressure boundary bolting.
Further, inservice inspections shall meet the requirements of ASME, Section XI (Reference 1).

RESOI,UTION

Degradation of reactor coolant pressure boundary bolts is primarily an operating plant issue since most
of the degraded bolts have resulted from deficient maintenance practices. For example, molybdenum
disulfide at one time was considered an acceptable thread lubricant which is now banned from use (see
Section 5.2.3). Bolting integrity is assured by the designer through the initial specification of proven _ |
bolting materials and installation requirements, and by the owner-operator through the use of acceptable
maintenance and inspection practices.

N For the System 80+ Standard Design, only proven bolting materials for the specific application and |
. environment are employed, having been selected after evaluation of the potential for corrosion wastage

and intergranular stress corrosion cracking (see Section 5.2.3). Also, the pressure boundary |
components and their integral bolts, including the reactor vessel, steam generators, reactor coolant
pumps and piping are fabricated, tested, and installed in accordance with ASME Code, Sections III
and XI. In this effort the applicant will consider the recommendations of References 2 and 4. Finally, |
the owner-operator must perform periodic inservice inspection in accordance with ASME Code
Section XI (see Section 5.2.1.2, Table 5.2-1, and Section 5.2.4). The plant operator has the option i
of providing detailed procedures for inservice inspection or any of the issues addressed in References 2, !
3 and 4. In addition, for critical applications such as the reactor vessel head closure, redundant seals )
and leak monitoring further assure the integrity of the pressure boundary. For major component
support bolting applications (e.g., reactor vessel, steam generator, etc.), the bolts are designed and
fabricated to ASME Section 111 requirements with proven materials chosen for the specific application
and environment (see Section 3.9.3) |

In summary, the bolting for reactor coolant pressure boundary components and supports are selected |
considering their particular application and are fabricated, tested and installed in accordance with
ASME Section Ill. Furthermore, the owner-operator is required to comply with ASME Code, Section
XI for the performance of inservice inspection. Therefore, this issue is resolved for the System 80+
Standard Design.

; ;
1
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1 O| REFERENCES

|1. American Society of Mechanical Engineers Boiler and Pressure Vessel Code, Section Ill
,

| (Nuclear) and Section XI, American Society of Mechanical Engineers.

'

2. The Electric Power Research Institute, R. E. Nickell, Principal Investigator, " Degradation and
Failure of Bolting in Nuclear Power Plants," EPRI NP-5769, Vols. I and 2, Palo Alto,
California, April 1988.

3. The Electric Power Research Institute, " Good Bolting Practices, A Reference Manual for
Nuclear Power Plant Maintenance Personnel," Vol.1: "Large Bolt Manual," 1987 and Vo'
2: "Small Bolts and Threaded Fasteners," 1990, EPRI NP-5067, Palo Alto, California.

4. NUREG-1339, " Resolution of Generic Safety Issue 29: " Bolting Degradation or Failure in
Nuclear Power Plants." US Nuclear Regulatory Commission, June 1990.

| 20.2.8 LOSS OF SERVICE WATER

ISSUE

| Generic Safety Issue 036, identifies the potential for the loss of both redundant trains of service water
caused by the failure of a non-safety system or component.

Calvert Cliffs Unit 1 experienced a loss of both redundant trains of service water when the Station
Service Water System (SSWS) became air bound as a result of the failure of a non-safety-related

| instrument air compressor aftercooler. This event involved two fundamental aspects in the design of
safety-related systems: (1) interaction between safety and non-safety-related systems and components,
and (2) single failure of redundant safety systems.

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of GSI 036 is that the design of the SSWS shall be such
that: (1) the potential for the loss of its safety function through system interaction with a non-safety-
related system be minimized, and (2) the potential for a single failure of the SSWS shall be minimized.
Specifically, the SSWS shall be designed to meet the intent of SRP Sections 9.2.1, Rev. 4, and 9.2.2,

| Rev. 3 (Reference 1).

RESOll1 TION

Aspect number (1) of this issue is resolved by the System 80+ Standard Design because its safety-
related SSWS only cools the component cooling water heat exchangers which are also safety-related.

| IIence there are no safety-to-non-safety interfaces (see Section 9.2.1). Aspect number (2) is resolved
by the System 80+ Standard Design because its SSWS is comprised of two physically separate,
independent full capacity divisions. Thus, a single failure does not impair system effectiveness (see

| Section 9.2.1.3). Since the SSWS meets the existing requirements and NRC guidance, this issue is
resolved for the System 80+ Standard Design.
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1. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear |
Power Plants - LWR Edition", U.S. Nuclear Regulatory Commission.

20.2.9 RELIABILITY OF AIR SYSTEMS |

ISSUE

Generic Safety Issue 43 was initiated in response to an immediate action memorandum issued by |
AEOD in September 1981 regarding desiccant contamination of instrument air lines. NRR responded
to the AEOD memorandum by establishing a working group to determine the generic implications of
air system contamination and to develop appropriate recommendations. The AEOD memorandum was |
prompted by an incident at Rancho Seco where the slow closure of a containment isolation valve
resulted from the presence of desiccant particles in the valve operator. Desiccant contamination of the
plant instrument air system (IAS) was also found to be one of the contributing causes of the loss of the
salt water cooling system at San Onofre in March 1980; this incident resulted in Issue 44, " Failure
of Saltwater Cooling System." Since the only new generic concern to be found in the evaluation of
the San Onofre event was the common cause failure of safety-related components due to contamination
of the IAS, Issue 44 was combined with Issue 43.

Issue 43, " Contamination of Instrument Air Lines," as defined above, was evaluated in 1983 and a
recommendation was made to drop it from further consideration. Comments received from the ACRS
and AEOD, after the publication of the priority evaluation in November 1983, indicated that the issue
should be broadened to include all causes of air system unavailability, as opposed to the restrictive
limits that were imposed previously on the issue. NRR concurred with the ACRS and AEOD |
recommendations and agreed to reevaluate the issue after the completion of an extensive AEOD case
study of air systems at LWRs in the U.S. AEOD Case Study C/701 was completed in March 1987
and later published in NUREG-1275. As a result, Issue 43 was reevaluated, broadened as suggested
above, retitled, and reprioritized.

1

U.S. LWRs rely upon air systems to actuate or control safety-related equipment during normal !
operation; however, air systems are not safety grade systems at most operating plants. Safety system
design criteria require (and p snt accident analyses assume) that safety-related equipment dependent
upon air systems will either " fail safe" upon loss of air or perform its intended function with the
assistance of backup accumulators.

The AEOD Case Study 1075 highlights 29 failures of safety-related systems that resulted from
degraded or malfunctioning air systems. These failures contradict the requirement that safety-related
equipment dependent upon air systems will either " fail safe" upon loss of air or perform their intended
function with the assistance of backup accumulators. Some of the systems that may be significantly
degraded or failed are decay heat removal, auxiliary feedwater, BWR scram, main steam isolation, salt

i
water cooling, emergency diesel generator, containment isolation, and the fuel pool seal system. The 1
end result of degradation or failure of safety or safety-related systems is an increase in the expected
frequency of core-melt events and, therefore, an increase in public risk. ;

i

i
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ORESOLUTION

! System 80+ is designed so that compressed air is not required for safe shutdown or accident mitigation

| functions. The System 80+ Compressed Air Systems are non-safety-related as described in
! | Section 9.3.1.

20.2.10 INOPERABILITY OF INSTRUh1ENTATION DUE TO
EXTREh1E COLD WEATIIER

ISSUE

Generic Safety Issue 045 addresses the potential for safety-related equipment instrument lines to
become inoperable as a result of freezing or reaching the precipitation (i.e., solidification) point of the
sensing fluids.

Typical safety-related systems employ pressure and level sensors which use small bore instrumentation
lines. Most operating plants contain safety-related equipment and systems, parts of which are exposed
to the ambient environment. These lines generally contain liquid (e.g., borated water) which is
susceptible to freezing. Where systems or components and their associated instrumentation are exposed
to sub-freezing temperatures, heat tracing and/or insulation is used to minimize the effects of cold
temperatures.

These sensing and instrumentation lines are of concem because, should they freeze, they may prevent
a safety-related system or component from performing its safety function. For example, an incident,

( occurred at a plant wherein the heat tracing system surrounding sensing lines and level transmitters for
the Refueling Water Storage Tank (RWST) failed during sub-freezing weather. The failure of the heat
tracing system resulted in freezing of the sensing lines and associated level transmitters causing a loss
of all four RWST instrumentation channels, which could have resulted in the failure of the Emergency
Core Cooling System, thus jeopardizing plant safety.

Because of the possibility of a safety-related system failure, the NRC issued additional guidance given
| in Regulatory Guide 1.151 (Reference 1), to supplement the existing guidance and requirements which

| include the Standard Review Plan (SRP) Section 7.1,10 CFR 50, Appendix A and industry Standard
| | ISA-67.02, (References 2, 3, and 4). Regulatory Guide 1.151 specifically addresses the prevention

of safety-related instrument sensing line freezing and includes design issues such as diversity,
independence, monitoring and alarms.,

!

| ACCEPTANCE CRITERIA
l

l The acceptance criterion for the resolution of GSI 045 is that the fluid in safety-related equipment
instrument sensing lines shall be protected from freezing and maintained above the precipitation point.

Safety-related equipment instrument sensing lines can be protected from freezing by providing
| environmental control systems which meet the requirements of 10 CFR 50, Appendix A General

Design Criteria (GDC) and industry standard ISA-S67.02; and meet the intent of Regulatory Guide
| 1.151, and SRP Sections 7.1, (Rev. 3), 7.1 Appendix A, (Rev.1), 7.5, (Rev. 3), and 7.7, (Rev. 3).

|
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\%-) Also, should environmental control prove to be limited, alternate forms of sensing line protection such

as heat tracing and/or insulation can be used. [The use of heat tracing and/or insulation is not
anticipated for the System 80+ Standard Design, however it is an acceptable alternative to
environmental control.]

RESOLUTION

The System 80+ Standard Design incorporates instrument sensing lines in safety-related systems and
components. All safety-related systems and components used in the System 80+ Standard Design,
including instrument sensing lines, are located in a temperature controlled environment which is
maintained above the freezing (or precipitation) point of the contained fluid. Because each building
has a particular set of environmental control requirements, (e.g., slight negative pressure for the fuel
building to assure no airborne radioactive material leakage), it has its own ventilation system as shown
in Table 1.0 below. Thus, different GDCs apply to various building ventilation designs. In addition |
to meeting the particular GDC, the guidance given in Regulatory Guide 1.151, with respect to
redundancy, diversity and monitoring and alarms has been considered. Discussions of the specific
building ventilating systems, their design bases, including the specific GDCs they address, are provided
in Section 9.4. Limiting conditions for operation for the building ventilation systems which provide |
environmental control for the buildings which house these safety-related systems require that the plant
be placed in a safe shutdown condition should the temperatures in these buildings exceed specified
ranges. This assures that the safety-related systems and components are not exposed to freezing or
adverse conditions (see Chapter 16). This is consistent with the guidance given in Regulatory |
Guide 1.151, the applicable SRP Sections, and the recommendations of industry codes and standards,

( ,/ including ISA-S67.02.

The System 80+ Standard Design uses an in-containment refueling water storage tank located inside |
the containment building. Further, safety-related equipment is located in the containment building and
other areas where the air temperature is maintained above freezing or the precipitation point for sensing
line fluids. HVAC systems, for areas where safety-related equipment is located, are addressed in the
following report sections:

!
l* Control Area 9.4.1.1

* Fuel Building 9.4.2
* Subsphere 9.4.5.1
* Nuclear Annex 9.4.5.1

Radioactive Waste Building 9.4.3.1 |
*

* Diesel Generator Area 9.4 4.1
* Containment 9.4 6 1 |
* Turbine Building 9...7.1 |

Station Service Water Pump Structure 9.4.8.1 | ;

*

Instrument sensing line freezing and fluid precipitation for the System 80+ Standard Design is | |
addressed during plant design by assuring that all safety-related systems and components are enclosed !
in environmentally controlled buildings where the ambient air temperature is maintained above that I

needed to assure adequate protection. In addition, the guidance identified in the applicable SRP |(c) Sections, Regulatory Guide 1.151, and the requirements of 10 CFR 50, Appendix A and industry codes
%j

|
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and standards including ISA-S67.02 are met as described above. Because the potential for freezing of
or precipitation in instrument sensing lines is minimized by the design, and the use of insulation and/or
heat tracing remains an acceptable alternative, should it become necessary, this issue is resolved for
the System 80+ Standard Design.

REFERENCES

|1. Regulatory Guide 1.151, " Instrument Sensing Lines", U.S. Nuclear Regulatory Commission,
July 1983.

2. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants -- LWR Edition", U.S. Nuclear Regulatory Commission.

|3. 10 CFR 50 Appendix A, " General Design Criteria."

4. ISA-67.02, Nuclear-Safety-Related Instrument Sensing Line Piping and Tubing Standards for
Use in Nuclear Power Plants", Instrument Society of America.

| 20.2.11 LCO FOR CLASS 1E VITAL INSTRUMENT BUSES IN OPERATING REACTORS

ISSUE

| Generic Safety Issue G48 concerns the availability of the Class 1E,120 VAC instrument buses and their
associated inverters. The absence of adequate requirements at some operating facilitiesjeopardizes the
availability of the instrument buses and inverters to perform their intended safety function, i.e., to
provide reliable power to safety-related systems and components.

A review of operating reactor technical specifications revealed that some operating facility technical
specifications did not include limiting conditions for operation (LCO's) for the Class IE,120 VAC
instrument buses and associated inverters.

The Class IE,120 VAC instrument buses and inverters provide power to safety related equipment in
the event of an emergency. Should these buses and inverters be out-of-service for an extended period
of time, safety related components or systems may be unable to perform their intended safety function.
This represents a potential safety concern.

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of GSI 048 is that the design and operation of the Class IE
| vital instrument buses, inverters, and uninterruptable power supplies shall provide sufficient assurance

that associated batteries, inverters, battery chargers and regulated transformers are available to support
safety systems operation, (i.e., there should be a technical specification for the operability of all

| components which make up the uninterruptable power supply). Specifically, explicit requirements shall
be identified in the form of LCO's for the Class IE,120 VAC instrument buses and associated
inverters.

O
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r iv' RESOLUTION

Technical Specifications are established and utilized tc provide for the safe operation, inspection, and
maintenance of a nuclear facility's systems and components (see Chapter 16). The System 80+ | |

| Standard Design incorporates a variety of safety-related systems and components which are governed )
! by the Standard Technical Specifications. ;t

|

| Among these systems and components is the Gnsite Power System which contains the Class lE,120
| VAC vital instrument buses and inverters (Section 8.3). This system supplies uninterruptable power

| for safety-related equipment and components.

The LCO of the Onsite Power System, including the Class IE vital bus inverters, is identified in
Chapter 16. The Technical Specifications include specific requirements regarding plant operational
restrictions as they apply to the 120 VAC vital instrument bus and inverters. Operational restrictions
are provided in the Technical Specifications to assure the Onsite Pow System availability and thus I

an uninterruptable power supply to safety-related systems and compt - ots. Incorporated in these | |,

restrictions is a periodic evaluation of the Onsite Power System bus condition which considers such !

'

~

availability items as proper breaker and bus alignment, and adequate bus voltage.

|

In summary, the availability of the Onsite Power System, including its integral 120 VAC vital bus and |

associated inverters, is governed by the system design and the Technical Specifications. Since the !
System is designed to provide an uninterruptable source of power and the Technical Specifications

[]) assure continued availability during system operation as described above, this issue is, therefore, closed | ,

i for the System 80+ Standard Design. '

|
|

20.2.12 INTERLOCKS AND LCOs FOR CLASS 1E TIE BREAKERS |

ISSUE

Generic Safety Issue 049 addresses the possibility of compromising the isolation between the 4160 Volt
Class lE buses. This issue specifically concerns the use of only one tie breaker to electrically isolate
redundant Class IE buses. The problem with having one tie breaker separating buses is that isolation
between redundant supplies is compromised upon closure due to inadvertent operator action or
eonipment failure.

An additional issue raised in NUREG-0933 concerns the use of interlocks. As described in |
NUREG-0933, interlocks should be provided to prevent the unintentional connection of redundant buses
or emergency sources.

,-

\ )
LJ

i
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ACCEPTANCE CRITERIA

The acceptance criteria for the resolution of GSI 049 are that the electrical systems, including the bus
| tie breakers shall meet the intent of the guidance identified in Regulatory Guide 1.6 (Reference 1)

and IEEE Standard 308 in order to meet the requirements of 10 CFR 50 Appendix A (GDC 17),

| (Reference 2).

In addition, these systems shall be consistent with the recommendations identified in NUREG-0933
which include:

1. Provide more than one tie breaker for each cross-connect between redundant Class IE buses,

2. If there is only one tie breaker between redundant buses, use a tie breaker only during
shutdown (when absolute'j necessary),

3. Physically disengage each tie breaker and " rack-out" (withdraw) the breaker following each
use,

4. " Red Tag" the breaker enclosure to require the breaker to be kept open, and

5. Incorporate Quality Assurance (QA) procedures to reconfirm that all breakers are " racked-out"
and " Red Tagged" prior to each plant startup.

RESOLUTION

The System 80+ Standard Design, as described in Chapter 8.0, does not have direct manual or
automatic ties between the two Class lE 4160 VAC power systems. Also, double breakers are provide
to maintain independence between the Class IE and the Permanent Non-Safety 4160 VAC buses.

These breakers are provided for abnormal scenarios such as Loss-Of-Offsite Power and Station
Blackout when it is necessary to isolate the Division I & 114160 VAC buses from the Permanent Non-
safety buses. The Reserve Auxiliary Transformers are capable of supplying power to their respective
safety divisions only, thereby maintaining required independence. No single failure can prevent

| operation of the minimum number of required safety loads. (See Sections 8.3.1.2.1, 8.3.1.2.3
and 8.3.1.2.5 for a discussion of compliance). Operating and Quality Assurance procedures governing
the engagement / disengagement of the tie breakers are the responsibility of the Owner-operator. The
electrical systems meet the intent of the guidelines identified in Regulatory Guide 1.6 and IEEE
Standard 308. As required by 10 CFR 50, Appendix A (GDC 17), the design of the power systems
provides independence and redundancy to ensure an available source of power to the Engineered Safety
Feature systems. Since the guidance and requirements are met, this issue is resolved for the
System 80+ Standard Design.

1
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REFERENCES

1. Regulatory Guide 1.6, " Independence Between Redundant Standby (Onsite) Power Sources and |
Between Their Distribution Systems". U.S. Nuclear Regulatory Commission.i

1

2. 10 CFR 50 Appendix A " General Design Criteria." |

20.2.13 IMPROVING TIIE RELIABILITY OF OPEN CYCLE SERVICE WATER SYSTEMS ' |

ISSUE

Generic Safety issue 051 identified the susceptibility of the Station Service Water System (SSWS) to |
fouling which leads to plant shutdowns and reduced power operation for repairs.

The SSWS cools the Component Cooling Water System (CCWS) through the Component Cooling )

Water Heat Exchangers and rejects the heat to the ultimate heat sink during normal, transient, and J

accident conditions. The CCWS in turn provides cooling water to those safety-related components
necessary to achieve a safe reactor shutdown, as well as to various non-safety reactor auxiliary

|
components. '

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of GSI 051 is that the design of the SSWS shall minimize
the potential for fouling of the piping and heat exchangers. This minimization is achievable by: (1)
reducing the number of components which are directly cooled by the SSWS; (2) employing site-specific
corrosion-resistant materials and filtration systems which are consistent with the site water chemistry
and treatment; (3) using heat exchangers with an enhanced thermal margin. |

.

RESOLUTION
;

The System 80+ Standard Design SSWS and CCWS are described in, Sections 9.2.1 and 9.2.2. |
The SSWS is designed to serve one Nuclear Steam Supply System (NSSS), and each NSSS on a multi-
unit site will have its own SSWS.

The System 80+ Standard Design features a SSWS which cools only the CCWS heat exchangers,
Thus the number of components and amount of piping that can become fouled is minimized (see |
Section 9.2.1.2). The CCWS is utilized as an intermediate system between the SSWS and the safety-
related and other components being cooled (see Figure 9.2.2-1). The CCWS is filled with
demineralized water and treated with corrosion inhibitors. Water quality design parameters applicable
to the CCWS are given in Table 9.2.2-1.

1v (

! ,

i i
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| To minimize fouling of the CCWS heat exchangers and the SSWS piping, prevent flow blockage and

facilitate the maintenance of clean conditions, the following SSWS design features are provided, or
required:

| |1. the SSWS pump structures must be equipped with safety-grade traveling screens with a screen
wash system. The screen mesh size must prevent flow blockage of the pump inlets, and limit

| ingestion of biofouling, organics, and debris. (see Section 9.2.1.2.1.4)
!

2. Strainers are provided at the SSWS pump discharges. The strainers are of the automatic
backwash type and are designed to retain particles consistent with the fouling design limits of'

| the component cooling water heat exchangers (see Section 9.2.1.2.1.5)

| 3. When required by the site-specific water chemistry and environmental regulations, the ultimate
heat sink water must be chemically treated to reduce organic and non-organic fouling,

| corrosion, scaling, and to keep mud and silt in suspension. (see Section 9.2.5.2)

4. The station service water intake will be visually inspected, once per refueling cycle, for
macroscopic biological fouling organisms, sediment, and corrosion. Inspections should be
performed either by scuba divers or by dewatering the intake structure or by comparable

| methods. Any fouling accumulations should be removed. (see Section 9.2.1.4.2)

5. Samples of water and substrate will be collected annually to determine if biological fouling
organisms have populated the water source. Upon the detection of biological fouling
organisms, appropriate corrective action, such as the modification of the chemical treatment
program, should be taken. However, consideration must be given to environmental

| regulations. (see Section 9.2.5.4)

|6. The capability to clean SSWS surfaces is provided. (see Section 9.2.1.3)

7. The CCWS heat exchangers are either of the tube and shell or plate and frame design,
| dependent upon site selection (see Section 9.2.2.2.1.1). SSWS water flow is through the tube

side of CCWS shell and tube heat exchangers and at a lower pressure than the CCWS to
prevent contamination of the CCWS by in-leakage of SSWS water, in addition, the nominal
flow conditions in CCWS heat exchanger tubes are in accordance with Heat Exchanger Institute
standards for power plant heat exchangers.

8. Adequate tube pull space is provided for periodic tube cleaning of the straight tube type CCWS |

heat exchangers. '

9. The CCWS heat exchangers have an appropriate thermal performance margin to allow for
| potential fouling between cleaning operations (see Section 9.2.2.2.1.1). The thermal

performance can be verified using temporary instrumentation at test connections provided on
| each heat exchanger (see Sections 9.2.1.5 and 9.2.2.5).

10. Wetted surfaces of the SSWS and CCWS are of materials selected on a site-specific basis to
be compatible with the respective cooling water chemistries and water treatments. The
guidelines used for the selection of CCWS heat exchanger tube and tubesheet materials are

| given in Section 9.2.2.2.1.1.
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11. Sites at which ice formation of the ultimate heat sink could occur are to be analyzed to show
that the function of the ultimate heat sink will not be impaired during winter months. Where
required, the intake structures must be provided with a means of de-icing, such as warm water
recirculation, to prevent flow blockage of the SSWS pump inlets (see Section 9.2.5.1.3). | |

|

As described above, the System 80+ Standard Design SSWS and CCWS include many design features
which minimize the problems that certain plants have experienced with open cycle service water system
fouling or flow blockage due to mud, silt, ice, corrosion products or aquatic bivalves. Therefore, this !
issue is resolved for the System 80+ Standard Design. i

|

The COL applicant will make site-specific aspects of the resolution of this issue available for NRC staff
d

I

review.

I

20.2.14 EFFECTS OF FIRE PROTECTION SYSTESIS ACTUATION ON
SAFETY-RELATED EQUIPSfENT

ISSUE

Generic Safety issue 057 addresses the potential for safety-related equipment to become inoperable
because of water spray from the fire protection system. IE Information Notice 83-41 (Reference 1)
identified experiences in which actuation of fire suppression systems caused damage to safety-related
equipment.

J

ACCEPTANCE CRITERIA

The acceptance criteria for the resolution of GSI 057, is that the fire protection system be designed to
preclude damaging safety-related equipment and rendering the equipment inoperable. In addition, the
fire protection system shall be designed to meet 10 CFR 50 Appendix A (GDC 3) (Reference 2); which |
states in part: " Fire detection and fighting systems of appropriate capacity and capability shall be

,

provided and designed to minimize the adverse effects of fires on structures, systems, and components j

important to safety. Fire fighting systems shall be designed to assure that their rupture or inadvertent I

operation does not significantly impair the safety capability of those structures, systems, and;

components."'

'

RESOLUTION

| The System 80+ Standard Design is designed to preclude water spray from the fire protection system
i onto safety-related equipment. The sprinkler systems protecting the safety-related equipment is of the
i automatic sprinkler type. Actuation of these sprinkler systems requires the opening of the fusible link

sprinkler heads and detection by combustible-products and/or heat detectors. In addition, the opr,.ator
has the capability of isolating flow from the control room by isolating the Sub-sphere Building headers
or, locally by manual isolation valves.

J
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OIn order to prevent damage due to flooding upon actuation of sprinkler systems, floor drains are
] provided and equipment is located to preclude the flooding of the equipment. To further reduce

potential damage to safety-related equipment upon actuation of sprinkler systems, equipment is shielded
and conduit ends are sealed where required based on interaction reviews during detailed design and as
built walk-downs.

Since the Fire Protection systems are designed to preclude inadvertent actuation and thus minimize
damage to safety-related equipment and because these systems are designed in accordance with
10 CFR 50 Appendix A (GDC 3), this issue is resolved for the System 80+ Standard Design.

REFERENCES

1. IE Information Notice 83-41: " Actuation of Fire Suppression System Causing Inoperability of
Safety-related Equipment"

2. 10 CFR 50 Appendix A, " General Design Criteria"

| 20.2.15 IDENTIFICATION OF PROTECTION SYSTEM INSTRUMENT SENSING LINES

ISSUE

| Generic Safety Issue 064 addresses the establishment of guidance for the identification of the
mechanical sensing lines which interface with safety-related instrumentation and controls systems.

Sensing lines are an integral part of the safety-related (protection) systems, and are essential to their
reliable operation. Therefore, identification of these lines facilitates verification that these lines are
appropriately separated and protected.

Industry has also developed a standard for safety-related instrument sensing lines, ISA-S67.02
(Reference 1), which includes identification criteria. As part of establishing its guidance for safety-
related instrument sensing lines, the NRC endorsed ISA-S67.02 in Regulatory Guide 1.151
(Reference 2).

ACCEPTANCE CRITERIA

The acceptance criteria for the resolution of GSI 064 are that sensing lines that interface with safety-
related instrumentation and controls shall be identified in accordance with ISA-S67.02 and meet the
intent of the guidance provided in Regulatory Guide 1.151. Specifically the instrumentation sensing
lines shall meet Section 5.3 of the ISA Standard. Section 5.3, in part, states that the instrument sensing
lines related to safety-related instrumentation will be identified and color coded.

O
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' RESOLUTION 1

:

The System 80+ Standard Design includes safety-related instrumentation and. controls that use. |
mechanical sensing lines. These sensing lines are identified and color coded in accordance with
Regulatory Guide 1.151 (see Section 7.1.2.31). In addition, the guidance identified in Regulatory

,

. Guides 1.151 and 1.75 is imposed as design criteria for the routing of Class IE (safety-related)'and |
associated cabling and sensing lines from sensors. !

Since the System 80+ safety-related instrumentation and controls (including the sensing lines) meet the
criteria given in ISA-S67.02 as invoked by the guidance given in Regulatory Guide 1.151, this issue |
is resolved for the System 80+ Standard Design.

REFERENCES

1. Standard ISA-S67.02-1980, " Nuclear Safety-Related Instrument Sensing Line Piping And |
Tubing Standards For Use In Nuclear Power Plants", Instrument Society of America,
February 17, 1983.

2. Regulatory Guide 1.151, " Instrument Sensing Lines", U.S. Nuclear Regulatory Commission,
July 1983.

20.2.16 STEAM GENERATOR REQUIREMENTS |

ISSUE

Generic Safety Issue 066 in addresses the potential for and the safety implications of steam generator
tube ruptures (SGTR) in PWR's. Unplanned radioactive effluent releases to the environment and loss
of primary coolant inventory as a result of a SGTR are also addressed.

PWR steam generator tube degradation can lead to leaks and/or ruptures. Various forms of steam |
generator tube degradation have been identified, including: stress corrosion cracking, wastage,
intergranular attack, denting, erosion-corrosion, corrosion cracking, pitting, fretting, support plate
degradation, and mechanical wear (e.g., vibration fretting) as described in NUREG-0844
(Reference 1). |

ACCEPTANCE CRITERIA
j

The acceptance criterion for the resolution of GSI 066 is that the secondary system including the steam
generators and condenser shall be designed, manufactured, tested, inspected, and operated in

. accordance with accepted industry codes and standards.

The steam generators shall meet the requirements of Sections III and XI of the ASME B&PV Code for
design, manufacture, test, and inspection. Also, steam generator design shall meet the intent of the

{

,

guidance given in SRP Sections 5.4.2.1, Rev. 2 and 5.4.2.2, Rev.1 (Reference 2) for steam generator |
materials, quality assurance, inservice tube inspection, and secondary side water chemistry.

U
i
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RESOLUTION

The System 80+ Standard Design specifies a variety of accepted industry codes and standards to assure
the integrity of both the steam generators and the main condenser. In addition, stringent secondary
condensate and feedwater chemistry requirements are employed to maintain steam generator and
condenser integrity during operation.

The steam generators and condensers are designed to meet accepted industry codes and standards
including the specific requirements of the ASME B&PV Code Sections III and XI and the Heat

| Exchanger Institute Standards as identified in Sections 5.4.2 and 10.4.1.2.

| Section 5.4.2.4.1 describes the materials used for the System 80+ steam generator tubes;
Section 5.4.2.4 describes the materials for the remainder of the generator components. Steam generator
test and inspection criteria are discussed in Section 5.4.2.5. Also, steam generator secondary side

| water chemistry is discussed in Section 10.3.5.

In summary, the secondary system, meluding the steam generators and condenser, meets the
requirements specified in accepted industry codes and standards. In addition, stear.: generator materials
and secondary side water chemistry meet the intent of the guidance given in SRP Section 5.4.2.
Therefore, this issue is resolved for the System 80+ Standard Design.

REFERENCES

|1. NUREG-0844, "NRC Integrated Program for the Resolution of Unresolved Safety issues A-3,
A-4, and A-5 Regarding Steam Generator Tube Integrity", U.S. Nuclear Regulatory
Commission, September 1988.

2. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants - LWR Edition", U.S. Nuclear Regulatory Commission.

| 20.2.17 IMPROVED ACCIDENT MONITORING

ISSUE |

| GSI 67.3.3 called for the staff to address the accident monitoring weaknesses of the type observed at
Gir.na by implementation of Regulatory Guide 1.97 and the Safety Parameter Display System (SPDS).

During the event at Ginna, several weaknesses in accident monitoring were apparent. These include:
(1) non-redundant monitoring of RCS pressure; (2) failure of the position indication for the steam |

| generator relief and safety valves; and (3) the limited range of the charging pump Dow indicator for |'

monitoring charging flow during accidents. These conditions make it more difficult for correct i

I operator action in response to such events. |

!

O'

l
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ACCEIYrANCE CRITERIA

Had Regulatory Guide 1.97 been implemented at Ginna before the .lanuary 1982 event, the monitoring
of the event would have been substantially improved and there would have been more assurance of
correct operator actions. Improved accident monitoring would also have improved the NRC's ability
to assess the plant status and the appropriateness of the licensee's actions and recommendations.

RESOLUTION

System 80+ accident monitoring instrumentation is described in Section 7.5, and complies with
Regulatory Guide 1.97. This issue is, therefore, resolved for the System 80+ design. |

20.2.18 PORV AND BLOCK VALVE RELIABILITY |

ISSUE

PORVs and block valves, the subject of GSI 70, were originally designed as non-safety components. |
in the reactor pressure control system for use only when plants are in operation. The block valves
were installed because of expected leakage from the PORVs. Neither the PORVs nor the block valves
were required to safely shut down a plant or mitigate the consequences of accidents. In 1983, the NRC
Reactor Systems Branch determined in that PORVs are relied upon to mitigate a design basis SGTR.
However, the acceptability of relying on non-safety grade PORVs to mitigate a design basis accident

O (hat addressed improving the reliability of PORVs and block valves.
e.g., an SGTR) was questioned by the RSB. This issue was identified in a NRR/DL memorandum

t

NUREG-0737 Item II.D.1, set forth functional requirements for both PORVs and block valves. All
plants were required to demonstrate the functionability of these valves for all expected flow conditions
during operating and accident conditions. It was further required that the block valves be capable of
closing to ensure that a stuck-open relief valve can be isolated, thereby terminating a small LOCA.
In response to the item II.D.1 requirements, PORVs were tested extensively by EPRI and the results
reported to the staff. Only limited block valve testing had been performed in the EPRI program at the I

time this issue was evaluated. Reports describing the test program results were submitted to the staff
for review. Most plants requested exemptions to the specified completion date for item II.D.1 in order
to obtain additional time for the required evaluation of piping associated with safety valves, PORVs,
and block valves.

ACCEPTANCE CRITERIA

Resolution of this issue could involve specification of the PORV/ block-valve combination to some or
all of the requirements associated with safety grade systems, better initial qualifications for the valves,
and specified maintenance and testing requirements. The seed for an automatic actuating circuit for
the motor-operated block valve with manual override md reset capabilities was evaluated and
determined unnecessary as a singular requirement. Any program initiated to improve PORV/ block-
valve system reliability should take into consideration the item II.K.3(2) conclusions and the basis and
criteria for the conclusions. This analysis includes implementation of an automatic PORV isolation
system to gage the potential benefits this modification cruld provide if combined with other reliability |
improvement measures.

|

I
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RESOLUTION

The System 80+ design does not include PORVs and their block valves. Instead, System 80+
includes a safety-grade Safety Depressurization System which is manually operated from the control
room (See Section 6.7). The Safety Depressurization System has two trains and includes two block
valves in each train. There is no automatic operation of this system. This issue is, therefore, resolved
for the System 80+ design.

20.2.19 GENERIC IMPLICATIONS OF ATWS EVENTS
AT TIIE SALEM NUCLEAR PLANT

ISSUE

| GSI-75 resulted after Salem-1, on two occasions in February,1983, failed to scram automatically due
to failure of both reactor trip breakers to open on receipt of an actuation signal. In both cases, the unit
was successfully tripped by manual action. The failure of the breakers was attributed to excessive wear
from improper maintenance of the undervoltage (UV) relays which receive the trip signal from the
protection system and result in the breakers opening mechanically.

Three separate NRC actions were initiated to address this problem. One was plant-specific and was
addressed before the restart of Salem 1; this was completed in the " Salem Restart Evaluation." The
second action was an investigation into the Salem events and the circumstances leading to them; this
was reported in NUREG-0977. The third action was the formation of an NRC task force to study the
overall generic implications of this event; the results of this study were reported in NUREG-1000. In
addition, a number of issues raised by the staff were closely related to the design and testing of the

| reactor protection system.

Failure to scram (also commonly referred to as ATWS) could rupture the RCS or distort ECCS valves
such that a core-melt would result (see USI A-9, "ATWS").

ACCEPTANCE CRITERIA

As a result of its work, the Salem Generic Implications Task Force published its findings in
NUREG-1000, Volume 1, and later outlined proposed actions for licensees, applicants, and the NRC
staff in SECY-83-248. NRC issued the required actions for licensees and applicants in Generic
Letter 83-28 on July 8,1983. Both the required actions of Generic Letter 83-28 and the internal staff
actions were published in August 1983 as NUREG-1000, Volume 2.

AEOD also reviewed the Salem event and published AEOD/P301, which focused on two issues: (1)
the adequacy of NRC's reporting requirements; and (2) the potential for trends and patterns analyses
to predict such events before they occur. Based on the conclusions of this report, a number of actions
were planned by AEOD. In addition, the report endorsed a number of the other planned actions. NRR
reviewed the final report and endorsed the AEOD planned actions. NRR also concluded that the
generic letter addressed the safety issues which were of mutual concern. With respect to the related
issues, the staff reviewed the design of the reset for a valid protection system signal and concluded that
the existing design was acceptable.
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* RESOLUTION

The System 80+ design addresses the ATWS Rule (10 CFR 50.62) as summarized in the resolution
for USI A-9. This issue is, therefore, resolved for the System 80+ design.

20.2.20 MONITORING OF FATIGUE TRANSIENT LIMITS-
FOR REACTOR COOLANT SYSTEM

ISSUE

GSI 78 concerns fatigue limits resulting from transients that could affect the expected useful life of the
reactor coolant system pressure boundary. . Technical Specifications (TS) for newer OLs require
licensees to keep account of the number of transient occurrences to ensure that transient limits, based
on design assumptions, are not exceeded._ However, a number of older plants for which detailed
fatigue analyses were performed on -ASME Section III, Code Class 1 (reactor coolant pressure
boundary) components do not have TS requirements for monitoring actual transient occurrences. These
transients could significantly affect the fatigue life of the RCS. This issue originated as Multi-plant
action item B-70, but a letter to licensees was never issued for the collection of information.

Repeated thermal cycling of RCS components produces some degree of fatigue degradation of the
materials, which could lead to failure, thereby increasing the likelihood of a LOCA.

,

ACCEPTANCE CRITERIA

A possible solution is to require the affected plants to implement TS to monitor plant transients and
to verify that the design life of all ASME Section III, Code Class I components have not been
exceeded. Plants that have experienced transient events that exceeded design limits may find it
necessary to perform fatigue analyses to determine the number of remaining thermal cycles before
fatigue limits are exceeded.

RESOLUTION

The design and fatigue analysis of System 80+ components is described in Section 3.9.1, including
a conservative estimate of the transients expected over a 60-year plant life. Fatigue monitoring is
performed by the owner and this issue is, therefore, resolved for the Sy". m 80+ design.

20.2.21 UNANALYZED REACTOR VESSEL TIIERMAL STRESS
DURING NATURAL CONVECTION COOLD0%W

ISSUE

Generic Safety Issue 79 identified the potential for the stresses in the reactor vessel flange area or studs |
| to exceed the allowable during its design lifetime because of a previously unanalyzed thermal stress.
i introduced by the natural convection cooldown event..-

?f
i
A
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A natural convection cooldown event occurred at the St. Lucie i nuclear power generating station.
During the course of this event, steam voiding occurred in the reactor vessel head area. Upon analysis,
concern was raised over previously unanalyzed reactor vessel thermal stresses. The concern focused
on the possible existence of an axial temperature gradient of 150 F to 200 F in the vessel flange and
studs.

The safety concern arises because this event could produce thermal stresses in the flange area or in the
| studs that may exceed the ASME B&PV, Section 111 Code (Reference 1) allowables when added to the

stresses already considered. Moreover, the cycling of these temperature gradients over the life of the
plant has the potential to cause a reduction in the fatigue margin of the vessel.

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of GSI 079 is that the design of the reactor pressure vessel
(including the head and studs) shall accommodate the thermal stresses caused by a natural convection
cooldown event. These thermal stresses, when added to stresses from events that are presently
analyzed, shall not exceed the stress limits specified in the ASME B&PV Code, Section Ill.

RESOLUTION

Stress analyses were performed to determine the effects of a natural circulation cooldown event (similar
to that of the St. Lucie occurrence) on both the St Lucie " class" reactor vessel and the System 80
" class" reactor vessel. The analyses concluded that should natural circulation cooldown of the reactor
coolant system be required and should vessel head voiding subsequently occur, the resulting thermal
stresses would not cause any thermal, hydraulic, or fatigue damage to the reactor vessel and its integral
components over their design lifetime. The analyses showed that for an NCC event with 100 drain
(void) and fill cycles, the usage factor would be less than 0.0002 for the System 80 reactor vessel.

Furthermore, the System 80+ reactor vessel, which is designed to the ASME B&PV Code Section Ill
| (see Section 5.3), is essentially identical to the System 80 reactor vessel. Specifically, the vessels have

the same material composition and overall dimensions and are of similar geometry (with the exception
| of the direct vessel injection nozzles) as described in Table 1.3-1, and Figure 3.9-9. Because the

reactor vessels for both " classes" of plants are virtually the same and since the stress analyses consider
the materials, dimensions and geometry of the vessel, the analyses performed subsequent to the St.
Lucie 1 event apply to the System 80+ reactor vessel. The fluid conditions in the reactor vessel upper
head during draining and refilling for NCC are essentially the same. In fact, the stresses on the
System 80+ vessel may be less due to a lower initial hot leg and reactor vessel upper head temperature
than System 80.

Thirty (30) natural convection cooldown events are included in the System 80+ design bases for
| thermal, hydraulic and fatigue analyses (see Table 3.9-1). These 30 events are applicable to the 60-

year plant design life. Even if all 30 events included the 100 vessel head drain-and-fill cycles described j

above, the usage factor would be less than 0.006. The 30 natural convection cooldown events included j
in the System 80+ design bases are considered conservative in light of the Generic Letter 92-02 1

statement that NCC events occur infrequently.

O
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in summary, the addition of the' dynamic, thermal and fatigue effects of a natural convection cooldown
on the System 80+ reactor vessel does not result in the vessel stresses or fatigue usage factor
exceeding the allowable limits specified in the ASME B&PV Code, Section III. Therefore, this issue
is resolved for the System 80+ Standard Design.

REFERENCES

1. American Society of Mechanical Engineers, Boiler & Pressure Vessel Code, Section 111 | ,

(Nuclear).

20.2.22 BEYOND DESIGN BASIS ACCIDENTS IN SPENT FUEL POOLS |

ISSUE

Generic Safety Issue 82 addresses the potential for a beyond-design-basis accident in which the water |
is drained out of the spent fuel pool, allowing the Zircaloy fuel cladding to ignite and thus release
fission products from the spent fuel to the atmosphere. (The spent fuel pool is usually located outside
the primary containment.)

|
The risk of beyond-design-basis accidents in spent fuel pools was examined in WASH-1400
(Reference 1), where it was concluded that the risk was orders of magnitude below those involving the |{ reactor core. The. issue has been re-examined by the NRC because of subsequent developments: '

s the storage of spent fuel at reactor sites in high density racks (instead of reprocessing); and laboratory
studies indicating the possibility of fire propagation between assemblies in an air cooled environment.

The two developments together provided the basis for a hypothesized accident scenario not previously
considered.

After further NRC evaluation it was concluded that further reduction in the already very low risk from
the spent fuel pool accident would still leave a comparable risk due to core damage accidents, and
therefore, no additional requirements for the safe storage of spent fuel in the primary spent fuel storage
pool are warranted. This resolution by the NRC assumes that all current applicable requirements and
guidance have been met. The Regulatory Analysis for the resolution of GSI 082 is documented in
NUREG-1353 (Reference 2). |

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of GSI-82 is that the design of the spent fuel pool, storage
racks, water cleanup and cooling system, and load handling equipment in the spent fuel pool area shall
meet applicable current requirements, consistent with the guidance of the Standard Review Plan (SRP)
Sections 9.1.2 through 9.1.5 and Regulatory Guide 1.13 (References 3 and 4) (Acceptance criteria |
for that portion of the fuel handling system that handles heavy loads (see SRP 9.1.5), i.e., loads which
exceed the combined weight of a fuel assembly and its handling device, are also provided in
conjunction with Unresolved Safety Issue (USI) A-36, '' Control of Ileavy Loads Near Spent Fuel".)
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RESOLUTION

The System 80+ Standard Design includes a spent fuel wet storage facility, together with its associated
handling systems, that meets the intent of Regulatory Guide 1.13 (Reference 4) and conforms to the
relevant requirement.c of GDC 2, 4, 5, 44, 45, 46, 61, 62 and 63 (Reference 5).

!

| The spent fuel pool and the storage racks are described in Section 9.1.2, the spent fuel pool cooling
| and cleanup system is described in Section 9.1.3, and the fuel handling system (which includes the

equipment for handling heavy loads) is described in Section 9.1.4. (A more complete description of
how the fuel handling system conforms to acceptance criteria for the handling of heavy loads is

| provided in the response to USI A-36.)

! Since the acceptance criteria are met for the spent fuel storage facility, this issue is resolved for the
l System 80+ Standard Design.

; REFERENCES
!

| |1. WASH-1400, " Reactor Safety Study - An Assessment of Accident Risk in U.S. Commercial
Nuclear Power Plants", U.S. Nuclear Regulatory Commission, October 1975.

2. NUREG-1353, " Regulatory Analysis for the Resolution of Generic Issue 82, 'Beyond Design
Basis Accidents in Spent Fuel Pools' ", U.S. Nuclear Regulatory Conunission, April 1989.

3. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants, LWR Edition", U.S. Nuclear Regulatory Commission.

4. Regulatory Guide 1.13 " Design Objectives for Light-Water Reactor Spent Fuel Storage
Facilities at Nuclear Power Stations", U.S. Nuclear Regulatory Commission, Revision 2,
December 1981.

|5. 10 CFR Part 50 Appendix A, " General Design Criteria for Nuclear Power Plants"

| 20.2.23 CONTROL ROOM IIABITABILITY

ISSUE

| Generic Safety Issue 83 deals with ensuring that the control room design is adequate to preclude the
loss of control room habitability following an accidental release of external airborne toxic or radioactive
material or smoke which could impair the control room operators' ability to safely control the reactor.

1

0
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V ' ACCEPTANCE CRITERIA |

The acceptance criterion for the resolution of GSI 83 is to verify.that the control room design is
_

adequate to prevent the loss of habitability of the control room during an accident. The design must- )
meet the intent of the guidance given in Standard Review Plan (SRP) Sections 6.4 Rev. 2' and 9.4.1 i

Rev. 2_(Reference 1). The design must be in accordance with 10 CFR 50, Appendix A, General i
Design Criteria (GDC) 2, 4, 5,19, and 60 (Reference 2).

.

,

l

RESOLUTION

The System 80+ Standard Design main control room Habitability System is described in Sections 6.4 |
and 9.4.1 and the design bases are given in Section 6.4.1. The control room is a structur: which is
important to safety and as such is designed to withstand the effects of natural phenomena (earthquakes,
hurricanes, etc.) and postulated accidents and missiles. The design is, therefore, specifically in
accordance with GDC 2 and 4 (see Sections 3_.1.2 and 3.1.4). The System 80+ Standard Design is- j

based on non-shared systems (see Section 1.2.1.3) and therefore GDC 5 is met (see Section 3.1.5).
The design of the control room permits safe occupancy during abnormal conditions and meets the
requirements of GDC 19 (see Section 3.1.15). |

The Control Room Ventilation and Air Conditioning Systems are designed for uninterrupted safe
occupancy of the control room during post accident shutdown in accordance with GDC 2, 4, .5,19
and 60 (see Section 9.4.1.1). Fire protection for the control room is provided by alarm systems and

(Q portable fire extinguishers (see Section 6.4.1). The testing requirements for the Habitability System
'

/ are identified in Sections 6.4.4 and 9.4.1.4.
'

v

Since the control room design prevents the loss of control room habitability during accident conditions,
and since all of the NRC requirements and guidance are met, this issue is resolved for the System 80+
Standar'd Design.

REFERENCES i

!
1. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear |

'

Power Plants - LWR Edition", U.S. Nuclear Regulatory Commission.

2. 10 CFR 50 Appendix A, " General Design Criteria for Nuclear Power Plants." |

20.2.24 FAILURE OF IIPCI STEAM LINE WITHOUT ISOLATION '
4

ISSUE

The HPCI steam supply line (in BWRs) has two containment isolation valves in series: one inside and
one outside of the containment. Both are normally open in most plants; however, two plants were
found to operate with the HPCI outboard isolation valve normally closed. A HPCI supply valve,
located adjacent to the turbine, and the turbine stop valve are normally closed. Generic Safety Issue
087 concerns a postulated break in the HPCI steam supply line and the uncertainty regarding the

k

i
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9operability of the IIPCI steam supply line isolation valves under those conditions. A similar situation !

can occur in the RWCU system which has two normally open containment isolation valves that must
remain open if the system is to function.

ACCEPTANCE CRITERIA

A proposed solution to the IIPCI problem was to require that the outboard IIPCI isolation valve be
normally closed. 110 wever, a small bypass line on those plants not having this feature would be
required to prevent thermal shock and water hammer and to provide assurance that leaks in the line
would be detected before they become breaks. If the HPCI supply valve were kept normally open
(currently it is kept normally closed) the probability of not getting steam to the HPCI turbine when
needed might not be significantly changed.

Another possible solution that would apply to valves in any system was a demonstration by test or the
verification of use in other service applications that certified the operability of the valve under line
rupture flow conditions. If the normal HPCI steam flow rate approximates that estimated for a break
in the steam line, the valves might be tested by individually closing them when the HPCI turbine is in
operation.

RESOLUTION

This issue originated on BWR designs. It is resolved for the System 80+ PWR design, because the
system 80+ design does not use steam to drive the high pressure safety injection pumps (they are
electrical motor driven). The issue of valve operability has been addressed in the System 80+ design
process and the testing program (See Section 3.9.6), which is consistent with NRC guidance in Generic
Letter 89-10.

20.2.25 STEAM BINDING OF AUXILIARY FEEDWATER PUMPS

ISSUE

| Generic Safety Issue 093 addresses the potential for a common mode failure of the Auxiliary or
Emergency Feedwater (EFW) System resulting from steam binding of the EFW pumps caused by back
leakage of main feedwater through check valves. The EFW system is used to provide water to the
steam generators in the event of a loss of the Main Feedwater (MFW) System.

The EFW system may be isolated from the MFW system by a check valve or one or more isolation
valves (depending upon the specific design) to preclude hot main feedwater from entering the EFW
system. However, operating expenence has shown that check valves tend to leak, thus permitting hot
main feedwater to enter the EFW system. This hot feedwater can subsequently flash to steam in the
EFW pumps and discharge lines resulting in steam bindmg of the pun:ps.

In addition, the EFW piping is sometimes arranged such that each EFW pump is connected through
a single check valve (which is used to prevent back leakage) to piping which is common to two or three
pumps. This arrangement creates the potential for common mode failures as the hot feedwater leaks
back through the check valves into other EFW pump (s).
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V Because of the NRC's concerns regarding steam binding a Generic Letter (GL) 88-03 (Reference 1) |
was issued to the industry and is the final resolution to this issue. The purpose of the letter is to
implement monitoring and corrective procedures to minimize the likelihood of steam binding of the
EFW system pumps. One of the corrective actions to be taken is the monitoring of EFW pump
discharge piping temperatures to ensure that the fluid temperatures remain at or near ambient.

ACCEPTANCE CRITERIA

The acceptance criteria for the resolution of GSI 93 are ihat the design of the EFW system shall be
such that the potential for steam binding of the EFW pumps is minimized and that the EFW system
shall meet the intent of GL 88-03.

RESOLUTION

The EFW system in the System 80+ Standard Design includes two major independent " trains" with
each train aligned to supply its respective steam generator.

Each major train, which consists of two subtrains (see Section 10.4.9), contains: |

1. one emergency feedwater storage tank (EFWST),
2. a motor-driven and a steam-driven pump (each with a capacity of 500 GPM),
3. one flow control valve per subtrain,

p 4. one isolation valve per subtrain,

(j 5. one check valve per subtrain,
6. a cavitating venturi, and
7. specified instrumentation.

The main defense against steam binding of the EFW Pumps results from the system design for normal
plant operation.

Although some plant systems operate with the flow control and the isolation valves open during normal
plant operation, the System 80+ Standard Design EFW system is designed to operate with the isolation
valves closed. The closed isolation valves act as a backup to the EFW line check valves, thus
providing redundant isolation of the EFW System from the MFW System. Section 10.4.9 states that |
the isolation valve will be closed during normal plant operation. When a steam generator low level
occurs, the Emergency Feedwater Actuation Signal (EFAS) starts the EFW pumps (the motor and
steam driven), opens the isolation valves, and assures that the feedwater flow control valves are open,
allowing EFW flow to each steam generator.

Each EFW subtrain is separated from the other. Each subtrain has its own suction line from the
, EFWST, its own discharge line through the steam generator isolation valve and check valve, and the

| pump crossover lines contain redundant, locked closed isolation valves. Thus, the potential for
| common mode failure of steam binding of all EFW pumps does not exist, should one set of steam

generator isolation and check valves leak. The EFW pump suction and recirculation lines are normally
open so that, should leakage of a steam generator isolation and check valve occur, any resulting steam
can be vented through the EFWST vent.,,

( h

L}
l
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Associated instrumentation is provided for each train to assure adequate control and monitoring of the
EFW system. Temperature indicators are located between the Dow control and motor-operated
isolation valves; these provide a direct indication of the fluid temperature and audibly alarm in the
control room on high fluid temperature in the EFW system downstream of the EFW pumps. This
alarm warns the operator that leakage through the steam generator isolation valve and check valve is
occurring. Therefore, these sensors provide indication to the operator of the potential of steam binding
of the EFW pumps.

In summary, the System 80+ Standard Design addresses steam binding of the EFW pumps in four
| ways. First, each train is equipped with two normally-closed isolation valves, a motor-operated valve

and a check valve, thus redundant isolation of the EFW system from the main feedwater system and
associated steam generator is achieved. Second, each subtrain is separated from the other such that

| a leak of a single set of valves does not affect all of the pumps. Third, temperature indicators in each
EFW pump discharge line alert the plant operator should valve leakage be present. Finally, open lines
permit valve leakage to be vented through the EFWST vents.

Since the EFW System in the System 80+ Standard Design meets and exceeds the intent of GL 88-03,
this issue is resolved for the System 80+ Standard Design.

REFERENCES

|1. Generic Letter 88-03, " Steam Binding of Auxiliary Feedwater Pumps", U.S. Nuclear
Regulatory Commission.

20.2.26 ADDITIONAL LOW TEMPERATURE OVERPRESSURE PROTECTION
ISSUES FOR LIGilT WATER REACTORS

ISSUE

| Generic Safety issue 094 addresses the establishment of additional guidance for Reactor Coolant System
(RCS) low temperature overpressure (LTOP) protection to assure reactor vessel and RCS integrity,
beyond the guidance for the provision of LTOP protection identified in the resolution of USl A-26.

| (USI A-26 is considered resolved for the System 80+ Standard Design.)

Low temperature overpressurization was originally identified as a safety issue in the early 1970's
because of numerous incidents of plants exceeding pressure-temperature limits. The majority of these
events occurred while in a water-solid condition, during startup or shutdown operations, and at
relatively low reactor vessel temperatures.

Additional RCS overpressurization incidents have occurred since the implementation of USI A-26

| guidelines by operating plants.
Two events in particular, were severe enough to be identified as

abnormal occurrences. After a further study, the NRC concluded in NUREG-1326 (Reference 1) that!

j LTOP protection system unavailability is the dominant contributor to risk from low-temperature
overpressure transients, and that a substantial improvement in reliability can be achieved through
improved administrative restrictions on the LTOP protection system. Consideration was also given to

I
requiring the system to be safety-grade, but this was not found to be cost-effective for existing plants.

|

20.2-34 Amendment V - 4/29/94



:

CESSAR Enema

j gx
( ) |

The recommended NRC resolution for GSI 094 is, therefore, to request a Technical Specification to Iv

ensure that both LTOP protection system channel:; be operable to provide additional protection against
brittle vessel failure.

ACCEPTANCE CRITERIA |

The acceptance criterion for the resolution of GSI 094 is to increase the protection of the reactor vessel
from brittle fracture resulting from low temperature overpressure operation of the RCS (e.g., during
such plant evolutions as heatup, cooldown, water solid, and maintenance operations).

Specifically, Limiting Conditions for Operation (LCOs) are identified to ensure the operability of both
LTOP protection system channels during plant evolutions requiring protection against reactor vessel
brittle failure.

|
Furthermore, protection of the reactor vessel from brittle fracture would also consist of: (1)
establishing a conservative design basis for the relief valves for LTOP protection based upon the worst
case mass and energy addition, (2) assuring that the flow paths to the LTOP relief valves are open i

|when protection is required, and (3) the use of improved materials and fabrication techniques for the
reactor vessel.

RESOLUTION

/~N The System 80+ Standard Design addresses the integrity of the RCS under low temperature and
( ) pressure conditions by focusing on the issues that impact RCS and reactor vessel integrity (i.e., relief'

valves, limiting conditions for operation, reactor vessel materials, and vessel manufacturing
techniques). '

The System 80+ Standard Design includes a safety-grade Shutdown Cooling System (SCS). In
addition to providing a method of removing core decay heat, this system provides for overpressure
protection of the RCS at reduced temperatures (see Section 5.2.2.10) by providing a relief path during |
heatup and cooldown through relief valves included in the SCS suction lines connected to the RCS.
A design basis for these relief valves is the anticipated worst case mass and energy addition to the RCS
and the valves are sized and adjusted to the appropriate setpoint(s). This practice ensures adequate
overpressure protection for the RCS at reduced temperatures. Also, a Technical Specification
establishes an LCO for the SCS, which ensures SCS operability, and LTOP protection system
availability in accordance with the recommendation of NUREG-1326.

In addition, to ensure that the flow paths to the LTOP relief valves are open to the RCS when required,
the SCS contains alarms which warn the operator in the control room of a requirement for LTOP
protection so as to prevent inadvertent closure of the SCS isolation valves.

The reactor vessel itself is designed to be less sensitive to LTOP events. Since vessel material
embrittlement is of primary concern in assuring vessel integrity, the System 80+ vessel design
incorporates improved materials (see Section 5.2.3) to limit the need for LTOP protection. |
Furthermore, the reactor vessel is designed to assure that the welds employed in the fabrication process
are controlled to avoid cracking and embrittlement from irradiation and reactor coolant water chemistry

/ \
\ |
v
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| | (see Section 5.2.3.3), thus enhancing its resistance to embrittlement and improving its tolerance to low I

| temperature and pressure overpressurization events. Also, a ring-forged manufacturing techmque is <

! | specified to eliminate vertical welds in the reactor core region (see Section 5.3). j

In summary, prevention of vessel failure during low-temperature overpressure modes of operation is
a combination of design, manufacture and operating features. The System 80+ Standard Design
employs features like SCS relief valves, limiting conditions for operation, and advanced reactor vessel
materials and fabrication techniques to assure continuous vessel integrity over the 60-year plant design
lifetime. Since reliable LTOP protection for the RCS and reactor vessel is assured for the reasons
described above, this issue is resolved for the System 80+ Standard Design.

REFERENCES

|1. NUREG-1326, " Regulatory Analysis for the Resolution of Generic Issue 94 - Additional Low-
Temperature Overpressure Protection for Light Water Reactors", U.S. Nuclear Regulatory

,

Commission, December 1989.

|

| 20.2.27 LOSS OF RIIR CAPABILITY IN PWRs!

ISSUE

| Generic Safety Issue 099 is concerned with the loss of residual heat removal (RHR) capability in
pressurized water reactors during cold-plant outage operations.

| Operating plants have experienced two principal kinds ofloss of RHR capability during shutdown. The
first, and potentially the more serious, occurred during mid-loop operation, i.e., when the water in the
reactor coolant system (RCS) had been lowered for maintenance purposes below the top of the hot legs.
This level is very close to that at which vortices begin to form at the RHR system suction connections
in the hot leg piping and the RHR system rapidly becomes air bound. In one event, described in

| NUREG-1269 (Reference 1), the existing reactor vessel water level instrumentation proved too
insensitive to detect reliably an inadvertent approach to the vortexing level, and RHR capability was
substantially lost by the time the plant operators realized what had happened. The RCS became slightly
pressurized due to boiling in the core before the operators were able to eliminate air from the RHR
system and restore its capacity. Radioactivity levels in the containment increased at a time when it was
open for maintenance. Subsequent analyses of this type of event, taking into account maintenance
activities typically occurring during mid-loop operation (such as reactor coolant pump seal
replacement), indicated the potential for more serious consequences such as core uncovery in a short
time, or pressurization of the RCS sufDcient to blow out steam generator nozzle dams.

The second principal cause of loss of RHR capability affected a number of plants having an autoclosure
interlock for the RHR suction isolation valves, which are intended to protect the RHR system from
RCS pressure during operation at power. Correct operation of the interlock causes the valves to close
when the RCS pressure increases above the design pressure of the RilR system. NSAC-52

| (Reference 2) reported on a considerable number of events that involved loss of RHR Dow during
'

O
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cooldown, due to inadvertent actuation of the isolation valve autoclosure interlock. However in all
cases but one, operators successfully reopened the valves immediately, and for this reason the NRC

! considers this type of event of somewhat less concern than air binding of the RHR system.

Based on the above considerations and the loss-of-RHR event reported in NUREG-1269, the NRC
issued Generic Letter (Gl.) 88-17 (Reference 3) containing recommendations for improved |
instrumentation, controls, operating procedures, and administrative procedures to minimize the risk of
loss of RCS cooling in cold shutdown.

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of GSI 099 in the design of future plants is implementation
of the design-related improvements recommended in GL 88-17, as summarized below.

1. The reconunendations for equipment, which shall be highly reliable but not necessarily safety
| grade, include:
|

|
; a) two independent continuous RCS level indications whenever the RCS is in a reduced

inventory condition, i.e., the water level in the reactor vessel (RV) is more than three feet
below the RV flange,

b) at least two independent continuous core exit temperature measurements whenever the
CN reactor vessel head is located on top of the vessel,
(

, c) capability of continuously monitoring RHR system performance whenever a RHR system
is being used for cooling the RCS,

d) visible and audible indication of abnormal conditions in temperature, level and RHR
performance,

e) vent in RCS of size sufficient to prevent inadvertent overpressurization when both steam
generator nozzle dams and the reactor vessel head are installed and a loss of RHR occurs,

f) availability of at least one high pressure safety injection pump and one other system to add
water to the RCS to mitigate loss of RHR or RCS inventory should it occur,

g) adequate equipment for personnel communications that involve activities related to the RCS
or systems necessary to maintain the RCS in a stable and controlled condition, and

h) consideration of eliminating autoclosure interlock for RHR suction isolation valves.

2. Other reconunendations include:

a) analyses to provide a complete understanding of NSSS behavior under non-power operation,
as a basis for procedure development and instrumentation installation,

,q
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b) operating procedures that cover reduced inventory operation and provide an adequate basis
for entry into a reduced inventory conditions,

c) administrative procedures that restrict maintenance operations that might perturb the RCS
while in reduced inventory conditions, and

d) ensuring plant technical specifications do not conflict with requirements for non-power
reduced inventory operation.

RESOLUTION

in accordance with the recommendations of GL 88-17, the System 80+ Standard Design includes the
following features to facilitate reduced inventory operations. The equipment and instrumentation are

| highly reliable and are described with the Shutdown Cooling System (SCS) in Section 5.4.7 except
where otherwise noted.

Two independent means are provided for continuous RCS water level measurement.e

Two independent means are provided for the continuous measurement of core exit temperature.e

Each of the above level and temperature measurement instruments provides indication and*

alarm in the control room. Each instrument of an independent pair has its own separate power
I supply.

! * Additional instrumentation, indication, and alarms sufficient to enable operators in the control
room to monitor the SCS continuously when it is being used for cooling the RCS (such as SCS
pump suction pressure and motor current, vortex monitoring equipment, and SCS flow) and
act promptly if necessary to preclude SCS performance degradation.

Instrumentation measurement and alarm signals in the control room are handled by the*

Nuplex 80+ Discrete Indication and Alarm System and Data Processing System as described
in Sections 7.7.1.4, 7.7.1.7 and 18.7.

|

| | Plant communication systems are described in Section 9.5.2. The system normally used for !

plant shutdown operation and maintenance is the Intraplant Sound-Powered Telephone System.
Phone jacks connect specific areas of the plant and the control room, and the system is
powered from diesel-backed power sources. The communications panel in the control room

| is described in Section 18.7.4.13.

Redundant vent lines are provided between the pressurizer and the in-containment refueling*

water storage tank to prevent significant pressurization of the RCS if boiling occurs with the '

steam generator nozzle dams installed.

O
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OV e The SCS suction isolation valves do not have an auto-closure interlock. As described in |
Section 7.6.1.1.1, the valves are interlocked to prevent them from being opened if the RCS
pressure has not decreased to an acceptable value. The interlocks are redundant so that no
single failure can prevent the operator from aligning the valves in at least one SCS inlet line
after RCS pressure requirements have been satisfied.

* The plant design is such that both a high pressure safety injection pump and another means
could be available during cold shutdown to add water to the RCS to mitigate loss of RHR
capability or RCS inventory if needed.

In addition to the design features previously described, midloop operation heatup analyses are
performed to provide a basis for operating procedure guidelines. These include the relationships
between time after shutdown and decay heat, RCS heatup rate and boil-off rate. Guidelines are
provided for reduced inventory operating and administrative procedures, including verifying availability
of equipment, avoiding concurrent opentions that perturb the RCS, and initiation of containment '

isolation upon detection of the loss of RHR. Instrumentation used during SCS operation with reduced
RCS inventory is described in Section 5.'4.7.2.6. Additional information on shutdown operations is
provided in Appendix 19.8A.

Since the foregoing design features and guidelines for operations with reduced RCS inventory meet the
intent of the recommendations in GL 88-17, this issue is resolved for the System 80+ Standard Design.

N REFERENCES

1. NUREG-1269, " Loss of Residual Heat Removal System, Diablo Canyon Unit 2, April 10, |
1987", U.S. Nuclear Regulatory Commission, June 1987.

:

| 2. NSAC-52, " Residual Heat Removal Experience Review and Safety Analysis; Pressurized Water
Reactor", Nuclear Safety Analysis Center, January 1983.

| 3. Generic Letter No. 88-17, " Loss of Decay Heat Removal" U.S. Nuclear Regulatory
Commission, October 1988.

20.2.28 DESIGN FOR PROBABLE MAXIMUM PRECIPITATION |

ISSUE

Generic Safety Issue 103 addresses the accepted methodology used for determining the design flood |
level for a particular reactor plant site. Accurate determination of the design flood level for a specific
reactor site is necessary in order to ensure adequate protection of safety-related equipment against
possible site flooding.

Reactor plant sites are Cesigned to accommodate maximum flood level because flooding could disable
safety-related equipmen:. Historically, estimating design flood levels for specific reactor plant sites has
been based upon input 3ata for the probable maximum flood provided by the U.S. Army Corp. of |
Engineers for the spen dte. The guidance identified in the Standard Review Plan (SRP)

|
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Sections 2.4.2, Rev. 3, and 2.4.3, Rev. 3 (Reference 1) is used in predicting design flood levels.
Further, general requirements are defined in General Design Criteria (GDC 2)(Reference 2). The
SRP's state that " design basis flood levels" incorporate the most severe historical environmental data
with " sufficient margin". What is considered to be " sufficient margin" and procedures for estimating
the probable maximum flood are identified in Regulatory Guides 1.59 and 1.102, and ANSI /ANS 2.8
(References 3,4 and 5).

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of GSI 103 is that the site chosen for a commercial nuclear
generating facility shall be designed to accommodate a maximum expected flood from precipitation
without jeopardizing the safe operation of the facility, in accordance with the guidance given in
SRP 2.4.2, Rev. 3 and SRP 2.4.3, Rev. 3. Also, the facility design, including structures, systems, and
components important to safety, shall meet the criteria specified in 10 CFR 50 Appendix A (GDC 2).

RESOLUTION

| The System 80+ Standard Design is designed to meet the requirements of GDC 2 as described in
Section 3.1.2. The System 80+ Standard Design is based upon a set of assumed site-related
parameters. These parameters were selected to envelope most potential nuclear power plant sites in the
United States. A summary of the assumed site design parameters, including maximum flood level, is
given in Table 2.0-1.

Detailed site characteristics based upon historical site specific environmental data will be provided by
the site owner-operator for any specific al' plication. The site owner-operator will review and evaluate
these characteristics to ensure compliance with the enveloping assumptions of Table 2.0-1.

| System 80+ Standard Design is designed in accordance with GDC 2 for the most severe expected
environmental conditions, including flooding, tornado, hurricane etc., and meets the intent of SRP
Section 2.4.2, Rev. 3, and SRP Section 2.4.3, Rev. 3 with respect to plant design. Therefore, this
issue is resolved for the System 80+ Standard Design.

REFERENCES
|

|1. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants- LWR Edition", U.S. Nuclear Regulatory Commission. '

2. 10 CFR 50 Appendix A, " General Design Criteria for Nuclear Power Plants", Office of The l

Federal Register, National Archives and Records Administration, j

I
3. Regulatory Guide 1.59, " Design Basis Floods for Nuclear Power Plants", U.S. Nuclear i

Regulatory Commission, August 1977. )
l

O
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4. Regulatory Guide 1.102, " Flood Protection for Nuclear Power Plants", U.S. Nuclear
Regulatory Commission, September 1976.

:

| S. ANSI /ANS 2.8,~ " Standard for Determining Design Basis Flooding at Power Reactor Sites",
' American Nuclear Society,

20.2.29 INTERFACING SYSTEMS LOCA AT LWRs |
i

ISSUE

Generic Safety issue 105 addresses reducing the risk of loss of primary coolant outside the containment ~ |
{ via a system which connects with the reactor coolant system (RCS).
t

The interfacing system LOCA (ISLOCA) is presumed to result from exposing low pressure piping
(design pressure 400-700 psi) of the interfacing system to high primary system pressure (about
2250 psi). The initial plant response to an ISLOCA is the same as the response to an equivalent sized
LOCA inside containment. However, RCS inventory is discharged outside containment and is not
returned to the containment sump for recirculation. In addition, an ISLOCA will provide a path, which
bypasses the containment, for release of radioactive materials.

The NRC used probabilistic risk assessment (PRA) analysis in NUREG/CR-5102 (Reference 1) to . |
| C evaluate three older operating pressurized water reactors for the effectiveness of proposed requirement
' '

changes in reducing the risk of an interfacing system LOCA, and for calculating the contribution of
the ISLOCA to the overall core damage frequency estimate.

!

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of GSI 105 is that the arrangement and design of systems
that interconnect with the RCS and also extend beyond the containment shall be designed so that all
of the following conditions are satisfied without any operator action:

a) the system retains its structural integrity throughout an ISLOCA event (stmetural integrity is
preserved if, by definition, the system maintains its pressure boundary despite distortion and/or
loss of function);

b) any leakage caused by an ISLOCA event is limited to the makeup system capabilities; and

c) offsite doses are limited to a small fraction of those specified in 10 CFR 100 as is assumed in
the design bases for the Chapter 15 analyses.

RESOLUTION

| Interfacing system LOCAs are addressed in the System 80+ Standard Design via design features and
| by evaluation of the potential leakage paths. Analyses of previous designs have identified several

potential paths (interfacing piping of all sizes) for an ISLOCA, with the most significant being the
suction lines of the Shutdown Cooling System and the injection lines of the Low Pressure Safety |

;

20.2-41 Amendment V - 4/29/94

. .- , .- . . . . - . - , . . - . - - , . - . - _ , - - - - - . - -



CESSARiPaua

injection System. To minimize the possibility of an ISLOCA outside the containment building, design
improvements have been incorporated in the System 80+ Standard Design. These improvements are

| presented in Appendix SE.

REFERENCES

|1. NUREG/CR-5102, " Interfacing Systems LOCA: Pressurized Water Reactors", U.S. Nuclear
Regulatory Commission.

| 20.2.30 PIPING AND THE USE OF CONIBUSTIBLE GASES IN VITAL AREAS

ISSUE

| Generic Safety issue 106 addresses the issue of combustible gases accumulating in buildings containing
,

! safety-related equipment. Except for hydrogen, most combustible gases are used in limited quantities
and for relatively short periods of time. Hydrogen is stored in high pressure storage vessels and
supplied to various systems in the Auxiliary Systems Building through small diameter pipe. A leak
or break in this pipe could result in a combustible or explosive mixture of air and hydrogen posing a
potential loss of safety-related equipment.

| SRP Section 9.5.1 (Reference 1) addresses this concern for plants under construction and new plant
designs.

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of GSI 106, is that the hydrogen and other combustible
piping be designed to preclude large releases and accumulation of combustible or explosive gases in
buildings which enclose safety-related equipment. This can be accomplished either by designing piping
to preclude failure or providing means to limit the amount of hydrogen leakage in the event of a pipe
rupture. Further, in consideration of the above, the designer shall follow the guidance described in SRP
Section 9.5.1.

RESOLUTION

The System 80+ Standard Design incorporates various Compressed Gas Systems as described in
Section 9.5.10. The compressed gas systems provide a variety of gases (e.g., hydrogen and nitrogen)
under pressure, for numerous plant operating applications including welding, equipment,
instrumentation, system purging, inerting and diluting.

,

The systems typically consist of high pressure gas cylinders, pressure regulators and piping to distribute,

the gases throughout the plant. These non-safety-related compressed gas systems are designed to assure
that their failure does not jeopardize the operation of any safety-related system and/or component (see

| Section 9.5.10.1). Further, the hydrogen compressed gas system is designed to be isolable and
includes a leak detection system. To further limit hydrogen accumulation to less than 2 percent
concentration in safety related areas of the plant, the hydrogen compressed gas system piping within

| those areas will either be sleeved with an outer pipe, will include excess flow shutoff valves, or will
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j be designed to Seismic Category I requirements. This hydrogen piping will be installed in accordance
j with the guidance given in SRP Section 9.5.1 (BTP CMEB 9.5-1, Reference 2) for limiting hydrogen
j accumulation (see Section 9.5.10.2). Generic Letter 93-06, Reference 3, documents NRC resolution

!

of this GSI. |
i l
i

j Since the non-safety-related compressed gases systems are designed so that their failure will not |
1 jeopardize safety-related equipment, and the hydrogen and other combustible gas piping is designeo |
j to preclude large releases and accumulation of combustible or explosive gases in buildings which i

j enclose safety-related equipment, this issue is resolved for the System 80+ Standard Design.
:

i REFERENCES
i

j 1. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear | |
j Power Plants - LWR Edition", U. S. Nuclear Regulatory Commission. |

2. NUREG-0800 Branch Technical Position CMEB 9.5-1, " Guidelines for Fire Protection for

; Nuclear Power Plants," U. S. Nuclear Regulatory Commission. !
i |

3. Generic Letter 93-06, "Research Results on Generic Safety Issue 106, Piping and the Use of;
,

Highly Combustible Gases in Vital Areas," October 25, 1993, U.S. Nuclear Regulatory !

;! Commission.

1

\
20.2.31 DYNAMIC QUALIFICATION AND TESTING

OF LARGE BORE HYDRAULIC SNUBBERS '

,

,

ISSUE
1
a

| Generic Safety Issue 113 addresses the requirements for dynamic qualification testing or dynamic |
surveillance testing of large bore hydraulic snubbers (> 50 kips rating) in operating plants.

The issue was raised because of the concern for the integrity of the steam generator lower support
structures when subject to a seismic event. However, the issue is applicable to all LWRs with*

components, structures, and supports that rely on LBHS for seismic restraint and other dynamic loads,

j such as high energy line breaks and water hammers.
..

| ACCEPTANCE CRITERIA
l
; The acceptance criteria for the resolution of GSI-ll3 is that the design, specification, installation and

.

| in-service operability of LBHS must meet the intent of the draft regulatory Guide (SC-708-4)

] (Reference 2) and the recommendations in NUREG/CR-5416 (Reference 1). '

RESOLUTION'

:

GSI-l13 is resolved for the System 80+ standard design by:
,

Testing of every valve for its operability.*-

:
1

I

;
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Dynamic testing of a qualification snubber for spring rate at the frequencies of concern for ai *
'

representative load.

* Static testing of every snubber at full faulted ioad.

However, dynamic testing will not be performed at full load due to limitations of testing facilities.

Assurance of snubber operability for the System 80 F Standard Design is provided by incorporating
analytical, design, installation, in-service, and verification criteria. The elements of snubber operability
assurance include:

1. Consideration of load cycles and travel that each snubber will experience during normal plant
i operating conditions.

2. Verification that the thermal grawth rates of the system do not exceed the required lock-up
velocity of the snubber.

| 3. Appropriate characterization of snubber mechanical properties in the analysis of the snubber-
'

supported system.

4. For engineered, large bore snubbers, issuance of a design specification to the snubber supplier,
describing the required structural and mechanical performance of the snubber with respect to:

| activation level, release rate, spring rate, dead band, and drag. Subsequent verification will
| be done to ensure that specified design and fabrication requirements were met.

a. Rod velocity at valve closure shall be tested on each snubber to confirm activation level,

b. The release rate (bleed rate) of each snubber shall be tested statistically at full faulted load.

c. The spring rate of each snubber will be tested statically at full faulted load. Dynamic
spring rate will be calculated based on dynamic test data of a similar qualification snubber.

d. Dead band will be included in the dynamic rate determination.

I e. Frictional resistance to movement (drag) will be verified by testing.

f. Dynamic faulted load testing will not be performed. Dynamic testing of large bore
snubbers at full load is not practical due to limitations of testing facilities.

g. Dynamic tests shall be done at room temperature and at design temperature if practical, for
a qualification unit.

6h. The application of at least 5 x 10 cycles of an axial vibration with a low amplitude is not
appropriate for large bore snubbers used as major component supports and will not be
performed.

O
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5. Verification that snubbers are properly installed and operable prior to plant operation, through |

visual inspection and through measurement of thermal movements of snubber supported
systems during start-up tests.

I6. A snubber in-service inspection and testing program, which includes periodic maintenance and
visual inspection, inspection following a faulted event, a functional testing program, and a ;

repair or replacement of snubbers failing inspection or test criteria. |

In summary, dynamic qualification testing of System 80+ Standard Design LBHS will meet the intent i

of the draft Regulatory Guide (SC-708-4) and NUREG/CR-5416; this issue is, therefore, resolved for |
'

the System 80+ design.

REFERENCES i

l

1. NUREG/CR-5416, Technical Evaluation of Generic Issue 113: Dynamic Qualification and ,

Testing of Large Bore Hydraulic Snubbers,9/92.

2. Draft Regulatory Guide (SC-7084) February 1981.

20.2.32 TENDON ANCHOR HEAD FAILURE

N ISSUE
I

|,

Generic Safety Issue 118 originated after, on January 27,1935, a dented and leaking tendon grease cap
was found during inspections at Farley Unit 2 prior to the integrated leak rate test of the prestressed -
concrete containment structure. Subsequent detailed inspection revealed that three lower vertical tendon
anchor heads were broken. Several anchor heads were then removed from the vertical tendons and
magnetic particle testing revealed cracks in the ligaments between the holes in the back of the anchor
heads. Metallurgical analysis of the anchor head material indicated that the failures had been caused
by hydrogen stress-cracking. There was evidence of corrosion caused by hydrogen generation from
the anodic reaction of zine and steel in the presence of water, since quantities of water ranging from
a few ounces to about 1.5 gallons were found in the grease caps; most of the water was found in the
vertical tendon lower anchor grease caps. Concerns for the genetic implications of the tendon anchor
failure at Farley Unit 2 resulted in the identification of this issue by NRR/DL.

ACCEPTANCE CRITERIA

A tendon inspection, repair, and surveillance program was initiated for both Farley Units 1 and 2. Thei

j licensee evaluated the containments and aoncluded that the structural integrity had been maintained
| continuously for both units. Issuance of Regulatory Guides 1.35 and 1.35.1 would provide guidance
! for future plants.
I
l

r
f
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O|RESOLUTION

This issue is applicable to pre-stressed concrete containments. It is resolved for the System 80+ i

design, because the steel containment does not use tendons. The structural adequacy of the I
'

System 80+ containment and its concrete shield building is addressed in Section 3.8.

20.2.33 PIPING RUPTURE REQUIREMENTS AND DECOUPLING
OF SEISMIC AND LOCA LOADS

ISSUE

| Generic Safety Issue 119.1 addresses the recommendations of the NRC Piping Review Committee
(PRC) on how the NRC should modify their requirements with respect to design loads on pipes in
safety-related systems and high-energy lines important to safety in new nuclear power plants. With
respect to postulated pipe breaks, the scope covers all high-energy lines.

For GSI 119.1, the PRC recommended the utilization of Leak-Before-Break (LBB) technology
in determining the need to consider the dynamic effects of pipe breaks. The " limited scope" rule of
General Design Criterion (GDC) 4, which existed at the time of the recommendation, allowed the
application of LBB on main coolant loop piping in pressurized water reactors. Successful application
of LBB to a piping system eliminated the need to consider the dynamic effects of breaks in that pipe.
The PRC recommended, and the NRC revised GDC 4 to define, a " broad scope" approach allowing
the application of LBB to all high energy lines in nuclear power plants. Revisions to Standard Review
Plan (SRP) Sections 3.6.1 and 3.6.2 to implement the " broad scope" rule and to eliminate postulation
of arbitrary intermediate pipe breaks were promulgated.

An additional PRC recommendation to decouple SSE and pipe break loads in the mechanical design
of components and their supports, which would require a revision to SRP Section 3.9.3, has not yet
been accepted or implemented by the NRC.

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of GSI 119.1 is that the piping design shall be in accordance
with those reconunendations of the PRC which have been implemented by the NRC (GDC 4 and the
Standard Review Plan revisions). SRP Section 3.6.2 eliminates the requirement to postulate arbitrary
intermediate breaks. In addition, SRP Section 3.6.3, which is currently in draft form, implements the
" broad scope" rule of GDC 4 and endorses the LBB methodology contained in NUREG-1061

| Volume 3 (Reference 1).

RESOLUTION

The design of the piping for the System 80+ Standard Design meets GDC 4 and the guidance of the |
Standard Review Plan as follows: '

O|
1

i
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\ 1. As stated in Section 3.6.2.1.3 LBB methodology is used to eliminate the postulation of breaks | I

in the following System 80+ piping systems:

l
Main Coolant Loop,
Surge Line,.
Main Steam Line,
Safety Injection Line, and
Shutdown Cooling Line. |

2. Postulation of arbitrary intermediate pipe breaks in all piping systems is eliminated. Postulated
Ibreak locations are described in Section 3.6.2.1.4. |

3. Analysis methods and sample calculations are summarized in Sections 3.6,3.9, and Appendix
3.9A. |

1

4. Piping, component, and component support loads from SSE and the pipe breaks remalmng .
after application of LBB continue to be combined in accordance with SRP Section 3.9.3. The -
loads are combined on a square root of the sum of the squares basis Section 3.9.3.1 and | 1

Tables 3.9-10 through 14). The exception to this approach is that asymmetric blowdown loads I

in the reactor vessel, which are associated with small break LOCAs that remain, are accounted
for by increasing the SSE loads by a small, conservative factor (Section 3.9.2.5). | ;

| Loads on building components from SSE and remaining pipe breaks continue to be combined on an
absolute sum basis. !i ,

1

.Because the design methodology is in accordance with current regulations and NRC guidance, this issue )
is resolved for the System 80+ Standard Design. I

REFERENCFE

1, NUREG-1061, Volume 3, " Evaluation of Potential for Pipe Breaks," U.S. Nuclear Regulatory |
Commission, November 1984.

20.2.34 PIPING DAMPING VALUES |

ISSUE

Generic Safety Issue 119.2 addresses the recommendations of the NRC Piping Review Committee |
(PRC) on how the NRC should modify their requirements for the damping values to be used in the
dynamic analysis of nuclear power plant piping systems.

Piping dynarnic response would, in general, be more accurately predicted if higher piping damping
values were used than those identified in the current regulatory guide. The use of higher damping
values results in nuclear plant piping systems having significantly fewer snubbers and supports and an

'

overall better balance of design considering all piping loads. A significant decrease in the number of
\
)
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snubbers and supports allows for better inspection of equipment and components at significantly
reduced occupational radiological exposures, and reduces the potential for restraint to thermal
expansion due to malfunctioning snubbers.

Energy dissipation due to materiai and structural damping in a piping system responding to an
earthquake is usually approximated in dynamic analysis by specifying an equivalent amount of viscous
damping. Due to a lack of understanding of the parameters affecting damping, lower bound values

j have been mandated for use in seismic design as identified in NUREG-1061 (Reference 1).

| The damping values specified in Regulatory Guide 1.61 (Reference 2) have been used for viscous
damping for all modes considered in either clastic response spectra or time-history dynamic seismic
analyses of Seismic Category I structures or components. Damping values higher than those identified

| in Reference (2) are allowed only if documented test data is provided to support the higher values.

The Pressure Vessel Research Committee (PVRC) recommended an interim position on damping values
that are dependent on piping modal frequency, The American Society of Mechanical Engineers
(ASME) incorporated the PVRC damping position (Code Case N-411) in Section III of the ASME

| Boiler and Pressure Vessel Code (Reference 3).

GSI 119.2 corresponds to the PRC regulatory recommendation A-2 in NUREG-1061 to modify seismic
damping values used in seismic design.

ACCEPTANCE CRITERION

The acceptance criterion for the resolution of GSI 119.2, " Piping Damping Values" is that the piping
system dynamic analysis shall be in accordance with those reconunendations of the PRC which have
been implemented by the NRC, as follows:

|1. For response spectrum analyses, Regulatory Guide 1.84, Revision 24 (Reference 4), endorses
the use of piping damping values from ASME Code Case N-411 as an alternative to using
values from Regulatory Guide 1.61. Damping values in an analysis must be consistent from
one of these two sources, a mixture from both is not acceptable.

2. The endorsement of ASME Code Case N-411 damping values for use in response spectrum
analyses is subject to limiting conditions enumerated in Regulatory Guide 1.84.

3. For time history analyses, Regulatory Guide 1.84 does not endorse the use of the code case
values, and hence Regubtory Guide 1.61 damping values should be used. I

RESOIMFION
i
1

i

The System 80+ reactor coolant system (RCS) main loop piping is analyzed using time history
methods. Equipment and piping damping values used for this analysis are in accordance with
Regulatory Guide 1.61.

O
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j Design and analysis of System 80+ piping systenu other than the RCS main loop use either tre
i history or response spectrum analyses procedures as appropriate. When time history methods are used,
j damping values are in accordance with Regulatory Guide 1.61. When response spectrum methods c

used, Regulatory Guide 1.61 values or the frequency dependent damping values specified in Code Case*

j N-411 are used. When Code Case N-411 darnping values are used, they are used completely and 1

consistently for the piping system being analyzed, and the relevant limiting conditions in Regulatory j4

Guide 1.84 are complied with. ,

Since the damping values used for piping design and analysis are in accordance with current regulatory

| guidance, this issue is resolved for the System 80+ Standard Design. .

i

] REFERENCE

i 1. NUREG-1061, Volume 5, " Report of the U.S. Nuclear Regulatory Commission Piping Review |
j Committee," U.S. Nuclear Regulatory Commission, April 1985.'
<

2. U.S. Nuclear Regulatory Commission Regulatory Guide 1.61, " Damping Values for Seismic
Design of Nuclear Power Plants," October 1973.

3. American Society of Mechanical Engineers, Boiler & Pressure ' Vessel Code, Section 111
(Nuclear), American Society of Mechanical Engineers.

)

4. U.S. Nuclear Regulatory Commission Regulatory Guide 1.84, " Design and Fabrication Code
Case Acceptability", ASME Section III, Division 1," Revision 24, June 1986,;

20.2.35 DECOUPLING TIIE OBE FROM TIIE SSE |

ISSUE -

#

Generic Safety Issue 119.3 addresses the question of assuring the public safety during seismic events |
in a more rational manner by eliminating the requirement to relate the Operating Basis Earthquake-

(OBE) to the magnitude of the Safe Shutdown Earthquake (SSE).

Appendix A to 10 CFR Part 100 (Reference 1) requires that nuclear power plants be designed to both |
the OBE and the SSE. The SSE is defined as that earthquake which produces the maximum vibratory
ground motion for which certain structures, systems, and components are designed to remain functional
to assure: (1) the integrity of the reactor coolant pressure boundary, (2) the capability to shut down

; the reactor and maintain it in a safe condition, or (3) the capability to prevent or mitigate the
; consequences of accidents which could result in unacceptable offsite exposure.

The OBE is defined in Section Ill (d) of Reference 1 as that earthquake which produces the vibratory |
ground motion for which those features of the nuclear power plant necessary for continued operation
without undue risk to the health and safety of the public are designed to remain functional.
Section V(a) (2) in Appendix A to 10 CFR Part 100 states that the OBE shall be specified by the,

3
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applicant after considering the seismology and geology of the region surrounding the site. Further,
it states that the OBE shall be at least one-half the magnitude of the SSE. The level of the OBE is,
therefore, directly coupled with that of the SSE.

|

| Current regulations were developed assuming that the SSE would control the design in nearly all
aspects and that the OBE would serve as a separate check on those systems where continued operation
was desired at a lower level of ground motion. In addition, seismic design for OBE accounts for
certain safety-related factors such as fatigue and seismic anchor movement that are not considered in
the design for the SSE. However, in practice, defining the OBE as one-half the SSE together with
assumed load factors, damping considerations, stress levels, and source limits has caused the OBE,

i

rather than the SSE, to control the design for many systems.

GSI 119.3, which corresponds to NRC Piping Review Committee (PRC) regulatory
| recommendation A-3 (Reference 2), addresses decoupling of the OBE from the SSE on the basis that:

1. There is no technical reason for coupling the OBE with the SSE,

2. Designing systems to the SSE is sufficient to ensure safety,

3. The OBE provides additional margin by specifying the level at which inspections are required
before continued operation is permitted, and

4. Decoupling of the OBE levels and frequencies from those of the SSE will allow assurance of

| public safety to be placed on a more rational basis.
!

ACCFPTANCE CRITERIA

The acccptance criteria for the resolution of GSI 119.3 are that the level of OBE be defined in
accordance with 10 CFR 100 Appendix A, Section III(d), and that the SSE be defined in accordance
with Section III(c).

However, consistent with regulatory recommendation A-3 of the NRC PRC for decoupling the OBE
from the SSE, the magnitude of the OBE need not be constrained to at least one-half the magnitude
of the SSE as required by 10 CFR 100, Appendix A, Section V(a)(2).

RESOLUTION

System 80+ is designed for an SSE peak ground acceleration of 0.30g and an encompassing set of soil
l profiles which envelope the majority of potential nuclear power plant sites in the United States. The

| seismic design of safety structures, systems and components is in accordance with Standard Review
| Plan Sections 3.7.1, 3.7.2, 3.7.3, and 3.7.4 (Reference 3).

The System 80+ design implements the NRC Piping Review Committee's recommendation to decouple
the OBE from the SSE. Any deviations from the current requirement of 10 CFR 100, Appendix A,
Section V(a)(2) will be authorized through the System 80+, Design Certification Rulemaking.
GSI 119.3 is, therefore, resolved for the System 80+ Standard Design.

O
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REFERENCES

l 1. Code of Federal Regulations, Title 10, Part 100, Appendix A, " Seismic and Geologic Siting

| Criteria for Nuclear Power Plants."
!
! 2. NUREG-1061, " Report of the U.S. Nuclear Regulatory Conunission Piping Review

Committee, "U.S. Nuclear Regulatory Commission. (Volume 5) April 1985.

!

| 3. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear

| Power Plants - LWR Edition", U.S. Nuclear Regulatory Commission.

|

| 20.2.36 LEAK DETECTION REQUIREMENTS |
|

ISSUE |

Generic Safety Issue !19.5 addresses the effect of the adoption of the leak-before-break (LBB) concept : | |
for primary piping on leak detection system design requirements.

GSI 119.5 corresponds to the NRC Piping Review Committee (PRC) regulatory recommendation A-6
(Reference 1) to improve existing leak detection systems. LBB methodology is used to justify |

! elimination of the postulated double ended guillotine break from the design basis for pipe whip

| Q(/
restraints and jet impingement shields. Improvement in leak detection systems was recommended by

| the PRC in order to be able to detect and locate leaks of the magnitude associated with various
postulated through-wall crack lengths in a timely manner.

A review of leak detection systems and Licensee Event Reports a: current operating plants was I

performed for the NRC and reported in NUREG/CR-4813 (Reference 2). It concluded that existing
.

leak detection systems conforming to the guidance of Regulatory Guide 1.45 (Reference 3) appear
adequate for the purposes of LBB in the great majority of situations. Their principal deficiency is that
they provide no information on the location of a leak, which has to be found visually after plant
shutdown. This can be difficult and result in personnel radiation exposure.

,

Another part of the NRC effort to develop a resolution to this issue was work performed by Argonne
National Laboratory to develop an advanced acoustic leak monitoring system. This work, reported in
NUREG/CR-5134 (Reference 4), indicated that such a system appears capable of locating as well as |quantifying pipe leaks.

The NRC is considering revisions of Regulatory Guide 1.45 and SRP Section 5.2.5 (Reference 5) to |
apply the results of the above investigations to regulatory requirements. Drafts of these revisions have
not yet been issued for review and comment.

ACCEITANCE CRITERIA

The acceptance criteria for the resolution of GSI i19.5 for the design of a future plant are that the
Reactor Coolant Pressure Boundary (RCPB) leakage detection systems shall meet the requirements and

' h be consistent with the guidance of Regulatory Guide 1.45 (Reference 3). |
,
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Specifically, identified leakage (i.e., from sources that cannot practically be made 100 percent
leaktight, such as valve stem packing glands) shall be collected and monitored separately from
unidentified leakage. Unidentified leakage shall be collected and monitored by at least three out of four
independent methods described in the Regulatory Portion (Section C) of Regulatory Guide 1.45. The
methods should have a sensitivity adequate to detect a leak of one gallon per minute in less than one
hour. Indicators and alarms for each leakage detection system shall be provided in the main control
room.

In addition to the above methods for detecting unidentified leakage consideration should be given to
other more advanced methods with the potential of locating as well as detecting leaks.

A Technical Specification shall specify Limiting Conditions of Operation and the maximum permissible
total leak rate.

RESOLUTION

| The RCPB leakage detection systems of the System 80+ Standard Design are described in
Section 5.2.5, and are consistent with the recommendations of Regulatory Guide 1.45. Correlation
of the one gallon per minute detection capability for " unidentified" leakage with LBB analyses for
evaluating pipe crack stability is discussed in Section 3.6.3.3. Collection and measurement of
" identified" leakage are described in Section 5.2.5.1.2.

Four independent methods of detecting " unidentified" leakage, including three of those recommended
in Regulatory Guide 1,45, are provided as follows, and are described in Section 5.2.5.1.1:

(1) The reactor coolant inventory method is used to detect large volume leakage over a period of
steady state operation by continuously monitoring the net makeup flow to the Reactor Coolant
System (RCS). Since letdown flow and the reactor coolant pump seal bleedoff flow are
collected by the Chemical and Volume Control System and recycled back into the RCS, net
makeup flow should be zero when there is no leakage. Integrated net makeup flow is trended
in the Control Room by the Nuplex 80+ Data Processing System (DPS).

(2) The primary method designed to detect leakage rates as low as one gallon per minute in less
than one hour is by monitoring the rates of change of the sump water levels in the containment
holdup volume and the reactor vessel cavity, together with the discharge rates and running
times of the sump pumps. The Nuplex 80+ DPS integrates these measurements and calculates
the leak rate. Control Room alarms are activated if a leak rate greater than one gallon per
minute is calculated and also if a reactor cavity sump pump starts, since under normal
conditions no leakage is expected into the reactor cavity.

(3) A containment gaseous radiation monitor is provided to measure the gamma radioactivity levels

| in the contairunent atmosphere by continuous sampling. Leakage is detected by this method,
'

| and quantified to the extent practicable, with a response time dependent on various factors such
as the fraction of failed fuel, the fission product inventory in the core, and time of transit from
the origin of the leak to the monitor. The activity is indicated in the Control Room by the
DPS and averaged hourly.
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(4) A containment air particulate monitor is provided to measure the containment atmosphere
particulate beta radioactivity by continuous sampling. The sensitivity of the air particulate

Imonitor to an increase in reactor coolant leak rate is dependent on the magnitude of the normal
baseline leakage into the containment, and the reactor coolant activity. The particulate activity )
concentration is indicated in the Control Room by the DPS, and averaged . hourly. High
activity activates an alarm. The airborne particulate monitoring is v.esigned to remain
functional during and after a safe shutdown earthquake, as recomrNnded in Regulatory 1

Guide 1.45.

In addition to the methods described above, the System 80+ Standard Design has an Acoustic Leak
Monitoring System (ALMS) whose function is to detect a leak at speafic locations or within specific
components of the RCS. The ALMS is described in Section 7.7.1.6, and utilizes accelerometers
mounted on the component surfaces at or near where leakage is likely to be detected. Typical sensor

|
locations are given in Table 7.7-3. A change in an accelerometer signal due to leakage from the i

~

component activates an alarm in the Control Room. The signal amplitude is proportional to the leak
'

rate, but the proportionality depends on the geometry of the leak and the distance between the leak and
,

the sensor. After passing through the alarm, the signal is amplified, processed and transmitted to the
'

DPS for analysis of the signal characteristics.

Limiting Conditions of Operation are provided (see Chapter 16) which include the magnitude of the |
maximum permissible total leak rate.

|

Since the leak detection positions in Regulatory Guide 1.45 are complied with and enhanced capability I

( to locate RCS leaks is also provided, this issue is resolved for the System 80+ Standard Design.
,

i

REFERENCES
1

|
1. NUREG-1061, " Report of the U.S. Nuclear Regulatory Commission Piping Review | |

Committee," U.S. Nuclear Regulatory Commission, (Volume 5) April 1985. '

2. NUREG/CR-4813. " Assessment of Leak Detection Systems for Light Water Reactors,"
Revision 1, U.S. Nuclear Regulatory Commission, October,1988.

3. U.S. Nuclear Regulatory Commission Regulatory Guide 1.45, " Reactor Coolant Pressure
Boundary Leakage Detection Systems," May 1973.

4. NUREG/CR-5134, " Application of Acoustic Leak Detection and Location of Leaks in Light
Water Reactors," U.S. Nuclear Regulatory Commission, October,1988.

5. NUREG-0800, "U.S. Nuclear Regulatory Conunission Standard Review Plan," U.S. Nuclear
Regulatory Commission.
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| 20.2.37 ON-LINE TESTABILITY OF PROTECTION SYSTEMS

ISSUE

| Issue GSI 120 was raised by the staff in 1985 during the review of several plant Technical
Specifications when it was found that the protection system designs of some older plants did not
provide as complete a degree of on-line protection system surveillance testing capability as other plants
undergoing staff review and evaluation at that time.

The requirements for at-power testability of components are included in GDC 21 of Appendix A to
10 CFR 50. Supplementary guidance is provided in Regulatory Guides 1.22 and 1.118 and IEEE
Standard 338 to ensure that protection systems (including logic, actuation devices, and associated
actuated equipment) will be designed to permit testing while the plant is operating without adversely
affecting the plant's operation. These requirements apply to both the RPS and the ESFAS. Existing
STS indicate that it is desirable to test all protection systems through their sub-group relays every 6
months.

This issue centered around the risk posed by those plants with lesser degrees of on-line testing
capability and the value/ impact effects of requiring modifications of the protection systems to allow for
a greater degree of on-line testing. On-line testing increases the ability to detect existing failures of the
protection system and could therefore result in improved reliability of the system; hence, a reduction
in plant risk. In some older plants, a larger portion of the protection system hardware can only be
tested through the sub-group relays during outages (i.e., shutdowns), which typically have an 18-month
frequency. Therefore, modification of the protection system to allow for semiannual testing through
the sub-group relays could result in risk reduction at those plants.

ACCEPTANCE CRITERIA

The following two options were identified as potential solutions:

(1) Recognize that there are cases where there are no practical system design modifications that
will permit at-power operation of the actuated equipment without adversely affecting the safety
or operability of a plant. Exceptions could be taken that include not testing the automatic
initiating logic and associated actuating devices. Actions could include: 1) submittal of
inforrnation by licensees to describe and justify any deviations from regulatory requirements
and to describe the revision of the plant technical specifications stating the testing required;
and 2) testing of those systems that can be tested without defeating the ESFAS train or RPS.

(2) Design and implement modifications to allow compliance with the requirements for on-line
testing of all systems without defeating the ESFAS train or RPS. Each channel of the reactor

| trip module needs to be provided with two key-operated bypass switches, a channel bypass
switch, and a shutdown bypass switch. The 2/4 system would then operate in the 2/3 mode
during the testing.

It was believed that changing the testing frequency of the protection system components to 6-month
intervals, instead of the existing 18-month intervals, would increase the reliability of these components
and result in an overall enhancement of plant safety.
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i RESOLUTION

The System 80+ has all-digital instrumentation and control systems and on-line testing of them (see |
'

Chapter 7). Technical Specifications are provided in Chapter 16. This issue is, therefore, resolved
for the System 80+ design.

1

i

| 20.2.38 HYDROGEN CONTROL FOR LARGE, DRY PWR CONTAINMENTS |

ISSUE

| Generic Safety Issue 121 concerns the control of hydrogen concentrations in large dry PWR |-
i containments during and after a degraded core accident.
.

f Metal-water reactions during the TMI-2 accident generated hydrogen in excess of that calculated in
j accordance with 10 CFR 50.44 (Reference 1) for the design-basis LOCA. Rulemaking for the control |
j of hydrogen beyond the licensing basis was therefore necessary, and requirements were promulgated
i by the NRC for plants with relatively small containments (BWRs and PWRs with ice containments)
j as part of the resolution of Unresolved Safety Issue (USI) A-48.
i

| Rulemaking for PWRs with large dry containments, which have greater inherent capability to
; accommodate large quantities of hydrogen, has been deferred pending the results of NRC experimental
'f and analytical programs being carried out at the Nevada Test Station and elsewhere. These programs
j are intended to determine the local environmental stresses, due to hydrogen burn, on safe shutdown
j equipment considered essential for the mitigation of and recovery from a degraded core accident. and
,

also to develop the capability to predict the probability of forming local detonable concentrations of

| hydrogen in large. dry containments. However, 10 CFR 50.34(f) (Reference 2) establishes |
j requirements for the quantity of hydrogen to be controlled and the upper limit of global concentration
'

to be maintained, together with requirements related to local hydrogen concentrations, operability of
: plant shutdown equipment, and containment integrity.
:

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of GSI 121 is that control of hydrogen generated in the
containment in a degraded core accident shall meet the requirements of 10 CFR 50.34(f).

Specifically, the hydrogen control system and associated systems shall provide, with reasonable
assurance, that:

the uniformly distributed hydrogen concentration will not exceed 10 percent during ando

following the release of hydrogen equivalent to that generated from a 100 percent fuel clad
metal-water reaction,

combustible concentrations of hydrogen will not collect in areas where unintended combustione

or detonation would cause loss of containment integrity or loss of appropriate mitigating
features, and
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equipment necessary to achieve and maintain a safe shutdown of the plant and maintain*

containment integrity will perform its function during and after exposure to the environmental
conditions resulting from the hydrogen release and activation of the hydrogen control system.

RESOLUTION

The System 80+ Standard Design includes the Hydrogen Mitigation System (HMS) for control of
combustib!c gas concentration in containment during and following a degraded core accident. The

| HMS, which is designed in accordance with the requirements of 10 CFR 50.34(f), is described in
Section 6.2.5.

The HMS consists of a system of igniters installed in containment to allow adiabatic, controlled burning
of hydrogen at low concentrations to preclude build-up to detonable concentration levels. Using a
global distribution of igniters, the system is expected to prevent the average hydrogen concentration
from reaching 10 percent by volume during a degraded core accident with 100 percent fuel clad metal-
water reaction. The igniters are AC-powered glow plugs and are divided into two redundant groups,
each group having independent and separate circuits and circuit breakers. The igniters in each group
are located so as to ensure adequate coverage in the event of a single failure. If there is a loss of off-
site power, the igniters can be powered from the Alternate AC source (combustion turbine) or the
emergency diesel generators. A critical subset can also be powered from the Class IE division
batteries through DC-to-AC inverters. The igniters are manually activated from the Control Room.

| The spherical steel containment (see Section 3.8), which has a diameter of 200 feet and a free volume
of approximately 3.4 million cubic feet, and its internal structures, are designed to promote mixing by
natural circulation and minimize localized concentrations of hydrogen. The HMS igniters are

| positioned near areas where hydrogen may accumulate most rapidly. Appendix 19.llK to provides
additional information.

HMS components in containment are capable of sustaining normal operation and seismic loads. The
HMS is not required to function in a design basis accident and is not safety-grade. However the
system is expected to mitigate the effects of a degraded core accident and is designed to withstand the
appropriate environmental conditions. Equipment essential to mitigate, manage, and monitor the
accident and shut down the plant is identified. A best-estimate determination of the environment
(including the effects of IIMS activation) to which this equipment will be exposed during the accident
is then made. Survivability of the essential equipment is evaluated based on direct comparisons with
existing qualification data or experience with similar types of equipment. Additional information is

| provided in Section 19.I1.4.4.I and Appendix 19.I1K.

| Preoperational testing and periodic operational testing of the HMS (see Section 6.2.5 and Chapter 16)
ensure the operability of the system.

Since the containment design provides a Hydrogen Mitigation System that meets the requirements of
10 CFR 50.34(f) for the control of hydrogen generated in a degraded core accident, and provides
reasonable assurance of the survivability of the components essential for a subsequent safe shutdown,
this issue is resolved for the System 80+ Standard Design.

O
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1. 10 CFR 50.44, " Standards for Combustible Gas Control System in Light-Water-Cooled Power
Reactors,"

2. 10 CFR 50.34(f), " Additional TMI-related Requirements." |

20.2.39 INITIATING FEED-AND-BLEED |

ISSUE

| Generic Safety Issue 122.2 addresses the Loss Of All Feedwater Event with respect to the provision |
! of enhanced operator training and improved instrumentation to aid the operator in determining that the

plant has experienced a total loss of feedwater.

During routine operation at the Davis-Besse nuclear power generating station, a loss of all feedwater-
event occurred. Subsequent to the loss of feedwater, the operators delayed initiating feed-and-bleed
to cool the core on the presumption that auxiliary feedwater flow was imminent.

An analysis of this event revealed that in addition to the operators' hesitancy to commence feed-and-
bleed operations, the normal control room instrumentation was found to be inadequate to alert the
operators that feed-and-bleed was required.

The safety concern with GSI 122.2 is that a loss of all feedwater coupled with a failure to diagnose and
take corrective action immediately (i.e. establish feed-and-bleed), could result in a loss of core cooling |
and, therefore, jeopardize the health and safety of the public. I

! ACCEPTANCE CRITERIA

| The acceptance criterion for the resolution of GSI 122.2 is that there shall be instrumentation and
i displays of sufficient quality, range, and reliability to enable the plant operators to recognize quickly

a Loss-of-All-Feedwater event and to assess when to initiate mitigating measures such as feed-and-
| bleed. In addition, emergency procedures guidelines should be provided to aid the operators in

1

! diagnosing the event in order to accomplish a safe p' ant shutdown. '

RESOLUTION

The System 80+ Standard Design incorporates the Nuplex 80+ Advanced Control Complex (ACC)
which includes the Post-Accident Monitoring Instrumentation (PAMI). The PAMI is designed in
accordance with the intent of the guidance given in Regulatory Guide 1.97, Rev. 3 (Reference 1) This
instrumentation is itemized in Section 7.5.1.1.5 and Table 7.5-3 and includes the parameters
monitored, the number of sensed channels, sensor ranges, indicated range, location, and equipment
qualification requirements.

'b
g
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Examples of plant parameters monitored that are needed to identify a Loss-of-Feedwater event are:
steam generator pressure and level (wide range); main and emergency feedwater flow; and reactor
coolant pressure, temperature and degree of subcooling.

The feed-and-bleed function for beyond-design-basis events is performed by the use of the Safety
| Depressurization System (SDS) in conjunction with the Safety injection System (SIS) as described in

Section 6.7. The PAMI also monitors and displays SDS and SIS parameters following initiation of
feed-and-bleed.

The Nuplex 80+ ACC, which both monitors normal operating and accident conditions is designed to
display the plant status to the operators in a clear and concise form.

The System 80+ Standard Design also incorporates a dedicated safety-related Emergency Feedwater
| System, as described in Section 10.4.9. This system is not required for normal operation but

significantly reduces the probability of a Loss-of-Feedwater event occurring.

In addition to the above design features, Combustion Engineering assists the utility owner-operator by
| providing operating insights (Section 19.11.4.4) and emergency procedure guidelines. The emergency

procedure guidelines are further discussed in the response to GSI 1.C.I.

Since (1) the Nuplex 80+ Advanced Control Complex incorporates adequate and reliable
instrumentation for the rapid detection of a Loss-of-Feedwater event by the plant operators and for
monitoring the subsequent actions to achieve a safe shutdown, and (2), emergency procedure guidelines
are provided for this event, this safety issue is resolved for the System 80+ Standard Design.

REFERENCES

|1. Regulatory Guide 1.97, Revision 3, " Instrumentation for Light-Water-Cooled Nuclear Power
Plants to Assess Plant and Environs During and Following an Accident", May 1983.

1

i

| 20.2.40 AUXILIARY FEEDWATER SYSTEM REL.IABILITY
,

ISSUE

| Generic Safety Issue 124 addresses Emergency Feedwater System reliability and availability and its
impact on mitigating core-melt frequency.

|
'

For existing plant designs, the function of the Emergency Feedwater (EFW) system is to supply water
to the secondary side of the steam generators during various plant evolutions including, system fill,
plant heatup, hot standby and cold shutdown. Also, the system is designed for use subsequent to such
design basis events as loss of secondary inventory, whether this loss is due to normal power supply
failure or due to such postulated accidents as a feedwater line break, a steam line break, or steam
generator tube rupture.

O
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L/ Industry has experienced failures of the EFW system including the loss of all feedwater event at the
Davis-Besse nuclear power generating station. This event prompted an extensive review of EFW
reliability and availability by the NRC. Operating experience, together with NRC and industry studies,
indicates that the EFW systems continue to fail at a high rate. Various studies have also demonstrated i

that the EFW system continues to play a crucial role in reducing the postulated core-melt frequency.

Therefore, to assure a high level of EFW system availability and reliability, the NRC proposed a
revision to SRP 10.4.9, which stated that the unavailability for all operating plants and future plants
should be no more than 1 x 104 per demand after accounting for: EFW support systems, common
cause failures, and operational errors. Furthermore, the NRC proposed that this reliability goal should

,

be demonstrated by PRA calculations consistent with the guidance in SRP 10.4.9, Rev. 2. l

iACCEPTANCE CRITERIA '

The acceptance criterion for the resolution of GSI 124, is that the Emergency Feedwater System shall
be designed so that its unavailability is no more than 1 x 10 per demand after accounting for: EFW4

support systems, common cause failures, and operational errors. Furthermore, this reliaoility goal
should be demonstrated by PRA calculations consistent with the guidance provided in SRP 10.4.9,
Rev. 2.

RESOLUTION

O The System 80+ Standard Design Emergency Feedwater System (EFW) is designed to maintain a high

Q level of availability and reliability consistent with its importance as a safety system. The reliability and
;

design features, described in Section 10.4.9, include two independent trains with each train aligned to j
supply its respective steam generator. Each train consists of:

1

1. one emergency feedwater storage tank (EFWST),
2. one 100 percent capacity motor driven pump subtrain and one 100 percent capacity steam

|driven pump subtrain,
|

3. flow control valve,
4. isolation valve,
5. check valve,
6. a cavitating venturi, and
7. specified instrumentation.

One design fi .(ure of the EFW system which improves its reliability is its component and piping
separation and diversity. For example, each subtrain is separated from the other and therefore has its

own discharge line through the steam genaator isolation valve and check valve. In addition, the pump
crossover lines contain redundant, locked closed, isolation valves. The subtrain design reduces the
potential for single failure and improves system reliability.

Because of the improved reliability of the Emergency Feedwater System design, the unavailability for
the system was estimated from PRA studies to be in the range of I x 10 to 1 x 10 per demand as4 4

described in Sections 10.4.9.1.2(N) and 19.6.3.7. Therefore, the EFW system meets the recommended
4unavailability goal of I x 10 per demand identified in SRP Section 10.4.9, Rev. 2.O(V
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Since the Emergency Feedwater System meets the recommended unavailability goal specified in SRP
Section 10.4.9, Rev.2, Subsection II, paragraph Sc, this issue is resolved for the System 80+ Standard
Design.

| 20.2.41 PARAMETER DISPLAY SYSTEM AVAILABILITY

ISSUE

| Generic Safety Issue 125.103 addresses Safety Parameter Display System (SPDS) availability and the
reliability of the information it displays.

The TMI-2 accident demonstrated the need for improving how information is relayed to the control
| room operators. As a result, NUREG-0737, I.D.2, (Reference 1) required the installation of a SPDS.

The purpose of the SPDS is to improve how information is provided to the control room operators by
supplying them with continuous information from which the plant safety status can be readily and
reliably assessed.

Ilowever, after installation of the SPDS at operating plants, the Davis-Besse plant Loss-Of-Feedwater
event and other operating plant SPDS availability surveys raised concerns regarding SPDS reliability
and availability and its impact on plant safety.

ACCEPTANCE CRITERIA

The acceptanct ..riterion for the resolution of GSI 125.1.03 is that the availability of the SPDS should
be such that it can accomplish its intended function as described in NUREG-0737, I.D.2, (:.e., to
provide the control room operators with a continuous means of determining the plant safety status).

RESOLUTION

In the System 80+ Standard Design, SPDS functions are performed by the Advanced Control Complex
(ACC). The ACC uses an integrated information display hierarchy to present both safety-related

| and non-safety-related plant data for use by the control room operators (See Section 7.5). An integrated
system ensures that the operator will be familiar with information displays during abnormal transients,
since the operator uses the same displays for both normal cnd abnormal operations,

in the ACC, SPDS functions are implemented by three distinct information display systems regularly
used by the operator: the Integrated Plant Status Overview (IPSO) panel, the Data Processing System

,

(DPS), and the Discrete Indication and Alarm System (DIAS). These display systems have been |

| designed and configured (as described in Sections 7.7.1.4, 7.7.1.5, and 7.7.1.7) such that the loss of
i

any one of them does not result in a total loss of necessary information.

The IPSO panel receives data from both the DIAS and DPS via different data links. The IPSO keeps
,

the piant's critical safety functions and success paths |operations personnel informed about - m 4

| as described in Section 18.7.1.7 uso provides a limited set of key plant parameters.
Implementation of the IPSO p. naiu /are considers redundancy for enhanced reliability. I
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O The DPS is configured redundantly for improved reliability. It acquires plant data (e.g., process
variable and component status) validates it, and executes applications programs for its display page
hierarchy. The portion which addresses SPDS requirements includes: IPSO, critical safety functions,
and success path monitoring to aid the operator in gathering supporting information and problem
diagnosis (see Section 18.7.1.8.2). This is the primary means of implementing the SPDS functions |
in the ACC,

Figures 7.7-16 and 7.717 show the basic configuration of the DIAS design. The DIAS employs |
discrete indicators that are used to display validated safety and non-safety-related plant process
parameters including those required by the SPDS functions. It uses a segmented design to provide a
degree of hardware independence and fault resistance between various segments. The DI AS channel P
(DIAS-P) segment is designed to be physically separate from and electrically independent of the
remaining DIAS channel N (DIAS-N) segment and the DPS such that a single failure will not cause |_

a loss of more than one of the three display methods (DIAS-P, DIAS-N or DPS). !
l

! In summary, the SPDS functions identified in NUREG-0737, I.D.2, are performed by IPSO, DPS, and
DIAS in the Advanced Control Complex. Each system incorporates improved design features such as

,

separate and redundant hardware, power supplies (including battery backup), and system self-test '

features. These design features assure that the IPSO, DIAS, and DPS are very reliable thus minimizing
| the availability concern associated with the SPDS. Therefore, this issue is resolved for the System 80+

Standard Design- !

l

{ REFERENCES |

'

l. NUREG-0737, " Clarification Of TMI Action Plan Requirements", U.S. Nuclear Regulatory |
Commission. |

|

2. Generic Letter No. 82-33, Supplement I to NUREG-0737, U.S. Nuclear Regulatory
Commission.

!
<

! 20.2.42 REEVALUATE PROVISION TO AUTO 31ATICALLY ISOLATE FEEDWATER-
FROM STEAM GENERATOR DURING A LINE BREAK

i

| ISSUE

Generic Safety Issue 125.11.07 addresses the need for owner-operators and plant designers to reassess |
the benefits of automatically isolating the emergency feedwater (EFW) system after a main steam line
or main feedwater line break.

Automatic isolation of EFW from a steam generator (SG) can help to mitigate the consequences of the
| breakc Typically, upon a low SG pressure signal, main steam iso!ation valves are closed and EFW is
'

isolated from the depressurizing or faulted SG. This minimizes blowdown from the line break, and
limits primary system overcooling and the potential for a return to criticality. If the EFW were not !
isolated the peak pressure in the containment for secondary side breaks could exceed that due to a large
break LOCA, the usual basis for containment design. The automatic isolation logic also diverts EFW
flow from the faulted to the intact SG.

t

|
|
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in contrast, there are disadvantages to automatic isolation of EFW. If both channels of the controlling
isolation logic systems were to spontaneously actuate either during normal operation or in the course
of a transient, the availability of EFW would be lost and the main steam isolation valves would close.
Most newer plants use turbine-driven main feedwater pumps. Thus, main feedwater would also be
lost, resulting in complete loss of the secondary heat sink. Capability to lock-out the isolation logic
is necessary to preclude such scenarios.

Proper and timely operator action following the various loss of cooling events is essential to attaining
cold shutdown with minimum adverse consequences. It follows that the time available for accurate
diagnosis of a problem by the operator before having to take action becomes an important factor. In
addition, because steam or feedwater line breaks make only a small contribution to the probability of
core damage, the NRC concluded that plant safety would not be significantly improved or degraded
by either the exclusion or inclusion of the automatic EFW isolation feature.

Therefore, the choice to include automatic EFW isolation in the design is dependent upon the
containment design and the time that can be made available for operator action.

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of GSI 125.11.7 is that the design of a new plant need not
incorporate automatic isolation of emergency feedwater after a main steam line or main feedwater line
break provided that: (1) the containment design can accommodate the peak containment pressure,
taking into account the effects of EFW flow to the faulted steam generator, and (2) there is an adequate
period of time following the break for the operators to diagnose the event and regulate or terminate
EFW flow to the faulted steam generator to prevent primary system overcooling or containment
overpressurization.

The plant designer shall therefore define the mass and energy input to containment to include flow of
emergency feedwater to the affected steam generator following a main steam line break. It should be
assumed that the operators will not take action to terminate the thw of emergency feedwater to the
affected steam generator within 30 minutes of the break, based upon current industry recommendations.

RESOLUTION

The System 80+ Standard Design does not include automatic steam generator isolation logic. The
calculated mass and energy release to the containment building as the result of a main steam line break
(MSLB) includes the additional mass and energy introduced from the MSLB because of emergency
feedwater flow. This additional mass and energy addition is assumed to continue for at least 30
minutes after a MSLB.

The plant design incorporates an Emergency Feedwater System which provides an independent safety-
related means of supplying quality feedwater to the steam generator (s) for removal of heat and
prevention of reactor core uncovery during emergency phases of plant operation. The EFW System
is a dedicated safety-related system which has no functions for normal plant operation (See

| Section 10.4.9).

O
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The EFW System is designed to be automatically or manually initiated, supplying feedwater to the i

steam generators for any event that results in the loss of normal feedwater and requires heat removal
through the steam generators, including the loss of normal onsite and normal offsite AC power. ]
Four-channel control logic is provided, so that a single failure neither spuriously actuates nor prevents ;

EFW supply. In addition, manually reset variable setpoints are used, to enable cooldown to be l

achieved without actuating the main steam isolation signal.

The design criteria for the EFW System include a requirement that the maximum EFW flow to each
steam generator be restricted by a cavitating venturi to protect the EFW pumps from damage due to
excessive runout flow. This flow restriction also permits the operator 30 minutes to regulate or
terminate EFW flow to prevent primary system overcooling, steam generator overfill, or containment
overpressurization (Section 10.4.9.1.2). In addition, the EFW System has a feedwater storage volume |
of 350,000 gallons in two safety-related emergency feedwater storage tanks (EFWSTs) to achieve safe
cold shutdown. This volume allows for a main feedline break without isolation of EFW flow to the
affected steam generator for 30 minutes.

Thus, sufficient emergency feedwater can be provided at the required temperature and pressure even
if a steam line or feed line pipe break is the initiating event, if any one EFW pump subtrain fails to
deliver flow (the EFW train for each steam generator has two full capacity pump subtrains), and if no
operator action is taken for up to 30 minutes following the event.

| Also, an adequate emergency feedwater supply is available to allow the plant to remain at hot standby
'

for 8 hours followed by an orderly cooldown to the primary system pressure and temperature at which
the Shutdown Cooling System (SCS) can be initiated to continue cooldown to cold shutdown
conditions. Level instrumentation and a low level alarm are provided on each EFWST to help the
operator align the EFWST from the other train to preclude the tank from being emptied before the
changeover to SCS cooling can be effected.

The System 80+ Main Feedwater System includes three motor driven feedwater pumps and one motor
driven startup feedwater pump.

Since the System 80+ Standard Design meets the criteria stated above, this issue is resolved.

20,2.43 ELECTRICAL POWER RELIABILITY |

ISSUE

Generic Safety issue 128 addresses the reliability of onsite electrical systems. NUREG-0933 combined
three GSI's previously individually listed under NUREG-0737 (Reference 1) in order to provide a more
integrated approach to resolving these interrelated issues.

ACCEPTANCE CRITERIA

The acceptance criteria for the resolution of GSI 128 are encompassed in other GSI's namely 48,49,
,

and A-30, which are given in NUREG-0933. j

\
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O|RESOLUTION
1

| The resolution for GSI 128 is contained within the responses to GSI's 48, 49, and A-30. Since
GSI 128 is subsumed by these three GSl's, this issue is resolved for the System 80+ Standard Design.

REFERENCES

|1. NUREG-0737, " Clarification Of TMI Action Pla. Requirements", U.S. Nuclear Regulatory
Commission, October 1980.

| 20.2.44 ESSENTIAL SERVICE WATER PUMP FAILURES AT MULTI-PLANT SITES

ISSUE
,

,

| Generic Safety Issue 130 in addresses the concern that potential core damage could ocur because of
insufficient cooling water flow from the station service water system (SSWS) for safety-related systems
and components due to shared SSWS's at multi-plant sites.

Design of the SSWS (or service water system (SWS) as identified in NUREG-0933) varies considerably
among existing plants. At some multi-unit sites, portions of the SSWS are shared among the units.
Multi-plant configurations for the SSWS may result in the inability to provide needed cooling water
to safety-related systems due to the unavailability of SSWS components which can be shared between
units. Should the SSWS fail to provide adequate cooling capability to shutdown a plant, when subject
to a loss of SSWS, a core damage accident could result.

A related safety issue USI 051, also requires separation and independence of SSWSs at multi-plant
sites.4

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of GSI 130, is that the SSWS shall not be shared between
units of a multi-unit site. Specifically, each unit shall be provided with a dedicated SSWS, and shall
be designed to the same requirements as a single unit.

RESOLUTION

The System 80+ Standard Design is a single independent plant design; that is, all systems and
components necessary for the operation of the plant are dedicated to that particular plant. Therefore,

'

SSWS is designed for a single unit and does not rely on other systems or components from other
unit (s). In addition, the SSWS is an open cycle system consisting of 2 redundant trains (4 SSWS

| pumps) and is, therefore, very reliable (Section 9.2.1). The SSWS has the capability to dissipate the
heat loads necessary for a safe reactor shutdown by rejecting heat delivered from the safety-related
component cooling water system (CCWS). The CCWS cools safety-related components, including
those required for safe shutdown of the reactor.

O
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|
t

Where construction of multiple plants is desirable, separation and independence of all systems and
components including the SSWS is maintained by the owner-operator and the architect-engineer (see |
Section 1.2.1.3).

The possibility of potential core damage from a SSWS system failure as a result of shared systems and
components is minimized because of the required separation and independence both in the plant design
and in the SSWS design. Therefore, this issue is resolved for the System 80+ Standard Design.

!
'

20.2.45 STEAM GENERATOR AND STEAM LINE OVERFILL

ISSUE

Generic Safety Issue 135 concerns a Steam Generator Tuba Rupture (SGTR) accident causing overfill |
of the secondary side of the steam generator and the main steam lines.

Several SGTR events have occurred in operating PWRs. At least one event led to water in the steam
line following overfill of the steam generator due to safety injection pumping through the broken tube.
Mixed steam and water flow through the secondary safety valves then resulted in unanalyzed dynamic
and static loads on the steam piping.

The NRC is addressing this issue in four tasks: Task 1 is reviewing and developing a regulatory
| position on eddy current inservice inspection of steam generator tubes; Task 2 is reviewing proposed

changes to SRP Section 15.6.3 (Reference 1) that address various aspects of SGTR such as assumed |s
event duration and radiological consequences; Task 3 is reassessing various issues of.GSI 067 (Steam
Generator Staff Actions) which the NRC has either resolved as sub-issues of other USIs and GSis or
has designated as licensing or regulatory impact issues, for potential inclusion in an integrated
resolution; Task 4 is reviewing the effect of water hammer, overfill and water carryover on steam lines
and connected systems, and developing proposals for mitigating the consequences.

The resolved % :ues of Task 3 applicable to a future plant design include-

I
i

|

GSI 67 Issue Resolved by NRC Throuch Sub-Issue

!

67.3.1 Steam Generator USI A-47; Safety Implications of Overfill Control Systems

GSI I.C.1; Short-Term Accident Analysis and Procedures Revision

67.3.2 Pressurized USI A-49; Pressurized Thermal Shock
Thermal Shock

67.3.3 Improved GSI II.F.1; Additional Accident Monitoring Instrumentation
Accident

j Monitoring

|
'

: U
I
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67.3.4 Reactor Vessel GSI II.F.2; identification and Recovery from Conditions leading to
Inventory inadequate Core Cooling
Measurement

| 67.4.1 Reactor Coolant GSI II.K.3; Final Recommendations of Bulletins and Orders
Pump Trip Task Force to Mitigate Accidents

67.4.3 Emergency GSI I.C.1; Short-Tenn Accident Analysis and Procedures Revision
Operating
.' acedures

67.9.0 Reactor Coolant GSI l.C.1; Short-Term Accident Analysis and Procedures Revision
System Pressure
Control

USI A-45; Shutdown Decay Heat Requirements

|

| The NRC program for GSI 135 has not yet been completed, and no integrated resolution has been
'

issued.

I ACCEPTANCE CRITERIA

The acceptance criteria adopted for the resolution of GSI 135 for the design of a future plant, in the
absence of final NRC criteria to meet the goals of the four tasks, are as follows:

* Task 1: The design of the steam generators shall facilitate eddy current inservice inspection
of the tube bundle,

| * Task 2: The analyses of SGTR events shall continue to be consistent with the guidance of SRP

( Section 15.6.3 Revision 2,
1

* Task 3: The acceptance criteria are as set forth in the responses to the USIs and GSIs listed
above,and

|
'

* Task 4: The plant shall be such as to minimize the probability of overfilling the steam
generators and main steam system during a SGTR event, and to mitigate the consequences of
overfill should it occur.

RESOLUTION

* Task 1: The features of the System 80+ Standard Design steam generators that facilitate eddy
current inservice inspection are described in the RESOLUTION section of the response to USI
A-4, Steam Generator Tube Integrity. This resolution also describes other plant design features
which help to maintain steam generator tube integrity.

O
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IV] e Tr.sk 2: Accident analyses related to SGTR events for the System 80+ Standard Design are
performed in accordance with the guidance of SRP Section 15.6.3 Revh ' (see Chapter 15). |

e Task 3: The resolutions to the issues listed above for the System 80+ Standard Design are
j described in the RESOLUTION scctions of the responses to those USIs and GSis.

e Task 4: The capability of the System 80+ Standard Design systems for depressurizing the
Reactor Coolant System (RCS) following a SGTR, when acting in combination, is sufficient
to mainain the faulted steam generator (SG) secondary side pressure below the set point of the
steam safety valves, and to reduce primary pressure sufficiently rapidly to prevent SG
overfill (see Chapter 15). RCS depressurization following an abnormal event plant trip is
normally achieved with the pressurizer auxiliary sprays (see Section 5.4.10), or by the Safety
Depressurization System (SDS) (see Section 6.7.2) if the auxiliary sprays are unavailable.
Heat removal is accomplished through the unaffected SG by providing feedwater from the
Main, Startup or Emergency Feedwater systems (see Sections 10.4.7 and 10.4.9) and removing |
steam with the Turbine Bypass System if available, or with the Atmospheric Steam Dump
Valves (see Sections 10.3.2.3.2.3 and 10.4.4). Post-Accident Monitoring Instrumentation
(see Table 7.5-3) enables the plant operators to monitor critical variables such as RCS;

| pressure, reactor vessel water level, SG pressure and water level, and SDS valve and SG safety
valve positions.

Additional provisions to prevent SG overfill are automatic termination of main and emergency
'

/ h feedwater flows on high SG ' water level (see Sections 7.3.1.1, 10.4.7.2, 10.4.9.2, and Table |
! ) 7.3-3) and operator action to secure the reactor coolant pumps in the affected loop. The larger

volume of the steam generators and the cavitating venturis in the emergency feedwater lines,
| which restrict the maximum flow to a steam generator to 800 gallons per minute, permit a

longer operator response time to manually prevent overfill in the System 80+ Standard Design
compared to current plants (see Sections 10.4.9.1 and 10.4.9.2). |

Finally, the main steam lines are designed for a water filled load under static loading
conditions, preventing failure of the lines and supports in the remote event that overfill does
occur (see Section 10.3.2.3). |

The System 80+ Standard Design conforms to existing NRC requirements and guidelines (including
the resolutions to the issues listed for Task 3) related to the avoidance of steam generator and steam
line overfill. Additional design features such as the Safety Depressurization System, automatic
termination of feedwater on high steam generator water level, and longer allowable operator response
time minimize the probability of overfill in a SGTR event. In summary, because the plant capabilities
are consistent with the goals of the NRC's tasks in GSI 135, this issue is therefore resolved for the
System 80+ Standard Design.

R_EFERENCES
,

|

1 NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear |
Power Plants--LW'R Edition", U.S. Nuclear Regulatory Commission.

t )
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20.2.46 LEAKAGE TIIROUGli ELECTRICAL ISOLATORS

IN INSTRUMENTATION CIRCUITS

ISSUE

Generic Safety Issue 142 concerns electronic isolators used to maintain electrical separation between
safety and non-safety-related electrical systems in nuclear power plants, thereby preventing
malfunctions in the non-safety systems from degrading performance of safety-related circuits. Isolators
are primarily used where signals from Class IE safety-related systems are transmitted to non-Class IE
control or display equipment.

There are a number of devices which may quality as electrical isolators in a nuclear power plant,
including fiber optic and photo-electric couplers, transformer-modulated isolators, current transformers,
amplifiers, circuit breakers, and relays. These isolators are designed and tested to prevent the
maximum credible fault applied in the transverse mode on the non-Class IE side of the isolator from
degrading the performance of the safety-related circuit (Class 1E side) below an acceptable level.

Recent observations have shown instances in which isolation devices subjected to failure voltages
and/or currents less than maximum credible fault levels passed significant levels of voltage or current,
but the same devices performed acceptably at maximum credible levels. The safety system on the
Class IE side of the isolation device may be affected by the passage of small levels of electrical energy,
depending upon the design and function of the safety system.

ACCEPTANCE CRITERIA

The assumed solution to this issue would require the staff to determine the extent to which potentially
susceptible isolators are used in nuclear power plants and to identify the systems in which they are
used. A NRC bulletin to all licensees to provide input on these questions would be necessary.
Assuming that the staff determines from the licensee responses to the proposed bulletin that a potential
problem exists, a research program consisting of two major objectives would have to be initiated to
develop the solution to this issue. The first objective would be to develop test procedures and
acceptance criteria for isolators that licensees could use to determine the adequacy of installed isolators.
The second objective would involve development of appropriate hardware fixes that could resolve the
issue.

The final step in the solution to this issue would be the issuante of a generic letter to licensees with
the following guidelines for: (1) inspection and testing of all electrical isolation devices between Class
1E and non-class 1E systems; (2) repair / replacement of isolators that fail the tests, including description
of acceptable hardware fixes to the isolators; and (3) implementation of an armual program to inspect
and test all electronic isolators between Class lE and non-class 1E systems.

RESOLUTION

Fiber optic data links are used in the System 80+ design electrical isolation of logic level and analog
i signals between protection divisions and from protection divisions to non-safety-related equipment.

O'

|
|

l
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Maximum credible electrical faults applied at the outputs of isolation devices do not apply to fiber optic
systems. The maximum credible fault is cable breakage causing loss of signal transmission. Faults
cannot cause propagation of electrical voltages and currents into other. electrical circuitry at the - >

transmitting or receiving ends. Conversely, electrical faults originating at the input to the fiber optic
transmitter can only damage the local circuitry and cause loss or corruption of data transmission;
damaging voltages and currents will not propagate to the receiving end.

Fiber optic isolation devices are expected to have less difficulty than previous isolation devices in
complying with all qualification requirements due to their small size, low mass, and simple electronic
interfaces. The basic materials and components, except for the fiber optic cable itself, are the same
as those used in existing, qualified isolation devices.

When using fiber optic devices as Class 1E isolation devices, only the input side of the transmitting
device and output side of the receiving device use electrical power. The low voltage power supplies

,

for these devices use the same power source as the logic that drives the isolating device. '

The isolating devices used for System 80+ are of the long fiber optic cable design, so transmitting and '

receiving ends ace separated by a significant distance [ typically several feet to several hundred feet].
These types of designs had the best isolating characteristics of the various isolators compared in the ,

NUREG study (Reference 1).

Typically, the electrical-to-optical interfaces are part of the general logic processing equipment withm I
a channel and do not reside in separate isolator units. The fiber optic interfaces receive the protection
from EMI and surge currents designed into the logic equipment (for example, power supply
decoupling, shielding, filtering, single-point signal common connection to chassis ground, and chassis
ground connection to ground bus). The equipment will undergo EMI and surge testing to the standards

.

identified in the NUREG or equivalent.
;

The results of the NUREG tests show that the fiber optic type of isolators exhibited no or very little !
effects from the major fault and lightning surge tests. Only surge and EMI tests applied to the isolator
power supplies caused damage to the isolator input side, mainly because of the output and input
supplies sharing a common, commercial AC power line. For System 80+, RPS and ESF functions
are supplied from different plant power sources. The low voltage supplies fed from these sources are
highly regulated and filtered. Thus, isolator circuits are isolated from most power source transients.
Therefore, this issue is resolved for the System 80+ design.

REFERENCES:

1. NUREG/CR-3453, Electronic Isolators Used in Safety Systems of U.S. Nuclear Power Plants,
U.S. NRC, March 1986,

i
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! | 20.2.47 AVAILABILITY OF CHILLED WATER SYSTEMS AND ROOM COOLING

ISSUE

f | Generic Safety Issue 143 addresses problems with safety system components and control systems that
have resulted from a partial or total loss of HVAC systems. Many of these problems exist for two
reasons: (1) the desire to provide increased fire protection; and (2) the need to avoid severe
temperature changes in equipment control circuits. Since the Browns Ferry fire, considerable effort
has been expended to improve the fire protection of equipment required for safe shutdown. Generally,
this improvement has been accomp ished by enclosing the affected equipment in small, isolated rooms.l

However, the result has been a significant increase in the impact of the loss of room cooling. Another
problem resulting from loss of room cooling is the advancement in control circuit design. With the
introduction of electronic integrated circuits, plant control and safety have improved; however, these
circuits are more susceptible to damage from severe changes in temperatun caused by the loss of room
cooling.

It is believed that failures of air cooling systems for areas housing key components, such as RHR
pumps. switch gear, and diesel-generators, could contribute significantly to core-melt probability in
certain plants. Because corrective measures are often taken at the affected plants once these failures
occur, the ACRS believed that the imi.act of these failures on the proper functioning of air cooling
systems has not been reflected in the final PRAs of plants. Thus, plants with similar, inherent
deficiencies may not be aware of these problems.

Operability of some safety-related components is dependent upon operation of HVAC and chilled water
systems to remove heat from the rooms containing the components. if chilled water and HVAC
systems are unavailable to remove heat, the ability of the safety equipment within the rooms to operate
as intended cannot be assured.

ACCEPTANCE CRITERIA

A possible solution to this issue would require a reevaluation of each plant's room heat load and
heat-up rate in order to identify areas in which a reduction in the dependence of equipment operability
on HVAC and room cooling may be implemented. While the total elimination of this dependence may
not be possible at all plants, this analysis would identify areas in which this dependence is critical. The
determination of the critical dependencies and the ability to reduce them could be accomplished through
the use of a plant-specific PRA. After the critical dependencies are identified, each plant would
implement procedural changes (to provide alternate cooling) to eliminate or reduce the dependencies
where possible. Hardware modifications may be needed for situations in which a procedure change
cannot be implemented to reduce a critical dependency.

The next step in the possible solution to this issue would be the issuance of a generic letter that would
require licensees to: (1) evaluate the dependencies of plant safety systems and equipment operability
on HVAC and room cooling; (2) identify areas in which this dependence is critical; (3) identify
appropriate procedure changes and hardware modifications to minimize the effects of the dependencies
on plant risk; (4) submit this evaluation to the NRC for review and approval of the proposed
modifications; and (5) implement the approved proposed procedural changes and hardware
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modifications. The generic letter would include guidance'on acceptable procedures licensees could use
to evaluate the potential dependencies in the designs of these systems. The generic letter would also
include alternative solutions for improving the independence of systems that are critical to plant risk.
It is assumed that a research project would form the basis for a more fully-developed solution and for
the guidance in the generic letter.

RESOLUTION

Sptem 80+ was designed to separate safety and non-safety equipment into separate systems. Chilled
water systems are described in Section 9.2.9 and ventilation systems are described in Section 9.4. |
Operability of these systems is ensured via the Technical Specification. This issue is, therefore,
resolved for the System 80+ design.

20.2.48 LOSS OF ESSENTIAL SERVICE WATER IN LWRs |

ISSUE

The reliability of essential service water (ESW) systems and related problems, Generic Safety Issue
153, has been an ongoing staff concern which has been documented in NUREG/CR2797, IE Bulletins
80-24 and 81-03, Generic Letter No. 89-13, and Issues 51,65, and 130. In a comprehensive NRC i

review and evaluation of operating experience related to service water systems, NUREG-1275, Volume

g 3, a total of 980 operational events involving the ESW system were identified, of which 12 resulted j
in complete loss of the ESW system. The causes of failure and degradation included: (1) various '

,

'

fouling mechanisms (sediment deposition, biofouling, corrosion and erosion, foreign material and
debris intrusion); (2) ice effects; (3) single failures and other design deficiencies; (4) flooding; (5)
multiple equipment failures; and (6) personnel and procedural errors.

In the resolution of Issue 130, the staff surveyed seven multiplant sites and found that loss of the ESW
system could be a significant contributor to core damage frequency (CDF). The generic safety insights
gained from this study supported previous perceptions that ESW system configurations at other
multiplant and single plant sites may also be significant contributors to plant risk and should also be
evaluated. As a result, this issue was identified by DSIR/RES to address all potential causes of ESW
system unavailability, except those that had been resolved by implementation of the requirements stated
in Generic Letter No. 89-13.

At each plant, the ESW system supplies cooling water to transfer heat from various safety-related and I

non-safety-related systems and equipment to the ultimate heat sink. The ESW system is needed in
every phase of plant operations and, under accident conditions, supplies adequate cooling water to
systems and components that are important to safe plant shutdown or to mitigate the consequences of
the accident. Under normal operating conditions, the ESW system provides component and room
cooling (mainly via the component cooling water system). During shutdowns, it also ensures that the
residual heat is removed from the reactor core. The ESW system may also supply makeup water to |
fire protection systems, cooling towers, and water treatment systems at a plant. !
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ACCEPTANCE CRITERIA

The design of the ESW system varies substantially from plant to plant and the ESW system is highly
dependent on the NSSS. As a result, generic solutions (if needed) are likely to be different for PWRs
and BWRs. The possible solutions are: (1) installation of a redundant intake structure including a
service water pump; (2) hardware changes of the ESW system; (3) installation of a dedicated RCP
seal cooling system; or (4) changes to TS or operational procedures. These potential improvements
were considered for the seven multiplant sites covered in the scope of Issue 130; however, these
options will now be evaluated for the remaining LWRs (65 PWRs and 39 BWRs).

RESOLUTION

The System 80+ design includes a safety grade Station Service Water System, with two redundant and
independent trains (Section 9.2.1). Reactor Coolant Pump seal cooling is provided by two systems,
which are backed up by a dedicated seal injection pump as described in the resolution of GSI23.

| Technical Specifications for the Station Service Water System are provided in Chapter 16. This issue
is, therefore, resolved for System 80+.

| 20.2.49 MORE REALISTIC SOURCE TERM ASSUMPTIONS

ISSUE

| Generic Safety issue 155.1 arose following the accident at TMI-2. During the TMI-2 accident, fission
products did not behave as predicted with the analytical methods and assumptions used in the licensing
process at that time and delineated in Regulatory Guides 1.32 and 1.42 and TID-14844. The earliest
expert predictions were that major core damage had occurred. However, the NRC and the licensee
believed that core damage was minimal and calculations were redone to confirm this view.
Approximately 50% of the core was in a molten state, but there is evidence that only about 55% of
the highly volatile fission products and noble gases were released from the reactor vessel with a major
portion retained in the reactor building. There is also evidence that less than 5% of the medium and
low volatile fission products were released from the reactor vessel. These observations were based on
research conducted since the TM1-2 accident.

t

it is now generally accepted that the chemical conditions in the reactor vessel were " reducing" in nature
as opposed to " oxidizing." The elemental iodine was driven (or converted) to the iodide ion which very
readily combined with available metallic ions. The water-soluble character of these chemical forms
prevented a major release of iodine to the atmosphere of the containment or auxiliary buildings and
only a few Curies were released to the environment. Throughout the TMI-2 accident sequence, the
chemical state was maintained such that the water-soluble character was preserved.

With the completion of a large number of PRAs since the TMI-2 event, the Advisory Board believed
that it should be possible to list accident sequences with chemical conditions similar to TMI-2. Such
a listing could provide a guide as to which accidents might be regarded as hazardous, or less
hazardous, relative to the possible escape of iodine and could be useful in the future design of safety
features. Since some of the assumptions used for source term considerations at TMI-2 were flawed in
this respect, the Board recommended that the source term be restated using current scientific
knowledge.

|
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ACCEPTANCE CRITERIA

This issue is being pursued by the staff as part of comprehensive revisions to 10 CFR Parts 50 and 100 ;

to reflect a better understanding of accident source terms and severe accident insights, as well as
evaluate the impact of these phenomena on' plant engineered safety features. A replacement for
TID-14844 is being formulated, based on recent severe accident research findings, to reflect the current ~ >

understanding of fission product release timing,. iodine chemistry, and source term magnitude and
composition. Thus, a solution to this issue has been identified and the issue is considered nearly--
resolved.

RESOLUTION -

The new radiological source term described in draft NUREG-1465 has been implemented for the- ;

System 80+ design, as described in Appendix 15A. The corresponding environmental qualification.
are provided in Section 3.11 and the supporting Containment Spray System effectiveness analysis is |
provided in Section 6.5. This issue is, therefore, resolved for the System 80+ design.

20.2.50 WATER HAMMER |

ISSUE

3., j Unresolved Safety Issue A-01 addresses identifying the probable causes of water hammer and | t

minimizing the susceptibility of fluid systems and components to water hammer by correcting designv

and operational deficiencies.

Water hammer is defined as a rapid deviation in pressure caused by a change in the velocity of a fluid
in a closed volume. There are various types of water hammer, including steam condensation-
induced water hanuner, which occurs in the secondary side of a PWR steam generator at the connection
to the feedwater line. This type of water hammer involves steam generator feedrings and' piping.
Water hammer has been observed in many fluid systems including residual heat removal, containment
spray, service water, feedwater systems, and main steam lines. In addition to condensation-induced
water hammer, other forms of initiating events which cause water hammer can occur, such as steam
driven slugs of water, pump startup with partially empty lines, and rapid valve cycling.

Regardless of the initiating event, water hammer and the resulting fluid accelerations can cause damage.
to the affected fluid system. The level of severity of damage depends upon the event, and can range
from minor damage such as overstressed pipe hangers to major damage to restraints, piping and
components.

According to NUREG-0927 (Reference 1), water hammer can be induced by operator / maintenance |
actions and by design inadequacies. Experience has shown that water hammer events reported on
LERs are about equally divided between operator or maintenance actions and design deficiencies. The
NRC implemented SRP changes relative to the design, operation, and maintenance of new plants to
minimize the probability and effects of water hammer, and issued a Branch Technical Position (BTP)

O for pre-operational tests.

\j
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ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of USI A-01 is that safety-related fluid systems shall be
designed to meet the requirements of 10 CFR 50 Appendix A GDC 4 (Reference 2), by implementing
the guidance identified in the following SRP (Reference 3) Sections: 3.9.3, 5.4.7, 6.3, 9.2.1, 9.2.2,
10.3, and 10.4.7 (including BTP ASB 10-2).

Specifically, the Feed and Condensate, Emergency Feedwater, Main Steam, Safety Injection,
Containment Spray, Shutdown Cooling, Component Cooling Water, and Station Service Water fluid
systems shall, in order to assure that the system safety functions can be accomplished, be designed
to withstand the adverse dynamic loads imposed by condensation-induced and other water hammer
events, and include features to minimize the probability of water hammer occurrences. BTP ASB 10-2
requires pre-operational tests to be performed on the feedwater system to demonstrate the effectiveness
of the design and operating procedures to inhibit steam generator water hammer.

In addition, operating and maintenance procedures shall include adequate precautions to minimize the
potential for the occurrence of water hammer.

RESOLUTION

The System 80+ Standard Design adequately addresses system dynamic loads such as may result from
water hammer. Piping analyses for safety-related systems subject to water-hammer use the
methodology described in Appendix 3.9. A.

The design and operational features to minimize the probability of water hammer listed in the PWR
| corrective actions section of NUREG-0927, Rev. 01, are addressed in various sections of this report.

A summary of key features follows. For prevention of steam generator water hanuner, each feedwater
nozzle of the System 80+ steam generators has a directly attached 90-degree elbow turning down into

| a vertical section of feedwater piping, as described in Sections 10.4.7.2.6.E and 10.4.9.1.2.M. In
addition, the main and emergency feedwater piping is continuously sloped away from the steam
generators inside containment to prevent draining into the steam generator, minimizing the formation
of steam voids in the feedwater piping during periods of low flow. The feedwater control valves
include balanced trim design, moderate stroke times, long valve strokes, and small pressure drops,
compatible with proper flow control.

Main feedwater flow during plant startup is only delivered to the economizer inlet feedwater nozzles
of the steam generators at temperatures at or above 200 F, which minimizes the probability of
condensation-induced water hammer in the economizer sections of the generators. Below a
predetermined power level, main feedwater is delivered to the downcomer feedwater inlet nozzles.
Changeover to the economizer nozzles at this power level is effected by the Feedwater Control System

| (See Sections 10.4.7.2.3 and 7.7.1.1.4.). Emergency feedwater is always delivered to the downcomer
inlet nozzles.

The design of the System 80+ Main Steam System adequately addresses dynamic loads caused by
|condensation-induced water hammer and has piping arrangement and dramge provisions te protect

| against water entrainment. These are described in Sections 10.3.2.2L, M O, ana 5. I
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Dynamic loads, and the provision of vents and drains where appropriate, are also addressed in the
design of the Shutdown Cooling, Safety injection, Containment Spray, Component Cooling Water, and
Station Service Water Systems. These systems are described in Sections 5.4.7,6.3.1,6.5.1,9.2.2,
and 9.2.1.

Plant pre-operational test, operating, and t mn ,ce procedures are prepared in accordance with
guidelines established by C-E, and require pmpei , .ecautions to ninimize the potential for water
hammer. The guidelines provided to the COL Applicant for systems in which water hammer can occur
include applicable guidance on:

- prevention of rapid valve motion,
- introduction of voids into water-filled lines and components,
- proper filling and venting of water-filled lines and components,
- Introduction of steam or heated water that can flash into water-filled lines and components,
- Proper warmup and drainage of steam-filled lines, and
- The effects of valve alignments on line conditions.

|
|

Specific guidelines for prevention of steam generator and feedwater system water hammer include:

| - maintaining SG water level above the feed ring,
- venting the feedwater lines prior to initiating flow,

,y - maintaining the feedwater lines full at all times,

( ) - starting feedwater pumps before opening the feedwater control valves, and
'V - usmg contmuous, rather than intermittent, feed flow at hot standby or low power operation.

|
'
'

Section 10.4.9.1.2 includes a COL Apphcant commitment to provide information on the avoidance of
|

water hammer in the emergency feedwater system, and Section 10.4.9.5.2 includes a COL Applicant
|

commitment to provide information on the avoidance of steam binding of the EFWS pumps. |
|

A Technical Specification for the safety injection system, Section 16.8.2, Surveillance Requirement
3.5.2.3, requires the COL applicant to check that the SI lines are full. The shutdown cooling system
uses two of the four SIS direct injection nozzles on the reactor vessel.

Pre-operational test guidelines are also established for hot functional tests to be performed in
accordance with BTP ASB 10-2. These tests are to verify that unacceptable feedwater system water
hammer does not occur when (a) using normal plant operating procedures for normal and emergency
restoration of SG water level following loss of main feedwater, and (b) transferring main feedwater
during normal operation from the SG downcomer feedwater inlet nozzles to the economizer inlet

! nozzles. (See Sections 14.2.12.1.63 and 14.2.12.4.13). |
t

| Since the design and testing of the safety systems potentially subject to water hammer meets the intent
j of the acceptance criteria above, this issue is resolved for the System 80+ Standard Design.
!

l

! p
f. !
'J-

|

|
!
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REFERENCES

|1. NUREG-0927, Revision 1 " Evaluation of Water llammer Occurrences in Nuclear Power
,

Plants", U.S. Nuclear Regulatory Commission, March 1984. |

!.

2. 10 CFR 50 Appendix A, " General Design Criteria for Nuclear Power Plants", Code of Federal
Regulations, Office of the Federal Register, National Archives and Records Administration.

3. NUREG-0800, Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants -- LWR Edition", Nuclear Regulatory Commission.

| 20.2.51 ASYMMETRIC BLOWDOWN LOADS ON REACTOR
PRIMARY COOLANT SYSTEMS

ISSUE

| Unresolved Safety Issue A-02 addresses asymmetric blowdown loads imposed on the reactor vessel
(RV) as a result of a design basis loss of coolant accident (LOCA). The resultant forces from these
loads could affect reactor vessel support integrity, thus jeopardizing plant safety.

A break in a large reactor coolant pipe could cause several rapidly occurring internal and external
transient loads to act upon the reactor vessel. In the event of a postulated LOCA at the vessel nozzle,
asynunetric LOCA loading could result from forces induced on the reactor internals by transient
differential pressures across the core barrel and by forces on the vessel due to transient differential
pressures in the reactor cavity. Differential pressures, although of short duration, could place
significant loads on the reactor vessel supports, thereby affecting their integrity.

The NRC reviewed these predicted asymmetric loadings and developed acceptance criteria and
| guidelines, which have been documented in NUREG-0609, (Reference 1). In 1987, a " broad scope"

revision of General Design Criterion 4 allowed the Leak-Before-Break (LBB) methodology
| documented by the NRC in NUREG-1061, Volume 3 (Reference 2), to be applied to all high energy

piping.

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of USl A-02 (documented in NUREG-0609) is that the
design of the reactor primary coolant system shall demonstrate that the asymmetric loads on the reactor
vessel, internals, primary coolant loop, and components shall not exceed the limits imposed by the
applicable codes and standards.

O
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RESOLUTION

The 1987 " broad scope" revision of General Design Criterion 4 permits application of the LBB
methodology for all high energy pipes in nuclear power plants. The LBB methodology of NUREG-
1061, Volume 3, is endorsed by the NRC in implementing the " broad scope" rule. The application
of this methodology in the evaluation cf the System 80+ Standard Design reactor coolant piping is
described in Section 3.6.3. (see also, GSI 119.1) |

Where the LBB approach cannot be applied effectively, a determination of pipe break locations and
dynamic effects is made. These are identified in Section 3.6.2. The criteria used to define pipe break
and/or crack locations and configurations are given in Section 3.6.2.1. Postulated ruptures are
classified as circumferential breaks, longitudinal breaks, leakage cracks, or through wall cracks. Each
postulated rupture is considered separately as a single postulated initiating event.

The Leak-Before-Break methodology in Section 3.6.3, was used to demonstrate that the detection of |
flaws in pipes can be assured before they cause large break LOCAs and, therefore, the asymmetric
loads and the resultant loads on primary system components and supports are no longer significant.

Any effects from small-break LOCAs which cannot be eliminated by Leak-Before-Break
methodology, are accounted for in the faulted condition analysis by applying a conservative factor
to the safe-shutdown-earthquake resultant loads.

,, m

( ) In summary, all loads are within limits imposed by industry codes and standards for the primary
L' coolant system and, therefore, this issue is resolved for the System 80+ Standard Design.

REFERENCES

1. NUREG-0609, " Asymmetric Blowdown Loads on PWR Primary Piping Systems",
U.S. Nuclear Regulatory Commission, November 1980.

2. NUREG-1061, Volume 3. " Evaluation of Potential for Pipe Breaks", U.S. Nuclear Regulatory i
Commission, November 1984.

20.2.52 STEAM GENERATOR TUBE INTEGRITY |

ISSUE

Unresolved Safety Issue A-4 addresses the measures necessary to verify and maintain steam generator |
tube integrity, and to mitigate the consequences of a Steam Generator Tube Rupture (SGTR) event.

Steam generator tubes are part of the reactor coolant system pressure boundary, and their failure causes
primary coolant to leak into the secondary system, which may result in direct release of radioactive
fission products to the environment. In addition, coolant needed to prevent core damage may be lost.

7\
| 1

L)
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The NRC set up a program to assess the lessons that could be learned from domestic SGTR events,
as well as identifying and evaluating potential new requirements. The results were reported in

| NUREG-0844 (Reference 1). It was concluded that the probability of core damage from events
involving SGTRs is not a major contributor to overall core damage risk, and that new requirements
were not warranted. However, the NRC did recommend a number of operational measures which were
considered to be effective on a plant specific basis for significantly reducing (a) the incidence of tube
degradation, (b) the frequency of tube ruptures, and (c) occupational exposures implementation of

| these measures was recommended in GL 85-02 (Reference 2).

ACCEMANCE CRITERIA

The acceptance criterion for the design of a future plant is that it shall facilitate adoption by the owner
operator of the measures recommended in GL 85-02, to the extent they are applicable to that design.
These measures are as follows:

Prevention and detection of loose parts by visual inspection of the secondary side of the steam*

generators, and by quality assurance / quality control procedures to preclude introduction of
foreign objects into the primary or secondary sides during inspection, maintenance and repair
operations. Precautions should be taken to minimize the potential for corrosion while the tube
bundle is exposed to air.

* In-service inspection of the steam generator tubes should include full tube length examinations.
The maximum allowable time between eddy current inspections of an individual steam
generator should be limited consistent with the NRC Standard Technical Specifications (STS)
and in addition should not extend beyond 72 months.

Secondary water chemistry program should incorporate the guidelines in EPRI-NP-2704,*

| "PWR Secondary Water Chemistry Guidelines" (Reference 3), and corrective action procedures
for out-of-specification conditions. There should also be an inservice inspection program for
the condenser. The program should include identification and location of leakage sources,
methods of repair, and a preventive maintenance program.

* Technical specification limits for primary to secondary leakage rates should not be less
restrictive than the NRC STS limits.

Technical specification limits and surveillance for coolant iodine activity should not be less*

restrictive than the NRC STS limits. Additional restrictions are recommended for plants
| having low head high pressure safety injection pumps.
(

The safety injection signal reset logic should minimize the loss of safety function associated*

with safety injection reset during an SGTR event. Automatic switchover of safety injection
pumps from the boric acid storage tank to the containment sump should take into account the
concurrent status of the safety injection signal.

O
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RESOLUTION

The System 80+ Standard Design includes design features, technical specifications and operating
guidelines which facilitate the operational recommendations in GL 85-02, and further enhance the
integrity of the steam generator tubes, as follows:

* Prevention and Detection of Loose Parts:

I

! The steam generators have two 8-inch handholes in the lower secondary shelljust above the u
'

top of the tube sheet and two 18-inch manways in the upper secondary shell above the- I

separator support deck, to permit visual inspection of the tube bundle and personnel access for )
inspection or repair. The separator support deck has an 18-inch hole with a bolted cover, for

,'

access to the top of the tube bundle. The diameter of the handholes has been increased by 2
inches over the handhole diameter for the System 80 steam generators (see Section 5.4.2).- -|
Nitrogen is supplied to displace water and oxygen and maintain a overpressure of 5 psi when j

the secondary side of a steam generator is drained but not open for maintenance, in order to -
protect the tube bundle from corrosion (see Section 9.5.10.3). [

. . |

| Work control procedures to minimize the probability of leaving a foreign object m a steam 1
t

generator after inspection, maintenance or repair are the responsibility of the owner-operator. |

n In addition to the steam generator provisions for inspection access, the System 80-F Standard
( Design has a Loose Parts Monitoring System (see Section 7.7.1.6.3) with sensors on the steam |\ generator secondary shells, as an aid to the operator in detecting the presence of a foreign

object.

|

Steam Generator Tube In-senice Inspection:*

,
.

.

;
'

-

The design of the steam generator tubes permits full-length inspection of the tubes from the
point of entry on the hot leg side to the tube end on the cold leg side, and vice versa. To '

make personnel and equipment access for in-service inspection easier and quicker, the diameter
i of the two primary head manways has been increased to 21 inches from the 16-inch diameter
'

of the System 80 steam generator primary head manways (see Section 5.4.2). The design |
permits expeditious removal and attachment of the manway covers using multiple stud
tensioning equipment.

The owner-operator establishes a program for regular inspection of steam generator tubes (see |
Chapter 16).

Secondary Water Chemistry and Impurity Control:*

Secondary water chemistry guidelines are given in Section 10.3.5, and incorporate the |
guidelines contained in Steam Generator Owners' Group Special Report EPRI-NP-6239
(Reference 4) which supersedes Reference 3. Section 10.3.5 provides operating chemistry | )
limits for secondary steam generator water, feedwater and condensate. The secondary water

L s limits are divided into three groups: normal, abnormal and immediate shutdown. The normal
| \ i'
i

|-
i-
! I
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limits can be maintained when operating with little or no condenser leakage. The abnormal

;

limits permit operation at reduced power with minor system fault conditions until the affected I

component can be isolated and/or repaired. The immediate shutdown limits represent
chemistry conditions at which continued operation could result in severe steam generator
corrosion damage. Guidelines for operator action on reaching each of these limits are I

provided. I

;

| The main condoser is described in Section 10.4.1. The condenser is non-safety-related, and
no specific guidetines are provided for an in-service inspection program since maintenance of

| the secondary chemistry limits given in Section 10.3.5 is considered adequate protection for
the steam generators. If condenser leakage at a specific plant site makes this difficult, the
owner-operator has an economic incentive to implement a condenser inspection / preventive
maintenance program appropriate to the site conditions.

Primary-to-Secondary Coolant Leakage Limit:e

| A technical specification (see Chapter 16) is provided for allowable primary-to-secondary
leakage rate. Detection of leakage is enhanced through the use of Nitrogen-16 and area
radiation monitors.

Primary Coolant Iodine Activity Limit:e

A technical specification is provided for the surveillance of and allowable limit for primary
coolant iodine activity. The System 80+ Standard Design has high head high pressure safety
injection, so that additional requirements are not necessary.

Safety Injection Signal Reset Logic:e

The NRC recommended action is not applicable to the System 80+ Standard Design. The
recommendation arose from a problem noted during a SGTR event at the R.E. Ginna Plant in
1982 involving the automatic changeover of safety injection pump suction from the boric acid
storage tanks to the external refueling water storage tank, in relation to the status of the safety
injection signal. The System 80+ Standard Design has an in-containment refueling water
storage tank which also serves as the containment sump, and from which the safety injection
pumps always draw water when operating. No suction changeover is necessary at any time
during an event in which safety injection is required.

In addition to the provisiorts described above which facilitate adoption of the operational measures
recommended in GL 85-02, the System 80+ Standard Design has many other design features which
enhance the maintenance of steam generator tube integrity, such as:

1

steam generator tubes made of thermally treated Inconel 690, which has favorable corrosiont e
'

| resistance properties including superior resistance to primary and secondary cracking (see
Section 5.4.2),

O
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steam, feedwater and condensate systems employing materials resistant to corrosion and the*

generation of corrosion products which can be transported into the steam generators (see -|:
Section 10.3.6),

high capacity steam generator blowdown system, and a secondary side circulation system for*

chemistry control during wet layup (see Section 10.4.8 and 5.4.2,' respectively), |

* main condenser with provisions for early. detection of tube leaks, and segmented design
permitting repair of leaks while operating at reduced power (see Section 10.4.1), and |

!

condensate system with full flow condensate polisher to remove dissolved and suspended*

impurities. (see Section 10.4.6). |

Since the plant design as previously described facilitates the owner-operator's adoption of the applicable
measures recommended in GL 85-02, and the recommended operating limits are also provided, this
issue is resolved for the System 80+ Standard Design.

REFERENCES

1. NUREG-0844, "NRC Integrated Program for the Resolution of Unresolved Safety Issues A-3, -|.

A-4, and A-5 Regarding Steam Generator Tube' Integrity", U.S. Nuclear Regulatory _
Commission, September 1988.,

\'

.

Generic Letter (GL) 85-02, Staff Recommended Actions Stemming from NRC Integrated2.'

| Program for Resolution of USI's Regarding Steam Generator Tube Integrity, U.S. Nuclear
Regulatory Commission, April 1985.

3. EPRI-NP-2704SR, Steam Generator Owners' Group, "PWR Secondary Water Chemistry
Guidelines", Electric Power Research Institute, October 1982.

4. EPRI-NP-6239SR, Steam Generator Owners' Group "PWR Secondary Water Chemistry
Guidelines, Revision 2", Electric Power Research Institute, December 1988.

1
I

|
20.2.53 ANTICIPATED TRANSIENTS WITIIOUT SCRAM (ATWS) |

|
ISSUE |

Generic Safety Issue A-09 addresses the issue of assuring that the reactor can attain safe shutdown after |
incurring an anticipated transient with a failure of the Reactor Trip System (RTS). An ATWS is an !

expected operational transient (such as a loss of feedwater, loss of condenser vacuum, or loss of offsite
power to the reactor) which is accompanied by a failure of the RTS to shut down the reactor.

(s

'
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ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of GSI A-09 is that the reactor must be capable of reaching
| a safe shutdown condition as identified in 10 CFR 50.62 (Reference 1), after incurring an anticipated

transient and a RTS failure.

Specifically:

1. To meet section (c)(1) ("the mitigation requirement") of 10 CFR 50.62, plant equipment must
automatically initiate emergency feedwater and turbine trip under conditions indicative of an
ATWS. This equipment must function reliably and must be diverse and independent from the
RTS.

2. To meet section (c)(2) ("the prevention requirement") of 10 CFR 50.62, the plant must have
a scram system which is diverse and independent from the existing RTS.

RESOLUTION

The System 80+ Standard Design contains safety and control grade systems designed to protect the
plant and mitigate the consequences of design basis events. These systems have the following design
features:

1. The Plant Protection System (PPS) consists of the Reactor Protection System (RPS) and the
| Engineered Safety Features Actuation System (ESFAS)(see Section 7.1.1.1).

The PPS is designed with both redundancy and diversity to maximize the ability to mitigate
transients. However, should an ATWS occur, the System 80+ Standard Design includes an
Alternate Protection System (APS) for mitigation.

2. The APS augments the RPS to address 10 CFR 50.62 requirements for the reduction in risk
of ATWS and for the use of ATWS Mitigating Systems Actuation Circuitry (ASMAC).

The APS design includes an Alternate Reactor Trip Signal (ARTS) and Alternate Feedwater I

| Actuation Signal (AFAS) that are separate and diverse from the PPS (Section 7.7.1.1.11). The
APS equipment provides diverse and independent mechanisms to reduce the possibility of an

|
ATWS and to provide additional assurance that an ATWS event could be mitigated. l

3. The ARTS will initiate a reactor trip when pressurizer pressure exceeds a predetermined value
| (see Table 7.7.1). Turbine trip signals can also initiate ARTS if the Reactor Power Cutback

System is out of service. The ARTS turbine trip input is manually enabled from the main
control panel.

The ARTS circuitry is diverse and independent from that of the RPS. The ARTS design uses
a two-out of-two logic to open the motor-generator output contactors, thus removing motive

| power to the Reactor Trip Switchgear System (see Figure 7.7-12). In addition, ARTS
provides for a turbine trip through a relay which is ont part of the PPS or APS.
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! 4. The AFAS will start emergency feedwater to a steam generator when the level in that steam
'

generator decreases below a predetermined value (see Table 7.7.1). Its circuitry is diverse from |
that of the RPS. Actuation of the EFW (pumps and valves) is achieved by sending isolated
AFAS signals to the Engineered Safety Feature Component Control System described in |
Section 7.3.

In sununary, the System 80+ Standard Design includes a control grade APS that supplements the RPS
and provides a diverse and independent means of reactor trip. Also, the APS supplies a control grade
AFAS which maintains a diverse and independent method of automatically initiating emergency
feedwater. Since the APS is designed to meet 10 CFR 50.62 as identified in Section 7.7.1.1.11, this |
issue is resolved for the System 80+ Standard Design.

REFERENCFE
t

i
1. Code Of Federal Regulations, Title 10, Part 50, Section 62, " Requirements for Reduction of

Risk From Anticipated Transients Without Scram (ATWS) Events for Light-Water-Cooled
Nuclear Power Plants".

20.2.54 FRACTURE TOUGIINESS OF STEAM GENERATOR |
AND REACTOR COOLANT PUMP SUPPORTS

ISSUE,

$.
'

L Unresolved Safety Issue A-12 addresses minimizing the susceptibility for lamellar tearing and low |
fracture toughness of major reactor coolant system (RCS) component supports.

During the course of licensing the North Anna Units I and 2, a number of questions were raised as
to the potential for lamellar tearing (a cracking phenomenon that occurs beneath welds involving rolled
steel plate) and low fracture toughness of the steam generator and reactor coolant pump (RCP) supportL

'

materials. Concerns regarding the supports at North Anna have been found to apply to all PWR's.

, With regard to lamellar tearing, the results of an extensive literature survey conducted by Sandia, see
I

NUREG/CR-3009 (Reference 1) and discussed by the NRC in NUREG-0577 (Reference 2) concluded |
; that, although lamellar tearing is a common occurrence in structural steel construction, virtually no
| documentation exists describing in-service failures of nuclear power plant supports from lamellar
j tearing. The NRC also stated in NUREG-0577 that preliminary research conducted by EPRI concluded
| that lamellar tearing is generally detected and corrected during construction and that a reasonable safety

factor on strength can bound experimental results governing the lamellar tearing phenomenon.
Subsection NF of the ASME Code therefore, provides for adequate toughness of reactor coolant system
supports.

ACCEPTANCE CRITERIA

. The acceptance criterion for the resolution of USI A-12 is that the major RCS component supports must
.

meet the requirements specified in Subsection NF of the ASME Code (Reference 3). | {

|V
|

| ]
|
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RESOLUTION

System 80+ Standard Design Reactor Coolant Pump and Steam Generator supports are designed in
| accordance with 10 CFR 50.55a (Reference 4) which further references accepted industry codes,

including the ASME Code.

| The relevant ASTM material specifications are identified in Table 5.2-2.

System 80+ Standard Design steam generator supports consist of a sliding base bolted to an integrally
attached conical skirt which is mated to the steam generator (see Section 5.4.14.2, Paragraph B). The
steam generator also has lateral supports which are identified in Figure 5.4.14-3 (upper supports). The
reactor coolant pump supports are provided with four vertical support columns, four horizontal support

| columns, and two horizontal snubbers (see Section 5.4.14.2, Paragraph C).

Major component supports for the reactor coolant system are designed and fabricated in accordance
with the ASME Code, Section Ill, Subsection NF, as described in Section 5.4.14. Thus, " code"
materials are used in the fabrication of the supports; consequently the fracture toughness of these
materials is in accordance with code requirements. This issue is, therefore, resolved for the System
80+ Standard Design.

REFERENCES

1. NUREG/CR-3009, "Fractur.: Toughness of PWR Component Supports", U.S. Nuclear
Regulatory Commission, F;bruary 1983.

2. NUREG-0577; Revision L "Potene r - ir Low Fracture Toughness and Lamellar Tearing in
PWR Steam Generator and Reacte >olant Pump Supports", U. S. Nuclear Regulatory
Commission, October 1983.

3. American Society of Mechanical Engineers, Boiler & Pressure Vessel Code, Section III
(Nuclear), American Society of Mechanical Engineers.

4. Code Of Federal Regulations, Title 10, Part 50, Section 55a, " Codes and Standards"

1

| 20.2.55 SNUBBER OPERABILITY ASSURANCE
'

ISSUE
.

|

| Unresolved Safety Issue A-13 addresses snubber selection and operability for safety related systems |

and components by identifying the need for:

1) a consistent means of determining snubber operability through standardized functional testing;

2) a set of criteria for selection and specification; and,

O
.

!
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3) preservice and inservice inspection programs. '

Snubbers are utilized primarily as seismic and pipe whip restraints at operating plants. Their safety -
function is to operate as rigid supports for restraining the motion of systems or components under
dynamic load conditions such as earthquakes and severe hydraulic transients, e.g., pipe breaks.

According to NUREG-0933, a substantial number of Licensee Event Reports (LER's), concerning
snubber operability, were issued by utilities. A review of these LER's showed that a variety of-
methods were employed to determine the operability of the snubbers and that different types of '
snubbers were used for systems with similar configurations.

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of USI A-13 is that the design, specification, installation,
and in-service operability of snubbers must meet the intent of the guidance given in SRP Secticn 3.9.3
(Reference 1). |.

Specifically, during the design of safety systems or components for which snubbers are to be used,
sufficient consideration should be given as to their unique application, i.e., their response to normal,
upset, and faulted conditions and the effect of these responses on the associated system and/or
component.

RESOLUTION

For the System 80+ Standard Design, snubbers are minimized by using design optimization procedures :

(see Section 3.9.3.4. However, where required, snubber supports are used as shock arrestors for |
'

safety-related systems and components. Snubbers are used as structural supports during a dynamic
event such as earthquake or pipe break, but during normal operation act as passive devices which
accommodate normal expansions and contractions without resistance.

Assurance of snubber operability for the System 80+ Standard Design is provided by incorporating
analytical, design, installation, in-service, and verification criteria. The elements of snubber operability
assurance include:

1. Consideration of load cycles and travel that each snubber will experience during normal plant
operating conditions.

2. Verification that the thermal growth rates of tb system do not exceed the required lock-up
velocity of the snubber.

3. Appropriate characterization of snubber mechanical properties in the structural analysis of the
snubber-supported system.

d
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4. For engineered, large bore snubbers, issuance of a design specification to the snubber supplier,

describing the required structural and mechanical performance of the snubber with respect to:
activation level, release rate, spring rate, dead band, and drag as specified in the draft

| Regulatory Guide SC-708-4 (Reference 2). Subsequent verification that the specified design
and fabrication requirements were met.

| System 80+ Standard Design will meet the intent of the draft Regulatory Guide (Reference 2).

a. Rod velocity at valve closure will be tested on each snubber to confinn activation
level.

b. The release rate (bleed rate) of each snubber will be tested statically at full faulted
load.

The spring rate of each snubber will be tested statically at full faulted load. Dynamicc.

spring rate will be calculated based on dynamic test data of a similar qualification
snubber.

d. Dead band will be included in the dynamic spring rate determination.

Frictional resistance to movement (drag) will be verified by testing.e.

f. Dynamic faulted load testing will not be performed. Dynamic testing of large bore
snubbers at full load is not practical due to limitations of testing facilities,

g. Dynamic tests shall be done at room temperature and at design temperature if practical,
for a qualification unit.

6h. The application of at least 5 x 10 cycles of an axial vibration with a low amplitude is
not appropriate for large bore snubbers used as major component supports and will not
be performed.

5. Verification that snubbers are properly installed and operable prior to plant operation, through
visual inspection and through measurement of thermal movements of snubber-supported
systems during start-up tests.

|6. A snubber in-service inspection and testing program, which includes periodic maintenance and I

visual inspection, inspection following a faulted event, a functional testing program, and repair
or replacement of snubbers failing inspection or test criteria.

i

In summary, during the design of safety-related systems or components for which snubbers are to be
used, sufficient consideration is given as to their unique application, (i.e., their response to normal,
upset and faulted conditions and the effect of these responses on the associated system and/or
component). Thus the design, specification, installation, and in-service operability of snubbers meets
the intent of SRP Section 3.9.3 and this issue is resolved for the System 80+ Standard Design.

!

i
;

4
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REFERENCES

1. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants - LWR Edition", U.S. Nuclear Regulatory Commission.

- 2. DRAFT Regulatory Guide'(SC-708-4), February 1981. >

20.2.56 SYSTEMS INTERACTIONS IN NUCLEAR POWER PLANTS |

ISSUE

Unresolved Safety Issue . A-17 addresses the concern - that inconspicuous or unanticipated |~
interdependences may exist between systems and may result in a degradation of the predicted capability
of safety systems in an accident or transient.

The design of a nuclear _ power plant includes interdisciplinary reviews to assure the functional,

compatibility of the plant structures, systems, and components and compliance with licensing
requirements. Safety reviews and accident analyses provide further assurance that system functional
and licensing requirements will be met. Thus, the design and analyses of the plant take into account '

systems interactions. Nevertheless, the process may not consider all the interactions of various plant
systems. Questions have been raised both as to the supporting roles such systems play and the effect
one system can have on other systems, particularly with regard to the presumed redundancy andt 6

k independence of safety systems.

Because of the complex, interdependent network of systems, components and structures that constitute
a plant, the NRC found it necessary to focus on specific types of interactions in order to conduct a
manageable investigation of the issue. Five types of adverse system interactions (Asis) were dermed,
and a search of operating experience documented in licensee event reports (LERs) was performed. The i
results were documented in NUREG/CR-3922 (Reference 1) and assessed in terms of existing and I

potential remedial actions in NUREG/CR-4261 (Reference 2). Results of the study were ambiguous,
and the NRC concluded that requiring a new review methodology was not an effective way to' resolve
the systems interaction issue.

In its regulatory analysis in NUREG-1229 (Reference 3), the NRC concluded that for future plants the
existing SRPs (Reference 4 in general cover the ASIS of concern, except for the areas of internal
flooding and water intrusion. A flooding event could cause a transient and also disable the equipment|

! needed to mitigate the consequences of the event. NUREG-Il74 (Reference 5) provides guidance in |
this area and references NRC Information Notices regarding operating plant experiences. The NRC 4

plans to develop an SRP relative to flooding and water intrusion, but otherwise not issue new {
requirements. In the meantime, the NRC recommends that plant designers keep current on lessons
learned from operating experience as reported in LERs, and that the Probabilistic Risk Assessment

| (PRA) required for a future plant be also considered as a tool to help uncover ASIS.

I

O
V
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ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of USI A-17 is that attention shall be paid in the detailed
plant design to detecting and minimizing the potential for Asis due to the effects of flooding and water
intrusion from internal plant sources, such as the incidents at operating plants referenced in NUREG-
1174. The objective is to preserve the means for reaching and maintaining a safe hot shutdown.

In addition, consideration should be given using the overall plant PRA to identify Asis, especially with
regard to concerns based on operating experience documented in LERs and/or NRC Information
Notices.

RESOLUTION

| Asis are difficult to predict or detect, and are determined by the specific, detailed system designs and

| layouts. They may also be influenced by building design features.
!

| For the System 80+ Standard Design, therefore, consideration is given during the development of the
plant design to identifying and ameliorating potential ASIS, particularly with regard to flooding and
water intrusion events which are not covered by current SRPs, as discussed in NUREG-ll74. These
events include water or moisture release from sources internal to plant structures, and may involve only
small amounts of water and subtle communication paths to sensitive equipment such as electrical
cabinets.

The design process for System 80+ addresses the requirements to evaluate potential adverse systems
,

interactions. A basic design requirement for plant general arrangements, safeguard systems and
instrumentation was to maintain separation of components and power supplies so that adverse systems
interactions, such as those identified in this RAI, would not occur. No adverse systems interactions
have been identified nor are any expected.

As part of the normal design process, evaluation of the potential for ASI will continue. Any Asis that
are identified will be resolved so that the final design will not retain any Asis which can have a;

' significant impact on performance.

.
ITAAC will be available to provide assurance that the facility is constructed and can be operated in

| conformity with the certified design. The ITA ACs will be performed in conjunction with the tests and
inspections required under the provisions of 10 CFR Part 50. The scope of these combined test and
inspection programs is

such that Asis not identified and resolved during the design process would be found in the course of
executing the programs to bring the plant to an operational state. The impact of Asis identified in this
manner would be evaluated and corrective actions taken, as appropriate.

At the same time, the design is evaluated for its vulnerability to ASI's identified from previous designs
or experienced at operating plants and reported in LERs and/or NRC Information Notices. This
evaluation has been made for each of the interaction incidents resulting from water intrusion at
operating plants described in the NRC Information Notices referenced in NUREG-1174, to identify the
features of the System 80+ Standard Design which should ensure prevention of a similar interaction.
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The analytical models developed for the System 80+ Standard Design PRA (Chapter 19) have the | J
capability to evaluate the impact of any systems interaction detected which appears to be significant. '

To summarize, the design process for the System 80+ Standard Design takes into account the
possibility for interaction between systems to occur that may degrade plant safety but are not easily
recognizable. To the extent practicable, as the design progresses these interactions will be identified.
Their impact on safety will be evaluated, and the necessary corrective steps will be taken. This issue
is therefore resolved for the System 80+ Standard Design.

REFERENCES

1. NUREG/CR-3922, " Survey and Evaluation of System Interaction Events and Sources", U.S.
Nuclear Regulatory Commission, January 1985.

2. NUREG/CR-4261, " Assessment of System Interaction Experience at Nuclear Power Plants", 1

U.S. Regulatory Conunission, June 1986.

3. NUREG-1299, " Regulatory Analysis for Resolution of USI A-17", U.S. Nuclear Regulatory
Commission, August 1989.

4. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear j

Power Plants - LWR Edition", U.S. Nuclear Regulatory Commission.

5. NUREG-1174, " Evaluation of Systems Interaction in Nuclear Power Plants - Technical
Findings Related to Unresolved Safety Issue A-17", U.S. Nuclear Regulatory Commission,
May 1989.

20.2.57 QUALIFICATION OF CLASS 1E SAFETY RELATED EQUIPMENT |

ISSUE

Unresolved Safety Issue A-24 addresses the adequacy of environmental qualification methods and |
acceptance criteria for Class lE electrical equipment.

The NRC initially required license applicants to qualify all safety-related equipment to IEEE Std. 323
(Reference 1). Some of the industry qualification methods and concepts proposed in accordance with |
this standard, such as testing margins, aging effects, and the simulation of worst case environments,
were not resolved to the satisfaction of the NRC. It was therefore decided that a generic approach
should be developed under USI A-24 to expedite the review and assessment of equipment qualification
methods used by vendors

All major NSSS vendors and architect engineers submitted topical reports on their methods of
environmental qualification which were reviewed by the NRC and the results documented in
NUREG-0588 (Reference 2). In a subsequent rulemaking,10 CFR 50.49 (Reference 3) established |

*
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the requirement for an environmental qualification program for Class lE electrical equipment together
with rules for its content. References 1 and 2 comprise the bases for the rules. Regulatory Guide 1.89
was then revised (Reference 4) to describe an acceptable method for complying with 10 CFR 50.49.

Dynamic and eismic qualification of Class lE electrical equipment was not included in the scope of
10 CFR 50.49. Existing dynamic and seismic qualification requirements are identified in Regulatory

| Guide 1.100 (Reference 5).

ACCEPTANCE CRITERIA

The acceptance criteria for the resolution of USl A-24 are that safety related electrical equipment shall
be environmentally qualified in accordance with 10 CFR 50.49, and dynamically and seismically
qualified in accordance with the acceptance criteria of Regulatory Guide 1.100.

RESOLUTION

| Environmental design and qualification are described in Section 3.11. The Class IE electrical
equipment (including pump and valve motors and electrical accessories) of the System 80+ Standard
Design is environmentally qualified by the methods documented in the NRC-approved report CENPD- -

| 255-A, Revision 3 (Reference 6). These methods are in accordance with the guidance

of IEEE Std. 323 (Reference 1), NUREG-0588, Regulatory Guide 1.89 Revision 1, and the generic
requirements of 10 CFR 50.49 as described in Section 3.11.

Equipment required to mitigate the consequences of a design basis accident (DBA) or to attain a safe
| shutdown of the reactor is tabulated in Appendix 3.1IB, which indicates both its location and, in part

by a cross-reference to Appendix 3.11 A, typical normal and accident environments in that location
including integrated radiation doses.

Typical worst case environmental conditions (temperature, pressure, humidity, integrated radiation
| dose, and exposure to chemicals) are given in Appendix 3.ll A and cover the 60-year design lifetime.

Conditions are tabulated for normal operation in and outside of containment, and for loss-of-coolant
accident (LOCA) and main steam line break inside containment (MSLB).

|

| Environmental qualification tests and analyses are addressed in Section 3.11.2. The equipment listed
in Appendix 3.118 is required to be designed for 60 years of exposure to normal operating conditions
and afterward having the capability of remaining functional in the environmental conditions expected
at the equipment location during and after the limiting DBA as tabulated in Appendix 3 llA.
Qualification tests and analyses of electrical equipment for the effects of aging, radiation, temperature, |

Ihumidity, chemical spray, submergence, and power supply variation, as applicable, are performed and
the results documented in accordance with CENPD-255-A, Revision 3.

Dynamic and seismic qualification testing and analysis of the electrical equipment listed in Appendix
3.1IB are addressed in Section 3.10 except for pump motors and valve motor operators, which are
addressed in Section 3.9.2.2. The tests and analyses are performed in accordance with IEEE Std. 344
(Reference 7), which is endorsed by Regulatory Guide 1.100.
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In summary the Class IE electrical equipment is qualified for (a) the environment in which it is
required to operate, including a limiting DBA at the end of design life, in accordance with 10 CFR
50.49, and (b) the seismic and dynamic conditions which it is required to withstand in accordance with
the recommendations of Regulatory Guide 1.100. This issue is therefore resolved for the System 80+
Standard Design. I

REFERENCES

1. IEEE Std. 323-1974, "IEEE Standard for Qualifying Class IE Equipment for Nuclear Power
Generating Stations," Institute of Electrical and Electronics Engineers.

2. NUREG-0588, " Interim Staff Position on Environmental Qualification of Safety-Related
Electrical Equipment," U.S. Nuclear Regulatory Commission, July 1981.

3. 10 CFR 50.49, " Environmental Qualification of Electric Equipment important to Safety for
Nuclear Power Plant," Office of the Federal Register, National Archives and Records
Administration.

4. Regulatory Guide 1.89 Revision 1, " Environmental Qualification of Certain Electric Equipment
important to Safety for Nuclear Power Plants," U.S. Nuclear Regulatory Commission, June
1984.

1

5. Regulatory Guide 1.100 Revision 2, " Seismic Qualification of Electric and Mechanicalg

Equipment for Nuclear Power Plants", U.S. Nuclear Regulatory Commission, June 1988.N

6. CENPD-255-A, Revision 3, " Qualification of Combustion Engineering Class IE
Instrumentation", Combustion Engineering, October 1985.

!

I
7. IEEE Std. 344-1987, " Recommended Practice for Seismic Qualification of Class 1E Equipment |

for Nuclear Power Generating Stations," Institute of Electrical and Electronics Engineers.

20.2.58 NON-SAFETY LOADS ON CLASS 1E POWER SOURCES |

ISSUE

Generic Safety Issue A-25 addresses the potential safety degradation of a Class 1E power system caused |
by its connection to a non-safety-related power source or load.

There are two approaches to assuring the reliability of the safety-related system Class IE power
supplies for future plants. The first approach is to restrict the connection of primarily safety loads to
Class IE power supplies. [In previous designs, non-safety electrical equipment was connected to Class
lE power supplies (i.e., the emergency diesel generators) to provide a source of power during Loss-Of-
Offsite-Power (LOOP) events.]

O
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| The second approach is to limit the connection of non-safety-related electrical equipment to the
i Class IE power systems and assure that when this equipment is connected en % Class T power
! system that the equipment and the connections conform to the requirements for independeae, electrical

isolation, and physical separation. These requirements are identified in IEEE Standard 384-1981
| (Reference 1), and guidance is provided in Regulatory Guide 1.75, Revision 2 (Reference 2).

[Supplementalinformation on Class 1E safety systems may be found in IEEE Standard 603-1980, ANSI
| N42.7-1972 and IEEE Standard 308-1980, (References 3,4 and 5 respectively).]

Both industry and the NRC, through IEEE Standard 384-1981 and Regulatory Guide 1.75, have
determined that these design requirements provide an acceptable means of achieving an adequate level
of reliability for the Class 1E power supplies. Therefore, a commensurate level of safety for the safety
systems is assured.

ACCEPTANCE CRITERIA

| The acceptance criterion for the resolution of GSI A-25 is that the reliability and level of safety of
Class IE power sources and the safety systems which they supply may not be degraded by the sharing
of loads between safety-related systems and non-safety-related systems.

Specifically, the second approach, identified in the issue statement, shall be used in establishing an
acceptable level of reliability and safety for Class IE power sources and safety-related systems.

This shall be accomplished by assuring that the interface between safety-related and non-safety-related
equipment on Class IE power sources and safety-related systems is adequately controlled by meeting
the independence, electrical isolation, and physical separation requirements identified in IEEE Standard

| 384-1981 and other applicable standards, References 1, 3, 4 and 5, respectively, taking into
consideration the guidance provided in Regulatory Guide 1.75, Revision 2.

RESOLUTION

The System 80+ Standard Design incorporates the second approach for assuring the reliability and
adequate level of safety for the Class IE power sources and safety-related systems by the selective
connection of non-safety-related equipment and strict control of the interface between the non-safety-
related equipment and Class 1E pecter system.

The System 80+ Standard Design contains safety-related instrumentation and controls and supporting I

systems which are essential for the safe operation and shutdown of the reactor. These systems are
| identified in Section 7.1.1. Each safety-related system conforms to the requirements of IEEE Standard

384-1981 and General Design Criteria 3 and 24, and meets the intent of Regulatory Guide 1.75.
Design requirements have been specified such that the power supply and each safety system have the
same reliability. These requirements are described in Sections 8.1.3 and 8.1.4 and refer to IEEE
Standard 384-1981 as supplemented by Regulatory Guide 1.75 Rev. 2. Section 8.3.1.2.7 also

| addresses IEEE Standard 279-1971 (Reference 6) system level requirerr a for safety related Class
IE power supplies and equipment.

O
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' In the System 80 + Standard Design, a separate emergency power supply provides power to non-safety-

related equipment during " LOOP" events. This separate power supply, which is designated the
{ Alternate AC Source, minimizes the connection of non-safety-related equipment to Class 1E power

supplies. The power source reliability is thereby improved.

| For the limited cases in which non-safety-related equipment must be connect 6d to Class IE power
! supplies, the System 80+ Standard Design adheres to the special design requirements which have been

adopted by the NRC. These requirements are identified in IEEE Standard 384-1981 and promulgated
in Regulatory Guide 1.75 and in the Standard Review Plan (Reference ~). The bases for these |
require nents are physical separation, electrical isolation, and circuit indeper.dence.

Since both the safety systems and their Class IE power supplies conform to the requirements of
.,

IEEE Standard 384-1981 and meet the intent of Regulatory Guide 1.75, Rev. 2, an acceptable level ;

# safety exists for both the safety systems and their Class IE power supplies. Therefore, this issue.
.esolved for the System 80+ Standard Design.

REFERENCES

1. IEEE Standard 384-1981, " Criteria for Separation of Class IE Equipment and Circuits", The
Institute of Electrical and Electronics Engineers, Inc.

2. Regulatory Guide 1.75, Rev. 2, " Physical Independence of Electric Systems", U.S. Nuclear
. Regulatory Commission, September 1978.

3. IEEE Standard 603-1980, " Standard Criteria for Safety Systems for Nuclear Power Generating
Stations", The Institute of Electrical and Electronics Engineers, Inc.

4. ANSI N42.7-1972, " Criteria for Protection Systems for Nuclear Power Generating Stations",
American National Standards Institute.

!
5. IEEE Standard 308-1980, " Criteria for Class IE Electric Systems for Nuclear Power !

Generating Stations" The Institute of Electrical and Electronic Engineers, Inc. |

6. IEEE Standard 279-1971, " Criteria for Protection Systems for Nuclear Power Generating
Stations," The Institute of Electrical and Electronic Engineers Inc.

7. NUREG-0800, " Standard Review Plan for The Review of Safety Analysis Reports for Nuclear
Power Plants -- LWR Edition", U.S. Nuclear Regulatory Commission.

20.2.59 REACTOR VESSEL PREnURE TRANSIENT PROTECTION |

ISSUE

Unresolved Safety Issue A-26 in NUREG-0371 (Reference 1), deals with ensuring that adequate |f protection from Reactor Vessel Pressure Transients is provided.
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According to NUREG-0933 and NUREG-0244 (References 2 and 3) there have been, since 1972, over
30 reported events of pressure transients which have exceeded the pressure-temperature limits of
pressurized water reactor vessels. These limits are identified in the technical specifications for each
vessel and are based on the requirements of Appendix G to 10 CFR 50 (Reference 4). The majority
of these events occurred at relatively low reactor vessel temperatures at which the material has less
toughness and is more susceptible to failure through brittle fracture. Therefore, the margin of safety
to vessel failure under low temperature conditions is reduced. The safety margin will be further
reduced by the reduction in the toughness properties of the vessel caused by neutron irradiation.

ACCEI'rANCE CRITERIA

The acceptance criterion for the resolution of USI A-26 is that adequate measures for protection of the
reactor vessel from pressure transients shall be included in the system design.

Specifically, the acceptance criteria for the overpressure protection system are based on meeting the
intent of the relevant guidance identified in SRP Section 5.2.2 Rev. 2 (Reference 5).

Specific acceptance criteria necessary to meet the requirements of General Design Criteria 15 and 31
in 10 CFR 50 Appendix A (Reference 6) are as follows:

A. For overpressure protection during power operation of the reactor, the pressurizer shall be
designed with sufficient capacity to preclude actuation of safety valves during normal
operational transients.

Safety valves shall be designed with sufficient capacity to limit the pressure to less than 110%
of the reactor coolant pressure boundary design pressure (as specified by the ASME B&PV
Code in Reference 7), during the most severe abnormal operational transient and with the
reactor scrammed.

.

1

Also, sufficient margin shall be available to account for uncertainties in the design and
operation of the plant.

B. The low temperature, overpressure protection (LTOP) system shall be designed in accordance
with the requirements of Branch Technical Position RSB 5-2 (Reference 5). The LTOP system
shall be operable during startup and shutdown conditions below the enable temperature.

RESOLUTION

The System 80+ Standard Design incorporates a variety of methods to assure the integrity of the
Reactor Coolant System (RCS). The RCS is designed in accordance with 10 CFR 50.55a (Reference
8) which further references the ASME B&PV Code and other accepted industry codes and standards.
In addition, the reactor coolant pressure boundary is defined in accordance with ANSI /ANS 51.1
(Reference 9). Further, there are a number of systems and components that ensure the integrity of the
RCS, including:

O
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| 1. Reactor Protective System

'

initiates a reactor trip to protect the RCS pressure boundary in the event of high pressurizer
pressure, see Section 7.2. |

|

| 2. Reactor Coolant System Components
|

|

; a) Primary Safety Valves

These are sized using a conservative Design Basis Event, namely a loss of turbine load
with a delayed reactor trip and in accordance with the ASME B&PV code to limit the

|
pressure boundary design pressure; see Section 5.2.2, Appendix 5A. |

b) Large Volume Pressurizer

The RCS pressurizer has a larger volume than the System 80 pressurizer which permits
a larger range of transients and reduces the challenges to safety valves; see Table |

! 5.4.10-1.

c) Steam Generator Secondary Safety Valves

These valves are conservatively sized to pass excess steam flow to limit steam

| ) generator pressure to less than 110% of steam generator design pressure during the
(,./ worst case transients; see Section 5.2.2, Appendix 5A. |

3. Shutdown Cooling System (SCS)

This system provides for overpressure protection of the RCS at reduced temperatures and
pressures and therefore addresses the LTOP issue. The over-pressure protection for the RCS
is accomplished by providing a relief path through special LTOP relief valves incorporated in
the SCS for the RCS during heatup and cooldown. The LTOP relief valves are sized and
adjusted to the appropriate setpoint(s) to ensure adequate overpressure protection for the RCS
at reduced temperatures and pressures; see Section 5.2.2.10. |

System 80+ Standard Design is designed to provide adequate overpressure protection for the
RCS/ Reactor Coolant Pressure Boundary by incorporating the systems and components described
above. This issue is, therefore, resolved for the System 80+ Standard Design. NRC closcout will be
automatic upon successful completion of the review of Sections 5.2.2 and Appendix SA. |

REFERENCES

!
'

1. NUREG-0371, " Task Action Plans for Generic Activities (Category A)", U.S. Nuclear
Regulatory Commission, November 1978.

2. NUREG-0933, "A Status Report on Unresolved Safety Issues", U.S. Nuclear Regulatory
gy Commission, April 1989.
lv)'
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3. NUREG-0244 Rev.1, " Technical Report On Reactor Vessel Pressure Transients", U.S.

Nuclear Regulatory Commission, May 1978.

4. Code Of Federal Regulations, Title 10, Part 50, Appendix G, " Fracture Toughness
Requirements", Office of the Federal Register National Archives and Records Administration,
January 1,1988.

5. NUREG-0800, " Standard Review Plan for the Review Of Safety Analysis Reports for Nuclear
Power Plants-- LWR Edition", U.S. Nuclear Regulatory Commission.

6. 10 CFR 50 Appendix A, " General Design Criteria", Office of the Federal Register, National
Archives and Records Administration.

7. ASME Boiler and Pressure Vessel Code, Section Ill, Article NM-7000, " Protection Against
Overpressure", American Society of Mechanical Engineers.

8. Code Of Federal Regulations, Title 10. Part 50, Section 55a, " Codes and Standards" Office
of the Federal Register National Archives and Records Administration, January 1,1988.

9. ANSI /ANS 51.1, " Nuclear Safety Criteria for the Design of Stationary Pressurized Water
Reactor Plants",1983.

| 20.2.60 NUCLEAR POWER PLANT DESIGN FOR Tile REDUCTION
OF VULNERABILITY TO INDUSTRIAL SABOTAGE

ISSUE

| Generic Safety Issue A-29 addresses the susceptibility of nuclear power plants to industrial sabotage,
the resulting risk to plant safety, and the countermeasures to assure an acceptable level of protection.

Consideration should be given to sabotage during the design phase of the plant. The goal would be to
achieve an acceptable level of protection of a plant to industrial sabotage by emphasizing design
feaures which reduce the likelihood of the plant incurring damage from industrial sabotage, both
internal and external.

New design features (e.g., relocating emergency feedwater tanks to building interiors, increasing the
monitoring, separation and independence of plant protection systems, providing additional bl.ck-up
sources of power) which provide countermeasures to sabotage must be consistent with plant .afety
requirements.

| ACCEP'I'ANCE CRITERIA
.

| The acceptance criterion for the resolution of GSI A-29, is that plants shall be designed to be resistant
'

to the effects of internal and external sabotage through prevention, deterrence, and mitigation.

O
i

l
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l Specifically, plant safety-related systems and components required for the safe operation and shutdown

of the plant shall be designed for protection against and mitigation of sabotage.

RESOLUTION

| The System 80+ Standard Design is configured to be sabotage resistant (See Chapter 13, Appendix |
| 13A).

This is accomplished in various ways including:

1. locating safety-related equipment in secure areas and controlling personnel access;

2. designing for separation, independence, and redundancy of safe shutdown and support systems;

| 3. monitoring of equipment status continually (e.g., automated-testing of equipment);

4. evalustion and improvement of safe shutdown systems to provide for damage control measures
in the event of sabotage;

5. plant layout design to accommodate a variety of access zoning schemes; and
n

/ ') 6. protection of design features located outside of plant buildings and structures which are more
V vulnerable to sabotage.

Included in the System 80+ Standard Design are a number ofimproved design features which enhance
plant resistance to sabotage compared to those of a more traditional design:

- Redesign of the emergency feedwater system (EFW) to function in the event of a loss of offsite
and onsite power. This design accommodates coincident failure of a single active mechanical
or electrical component or the effects of a high or moderate-energy pipe rupture.

- EFW storage tanks (2) which are designed so that each has a capacity to support full flow for
30 minutes, if the initiating event is a main feedwater line break. The water supply available
is capable of maintaining the plant at hot standby for eight hours and then provide for an
orderly cooldown to shutdown cooling entry conditions.

- Locating the emergency feedwater storage tanks within the auxiliary building where access is
restricted.

- Addressing station blackout by designing the steam-driven EFW components such that they are '

capable of providing EFW to the steam generators coincident with a single failure. Battery
backed power is used to assure steam-driven pump discharge valves are open. The battery also

|

powers the turbine governor speed control and steam generator level indication to provide
control of steam generator level. Also, an alternate AC power source is provided as an

77 additional power source.
f )
L/ '
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- Providing the shutdown cooling system with containment spray system piping cross-connects
that permit the containment spray pumps to supplement the shutdown cooling system should
a shutdown cooling system pump become inoperative. In addition, each containment spray and
shutdown cooling system pump is physically separated from the other.;

- Increasing the design pressure and piping schedule of the shutdown cooling system to 900 psig
so that even if subjected to full RCS pressure, the pressure boundary does not fail.

- Addition of the Safety Depressurization System (SDS) which permits an alternate and
physically separate decay heat removal path (i.e. once through cooling) in the event the
preferred decay heat removal system is disabled.

- Relocating the refueling water storage tank into the containment thus restricting access and
reducing the likelihood of sabotage.

- Placing safety-related equipment (e.g., emergency safeguards components) within the
containment sub-sphere, where access is strictly controlled.

- Limiting access to the control room. The Nuplex 80+ Control Complex is designed to limit
access to the control room. The design reduces the number of required personnel needed in
the controlling workspace, yet provides direct monitoring (visual and via the data processing
CRT's) of the operator's actions and state of the plant from adjacent supervisory offices.

- Designing the Nuplex 80+ instrumentation and controls to incorporate semi-automated and on-
line testing features for the Plant Protection System and on-line monitoring of fluid and
electrical systems, thus enhancing the detection of sabotage.

- Enhancing detection of plant sabotage through improved plant system monitoring. The Nuplex
80+ Data Processing System Design includes valve position monitoring, computer aided
testing, and success path monitoring of emergency safeguards features systems which aid in
detecting abnormal conditions and/or system degradation which may result from attempted
sabotage.

- Designing the Nuplex 80+ instrumentation and controls to provide channel separation for
many systems including separate equipment rooms for each safety channel. With adequate i
access control to each channel, this design increases the difficulty in equipment sabotage.

i

In summary, the System 80+ Standard Design is highly resistant to sabotage because of the design I

features described, which protect against both internal and external sabotage. Therefore, this issue is I

resolved for the System 80+ Standard Design.

|
.

|

0
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20.2.61 ADEQUACY OF SAFETY-RELATED DC POWER SUPPLIES |,

ISSUE
1-

} Unresolved Safety Issue A-30 addresses the reliability of DC power supplies used in the control and |
t actuation of safety-related components and systems.

DC power systems in nuclear power plants provide control and motive power to a variety of safety-
related equipment including valves, instrumentation, emergency diesel generators, and many other
components and systems. This power is needed during abnormal shutdowns and accident situations,
as well as during normal operations. Presently, a minimum of two divisions of DC power are required
to supply control and motive power to this safety-related equipment; failure of one division would
generally cause a reactor scram for this type of configuration. Furthermore, if the independence of the
two divisions is compromised through the failure of a bus-tie breaker to function properly, then a fault
in one division could propagate to the redundant division resulting in a loss of redundancy.

The safety significance of a loss of the two divisions is that a total loss of DC power supplied to safety-
related equipment could occur thus prohibiting the equipment from performing its intended safety
function.

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of USI A-30 is that the reliability of safety-related DC
power supply systems shall be improved.

Specifically, the present configuration of DC power supplies used in current plant designs should be
replaced by a more reliable configuration on new plants using the following criteria: (1) All non-safety
related loads should be placed on completely separate non-safety-related DC power systems, and (2)
the safety-related (Class 1E) DC supplies shall be divided into four physically and electrically separated ;

systems satisfying the requirement of General Design Criterion 17 in 10 CFR 50 Appendix A
(Reference 1) for independence to reduce the probability of reactor trip in the event of the loss of a |

'

single safety-related DC bus.

RESOLUTION

The System 80+ Standard Design provides dedicated DC electrical buses for non-safety-related
electrical loads and meets criterion 1 listed above, as described in Section 8.3.2. |

The requirement for reducing the probability of reactor trip in the event of a loss of a single safety-
related bus (criterion 2) is met by the System 80+ Standard Design, also as described in detail in
Section 8.3.2. As shown in, Figure 8.3.2-2, the safety-related (Class IE) DC power :upply system
consists of four separate isolated channels. The DC bus from each channel can be isolated from its
battery bank and alternately supplied from its division's DC bus. For tyoical Class lE DC and AC

v
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instrumentation and control power supply systems, either the Channel A or Channel C DC bus can be
supplied from the Division I, also a IE DC bus. Similarly, either the Channel B or Channel D bus can
be supplied from the Division II, also a 1E DC bus. Cross-ties between buses, however, are isolated
through two sets of manually operated fusible disconnects.

Furthermore, during normal operation, both switches are maintained in the open position. This method
of isolation satisfies the independence criterion of 10 CFR 50, Appendix A (General Design Criterion
17). Thus, in the safety-related (Class IE) DC electrical distribution system design, the two safety

| divisions are both physically and electrically isolated from each other and from the non-safety-related
(non-Class 1E) division. That is, for this electrical distribution configuration, there are no bus cross-
ties between safety-related and non-safety-related buses, and therefore, a fault in one division cannot
propagate to the redundant division.

In summary, the safety-related (Class IE) AC and DC bus configuration meets the criterion for non-
safety and safety-related load separation. This bus configuration, therefore, reduces the likelihood of
a reactor trip (in the event of a loss of a single safety-related (Class IE) DC bus), and thus meets the
requirements of 10 CFR 50, Appendix A (GDC 17). Therefore, this issue is resolved for the System
80+ Standard Design.

REFERENCES

1. 10 CFR 50 Appendix A, " General Design Criteria for Nuclear Power Plants", Office of The
Federal Register, National Archives and Records Administration.

| 20.2.62 RESIDUAL IIEAT REMOVAL SIIUTDOWN REQUIREMENTS

ISSUE

| Unresolved Safety issue A-31 addresses the safe shutdown of the reactor, following an accident or
abnormal condition other than a Loss of Coolant Accident (LOCA), from a hot standby condition (i.e.,
the primary system is at or near nonnal operating temperature and pressure) to a cold shutdown
condition. Considerable emphasis has been placed on long-term cooling which is typically achieved

| by the residual heat removal (RllR) system which starts to operate when the reactor coolant pressure
and temperature are substantially lower than the hot standby values.

Even though it may generally be considered safe to maintain a reactor in a hot-standby condition for
a long time, experience has shown that there have been abnormal occurrences that required long-term !
cooling until the reactor coolant system was cold enough to perform inspection and repairs. For this !
reason, the ability to transfer heat from the reactor to the environment, after a shutdown resulting from )
an accident or abnormal occurrence, is an important safety function. It is essential that a power plant j
be able to go from hot standby to cold shutdown conditions subsequent to any accident or abnormal |

occurrence condition.

O
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ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of USI A-31 is that the RIIR system shall be designed so
that the reactor can be brought from a "llot Standby" to a " Cold Shutdown" condition as described in
SRP Section 5.4.7 Rev. 3 (Reference 1). |

Specifically, the RIIR system shall meet the intent of the following functional requirements with respect
to cooldown:

1. The design shall be such that the reactor can be taken from normal operating conditions to cold
shutdown using only safety-grade systems. These systems shall satisfy 10 CFR 50 Appendix
A (Reference 2) General Design Criteria (GDC) I through 5. |

2.- The system (s) shall have suitable. redundancy in components and features, and suitable
interconnections, leak detection, and isolation capabilities to assure that for onsite electrical
power system operation (assuming offsite power is not available) the system function can be
accomplished assuming a single failure.

3. The system shall be capable of being operated from the control room with either onsite or
offsite power available. In demonstrating that the system can perform its function assuming
a single failure, limited operator action outside of the control room would be considered
acceptable, if suitably justified,

4. The system (s) shall be ccpable of bringing the reactor to a cold shutdown condition, with either
offsite or onsite power available, within a reasonable period of time following a shutdown,
assuming the most limiting single failure.

;
'

In addition to the functional requirements listed above, there are certain additional requirements for

| the RHR system including, pressure relief, pump protection, test and operation.

| Also, there is a requirement that the emergency feedwater system shall have sufficient inventory to
permit operation at hot shutdown for at least 4 hours, followed by a cooldown'to the conditions

i permitting operation of the RilR system. The inventory needed for cooldown, shall be based on the
L longest cooldown required with either onsite or offsite power available with an assumed single failure.
|
i RESOLUTION
|

The System 80+ Standard Design utilizes the Shutdown Cooling System (SCS), the Reactor Coolant
Gas Vent (RCGV) function of the Safety Depressurization System (SDS), the Atmospheric Dump
Valves (ADV), and the Emergency Feedwater System (EFW) as_the preferred means to bring the
reactor plant from hot standby to a cold shutdown condition within a reasonable period of time. These
safety-related systems are normally operated from the control room and are described in Sections 5.4.7,' |6.7,10.1, and 10.4.9.

|

OV,

!

I )

i
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To reduce the reactor coolant system (RCS) temperature from hot standby to cold shutdown requires

| two phases. The initial phase of cooldown is accomplished by heat rejection from the steam generators
| (SG) to the atmosphere using the ADV.

; RCS pressure is normally reduced by use of auxiliary pressurizer spray (non-safety-related) from the
Chemical and Volume Control System. If this system is not available, the pressurizer can be|

depressurized by venting the pressurizer to the Reactor Drain Tank or the Incontainment Refueling
Water Tank via the RCGV.

After the RCS conditions have been reduced to approxiraately 350 degrees F and 450 psia, the SCS
| is put into operation to further reduce and maintain RCS temperature at the refueling temperature (see

Section 5.4.7.1). The SCS and the SG atmospheric steam release and EFW are used to cooldown the
reactor following a LOCA.

Non-LOCA accidents, such as steam or feedwater line break.s, and steam generator tube ruptures also
| are accommodated by the SCS (see Section 5.4.7.1).

Additional analysis of shutdown operations with respect to the reliability of these systems is provided
| in Appendix 19.8A.

The SCS is highly reliable and is designed to perform its safety function assuming a single failure by
| incorporating suitable redundancy in components and power (see Sections 5.4.7.1.2 and 5.4.7.2.5).

For example, the SCS is designed with redundant components and power supplies such that the RCS
can be brought to cold shutdown using one of two redundant SCS trains.

The EFW system is also highly reliable and is designed to function in the event of a loss of offsite and
onsite power. The design accommodates a coincident failure of a single active mechanical or electrical
component. In addition, the EFW system is capable of maintaining the plant in a hot standby condition

| for eight hours and then providing for an orderly cooldown to shutdown conditions (see Section
10.4.9.1.2).

In addition to normal offsite power sources, physically and electrically independent and redundant
| emergency power supply systems are provided to power safety related components (see Sections 8.1.2

and 8.3).

The shutdown cooling system is designed to meet the intent of SRP Section 5.4.7, Rev. 3 with respect
to providing a means to bring the reactor plant from hot standby to cold shutdown under all accident
or abnormal occurrence conditions, as described above. Therefore, this issue is resolved for the
System 80+ Standard Design.

REFERENCES

1. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants -- L,WR Edition", U.S. Nuclear Regulatory Commission.

2. 10 CFR 50 Appendix A, " General Design Criteria for Nuclear Power Plants"
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20.2.63 ADEQUACY OF OFFSITE POWER SYSTEM |
| )

ISSUE I
!

Unresolved Safety Issue A-35 concerns the protection of safety-related equipment from the effects of | ,

a sustained undervoltage condition or a rapid rate of decay of the frequency of the offsite power source l
as well as interaction effects between offsite and onsite power sources. Associated testing requirements
are also addressed.

The plant operator historically has performed transient and steady-state stability analyses of the offsite
power system which were documented in the Safety Analysis Report (SAR), However, abnormal
occurrences at several operating plants indicated that a sustained undervoltage condition of the offsite
poiver source not detected by the existing loss of voltage relays could result in failure of redundant
safety-related equipment. |

The NRC therefore evaluated the power systems of operating plants to determine the susceptibility of
safety-related electrical equipment to: (1) a sustained undervoltage condition on the offsite power-
source; (2) a rapid rate of decay of the offsite power source frequency; and (3) interaction of the offsite
and onsite power sources. An additional factor evaluated was (4) the adequacy of testing requirements.,

! New criteria relative to factors (1), (3) and (4) above were issued in Branch Technical Position (BTP)
PSB-1 " Adequacy of Station Electric Distribution System Voltages", which was incorporated in SRP

q Section 83.1, Appendix A (Reference 1). Frequency decay [ factor (2)] was found not to be a |
significant safety issue.

ACCEPTANCE CRITERIA;

The acceptance criterion for the resolution of USI A-35 is that the design and capability for test and
'

calibration of the under voltage protection schemes for the Class IE buses of the onsite power system !

(while connected to the offsite power source) shall conform to the guidance of BTP PSB-1 in Appendix
A of SRP Section 8.3.1.

| Specifically, a second level of voltage protection should be provided for Class IE equipment in addition
} to the existing protection based on detecting the complete loss of offsite power to the Class IE buses.

The second level should have two separate time delays before alerting the control room operator and
automatically separating the Class lE buses from the offsite

| power source, respectively. Duration of the time delays should ensure protection from sustained low
voltage while avoiding disconnection from the offsite source due to short term transients such as motor
starting. The undervoltage protection scheme should have the capability of being tested and calibrated
during power operation. Voltage levels at the safety related buses should be optimized for the
maximum and minimum load conditions that are expected, throughout the anticipated range of offsite
power source voltage variation. Technical Specifications are to include limiting conditions. of
operation, surveillance requirements, and protection equipment setpoints.

/T
V'
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RESOLUTION |

The conceptual design of an offsite power system and station switchyard for the System 80+ Standard
| Design is given in Section 8.2. The interface requirements will ensure that the switchyard provides

redundant offsite power feed capability to the nuclear unit, consisting of two immediately available
preferred power circuits each capable of supplying the necessary safety loads and other equipment.

| The System 80+ Standard Design onsite power systems are described in Section 8.3, and include two

,

redundant and independent 4160 volt Class IE safety buses. The 480 volt Class IE Auxiliary Power
| System receives power from the 4160 volt Class IE buses through two load center transformers
I connected to each bus. The 4160 volt safety buses normally receive power from the 4160 volt Normal

Auxiliary Power System, which in turn normally receives power from the unit turbine generator or the
offsite power system. The incoming source breakers trip upon loss of normal power, and emergency
power is provided to each Class IE bus by separate and independent diesel generator units (the
combustion turbine alternate AC source can be substituted for either diesel generator if it is out of

| | service). The Class IE AC Power Systems are described in Section 8.3.1.1,2. Each Class IE 4160
! volt safety bus is provided with separate bus voltage monitoring schemes for undervoltage and loss of

voltage conditions, respectively, as described in Section 8.3.1.1.6. These protection schemes are
designed according to the reconunendations of ANSI /IEEE Standard 741-1986 (Reference 2), which
is consistent with the guidance of BTP PSB-1. Two separate time delays are selected for undervoltage

,

| protection as recommended in Appendix A of the ANSI /IEEE standard. In addition to the time delays,

| the undervoltage protection schemes use coincidental logic (e.g., two-out-of-three phases) to avoid

|
spunous trips from the offsite power source.

| Voltage levels at the Class 1E buses are optimized for the full load and minimum load conditions that
are expected throughout the

anticipated range of voltage variations of the power source by adjusting the voltage tap settings on the
| transformers (see Section 8.1.3). The voltage levels are established by analysis, and the analytical

method is verified during preoperational testing.

The System 80+ Class IE Auxiliary Power System is designed in compliance with GDC 8 (Reference
| 3) so that inspection, maintenance, calibration and testing can be carried out with a minimum of

interference with operation of the nuclear unit, as described in Section 8.3.1.1.3.2. Redundancy of
design allows one system to be taken out of service for testing, and breakers can be racked out to the
test position for this purpose. Indication of the system unavailability is provided in the control room.

A Technical Specification establishes limiting conditions for operations, surveillance requirements, trip
setpoints with minimum and maximum limits, and allowable values for the undervoltage protection

| sensors and associated time delay devices.

| Protection of the Class IE power supplies to safety-related equipment from the effects of an
undervoltage condition of the offsite power source thus conforms to the guidance of BTP PSB-1, and
this issue is, therefore, resolved for the System 80+ Standard Design.

O
|
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REFERENCES j

1. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants--LWR Edition," U.S. Nuclear Regulatory Commission.

2. . ANSI /IEEE Standard 741-1986, " Criteria for the Protection of Class IE Power Systems and

| Equipment in Nuclear Power Generating Stations," Institute of Electrical and Electronics
j Engineers, Inc.

| -
. |

|
3. 10 CFR 50 Appendix A, " General Design Criteria for Nuclear Power Plants," Code of Federal |

| Regulations. !
I- j
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20.2.64 CONTROL OF IIEAVY LOADS NEAR SPENT FUEL ~ |

ISSUE,

|

|

Unresolved Safety Issue A-36 addresses the consequences of dropping heavy loads, (i.e., loads that -| |
weigh more than the combined weight of a fuel assembly and its handling tool) on spent fuel, including !
the potential for fuel damage and/or criticality which could result in radiological releases. Also, USI |

|

'

A-36 addresses the possibility of damage to safety-related equipment which could prevent safe
{shutdown of the reactor or jeopardize core decay heat removal.
|

ACCEPTANCE CRITERIA

. The overall acceptance criterion for the resolution of USI A-36 is that the nuclear plant design shall
consider the effects of the movement of heavy loads over spent fuel and equipment important to j
achieving and/or maintaining safe shutdown of the reactor, consistent with the guidance of the Standard j

Review Plan 9.1.5 (Reference 1). |
'

Specifically, the load handling systems are acceptable if (1) safe load paths are defined through
! procedures and operator training so, that to the extent practical, heavy loads are not carried over or

near irradiated fuel or safe shutdown equipment; (2) adequate consideration is given to operator
training, handling component design, load handling instructions, and equipment inspection to insure
reliable operation of the handling system; (3) mechanical stops or electrical interlocks are incorporated

| to prevent movement of heavy loads over irradiated fuel or in proximity to equipment associated with
redundant core shutdown paths; and (4) the load handling system conforms to the relevant requirements
of General Design Criteria (GDC) 2,4,5, and 61 and References 2-6.

|

RESOLUTION

The System 80+ Standard Design addresses the above criteria as follows:

1. The component (lleavy Load) handling procedure guidelines will require the owner-operator
to establish the safe load path and perform special handling component inspections prior to lift.m

[V\
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2. The plant operating procedure guidelines will require appropriate operator training and crane

inspections.

3. The cask handling crana is provided with mechanical stops and electrical interlocks to prevent

| its movement near the spent fuel pool after the pool contains irradiated fuel (See Section
9.1.4).

4. The new fuel handling crane is provided with mechanical stops and electrical interlocks to
restrict its motion between the new fuel shipping container receipt area, the new fuel inspection

| and storage areas, and the new fuel elevator (See Section 9.1.4).

5. The spent fuel building is arranged so that the spent fuel cask does not pass over critical

| components during its passage from the shipping vehicle to the cask laydown area (see Sections

9.1.4.1.3 and 9.1.4.3.1).

6. The reactor vessel head lift rig and the reactor vessel internals lift rigs are designed in

| accordance with the acceptable (stress) factors of safety (Reference 3).

7. An analysis of a drop of the reactor vessel head onto the reactor vessel is performed as

| described in Section 9.1.4.3.3, and the results are shown to be acceptable.

8. An analysis of the upper guide structure drop on the reactor vessel is performed to demonstrate
that this event is bounded by the result of the analysis of item (7) above.

9. The load handling system is designed in accordance with the relevant requirements of GDC

| 2,4,5, and 61 (See Sections 3.1 and 9.1.4) and the guidance of References 2-6.

10. An evaluation associated with movement of heavy loads during plant shutdown is performed

| to demonstrate that fuel and safety related equipment shall not be subject to damage (see
Appendix 19.8A).

Since the acceptance criteria for this safety issue are met, the issue is resolved for the System 80+
Standard Design.

REFERENCES

1. NUREG-0800, " Standard Review Plan for The Review Of Safety Analysis Reports for Nuclear
Power Plants", U. S. Nuclear Regulatory Commission.

2. ANSI-N14.6, " American National Standard for Special Lifting Devices for Shipping Containers
Weighing 10,000 Pounds (4500 Kg) or More for Nuclear Materials"

3. NUREG-0612, " Control of Ileavy Loads at Nuclear Power Plants", U.S. Nuclear Regulatory
Commission.

O
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4. ANSI /ANS-57.2, " Design Requirements for Light Water Reactor Spent Fuel Storage Facilities

at Nuclear Power Plants".

5. ANSI /ANS-57.1, " Design Requirements for Light Water Reactor Fuel liandling Systems".

6. NUREG-0554, " Single Failure Proof Cranes for Nuclear Power Plants", U.S. Nuclear
Regulatory Commission.

20.2,65 SEISMIC DESIGN CRITERIA SIIORT-TERM PROGRAM |

ISSUE

Unresolved Safety Issue A-40 addresses providing short-term improvements in seismic design criteria. '|

The seismic design sequence for recently designed plants included many conservative factors.
Although it is believed that the overall sequence was adequately conservative, certain aspects may not
have been conservative for all plant sites. The objective of USI A-40 was to investigate selected areas
of the seismic design sequence to determine their conservatism for all types of sites, to investigate

| alternative approaches where desirable, to quantify the overall conservatism of the design sequence,
and to modify the NRC criteria in the Standard Review Plan (Reference 1), where justified. |

[V Studies were conducted, and the results were documented in NUREG/CR-ll61 (Reference 2) with |
specific recommendations for changes in seismic design requirements. In addition, a NRC/ Industry

| workshop was held to discuss the complex and controversial subject of soil-structure interaction (SSI)
analysis. The adequacy of seismic design of large, above ground, vertical, safety-related tanks was
also of concern to the NRC.

SRP sections were then revised (Revision 2) with the following principal areas of change: Section
2.5.2, updated to reflect the current NRC staff review practice; Section 3.7.1, design time history
criteria; Section 3.7.2, development of floor response criteria, damping values, SSI uncertainties, and
combination of modal responses; and Section 3.7.3, seismic analysis of above ground tanks, and;

| Category I buried piping.

The NRC concluded in NUREG-1233 (Reference 3) that these revisions would reflect the current state- |
of-the-art in seismic design in the licensing process. Implementation of the SRP revisions is expected

| to contribute to a more uniform and consistent licensing process and is not expected to have significant
'

impact on recently designed plants.

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of USI A-40 is that future nuclear power plants shall
conform to the seismic design acceptance criteria and guidance of Revision 2 to SRP Sections 2.5.2,
3.7.1, 3.7.2, and 3.7.3.

p

i

:
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j Specifically, these SRP Sections respectively cover review of the site characteristics and earthquake

| potential, the parameters to be used in seismic design, methods to be used in seismic analysis of the
j overall plant, and methods to be used in seismic analysis of individual systems or components.

RESOLUTION

i The System 80+ Standard Design is designed for a seismic site envelope which encompasses the
I majority of potential nuclear power plant sites in the United States. The design ground motions, site

envelope soil parameters, and system and subsystem analyses criteria and methods described in Sections
2.5.2,3.7.1,3.7.2 and 3.7.3 are in accordance with the intent of Revision 2 of the corresponding SRP
sections. All tanks whose function is required during and after a safe shutdown earthquake (SSE) are
designed for SSE loads in accordance with the guidance of SRP Section 3.7.3. The failure of other
tanks is evaluated for the potential interaction with seismic structures, including the possibility of
flooding. This issue is therefore resolved for the System 80+ Standard Design.

REFERENCES
|

| 1. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
| Power Plants - LWR Edition," U.S. Nuclear Regulatory Commission.

2. NUREG/CR-ll61, "Reconunended Revisions to Nuclear Regulatory Commission Seismic
Design Criteria," U.S. Nuclear Regulatory Commission, May 1980.

|

| 3. NUREG-1233, Regulatory Analysis for USI A-40, " Seismic Design Criteria," U.S. Nuclear
Regulatory Commission, April 1988.

| 20.2,66 CONTAINMENT EMERGENCY SUMP PERFORMANCE

ISSUE
1

| Unresolved Safety issue A-43 addresses the technical concerns raised when LOCA generated debris
,

is introduced into the containment sump, and the impact this debris and the potential for air ingestion
have on the containment spray system and components.

The Emergency Safeguards Systems (including Safety Injection and Containment Spray) are actuated
following a LOCA and, depending upon the severity of the event, the Containment Spray System (CSS)

; and the Safety Injection System (SIS) may be configured to support long term cooling of the
| containment and/or reactor core. Long term cooling is accomplished by recirculation of the spray ,

; water recovered from the containment building by various building drains which direct water into the |
! containment sump. The re. circulated water must be sufficiently free of debris and air so that

| containment spray pump performance is not impaired and long-term recirculation flow capability is not ;

seriously degraded. |
'

The specific concerns are:

O
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1. Containment sump hydraulic performance under post-LOCA adverse conditions resulting in a

potential vortex formation, air ingestion and subsequent failure of the recirculation pumps.

I2. The transport of large quantities of LOCA-generated debris to the sump screen (s) and potential
for blockage, reducing net positive suction head (NPSH) margin below that required for the i

recirculation pumps to maintain long-term cooling. 1

3. The capability of the' CSS and SIS pumps to continue pumping with fine ~ debris trapped in I

pump seals and bearinga

|

[ ' Adequate recirculation cooling capacity is necessary to prevent core-melt and containment rupture I

| following a postulated LOCA.

ACCEPTANCE CRITERIA |

The acceptance criterion for the resolution of USI A-43 is that the containment spray and safety | |
injection systems (including the containment sump) must be capable of performing their intended safety

'

)
functions '(in accordance with the requirements of GDC 38), including long-term core and/or
containment building cooling.

i

| The containment spray and safety injection systems must meet the intent of SRP.Section 6.2.2, Rev.
|

4 " Containment Heat Removal Systems"(Reference 1), and Regulatory Guide 1.82, Rev.1 (Reference |O, 2). i
|

| Specifically, to satisfy the requirement of GDC 38 regarding the long-term containment spray system
1

(CSS) and safety injection system (SIS), the containment sump (s) should be designed to provide a
.

reliable, long-term water source for the SIS and CSS recirculation pumps. Provision should be made I
in the containment design to allow drainage of spray and safety injection water to the containment '

sump (s), and for recirculation of this water through the containment sprays and safety injection
systems. The design of the sump (s) and the protective screen assemblies is a critical element in
assuring long-term recirculation cooling capability.

Therefore, adequate design consideration is necessary for:

a) Sump hydraulic performance to preclude vortexing and air ingestion,

| b) Evaluation of potential debris generation and associated effects including debris screen blockage
; and,

|
c) RHR and CSS pump performance under postulated post-LOCA conditions.

:

Finally jie containment sump design criteria, as identified in Regulatory Guide 1.82, Rev.1, shall
be addres:,ed. Examples of these design criteria include:

'

r a

!
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- Number, location, and geometry of the sump (s),

- Type, size, and location of debris screens,

- Location of containment drains,

Containment sump effects on spray or recirculation pump NPSII, and-

- Accessibility of containment spray system and sump (s) for inservice inspection.

RESOLUTION

In the System 80+ Standard Design, Engineered Safety Features (ESP) are incorporated to mitigate
design basis events (DBE's), including a loss of coolant accident (LOCA).

Two principal systems used to mitigate the effects of a LOCA are the safety injection system (SIS) [see
Section 6.3], and the containment spray system (CSS) [see Section 6.5]. These systems utilize an In-
containment Refueling Water Storage Tank (IRWST) as their source of water, which is the equivalent
of the refueling water storage tank (RWST) and containment sump of a pre-ALWR plant.

The IRWST performs additional functions beyond those of the conventional containment sump. The
IRWST for System 80+ Standard Design provides a single source of water for both the safety injection
and containment spray pumps. The IRWST is toroidal in shape and utilizes the lower section of the
spherical containment as its outer boundary. The IRWST is enclosed to prevent contamination and
excessive containment humidity.

The arrangement of the IRWST within the System 80 + Standard Design containment offers advantages
over conventional sumps. Like a sump, the IRWST is the source of water for SIS and CSS pumps,
but the protection afforded the pumps against debris ingestion or blockage is significantly greater.
First, water in containment draining back to the IRWST must pass through a vertical screen wall
greater than six (6) feet high and more than forty (40) feet long into a holdup volume of several
thousand cubic feet, which serves as a solids trap. From the holdup volume, water overflows back into
the IRWST. Additional screens are provided in the IRWST to assure that fine debris is filtered before
entering the ECCS suction lines. Finally, each combination of SIS pump and CSS pump has its own
connection to the IRWST.

Long-term return of spray water from upper level elevations is not dependent on individual floor
screens and piping. Major openings, such as hatches and stairwells, are also available to return water
to the screened entrance to the holdup volume.

The IRWST also meets the intent of SRP Section 6.2.2, Rev. 4 and Regulatory Guide 1.82, Rev. I
with respect to IRWST hydraulic performance; evaluation of potential debris generation and associated i

effects, including types and quantities of insulation and debris screen blockage; and preservation of |
NPSH for the SIS and CSS pumps after an accident (postulated post-LOCA conditions). In addition, |
the IRWST meets the multi-sump requirement by providing multiple pathways to the IRWST for |

O
|
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containment spray and safety injection water introduced into the containment. Should one drain
become fouled with debris, there are other drains to collect and direct water to the IRWST. A |

' description of the IRWST screen design is provided in Appendix 19.8A, Section 2.9. See Section |
6.8.2.2.1 for a COL applicant commitment to perform an analysis to show screen area margin.

The IRWST has the advantage that during normal full power operation it is possible to perform a full
,

flow test of the safety injection pumps and containment spray pumps while taking suction from the !

IRWST and discharging back to the IRWST via a recirculation line. Satisfactory hydraulic
- performance of the IRWST can be verified by testing at rtmout conditions on the pumps and mtmmum )
level in the IRWST.

,

i

The System 80+ Standard Design Safety Injection System meets the intent of Regulatory Guide 1.82, |

Rev.1 (see Section 6.3.1.2.3). The Containment Spray System is designed to GDC 38 (see Section |
6.5.1.3). ' The IRWST is designed to meet the intent of SRP Section 6.2.2, Rev. 4 and Regulatory
Guide 1.82, Rev.1 (see Section 6.8.2.2.1 and Section 2.9 of Appendix 19.8A). Therefore, this issue | |
is resolved for the System 80+ Standard Design.

REFERENCES

1. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants- LWR Edition", U.S. Nuclear Regulatory Commission.

2. Regulatory Guide 1.82, Rev.1, " Water Sources for Long-Term Recirculation Cooling
Following a Loss-of. Coolant Accident", U.S. Nuclear Regulatory Commission, November |

1985. )

20.2.67 STATION BLACKOUT |

ISSUE

Unresolved Safety issue A-44 addresses the concern that the complete loss of all alternating current |
(AC) electrical power to the essential and non-essential switchgear buses in a nuclear power plant,
referred to as a " Station Blackout", could lead to a severe core damage accident.

10 CFR 50.2, " Definitions", defines station blackout as the loss of the offsite electric power system
concurrent with a turbine trip and unavailability of the onsite emergency AC power system. It does

i
not include the loss of available AC power to buses fed by station batteries through inverters or by
alternate AC sources. Since many systems required for core decay heat removal and containment heat
removal depend on AC power, a station blackout can result in unacceptable consequences unless AC
power is restored in a timely manner or AC power is supplied from an alternate source. The issue
involves the likelihood and duration of station blackout and the potential for core damage as a result.

The issue of station blackout arose because of the historical experience regarding the reliability of AC
power supplies. There had been numerous reports of emergency diesel generators failing to start and
run in operating plants. In addition, a number of operating plants experienced a total loss of offsite
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electrical power. After performing an evaluauon of station blackout accidents at nuclear power plants ;

[NUREG-1032 (Reference 1)] and a Regulatory Impact Analysis (Reference 2), the NRC published a
'

new rule [10 CFR 50.63 (Reference 3)] and Regulatory Guide 1.155, " Station Blackout" (Reference
4).

Specifically, Regulatory Guide 1.155 specifies that a coping analysis should be performed for a Station
Blackout to establish that a plant can tolerate a total loss of AC power.11owever, Regulatory Guide
1.155 also states that if a plant is provided with an alternate AC power (AAC) source which is
available within 10 minutes of a station blackout then a coping analysis for the event need not be
perfonned. In addition, Regulatory Guide 1.155 identifies reliability criteria for the emergency diesel
generator. The reliability of the emergency dic;el generator is discussed in a related safety issue, USI
B-56.

ACCEPTANCE CRITERIA

The acceptance criteria for USl A-44 are that the plant design meet the intent of Regulatory Guide
1.155 and be capable of maintaining core cooling and containment integrity during a station blackout. !

According to 10 CFR 50.63, onsite alternate AC power sources that are independent and diverse from
the normal Class lE emergency AC power sources constitute an acceptable Station Blackout event
coping capability. (The acceptance criteria for the reliability of the emergency diesel generator is
identified in USI B-56).

RESOLUTION

The System 80+ Standard Design includes improved design features and electrical systems to ensure
a safe shutdown of the reactor in the event of a station blackout. These improvements are summarized
below:

(1) One turbine-driven emergency feedwater pump is included for each steam generator. (These
are in addition to the two motor-driven emergency feedwater pumps.) In previous designs one
turbine-driven pump was shared by both steam generators.

(2) Each of the four safety-related instrument channels has a battery backup. In addition, Class
1 E Electrical Divisions I and II, which include the emergency diesel generators, have their own
batteries.

(3) The design has full load rejection capability and the capability to subsequently provide
electrical power from the turbine generator.

(4) An alternate source of AC power which is diverse from the safety-grade emergency diesels is
| included (See Section 8.3.1.1.5). This alternate AC source is a control-grade combustion

turbine and has its own battery.

| As described in Sections 8.1.4.2 and 8.3.1.1.5, the installation and design of the AAC source is in
compliance with the intent of Regulatory Guide 1.155. The AAC power source is designed to be made
available to power one safety-related load division and its corresponding essential non-safety-related
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load bus within 2 minutes of the onset of the station blackout, such that the plant is capable of
maintaining core cooling and containment integrity. In addition, sufficient fuel is stored on site to
support 24 hours of AAC operation at rated load.

The AAC source is not normally directly connected to the plant's main or standby offsite power
sources or to the Class lE power distribution system, thus minimizing the potential for common cause
failure. Quality assurance guidelines for the AAC are given in Section 8.3.1.1.5.5. The emergency
diesel generator reliability aspect of Station Blackout as described in Regulatory Guide 1.155 is covered
in USI B-56.)

In summary, the System 80+ Standard Design accommodates the Station Blackout event by means of
an AAC power source and reliable emergency diesel generators and therefore, meets 10 CFR 50.63
and the intent of Regulatory Guide 1.155. Thus, this issue is resolved for the System 80+ Standard
Design.

REFERENCES

1. NUREG-1032, " Evaluation of Station Blackout Accidents at Nuclear Power Plants," U.S.
Nuclear Regulatory Commission, June 1988.

2. NUREG-1109, " Regulatory /Backfit Analysis for the Resolution of Unresolved Safety Issue A-
44, Station Blackout," U.S. Nuclear Regulatory Commission, June 1988.

\ 3. Federal Register Notice 53 FR 23203, "10 CFR 50, Station Blackout", June 21,1988.

4. Regulatory Guide 1.155, " Station Blackout", U.S. Nuclear Regulatory Commission, August
1988.

20,2.68 SIIUTDOWN DECAY IIEAT REMOVAL REQUIREMENTS |

ISSUE

Unresolved Safety Issue A-45 addresses the Decay Heat Removal (DliR) function, de0ned as the |
ability of a plant to remove residual heat from the Reactor Coolant System after a plant shutdown after
normal operation or due to abnormal events or Loss-of-Coolant Accidents (LOCAs), and to prepare
the plant for cold shutdown conditions.

In recent years the NRC has vigorously addressed the issue of DilR improvements due to: first, the
Three Mile Island accident, and second, the results of a DIIR PRA study performed on six operating
plants in 1987.

This comprehensive PRA DHR study concentrated on the DIIR systems and their contribution to core
melt frequencies. This study assessed the consequences of both internal and external initiators. The
study found that DliR-related core damage risk is in a range between 7x10 5 and 4x10 per reactor |

4
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| year with an acerage value of 2x10 This, along with other results (i.e. lad of system redundancies,4

,
lack of separatirn, general system arrangement, human errors, etc.), suggested that the resolution of

! this issue would aeed to be plant specific.
|

ACCEPTANCE CRITERIA

After the DHR PRA study was conducted, the NRC staff established a goal that core damage due to
| failure of the DilR function should be less than lx10 5 per reactor year as identified in NUREG-0933.

| This goal shall be demonstrated by a Level I Shutdown Cooling System (SCS) PRA.
|

RESOLUTION

As part of the C-E System 80+ Standard Design certification, a full Level i PRA has been conducted
which included an assessment of the core damage frequency due to failure of the DHR (or Shutdown

| | Cooling System) function (see Section 19.8), The PRA determined the core damage frequency
attributable to internal initiating events such as steam generator tube rupture and station blackout, as

'

| well as external events such as tornadoes and earthquakes, and was performed to meet the requirements

| of 10 CFR 52 (Reference 1).

The results showed that the core damage frequency for failure of the SCS capability, along with failure
of other systems included in the core damage sequences, is lower than the NRC requirement mentioned
above. PRA assumptions are identified in Chapter 19. In addition, Owner-operators will be required
to assure that these assumptions continue to remain valid for their plant specific reliability programs.

Since the PRA demonstrates the ability of the System 80+ Standard Design to surpass the NRC goal
for SCS-related core damage risk, contingent upon the requirement that individual plant owner-
operators meet the assumptions of the PRA to ensure that the PRA remains valid during operation, this
safety issue is therefore resolved for the System 80+ Standard Design.

REFERENCES

1. 10 CFR 52, "Early Site Permits; Standard Design Certification; and Combined Licences for
Nuclear Power Reactors"

| 20.2.69 SAFETY IMPLICATIONS OF CONTROL SYSTEMS

ISSUE

| Unresolved Safety Issue A-47 concerns the potential for accidents or transients being made more severe
as a result of control system failures.

Non-safety-grade control systems are not relied on to perform any safety functions, but they are used
to control plant processes that could have a significant impact on plant dynamics. For the resolution
of USI A-47 the NRC evaluated the effects of control system failures on three operating PWR
reference plants, including a representative C-E design, subjected to single and multiple control system
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failures during automatic and manual modes of operation. The evaluation was documented in NUREG-
1217 (Reference 1), and identified two concerns related to the C-E design: (1) steam generator (SG) |

| overfill, and (2) reactor core heat removal to cold shutdown after a small-break loss-of-coolant accident

| (SBLOCA), without overcooling the reactor vessel.

|

j NUREG-1217 conclusions were that: (1) PWR plant designs having a redundant control grade method

| of overfill protection are considered acceptable, and (2) PWR plant designs that have the capability of
l high pressure safety injection at more than 1275 psia, and that provide automatic initiation of

emergency feedwater flow on low SG 1evel, are considered acceptable for small-break LOCA core heat
removal. Manually controlled methods of heat rejection and reactor coolant system depressurization

| without compromising the reactor vessel nil ductility transition reference temperature (RTmyr) limits
are also considered acceptable if detailed in emergency procedures.

In addition, the NRC issued GL 89-19 (Reference 2), which pursuant to 10 CFR 50.54(f) requires all |
| operating PWR plants and plants under constructicn to provide automatic protection from SG overfill

by main feedwater.

|

| ACCEPTANCE CRITERIA

The first acceptance criterion for the resolution of USI A-47 is that the plant shall have, as a minimum,
control-grade protection against SG oveifill by main feedwater, consistent with the requirements and
guidance of GL 89-19. Also, in accordance with GL 89-19, technical specifications and plant operating(q)|

| procedures shall ensure in-service verification of the availability of the overfill protection.
v

A second criterion based on the conclusion of NUREG-1217 is that the safety injection pressure ;

capability should be greater than 1275 psia and emergency feedwater should be automatically initiated '

on a low SG water level signal.
|

RESOLUTION

The System 80+ Standard Design has a Main Feedwater Isolation System (see Section 10.4.7.2.6) to | I

protect the SGs from overfill. The system includes redundant remotely operated isolation valves in
each main feedwater line to each SG. The valve actuation system (see Section 7.3.1.1.10.3) is | |

composed of redundant trains A and B, and each train's instrumentation and controls are physically I

and electrically separate from and independent of those of the other train. A failure of one train will
,

not impair the action of the other. The main feedwater isolation valves are automatically actuated by
a Main Steam isolation Signal (MSIS) from the Engineered Safety Features Actuation System (ESFAS,
see Section 7.3.1). High SG water level, in a 2-out-of-4 logic, is one of the initiators for the MSIS. |
The main feedwater isolation valves can be in-service tested in accordance with ASME Code Section
XI, Subsection IWV. The inservice test program is described in Section 3.9.6. Valve operability is
addressed via the Technical Specifications (Chapter 16). |

In a Small Break LOCA, high pressure safety injection in the System 80+ Standard Design is delivered
at a pressure considerably above 1275 psia. The System 80+ Standard Design also incorporates a
safety-grade Emergency Feedwater System (EFWS, see Section 10.4.9) which is automatically actuated |

[N by an Emergency Feedwater Actuation Signal (EFAS) from the ESFAS. There is one EFAS for each

(

.
20.2-115 Amendment V - 04/29/94

1

.. - -



! CESSARs!Mc-
|

O
| SG, initiated by low SG water level in a 2-out-of-4 logic (see Section 7.3.2.2.5). The EFWS, in

conjunction with safety-grade atmospheric steam dump valves, provides an independent means of
residual heat removal from the Reactor Coolant System (RCS) via the secondary system until the RCS
pressure and temperature permit actuation of the Shutdown Cooling System. An ESFAS high SG water
level interlock will isolate EFW to preclude SG overfill. The RCS depressurization rate is manually
controlled by the operator from the control room to prevent overcooling of the reactor vessel, by

| throttling the EFW and/or using the pressurizer auxiliary sprays.
|

l In addition to the above design features, guidelines are provided to assist the owner-operator in
preparing emergency operating procedures detailing the actions to be taken by the plant operators in
the event of a SBLOCA, as contained in the " System 80+ Emergency Operations Guidelines "

l

In summary, consistent with the requirements and guidance of GL 89-19, the System 80+ Standard
| Design incorporates: (1) SG overfill protection, and (2) an automatically initiated safety-grade

Emergency Feedwater System. Furthermore, a Technical Specification for verifying overfill protection
availability, and emergency procedure guidelines for a SBLOCA, are established. This issue, is
therefore, resolved for the System 80+ Standard Design.

REFERENCES

1. NUREG-1217, " Evaluation of Safety implications of Control Systems in LWR Nuclear Power
Plants", - Technical Findings Related to USI A-47 (Draft Report), U.S. Nuclear Regulatory
Commission, April 1988.

2. Generic Letter 89-19, " Request for Action Related to Resolution of USI A-47, Pursuant to 10
CFR 50.54(f)", U.S. Nuclear Regulatory Commission, September 20,1989.

| 20.2.70 PRESSURIZED THERMAL SHOCK

ISSUE

| Unresolved Safety Issue A-49 addresses reactor vessel integrity under conditions of pressurized thermal
shock (PTS). Reactor vessel integrity could be threatened by a combination of neutron embrittlement,
overcooling, excessive reactor vessel pressure, and a small flaw or crack.

As plants accumulate service time, neutron irradiation reduces the material toughness of the reactor
vessel. The fracture toughness sensitivity of the vessel material to neutron embrittlement is, in part,
a function of the copper content of the vessel material (e.g., the higher the copper content of the base
metal, the greater the sensitivity of the metal to neutron embrittlement). Decreased fracture toughness
makes it more likely that a crack already present in the vessel inner wall could grow to a size that
might threaten vessel integrity, should a combination of vessel overcooling and overpressure occur.

ACCEPTANCE CRITERION

The acceptance criterion for the resolution of USI A-49 is that the requirements for pressurized thermal
| shock identified in 10 CFR 50.61 (Reference 1) shall be met.

20.2-116 Amendment V - 04/29/94



1

CESSARE!h mu |

n\(V
Specifically, for continued reactor operation during the plants design life, without further NRC review,
projected values of RTvrs (the limiting reference temperature at the inner vessel surface) for reactor
beltline materials shall remain less than a screening value of 270 F for plates, forgings, and axial weld
materials, or 300*F for circumferential weld materials.

RESOLUTION

The reactor vessel for the System 80+ Standard Design is designed in accordance with the ASME
Boiler and Pressure Vessel Code, Section til (Reference 2) and other accepted industry codes and |
standards.

To assure an adequate safety margin for future plants, the reactor vessel for the System 80+ Standard
Design incorporates proven fabrication techniques together with well characterized steel and weld
material which exhibit uniform properties and predictable behavior (see Section 5.3). |

These material and fabrication techniques and other reactor vessel design features are described as
follows:

- The copper content is controlled to assure that the RT will remain acceptable over the lifevrs
of the plant.

-3
- The characterization of the steel and weld materials was established through industrial and

/V) governmental studies which examined the material properties in both the unitradiated and the
irradiated condition. Inservice inspection and material surveillance programs are also
conducted during the service life of the vessel, further ensuring adequate vessel integrity and
safety margin.

I
- Design, materials of construction, fabrication methods, inspection requirements, shipment and

installation, operating conditions, and inservice surveillance are all components of a program
to assure reactor vessel integrity for the plant design lifetime. A complete description of the
reactor vessel design is given in Section 5.3.

- The System 80+ Standard Design reactor vessel is fabricated from ring forgings, thus
eliminating vertical welds in the beltline region where neutron irradiation is greatest. The
elimination of these particular welds further reduces the possibilities of impurities in weld
material which are known to result in an RTvrs that approaches the screening criterion of
270 F.

- Furthermore, the System 80+ Standard Design reactor vessel meets the requirements of 10
CFR 50.61 as described in Section 5.2.2.11. Specifically, the calculated RTers t the end of |a

the 60-year service life is 89*F, which is significantly below the screening criterion of 270*F
for plates, forgings and axial weld materials, or 300*F for circumferential weld materials.

Since the System 80+ reactor vessel design complies with the ASME code and other accepted industry
codes and standards, and meets the requirements of 10 CFR 50.61, this issue is resolved for the System
80+ Standard Design.

U
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20.2.71 DUCTILITY OF TWO-WAY SLABS AND SIIELLS
AND BUCKLING BElIAVIOR OF STEEL CONTAINMENTS

ISSUE

| Generic Safety Issue B-05 identifies two concerns relating to containment design. First, that sufficient
information is not available to predict the behavior of two-way reinforced concrete slabs; and second,
that the structural design of a steel containment vessel subjected to unsymmetrical dynamic loadings
may be governed by the instability of the shell.

(1) Ductility of Two-Way Slabs and Shells

| The first concern was originally identified in NUREG-0471 (Reference 1) and involved concern
over the lack of information related to the behavior of two-way reinforced concrete slabs
loaded dynamically in biaxial membrane tension (resulting from in-plane loads), flexure, and
shear. If structures (concrete slabs) were to fail (floor collapse or wall collapse) due to loading
caused by a loss-of-coolant-accident (LOCA) or high-energy-line break (IIELB), there would
be a possibility that other portions of the reactor coolant system or safety-related systems could
be damaged. Such loads would be caused by very concentrated high-energy sources causing
direct impact on the structures of concern. The damage could lead to an accident sequence
resulting in the release of radioactivity to the environment.

Because of NRC and industry concern, the American Concrete Institute (an industry
organization which develops requirements for concrete structures) addressed these dynamic
loads by establishing the methodology identified in the Appendix C Commentary to ACI 349-

| 85 (Reference 2).

(2) Buckling Behavior of Steel Containments

The second concern, also identified in NUREG-0471, involves concern over the lack of a
uniform, well-defined approach for design evaluation of steel containments. The structural
design of a steel containment vessel subjected to unsymmetrical dynamic pressure loadings may
be governed by the instability of the shell. For this type of loading, the current design
verification methods, analytical techniques, and the acceptance criteria may not be as

| | comprehensive as they could or should be. Section 111 of the ASME Code (Reference 3)

| does not provide detailed guidance on the treatment of buckling of steel containment vessels
; for such loading conditions.

I

i
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Moreover, this Code does not address the asymmetrical nature of the containment shell due to ;
the presence of equipment hatch openings and other penetrations. Regulatory Guide 1.57 l
recommends a minimum factor of safety of two against buckling for the worst loading
condition provided a detailed rigorous analysis, considering in-elastic behavior, is performed.

|

I
On the other hand, the 1977 Summer Addendum of the ASME Code permits three alternate '

methods, but requires a factor of safety between 2 and 3 against buckling, depending upon
applicable service limits.

ACCEPTANCE CRITERIA

The acceptance criterion for Concern 1 is that analysis methods used for two-way reinforced concrete
1

slabs adequately address dynamic loading in biaxial membrane tension, flexure, and shear that occur-
due to a HELB or LOCA.

The acceptance criterion for Concern 2 is that all applied loads must be adequately addressed by the
steel contaimnent vessel design.

RESOLUTION

With respect to Concern 1 of this issue, the System 80+ concrete design utilizes the methods outlined
p in Appendix C of ACI 349-85 (Reference 2) (including Provisions 10 and 11 of Regulatory Guide

i
.142 (Reference 4)) for treating the impactive and impulsive loads associated with a HELB or LOCA1

(ACI 349-85 is identified in Section 3.8). In addition to these concrete design methods, the System
80+ Standard Design containment piping analysis uses the Leak-Before-Break (LBB) methodology
described in Section 3.6, thereby reducing the number of situations in which these loadings occur. |

With respect to Concern 2 of this issue, the System 80+ Standard Design steel containment vessel
satisfies the design requirements set forth in Section til of the ASME Code. The vessel is not
subjected to the unsymmetrical dynamic pressure loading described above because of the layout and- I

.

design of the Reactor Building.

|
The inside of the containment is not divided into compartments and thus no unsymmetrical dynamic !

pressure loading on the steel containment vessel is generated. (The unsymmetrical loading is a
l consequence of differential pressures within and outside the inside compartments adjacent to

containment.)

| In addition, a three-dimensional large defection analysis taking into account imperfections and nonlinear
material properties is used to arrive at the actual safety factor for the stability analysis as described in
Section 3.8.2, and thus satisfies all current design requirements.,

i

Since the System 80+ concrete design is based upon ACI 349-85, which establishes methods by which (
the above loading conditions for Concern 1 of this issue are addressed, and the steel containment vessel

design meets the requirements of the ASME Code for Concern 2 of this issue, both concerns are fully
| resolved for the System 80+ Standard Design.

' 0
\
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20.2.72 CRITERIA FOR SAFETY-RELATED OPERATOR ACTIONS

ISSUE

Generic Safety Issue B-17 concerns current plant designs that rely on the operator to take action in
response to certain transients. In addition, some current PWR designs require manual operations to
accomplish the switchover from the injection mode to the recirculation mode following a LOCA. The
required time for the ECCS realignment operations is dependent on pipe break size and the operation
must be accomplished before the inventory in the borated water storage tank is depleted.

This NUREG-0471 item involves the development of a time criterion for safety-related operator actions
including a determination of whether or not automatic actuation will be required. The evaluation of
this issue includes issue 27.

Development and implementation of criteria for safety-related operator actions would result in the
automation of some actions currently performed by operators. The use of automated redundant safety-
grade controls in lieu of operator actions is expected to reduce the frequency _of improper action during
the response to or recovery from transients and accidents by removing the potential for operator error.
This in turn could reduce the expected frequency of core damaging events and, therefore, reduce the
public risk accordingly.

ACCEPTANCE CRITERI A

Plants would be required to perform task analysis, simulator studies, and analysis and evaluation of
operational data to assess current ESF and safety-related control system designs for conformance to
new criteria. Where non-conformance is identified, modification to existing designs and hardware
would be required. For plants at the CP stage of review, changes and additions to the ESF control
systems are anticipated but replacement equipment costs are not anticipated.

O
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RESOLUTION'

:

i For the System 80+ design basis safety analysis (see Chapters 6 ano 15), safety-grade instrumentation
'

and equipment function to mitigate accidents and no operator action is aquired for the first 30 minutes,

; of an event. This time criterion is longer than that for the currently licensed plants and it is based on
*

the ALWR Utility Requirement Document published by EPRI.' The safety analysis demonstrated that
all criteria were met, based in part on Engineered Safety Features improvements (e.g., additional
redundancy in the safety injection and emergency feedwater systems). One very significant
improvement is the elimination of the "ECCS realignment to the containment sump" because the.

- refueling water storage tank is inside the containment and acts as the containment surnp.

Also, on-line testing date processing, and hardwired instrumentation and controls were added (as
described in Chapter 7) to simplify operator actions. ;

Based on System 80+ design improvement and the more stringent safety analysis requirement for
operator action, this issue is resolved for the System 80+ design.

20.2.73 DEVELOP DESIGN, TESTING, AND AIAINTENANCE CRITERIA FOR
AThiOSPIIERE CLEANUP SYSTEh! AIR FILTRATION AND ADSORPTION
UNITS FOR ENGINEERED SAFETY FEATURES SYSTEhfS AND FOR

g NORh!AL VENTILATION SYSTEhtS

ISSUE

Generic Safety Issue B-36, identified in NUREG-0471, involves developing revisions to current
guidance and staff technical positions regarding ESF and normal ventilation system air filtration an
adsorption units. This involves developing revisions to Regulatory Guide 1.52 and BTP ETSB 11.2
to address technical advances that have shown that some current positions are unjustifiably
conservative, some are unnecessary, and in some cases additional positions are necessary.

ACCEPTANCE CRITERIA

Criteria developed as a result of this issue have been documented in Regulatory Guide 1.52, Rev. 2,
and in Regulatory Guide 1.140, Rev.1, (October 1979).

RESOLUTION

The System 80+ ventilation systems (see Section 9.4) were designed consistent with the revised
Regulatory Guides referenced for acceptance criteria. This issue is therefore, resolved for the System -
80+ design.

i

O
20.2-121 Amendment V - 04/29/94

- - - . - . . . . - - . . . - . - . - - .- . . . . . . - . - . -



!

i CESSARn % m,. !
|

|

9
| 20.2.74 LOAD BREAK SWITCII

ISSUE
|

| Generic Safety Issue B-53 addresses the use of load break switches or circuit breakers in some
onsite/offsite power system designs and their reliability with respect to the requirement identified in

| GDC 17 (Reference 1) to provide power from the offsite transmission grid to all station vital loads on
a loss of all onsite power via at least two separate circuits, one of which must be imrnediately
accessible.

Most nuclear power plants meet the requirements identified in GDC 17 by employing designs which
involve startup transformers and auxiliary transformers in addition to the station transformer. A few
operating plant designs employ a load break switch or circuit breaker to remove the turbine generator
from the station stepup transformer after a turbine trip. This permits offsite power to be provided in

! the reverse direction through the station transformer to the onsite power system and its vital loads.
| The NRC expressed a concern about the reliability of these breakers and switches because, should they

| fail and not isolate the turbine generator, the offsite power system would be incapable of supplying the
| onsite power system as required by GDC 17.

New requirements have, therefore, been established by the NRC in Appendix A to SRP 8.2 (Reference
| 2) for plants whose onsite/offsite power systems propose to rely on load break switches or breakers.

These requirements entail additional and more rigorous testing, similar to that required for Class 1E
(safety-related) equipment. Only circuit breakers, which have a 100% fault current interuption
capability, are considered acceptable for generator isolation to assure an immediately accessible offsite
power source.

FEPTANCE CRITERIA

| The acceptance criterion for the resolution of Generic Safety Issue B-53 is that plants employing onsite
and offsite power systems incorporating turbine generator circuit breakers, shall meet the intent of
guidance provided in SRP 8.2, Rev. 3 Appendix A.

Specifically, only devices which have maximum fault current interrupting capability, i.e. circuit
breakers can be used to isolate the unit generator from the onsite-offsite power systems.

In addition, generator circuit breakers should be designed to perform their intended function during
steady-state operation, power system transients and major faults; tests should be performed on the
circuit breaker to verify these capabilities. As a minimum, the performance tests and capabilities should
be demonstrated including, dielectric tests, load switching, fault current interrupting capability,
maximum rise of recovery voltage, short-time current carrying capability, momentary current carrying
capability, transformer magnetizing current interruption, thermal capability, and mechanical
operation.

These tests should be in accordance with the applicable requirements of ANSI standards C37.04,
| C37.06, and C37.09 (References 3,4. and 5).

O
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RESOLUTION

The System 80+ Standard Design utilizes offsite and onsite power systems to supply the unit
auxiliaries during normal operation, and these plus the Reactor Protection System and Engineered
Safety Features Systems during abnormal and accident conditions. In addition, the onsite and offsite
power systems are designed in accordance with accepted industry codes and standards (see Chapter ;
Section 8), and do not employ load break switches.

The System 80+ unit is connected to a switchyard and the transmission grid system via two separate
and independent transmission lines. The generator circuit breaker, along with the unit main transformer |

and auxiliary transformers, allows one of these lines not only to supply power to the transmission grid
'

system during normal operation, but also to serve as an immediately accessible source of power to the
plant electrical distribution system. The other separate transmission line is connected, via the
switchyard and reserve auxiliary transformer, to provide a second independent immediate source of
offsite power to the onsite power distribution system for safety-related and permanent non-safety- i
related loads (See Figure 8.3.1-1). The generator circuit breaker is designed, installed, inspected, and | |
periodically tested as described in the acceptance criteria in accordance with ANSI Standards C37.04, ;
C37.06 and C37.09 (References 3, 4, and 5) and other accepted industry codes and standards, and
therefore meet the intent of SRP 8.2, Appendix A ( Section 8.1.4.4). Descriptions of the offsite and
onsite power systems can be found in Sections 8.2 and 8.3, respectively,

Since the intent of the acceptance criteria above is met, this issue is resolved for the System 80+
[q) Standard Design.
QJ
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| 20.2,75 DIESEL RELIABILITY

ISSUE

Generic Safety Issue B-56 E.ddresses emergency diesel generator reliability. The reliability goal
identified in NSAC-108, (Reference 1) for emergency diesel generator startup, is between 0.95 and
0.975 per demand.

Typical onsite electrical distribution systems for plants use diesel generators as an emergency source
of power. These emergency power sources supply safety-related equipment, which is used to prevent
or mitigate accidents, in the event of a loss of offsite power.

Because of the safety significance of the emergency diesel generators, limiting conditions for operation
(LCOs) were developed and placed in the plant technical specifications. These LCOs require periodic
testing. Licensee Event Reports (LERs) sent to the NRC document problems encountered during

| periodic operability testing of the emergency diesel generators. As discussed in NUREG-0933, a
review of the LERs conducted by the NRC revealed that a diesel generators starting reliability is, on
the average, about 0.94 per demand. Thus, the NRC determined that there was a need to upgrade the
reliability of emergency diesel generators. A new reliability of between 0.95 and 0.975 per demand
for emergency diesel generator design, operation and periodic testing, was established in Regulatory

| Guide 1.155, (Reference 3).

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of GSI B-56, is that emergency diesel generator design,
operation, and periodic testing shall ensure, as a minimum, a starting reliability of 0.95 per demand,
as identified in Regulatory Guide 1.155.

RESOLUTION

The System 80+ Standard Design includes an onsite electrical distribution system which employs two
.

redundant and independent Class 1E load group divisions. The Class 1E safety loads, are capable of I

being supplied, in decreasing priority, from the unit main turbine generator, unit main transformers,
| the emergency diesel generators and the alternate AC source (See Section 8.1).

As described above, each Class IE division can be supplied with emergency standby power from an
independent diesel generator. The emergency diesel generator is designed and sized with sufficient
capacity to operate all the needed safety-related loads powered from its respective Class IE Safety

| Division Bus. Further, each Division can be supplied from the alternate AC source (combustion
turbine) which is diverse from the diesel generators. Also, the alternate AC source is designed to the
same reliability criteria as the emergency diesel generator.

Each diesel generator is specified to start reliably and, with present technology, industry experience
has shown that a starting reliability of 0.986 per demand may be achieved as identified in the EPRI

| ALWR Utility Requirements Document (Reference 4). The emergency diesel generators' required start
and loading response times have been eased and the diesel generators are now required to attain rated
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voltage and frequency and to begin accepting load within 20 seconds after receipt of a start signal.
This reduces their starting stress and contributes to improved reliability over the life of the units.
These response times are necessary to meet the times assumed in Chapter 15 Safety Analyses (See |
Section 8.3.1.1.4).

Improvements in the System 80+ Standard Design loading sequence logic prevent unnecessary load
shedding and reloading due to subsequent emergency safeguards actuation signal (ESFAS) actuations.
This provides additional overall reliability in response to changing plant conditions by reducing
unnecessary transient demands on the diesel generators.

A variety of tests are perforried to assure emergency diesel generator reliability and operability. In
addition to factory tests, a ntmber of preoperational and onsite acceptance tests and periodic tests are
conducted on each diesel gererator and auxiliaries. These tests are identified in Section 8.3.1.1.4.11. |

'

;

Also, conditions for operation are imposed to ensure continual reliability. The periodic testing of the
diesel generator meets the intent of Regulatory Guide 1.9.

In summary, the System 80+ Standard Design uses diesel generators as emergency power sources
which are incorporated in the onsite electrical distribution system and which have a diverse backup,
i.e., the alternate AC source.

The onsite electrical distribution system meets the guidance given in Regulatory Guides 1.9 and 1.155.
|The diesel generators will have a maintenance program in accordance with the Maintenance Rt'le (10 '(q) CFR 50.65) and guidance provided in Regulatory Guide 1.160 to achieve the goals for the diesel'%) generators. In view of all the measures, this issue is resolved for the System 80+ Standard Design.
1
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| 20.2.76 LOOSE PARTS MONITORING SYSTEM

ISSUE

| Generic Safety issue B-60 addresses the use of a loose parts monitoring system to detect debris in the
reactor coolant system (RCS) which could damage RCS components and/or fuel.

A loose part - whether it be from an item inadvertently left in the primary system during construction,
refueling, or maintenance, or from component failures - can contribute to further component damage
and material wear by frequent impacting with other parts in the system. A loose part can potentially
create a partial core flow blockage which could result in failure of fuel cladding. In addition, a loose
part may increase the potential for control rod jamming and for accumulation of increased levels of
radioactive crud in the primary system.

The primary purpose of the loose part detection program is the early detection of loose metallic parts
in the primary system. Early detection can provide the time required to avoid or mitigate safety-related
damage to, or malfunction of, primary system components. Therefore, the NRC established the

| guidance in Regulatory Guide 1.133, Rev.1 (Reference 1).

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of GSI B-60 is that a plant shall have a loose part
monitoring system which is capable of early detection of loose metallic parts in the primary system.

The system should have design features which are identified in Regulatory Guide 1.133 and include
at least two acoustic sensors, an appropriate minimum system sensitivity and physical separation of
each channel.

In addition, the system should be designed with a data acquisition system with both manual and
automatic start-up capability, an established " alert level" for loose parts, and capability for sensor
channel operability testing.

Finally, the system should be designed for expected environmental and seismic conditions, contain
quality components, and provide for enhanced maintainability.

RESOLUTION

The System 80+ Standard Design utilizes a Loose Parts Monitoring System (LPMS) to detect the
| presence of loose parts in the reactor coolant system (see Section 7.7.1.6.3). The primary function

of the LPMS is to detect the presence of a loose part within the primary pressure boundary. The
secondary function of an LPMS is to provide diagnostic information that will assist in determining: (1)
the nature of the loose part(s) (e.g., fixed or free); (2) the location of the loose part; and (3) the
characteristics of the loose part (e.g., size, mass, and velocity). In addition the LPMS is designed to

Furthermore, the system is
| provide the operator with automatic and manual start-up capability.designed to meet the guidance established in Regulatory Guide 1.133, Rev.1 (Reference 1).

O
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LPMS sensors are installed at the locations given in Table 7.7-4. These locations correspond to natural |
collection regions for loose parts in the primary system and secondary side of the steam generator. The
two sensors at each natural collection region and their associated cabling and amplifiers are physically
separated.

Signals from the sensors are routed via high-temperature, low-noise cable to in-containment charge-
amplifiers. The charge amplifier output is transmitted to alarm units located within the equipment
room. The alarm unit compares the peak value of the accelerometer output to a predetermined
threshold and provides an alarm to the control room annunciator and plant computer systems.

Finally, the design of the LPMS confonns to Regulatory Guide 1.133 as stated in Sections 7.1.2.30 |
and 7.7.1.6.3.

Since the loose parts monitoring system meets the intent of guidance given in Regulatory Guide 1.133,
Rev.1 (Reference 1), this issue is, therefore, closed for the System 80+ Standard Design. | |

.

REFERENCES
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1. Regulatory Guide 1.133, Rev.1, " Loose-Part Detection Program for the Primary System of
'

Light-Water-Cooled Reactors", U.S. Nuclear Regulatory Commission, May 1981.

I
| 20.2.77 ALLOWABLE ECCS EQUIPMENT OUTAGE PERIODS |

ISSUE
'

Generic Safety Issue B-61 addresses the potential for an overall reduction in the core damage frequency |
of a plant by reducing the frequency of surveillance testing and reducing permissible outage times for
safety-related ECCS equipment. i

Historically, ECCS equipment outage times and surveillance testing were not established by analysis.
Instead, these test requirements were developed using engineering judgment and equipment operating,
performance testing, and maintenance histories. After development, these test requirements were
incorporated into the :ation Technical Specifications as Limiting Conditions for Operation (LCOs).

Studies performed for the NRC on operating reactors indicated that from 30 to 80 percent of the ECCS
system unavailability was due to testing, maintenance and allowed outage periods. The NRC is
therefore evaluating whether overall ECCS unavailability, and resulting core damage frequency, cani

'

be reduced by extending the intervals between testing and maintenance of equipment within a range
in which equipment unavailability due to testing and maintenance is reduced more than the predicted
equipment unavailability due to failure is increased. Probabilistic risk assessment (PRA) methods
would be used to determine the optimum intervals between ECCS equipment tests. Surveillance
intervals optimized in this manner would then be used in LCOs.
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| As a part of this program a computer code (References 1,2) has been developed for the time dependent

unavailability analysis. This code, using generic data from the Interim and National Reliability
Evaluation Programs (IREP and NREP, respectively), will be applied to several PWRs to verify the
capability of the code to determine optimum surveillance intervals and resulting overall risk reduction.
The costs and benefits can then be assessed.

Because the NRC evaluation of this issue has not yet been completed the initial LCOs for a future plant
design may continue to be based on current industry practice without prejudicing later optimization
when the methods and requirements have been confirmed. The overall plant PRA should take the
initial LCOs into account, to establish a base against which to measure the effects of later optimization.

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of GSI B-61 for future plant designs is that the Technical
Specification LCO surveillance periods and allowable outage times of ECCS equipment shall be
developed in accordance with current industry practice.

The LCO surveillance periods and outage times shall be accounted for in the overall plant PRA
| required by 10 CFR 52 (Reference 3). Any subsequent proposed changes to the LCOs' provisions for

ECCS surveillance shall be demonstrated to be within the results of an exist ng PRA.i

RESOLUTION

The System 80+ Standard Design evolved from the System 80 design with the incorporation of many
design enhancements to improve the operation and safety of the plant, and the most significant advances
are in the area of engineered safety features. These include a four-train system for high pressure safety
injection drawing water from an in-containment refueling water storage tank, which permits long-term
recirculation without a changeover of water sources (also true for the contairunent spray system), a
dedicated safety-grade emergency feedwater system, and an integrated containment spray and shutdown
cooling system. Also included are a safety depressurization system, and an alternate AC power source
to help cope with loss of power events.

| The Technical Specification LCOs for the System 80+ Standard Design (see Chapter 16) are developed
from the System 80 LCOs in successful use at the Paio Verde Nuclear Generating Station, taking into
account the design and safety improvements alluded to above. The System 80 LCOs were in turn
developed from the experience with similar systems and components during many years of operation
at previous C-E nuclear power plants. Thus the System 80+ Standard Design LCOs for the
surveillance and outage times for safety equipment are consistent with the same general body of

| component availability experience which is used as input to the System 80+ Standard Design PRA (see
Chapter 19).

The PRA uses a system fault tree approach to quantify system accident sequences which result in
severe core damage. Data related to the engineered safety features used in the quantification includes:

O
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* Component failure rates,

Component repair times and maintenance frequencies,*

* Component inspection and test times and frequencies, and
Allowable equipment outage times.*

The data is used in accordance with the guidance in NUREG/CR-2815 (Reference 4), and basic failure
rate data is obtained from the EPRI ALWR Requirements Document (Reference 5) supplemented with

data from the NREP Generic Data Base (Reference 6) and other nuclear sources. Maintenance and
repair times are calculated as outlined in NUREG/CR-2815. The inspection and test times and
frequencies are as specified in the System 80+ LCOs (See Chapter 16). |

|The PRA demonstrates that the System 80+ Standard Design meets the industry goal of lx10 5 core
damage frequency per reactor year for future reactors and indicates that the initial LCOs are consistent
with this goal. The owner-operator may refine the LCOs to achieve further risk reduction or increased
operational flexibility provided that the resulting overall risk is shown to be within the results of the
PRA. This issue is therefore resolved for the System 80+ Standard Design. |

REFERENCES
|

1. NUREG-0193, " FRANTIC - A Computer Code for Time Dependent Unavailability Analysis", )
U.S. Nuclear Regulatory Commission, October 1977.

f% i

( ) 2. NUREG/CR-1924, " FRANTIC II - A Computer Code for Time Dependent Unavailability
'k Analysis", U.S. Nuclear Regulatory Commission, April 1931.

3. 10CFR52, "Early Site Permits; Standard Design Certification; and Combined Licenses for
Nuclear Power Reactors", Office of the Federal Register, National Archives and Records
Administration.

4. NUREG/CR-2815, "Probabilistic Safety Analysis Procedures Guide" Brookhaven National |
Laboratory, January 1984.

5. " Advanced Light Water Reactor Requirements Document - Chapter 1: Overall Requirements,
Appendix A: PRA Key Assumptions and Groundrules", Electric Power Research Institute,
Draft, April 1987.

6. EGG-EA-5887, " Generic Data base for Data and Models Chapter of the National Reliability
Evaluation Program (NREP) Guide", E.G. and G., Idaho Falls, June 1982.
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| 20.2,78 ISOLATION OF LOW PRESSURE SYSTEMS CONNECTED TO TIIE
REACTOR COOLANT PRESSURE BOUNDARY

ISSUE

| Generic Safety issue B-63 concerns the need to ensure the integrity (i.e., leak-tightness) of boundary
valves installed between high pressure (HP) (i.e., the Reactor Coolant System pressure boundary) and
low pressure (LP) safety-related systems, during plant operation by performing periodic inservice
testing.

The ASME B&PV Code, Section III controls the design, fabrication, and initial testing of boundary
and relief valves. During operation, the ASME B&PV Code, Section XI, specifies boundary and relief
valve testing requirements to assure continued valve integrity.

Because of the importance of the llP to LP interface for safety-related systems, the NRC reviewed
| and updated SRP Section 3.9.6 by issuing Revision 2 (Reference 1). This SRP references and endorses

the ASME B&PV Code, Section XI(for the in-service testing of the boundary valves). A related issue,
which also discusses the integrity of the HP to LP interface between safety-related systems is GSI 105,
" Interfacing Systems LOCA"

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of GSI B-63 is that the periodic inservice testing of the llP
to LP system boundary valves shall meet the intent of SRP 3.9.6, Revision 2. Because SIU' 3.9.6,
Revision 2, endorses the requirements of the ASME B&PV Code Section XI, periodic testing of these
valves shall be performed in accordance with the code.

Specifically, these boundary valves shall comply with the requirements of the applicable IWV
subarticles identified within Section XI of the ASME B&PV Code. This compliance shall include the
appropriate classification and/or categorization of safety-related valves and the development of the
proper test procedures for pre-operational and periodic inservice valve testing.

RESOLUTION ;

I

Because of the importance of the interface between HP and LP safety-related systems, all pressure
|

containing components used in the System 80+ Standard Design identified as Safety Class 1,2, or
'

3 (including all llP to LP safety-related system boundary valves, e.g., SCS isolation valves) are
designed, manufactured, and tested in accordance with the ASME B&PV Code, Section III (See Section
3.2.2; also, Table 3.2-2, which provides a cross-reference between safety class and code class.) A
review of the System 80+ design with respect to Interfacing System LOCAs is presented in, Appendix
5E.

Furthermore, with respect to assuring the integrity of boundary valves during operation, these valves
will be periodically inservice tested in accordance with Section XI of the ASME B&PV Code.
Specifically, Code Class 1,2 and 3 valves will be categorized in accordance with the provisions of

9
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subarticle IWV-2100 of the ASME B&PV Code Section XI. Valves will be tested to the requirements
of subsection IWV for each valve category. Finally, the valve test requirements are included in
Section 3.9.6.2 and the frequency of valve performance testing is included in Chapter 16. |

In summary, the design, manufacture, pre-operational testing, and in-service testing of the boundary
valves used in the interface between safety-related HP and LP systems is controlled in accordance with
the ASME Code and, thus, satisfies the intent of SRP Section 3.9.6, Revision 2. Therefore, this issue
is resolved for the System 80+ Standard Design.

| REFERENCES

1. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants - LWR Edition", U.S. Nuclear Regulatory Commission.

2. ASME Boiler & Pressure Vessel Code, Sections III and XI.

20.2.79 CONTROL ROOM INFILTRATION MEASUREMENTS |

ISSUE
,

Generic Safety Issue B-66 addresses maintenance of the control room in a safe habitable condition |-i under accident conditions by providing adequate protection for the plant operators against airborne,

radiation and toxic gases.

| The rate of air infiltration into the control room is a significant factor in maintaining habitability, and
i the NRC measured air exchange rates in selected operating reactor plant control rooms to improve the

data base for evaluating its effects.;

1

No new design requirements were established by the NRC as a result of this and other work related
to control room habitability in an accident. However, more specific review procedures were,

incorporated in SRP Sections 6.4.1 and 9.4.1 (Reference 1), including the habitability review
provisions of TMI Action Plan item III.D.3.4 regarding analyses of toxic gas concentrations and
operator exposures from airborne radioactive material and direct radiation, to ensure more effective
implementation of existing requirements.

ACCEPTANCE CRITERIA
|

The acceptance criterion for the resolution of GSI B-66 is that the control room ventilation and air-
conditioning systems be designed to maintain the room's environment within acceptable limits for the {

,

operation, testing and maintenance of the unit controls and for uninterrupted safe occupancy during 1

normal and accident conditions. Specifically, these systems shall be designed to meet the intent of the i

guidance given in SRP, Sections 6.4.1, Revision 2 and 9.4.1 Revision 2, including the guidance of
Regulatory Guides 1.29,1.78,1.95,1.52 and 1.140 (References 2 through 6). |

|

<

,
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RESOLUTION

The System 80+ Standard Design Control Room Ventilation System provides continuous pressurization
of the room to prevent entry of dust, dirt, smoke, and radioactivity originating from outside the room.
Filtered outdoor air for pressurization is taken from either of two locations such that a source of
uncontaminated air is available. Each intake location is monitored for radioactivity, toxic gases and

| products of combustion (see Section 9.4.1). In the event of an outside air contamination signal from
the CR intake radiation monitors, the component control logic will automatically close the more
contaminated intake and divert the control room intake and the recirculation flows via the designated
control room filtration unit. Identification of potential hazardous gas sources and releases at or in the
vicinity of a specific plant site, and analysis of the resulting concentration in the control room, are the
responsibility of the owner-operator.

Outside air will flow through the filter train to the control room to maintain a positive pressure with
respect to adjacent areas including the outside. The control room filtration units and ventilation fan
also automatically start on a Safety Injection Actuation Signal (SIAS). All Main Control Room Air-

| Conditioning System ductwork outside MCREZ including the filtration units is either leak tight or is
of welded construction. The applicable welding code is AWS D9.1. The ductwork will be pressure
tested for leakage. The leakage through MCR intake ductwork shall be less than the maximum
allowable for the associated design. Room air temperatures are maintained at habitable levels by
internal recirculation cooling. The habitability systems are able to reliably perform their functions

| during emergency conditions due to the conservative design features of the systems (see Sections 6.4
and 9.4.1).

Since the control room is monitored, pressurized, and filtered by the above-described systems, and
since NRC requirements and the intent of the guidance for their design are met, the issue of air
infiltration is resolved for the System 80+ Standard Design.

REFERENCES

1. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants -- LWR Edition", U.S. Nuclear Regulatory Commission.

I

2. Regulatory Guide 1.29, " Seismic Design Classification", Revision 3, U.S. Nuclear Regulatory
Commission, September 1978. i

| |
| 3. Regulatory Guide 1.78, " Assumptions for Evaluating the liabitability of a Nuclear Power Plant
! Control Room during a Postulated llazardous Chemical Release", U.S. Nuclear Regulatory

Commission, June 1974.

I
4. Regulatory Guide 1.95," Protection of Nuclear Power Plant Control Room Operators against

an Accidental Chlorine Release", Revision 1. U.S. Nuclear Regulatory Commission, January
,

1977. !

O
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5. Regulatory Guide 1.52, " Design, Testing, and Maintenance Criteria for Post Accident
Engineered-Safety-Feature Atmosphere Cleanup System Air Filtration and Absorption Units
of Light-Water-Cooled Nuclear Power Power Plants", Revision 2, U.S. Nuclear Regulatory
Commission, March 1978.

6. Regulatory Guide 1.140, " Design, Testing, and Maintenance Criteria for Normal Ventilation
Exhaust System Air Filtration and Absorption Units of Water-Cooled Nuclear Power Plants",
Revision 1, U.S. Nuclear Regulatory Commission, October 1978.

20.2.80 ASSURANCE OF CONTINUOUS LONG-TERM CAPABILITY OF IIERMETIC
SEALS ON INSTRUMENTATION AND ELECTRICAL EQUIPMENT

ISSUE

Generic Safety Issue C-01, identified in NUREG-0471, was developed because of concerns regarding
the long-term capability of hermetically-sealed instruments and equipment which must function ini

postaccident environments. Certain classes of instrumentation incorporate seals. When safety-related
components within containment must function during post-LOCA accident conditions, their operability
is sensitive to the ingress of steam or water.

,

If the seals should become defective as a result of personnel errors in the maintenance of such|(q) equipment, such errors could lead to the loss of effective seals and the resultant loss of equipment,

| L/ operability. The establishmut of a basis for confidence that sensitive equipment has a seal during the

| lifetime of the plant is needed.

ACCEPTANCE CRITERIA

The NRC has undertaken a program to reevaluate the qualification of all safety-related electrical
equipment at all operating reactors. AS part of this program, more definitive criteria for environmental
qualification of safety-related electrical equipment have been developed by the staff. The Division of

| Operating Reactors' " Guidelines for Evaluating Environmental Qualification of Class IE Electrical
'

Equipment in Operating Reactors" (DOR Guidelines) were completed in November 1979. The
| Guidelines are intended as a screening device to catch those pieces of equipment which might have
. qualification problems. In addition, for reactors under licensing review, the staff has issued NUREG-
! 0588. The staff intends to evaluate the qualification of all electrical safety equipment in operating plants

pursuant to the Guidelines. If problems arise, the staff shall resolve them using NUREG-0588 as a
! guide for their judgement.

RESOLUTION

The equipment qualification program summarized in Section 3.11 of provides assurance that safety
grade equipment will perform as required for design basis safety analysis events (see Chapters 6 and
15). Furthermore, the review of equipment for survivability (see Section 19.11.4) provides reasonable
assurance that equipment for mitigation of severe accidents will function as expected. Therefore, this
issue is resolved for the System 80+ design.

Q./
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| 20.2,81 STUDY OF CONTAINMENT DEPRESSURIZATION BY INADVERTENT

SPRAY OPERATION

ISSUE

| Generic Safety Issue C-02 addresses the need to design PWR m stainment vessels to withstand the
external pressure experienced after inadvertent Containment Spray System (CSS) operation.

Inadvertent operation of the CSS may result in a depressurization of the containment vessel that could
cause an excessive negative pressure differential across the pressure boundary. Some PWRs were
provided with pressure limiting devices such as vacuum breakers as an alternative to designing the
containment to withstand the differential pressure. These features were necessary because the relatively
short containment depressurization transient could threaten containment integrity.

To assure the containment vessel integrity required by 10 CFR 50, Appendix A (GDCs 38 and 50),,

| (Reference 1), the NRC established the guidance in SRP Section 6.2.1.1.A (Reference 2).
|

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of GSI C-02, is that PWR containments shall be designed
to accommodate the external pressure resulting from inadvertent containment spray operation. In
addition, the containment spray system shall be designed to limit the possibility of inadvertent

'

actuation. Specifically, the containment vessel and spray system shall be designed to meet the
requirements of 10 CFR 50, Appendix A (GDCs 38 and 50), by implementing the guidance identified
in SRP Section 6.2.1.1.A.

RESOLUTION

The System 80+ Standard Design includes a spherical containment vessel and a Containment Spray
System (CSS) which are designed to prevent the release of radioactive material to the environment after

| | an accident. (See Section 1.2.4.1.)

The capability of the containment structure to maintain leak-tight integrity is ensured by a
comprehensive design, analysis, and testing program that includes consideration of:

| |* The peak containment pressure and temperature associated with the most severe postulated
j accident coincident with the safe shutdown earthquake.

|* The maximum external pressure loading condition to which the containment may be subjected
as a result of inadvertent containment systems operation (including the CSS) that potentially
reduce containment pressure below outside atmospheric pressure.

1

The containment vessel is designed to meet the requirements of 10 CFR 50, Appendix A as described

| in Sections 3.1 and 3.8.

|
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| The containment spray system is a safety-related system designed to reduce containment temperature
and pressure from a main steam line break or a loss-of-coolant accident. It is a single function system
separated from other systems to minimize the potential for inadvertent operation. |

Actuation of the safety-related containment spray system is performed by the Engineered Safety
Features Actuation System (ESFAS) through the ESF-Component Control System (CCS). These

: systems meet all the requirements for Class lE safety-related instrumentation as described in Section |
7.3. The Plant Protection System design includes four redundant channels and 2-out-of-4 coincidence
logic which prevents single failures from spuriously causing containment spray actuation at the systems
level. Each ESF-CCS redundant train design also includes selective 2-out-of-4 coincidence logic. I
ESF-CCS output devices are segmented into pump and valve groupings to minimize simultaneous !
spurious actuation. )

Instrumentation and controls for the CSS are part of the Nuplex 80+ Advanced Control Complex |
(ACC). The Nuplex 80+ ACC is based upon accepted human factors engineering principles and |
methodologies (see Chapter 18). A specific design goal of the Nuplex 80+ ACC man-machine I

interface is to reduce the potential for human error that could affect plant safety or availability (see
Section 18.3.1). By applying the accepted human factors principles and methodologies to the design |
of the entire ACC, including the CSS instrumentation and controls, the possibility of inadvertent I

actuation as a result of operator error is minimized.

|In summary, the containment vessel and spray system for the System 80+ Standard Design are,m
;

i i designed using the guidance given in SRP Section 6.2.1.1.A and, therefore, meet the applicable !V requirements of 10 CFR 50, Appendix A. Thus, this issue is resolved for the System 80+ Standard
Design.

REFERENCES

1. 10 CFR 50, Appendix A, " General Design Criteria for Nuclear Power Plants" !

2. NUREG-0800, Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants - LWR Edition, U.S. Nuclear Regulatory Commission.

20.2.82 STATISTICAL METIIODS FOR ECCS ANALYSIS |

ISSUE

Generic Safety Issue C-04 addresses changes that can be made to the conservative statistical method |
for the Emergency Core Cooling System (ECCS) evaluation model.

Since 1974 the NRC requirements for performing a loss-of-coolant- accident (LOCA) licensing analyses
(ECCS analyses) have been specified in 10 CFR 50.46 Appendix K (Reference 1). During the years |
since 1974, extensive research has been conducted on the various aspects of a LOCA. Because of this
research,10 CFR 50 now states that " .It is now confirmed that the methods specified in Appendix
K, combined with other analysis methods currently in use, are conservative and that the actual

p) cladding temperature would be much lower than that calculated using Appendix K methods"
\v
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The NRC has amended 10 CI R 50.46 Appendix K to permit an alternative ECCS analysis method in
addition to the conservative approach to ECCS analysis. This alternative consists of a realistic ECCS
analysis plus an accounting for the uncertainty of the calculation in the adverse direction. This method
should produce a reduced calculated peak clad temperature and would, therefore be beneficial with
respect to plant operation and lifetime. The actual degree of benefit would, however, vary from vendor
to vendor due to design differences.

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of GSI C-4 is that the plant designer must use and meet one
of the two ECCS evaluation methods described in 10 CFR 50.46 (as stated above).

RESOLUTION

The ECCS design for the System 80+ Standard Design has been improved. For example, the design
uses direct vessel injection and four high pressure safety injection pumps (HPSI) pumps while previous
plants typically have cold leg injection and two HPSI pumps. These and other design changes preserve
margin for large LOCAs and significantly improve margin for small LOCAs. Therefore, the
performance margin for the System 80+ Standard Design based upon models addressing 10 CFR 50.46
Appendix K requirements has been significantly increased.

In addition, the present ECCS model preserves the conservatism upon which fuel design criteria and
operational requirements were based for a previous design. Therefore, the con 3ervative ECCS
evaluation model identified in 10 CFR 50.46 Appendix K, which has been approved by the NRC, is
used for ECCS analysis for the System 80+ Standard Design.

Since the conservative ECCS evaluation model identified in 10 CFR 50.46 Appendix K, remains valid
for LOCA analysis, and since this method is approved by the NRC, this issue is resolved for the
System 80+ Standard Design.

REFERENCES

1. 10 CFR 50.46 Appendix K, "ECCS Evaluation Models", Code Of Federal Regulations.

| 20.2.83 DECAY IIEAT UPDATE

ISSUE

| Generic Safety issue C-05 addresses the need for a designer to select a specific decay heat function for
the nuclear power plant LOCA analysis. There are two permissible decay heat functions, with
associated uncertainties, which can be used in ECCS evaluation models. Each of these decay heat
functions is a part of a particular LOCA evaluation model.

O
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In 1974, the NRC documented in 10 CFR 50.46, Appendix K, (Reference 1) the required features of |
LOCA evaluation models.10 CFR 50.46, Appendix K specifies that the fission product decay heat
generation function be based on ANS Standard 5.0, (Proposed), (Reference 2) plus a 20% uncertainty |
factor.

More recently, a " Summary of Rule Changes" (' Reference 3), promulgated by the NRC, amended 10 |
CFR 50.46, Appendix K, such that ECCS analysis can be performed by either of two approaches. The
historic conservative approach may continue to be used that specifies the ANS Standard 5.0 decay heat
function, plus 20% uncertainty as a part of the currest LOCA analytical methodology. This approach
is the same as the treatment of decay heat in 1 OCA analyses historically performed to demonstrate
compliance with 10 CFR 50.46.

1

The alternative approach is to replace the highly conservative method of 10 CFR 50.46, Appendix K, j
by a realistic analysis plus an accounting for the uncertainty of the calculation in the adverse direction.

'

An acceptable function for the realistic fission product decay heat is provided in ANS Standard 5.1,
(Reference 4). The acceptability of this function has been identified in NUREG-0933. |

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of GSI C-05 is that the plant designer shall select either the
| historic, conservative approach for predictions of decay heat employing the function described in ANS

l
5.0 (Proposed) or the recent, more realistic approach using the fission product decay heat function

|
identified in ANS 5.1, in order to meet the requirements of 10 CFR 50.46.

RESOLUTION

The System 80+ Standard Design addresses loss-of-coolant (LOCA) events by incorporating a
conservative LOCA analysis with a conservative system design.

With respect to conservative LOCA analysis, the System 80+ Standard Design meets the criteria of
10 CFR 50.46, by using the highly conservative fission product decay heat function identified in ANS
5.0, (Proposed), in lieu of the new and more realistic decay heat model described in ANS 5.1.

I

In addition from a design standpoint, the Safety injection System has been improved by including two
additional high pressure safety injection pumps (for a total of four pumps).

Because of conservative system design and analysis for LOCA events the requirements of 10 CFR
50.46 are met and this issue is resolved for the System 80+ Standard Design. I

REFERENCES

1. 10 CFR 50.46 Appendix K, "ECCS Evaluation Models", Code Of Federal Regulations, Office
of the Federal Register, National Archives and Records Administration.

2. American Nuclear Society Standard (Proposed) ANS 5.0, " Decay Energy Release Rates
Following Shutdown of Uranium-Fueled Thermal Reactors", October,1971.
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| 3. Summary of Rule Changes, Section 50.46, Acceptance Criteria for Emergency Core Cooling

| Systems for Light Water Reactors, Federal Register, Vol. 53, No. 180, P.36000,
! September 16, 1988.

; 4. ANSI /ANS 5.1, " Decay Heat Power In Light Water Reactors", American National Standards
Institute,1979.

t
|

| 20.2.84 EFFECTIVE OPERATION OF CONTAINMENT SPRAYS IN A LOCA

ISSUE

| Generic Safety Issue C-10 is concerned with the effectiveness of various containment spray solutions
in removing airborne nadioactive materials present in the containment after a loss-of-coolant accident

| (LOCA). Also of concern is the possible damage to equipment in the containment caused by the
l solutions in an inadvertent actuation of the spray system.

After the TMI accident it became evident that previous regulatory assumptions as to the forms and
timing of the release of radioactive iodine in an accident causing fuel damage were probably unduly
conservative. The NRC and industry therefore reviewed experimental data and industry practice with
regard to controlling the pH of spray solutions, which have to be borated to prevent boron dilution of
reactor coolant, so as to ensure removal of radioactive iodine and particulates from the containment
atmosphere and also to minimize corrosion in the safeguards systems during subsequent long term
cooling. Some additives commonly used for pH control also have the potential to damage containment
equipment if the spray system is unintentionally actuated, and make the resulting cleanup effort more
difficult.

It was concluded that during the initial stage of an accident the removal efficiency of containment spray
containing no dissolved iodine is essentially independent of the pH (for pH values less than 6.5) of the
spray solution, but that while recirculating containment spray after the initial stage of the accident it
is desirable to maintain the pH of the containment sump solution high enough to prevent re-release of
absorbed iodine. Also at this time, as previously discussed in Branch Technical Position (BTP) MTEB
6-1 attached to Revision 2 of SRP Section 6.1.1 (Reference 2), the pH should be high enough to

| preclude stress corrosion cracking of austenitic stainless steel materials used in emergency safeguardssystems. The NRC therefore issued Revision 2 of SRP Section 6.5.2 (Reference 1). This revision
endorses the industry standard ANSI /ANS 56.5-1979, "PWR and BWR Containment Spray System

| Design Criteria" (Reference 2) with the proviso that the standard's requirements for spray solution pH
control need not be followed.

1

|ACCEPTANCE CRITERIA

l
The acceptance criterion for the resolution of GSI C-10 is that the containment spray system shall i

| be designed to meet the requirements of General Design Criteria 41,42, and 43 (Reference 3) related '

to fission product removal, periodic inspection, and functional testing, respectively, by conforming to
the guidance of SRP Section 6.5.2 Revision 2. Specifically, the system design shall consider the
appropriate criteria of ANSI /ANS 56.5-1979 except that the requirements of this standard for any spray

9
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additive or other pH control system need not be followed. The design shall minimize the probability
ofinadvertent actuation of the system and of consequent damage to equipment in the containment. Th.:
aqueous solution collected in the containment sump after completion of ECCS injection shall be
maintained at an equilibrium pH of no less than 7.0 for long-term iodine retention and the protection
of austenitic stainless steel materials from stress corrosion cracking in accordance with the guidance
of BTP MTEB 6-1. Pre-operational tests of the containment spray system shall be specified to
demonstrate that it meets the design requirements for an effective fission product scrubbing function,
and technical specifications shall specify appropriate limiting conditions of operation.

RESOLUTION

The System 80+ Containment Spray System (CSS) is a safety-grade system designed to reduce |
containment temperature and pressure from a main steam line break (MSLB) or a loss of coolant
accident (LOCA). During a LOCA, decay heat is removed from the recirculated water through the
containment spray heat exchangers and is transferred to the ultimate heat sink. A second function of
the CSS is to reduce the concentration of airborne radioactive materials following a LOCA and for this
function the system is designed to meet General Design Criteria 41,42, and 43 and conform to the
intent of the guidance of SRP Section 6.5.2.

The CSS consists of two trains which are separate and independent from each other. Each CSS train
consists of an identical CSS pump, heat exchanger, mini-flow heat exchanger, spray header, and
associated piping, valves and instrumentation as described in Section 6.5. The CSS is automatically |

(mV) actuated on a containment spray actuation signal (CSAS) by opening the spray header isolation valves

,

and starting the containment spray pumps. (See Section 6.5.2). |

The System 80+ Standard Design has an in-containment refueling water storage tank (IRWST), as
described in Section 6.8. The CSS draws water from the IRWST. When spray is initiated during a |
LOCA, spray water from the upper elevations drains through major openings such as hatches and
stairwells to the holdup volume of the IRWST, where it is mixed with water spilled from the break.
From the holdup volume, water overflows back into the IRWST, where it is then recirculated by the
CSS. The IRWST and holdup volume take the place of the conventional containment sump.

The CSS is physically separated from the shutdown cooling system in that a dedicated containment
spray pump and heat exchanger are provided in each CSS train. This feature and the IRWST eliminate

the need to automatically realign the CSS as recommended by SRP Section 6.5.2 to accomplish long- )
term cooling, since the CSS short-term injection and long-term recirculation are accomplished with the (same CSS line-up.

|

The borated containment spray solution contains no additive for pH control during the initial stage of
a LOCA. The effectiveness of the CSS in removing elemental iodine from the containment atmosphere

| is discussed in Sections 6.5 and 15.6.5, and the calculated spray removal constant for iodine is given
| in Appendix 15A Table 15A-9.

|

,
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! For post-accident iodine control and to minimize corrosion of the stainless steel in the containment,

the pH of the water in the IRWST and thus of the recirculated containment spray solution, is
maintained at a minimum of 7.0 as recommended in SRP Section 6.5.2 and BTP MTEB 6-1.
Trisodium phosphate stored in baskets in the IRWST holdup volume becomes immersed in water
during a LOCA and the resulting solution overflows into the IRWST. The stainless steel baskets,
which are attached to the primary shield wall of the holdup volume, have a solid top and bottom with
mesh sides to permit submergence of the disodium phosphate. The baskets are below the IRWST
spillway but at a sufficient elevation to prevent an inadvertent submergence during normal operation.
Access is provided to the baskets for inspection and sampling.

Actuation of the safety-related CSS is performed by the Engineered Safety Features Actuation System
(ESFAS) through the ESF-Component Control System (CCS). These systems meet all the requirements

| for Class 1E safety-related instrumentation as described in Section 7.3. The Plant Protection System
| design includes four redundant channels and 2-out-of-4 coincidence logic, which prevents single failures

| from spuriously causing containment spray actuation at the systems level. Each ESF-CCS redundant
train design also includes selective 2-out-of-4 coincidence logic. ESF-CCS output devices are
segmented into pump and valve groupings to minimize simultaneous spurious actuation.

Instrumentation and controls for the CSS are part of the Nuplex 80+ Advanced Control Complex
(ACC). A specific design goal of the ACC man-machine interface is to reduce the potential for

| human error that could affect plara safety or availability (see Section 18.3.1). By applying accepted
human factors principles and methodologies to the design of the CSS instrumentation and controls, the;

possibility of inadvertent actuation as a result of operator error is minimized.
,

| Finally, all safety-related equipment in the containment is environmentally qualified (see Section 3.11)
I and therefore protected against spray actuation.

Pre-operational testing for operability is performed on the CSS and is described in Section
14.2.12.1.40. In addition, limiting conditions for operation (LCOs) for the CSS are specified in
Chapter 16.

In summary, the CSS design meets the intent of the guidance in SRP Section 6.5.2 Revision 2 and BTP
MTEB 6-1 in order to fulfill the function of reducing the concentration of radioactive iodine and
particulates in the containment atmosphere during and after a LOCA, while also minimizing the
probability of initiating stress corrosion cracking of stainless steel in the safeguards systems. Design
features also minimize the probability of inadvertent CSS actuation and damage to safety related
equipment in the containment. Technical specification LCOs for the CSS are provided. This issue is
therefore resolved for the System 80+ Standard Design.

REFERENCES

i 1. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants," U.S. Nuclear Regulatory Commission.

,

2. ANSI /ANS 56.5-1979, "PWR and BWR Containment Spray System Design Criteria,"
American National Standards Institute.

3. 10 CFR 50 Appendix A, Code of Federal Regulations.
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20.2.85 PRIMARY SYSTEM VIBRATION ASSESSMENT |

ISSUE

Generic Safety Issue C-12 addresses the potential adverse effects of vibration in the Nuclear Steam |
Supply System (NSSS) and the means of monitoring for vibratbn.

Concerns have been expressed about damage to primary systems and components as the result of
excessive vibration. A major source of vibration for the NSSS is flow-induced vibration (i.e., water
flowing through the Reactor Coolant System (RCS)). Flow-induced vibration can lead to damage to
the reactor vessel internals and, potentially, interference with control rod movement.

The safety concern with respect to vibration is that excessive wear of the primary system components
could lead to the premature failure of thow components and to the subsequent release of debris into
the RCS where it could damage other components (e.g., the fuel, instrumentation, control rods), or
to release of radioactivity (which might occur, for example, during a steam generator tube rupture
event).

ACCEITANCE CRITERION

The acceptance criterion for the resolution of GSI C-12 is that the system design shall include an

tO
effective method for m.onitoring and controlling system and/or component vibration. This shall include
meeting the intent of guidance provided in SRP Section 3.9.2, Rev. 2 (Reference 1), and Regulatory
Guide 1.133 Rev.1 (Reference 2). (See also GSI B-60 which has requirements for an vibration
monitoring system.)

Specifically, the design requirements of 10 CFR 50, Appendix A (Reference 3), (GDC'S 1,2,4,14 |.
and 15) shall be met. Furthermore, specific acceptance criteria concerning the above GDC'S can be
found in SRP Section 3.9.2, Rev 2, Section II.

RESOLUTION ;
1

The NSSS for the System 80+ Standard Design addresses the problem of vibration in two ways. First,
by consideration of vibration during the design phase, and, second, by monitoring vibration during
plant startup and operation. Experience from the startup of the System 80 plants at Palo Verde is
included in the System 80+ Standard Design. SRP Section 3.9.2, Rev. 2. and Regulatory Guide
1.133, Rev. I guidance is incorporated into the system and component design process (see Sections | :

3.1 and 3.9.2).

!

fp)L |
'

l

|
i
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| The GDC'S are specifically addressed in Section 3.1. Items such as pre-operational vibration and
dynamic effects testing on piping, seismic qualification testing of safety-related mechanical )

| equipment and dynamic system analysis methods for reactor vessel internals are considered (See |
Section 3.9.2). |

The System 80+ Standard Design includes a vibration and leak monitoring system to monitor the
| integrity of the NSSS (Section 7.7). This system is called the NSSS Integrity Monitoring System

(NIMS). NIMS consists of three subsystems: 1) Internals Vibration Monitoring System (IVMS), 2)
Acoustic Leak Monitoring System (ALMS), and 3) Loose Parts Monitoring System (LPMS).

The primary function of the IVMS is to provide data from which changes in the motion of the reactor
vessel internals can be detected. The LPMS is designed to detect the presence of a loose part within
the reactor coolant system pressure boundary and is designed to meet the guidance of Regulatory Guide

| 1.133, Rev.1. Further details regarding these subsystems of NIMS may be found in Section 7.7.1.6
and in the resolution of GSI B-60. The ALMS is used to detect leaks from the RCS at specific locations
and therefore does not apply to this issue but is addressed in GSI I.D.5 (3).

In summary, instrumentation necessary to monitor system and component vibration has been considered
as part of the design and operation of System 80+. This instrumentation meets the intent of SRP
Section 3.9.2 and Regulatory Guide 1.133, Rev. I and meets the requirements of 10 CFR 50 Appendix
A (GDC'S 1,2,4 and 14). Therefore, this issue is resolved for the System 80+ Standard Design.

REFERENCES

1. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants-- LWR Edition",
U.S. Nuclear Regulatory Commission.

2. Regulatory Guide 1.133 Rev.1, " Loose-Part Detection Program for the Primary System of
Light-Water-Cooled Reactors", May 1981.

3. 10 CFR 50, Appendix A, " General Design Criteria"

l
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20.2.86 LOCAL CONTROL STATIONS -|

i ISSUE

Generic Safety Issue HF 5.1 addresses additional NRC guidance for the design of local control stations. |
I

ACCEPTANCE CRITERIA

) The acceptance criterion for the resolution of GSI HF 5.1 is that each local control station shall be
designed to meet the intent of the guidance given in References 1 through 4. |

RESOLUTION

All aspects of the local control stations in NUPLEX 80+ are designed to meet the intent of the
guidance given in References I through 4. The man-machine interfaces at the local control stations |
are consistent with the information presentation and control methodologies used in the NUPLEX 80+ i

main control room.

The design philosophy of the NUPLEX 80+ local control stations is described in Section 18.7.1.6.2. |
Adequate communications are provided between the local stations and the main control room as
discussed in Section 9.5.2. Because the actuation of local controls is on a single component basis, |
indicatio~n of locally repositioned components is provided in the main control room. A detailed

bs discussion of abnormal component conditions which ar: indicated by various alarms is given in Section |5
18.7.1.6.2.10. It should be noted that in the NUPLEX 80+ design, the ability to achieve cold
shutdown during conditions of control room evacuation is provided at the remote shutdown panel. 1

Local control stations are used only for maintenance and testing activities. Consistent information
presentation and control techniques reinforce desired operator performance behavior and reduce the
chance of error during normal and off-normal operation sauations. i

|

REFERENCES )

1. Vancott & Kincade, " Human Engineering Design for Equipment Design",1972. |

2. MIL-STD-1472C, " Human Engineering Design Criteria for Military Systems, Equipment & |
Facilities" December 1974.

3. NUREG/CR-3696, " Potential Human Factors Deficiencies in the Design of Local Control |
Stations and Operator Interfaces in Nuclear Power Plants", April 1984.

4. NUREG-0700, " Guidelines for Control Room Design Reviews" U.S. Nuclear Regulatory |
Commission, September 1981.

k
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| 20.2.87 REVIEW OF CRITERIA FOR HUMAN FACTORS ASPECTA . d ADVANCED

INSTRUMENTATION AND CONTROLS (ANNUNCIATORS)

ISSUE

| Generic Safety Issue HF 5.2 addresses additional NRC guidance for the design of advanced
instrumentation and controls, in particular with respect to plant annunciators.

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of GSI HF 5.2 is that annunciator systems shall be designed
| to incorporate the criteria in References 1 and 2, and meet the intent of References 3,4 and 5.

RESOLUTION

The NUPLEX 80+ annunciator system meets the intent of the guidance and each of the basic
| functional criteria given in References 3 and 4. The annunciator system is described in Sections

18.7.1.1.4 and 18.7.1.5. Of major importance is the reduction of the stimulus overload which can
occur during major transients. This reduction has been achieved by decreasing the number of alarm
displays by using group alarm tiles with dynamic message windows and by including processing
algorithms to generate the alarms. Stimulus overload is further reduced by basing alarms on validated

| parameters instead of on individual sensor channels.
Mode and equipment status dependency are

included in the alarm logic to eliminate nuisance alarms. The alarms are functionally grouped (see
Sections 18.7.3.2.3 and 18.7.3.2.4). Also incorporated into the annunciator system are prioritization;
availability of first-out alarm information via the CRT's; implementation of the dark-board concept;
and adherence to the accepted criteria for labeling, location, auditory signal, intensity, flash rates and

| readability. The appropriate recommendations in Reference 5 have also been incorporated into the
NUPLEX 80+ annunciator system.

REFERENCES

|1. Vancott & Kincade, " Human Engineering Design for Equipment Design",1972.

|2. MIL-STD-1472C, " Human Engineering Design Criteria for Military Systems, Equipment &
Facilities", December 1974.

|3. NUREG/CR-3696, " Guidelines for Control Room Design Reviews", U.S. Nuclear Regulatory
Commission, April 1983

|4. NUREG-0700, "Near-Term Improvements for Nuclear Power Plant Control Room Annunciator
Systems", U.S. Nuclear Regulatory Commission, April 1983

|5. NUREG/CR-3987, " Computerized Alarm Systems", U.S. Nuclear Regulatory Commission,
June 1985.

O
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20.2.88 SIIORT-TERM ACCIDENT ANALYSIS AND PROCEDURES REVISION |

ISSUE

Generic Safety Issue I.C.1 addresses the need for improvement in the quality of operational information |
provided to plant operations and staff personnel in order to enhance normal plant operation and the
prevention and mitigation of plant transients or accidents.

1

Following the Three Mile Island Unit 2 (TMI-2) accident, new guidance was established to improve l

the quality of operational information for dealing with emergency events. The objective of the
guidance identified in NUREG-0737 and supplemented by Generic Letter 82-33 (References 1 and 2), | )
is to improve the quality of procedures to provide greater assurance that operator and staff actions are 1

technically correct, by making them explicit and easily understood for normal, transient and accident
conditions. The 'overall content, wording, and format of procedures that affect plant operation,
administration, maintenance, testing and surveillance are to be evaluated by the NRC in accordance
with NUREG-0737 and Generic Letter 82-33. I

l

ACCEPTANCE CRITERIA i
!

The acceptance criteria for the resolution of GSI I.C.1, is that the intent of the guidance identified in
NUREG-0737, as supplemented by Generic Letter 82-33, shall be met.

Specifically, the guidance is divided into four parts. Parts 1,2 and 3 involve analyses and preparation -|
of guidelines for the preparation of emergency operating procedures for small break LOCAs, I

v

recognition and prevention of impending core uncovery, and operation of a plant in natural circulation.

The fourth part of this guidance addresses NRC review of procedures, guidelines, and the supporting
analyses of various transients. Thus, item 4 is not applicable to the plant designer or the owner-
operator.

RESOLUTION

The owner-operator of a nuclear power generating facility using a System 80+ Standard Design must
meet the intent of NUREG-0737, Supplement 1, as supplemented by Generic Letter 82-33, by
establishing emergency procedures which address the evaluation and development of procedures for
transients and accidents.

Specifically, parts 1,2, & 3 listed in the ACCEPTANCE CRITERIA section above are to be met.

The ultimate responsibility for meeting NUREG-0737, Supplement I and Generic Letter GL 8.2-33,
remains with the utility owner-operator. Combustion Engineering, however, assists the owner-operator
in establishing these procedures and training the plant operators and staff by providing Emergency
Operations Guidelines.
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Specifically, the System 80+ Emergency Operations Guidelines address the guidance provided in
NUREG-0737, including loss of instrumentation, multiple and consequential failures, adequacy of core
cooling, operator errors during long-term cooling, and optimal recovery guidelines for other plant
accidents.

Combustion Engineering provides analyses and guidance to assist the owner-operator in meeting the
guidance of NUREG-0737, Supplement I and Generic Letter GL 82-33. Therefore, this issue is
resolved for the System 80+ Standard Design.

REFERENCES

|1. NUREG-0737, " Clarification of TMI Action Plan Requirements," U.S. Nuclear Regulatory
Commission, February 1983.

|2. Generic Letter 82-33, " Supplement I to NUREG-0737 - Requirements for Emergency
Response Capability" U.S. Nuclear Regulatory Commission, December 1982.

20.2.89 LONG-TERM PROGRAM PLAN FOR UPGRADING OF PROCEDURES

ISSUE

The NRC effort for TMI Action item I.C.9 was to develop a long-term program plan for the upgrading
of plant procedures. This plan would incorporate and expand on current efforts associated with the
development, review, and monitoring of procedures. Consideration of studies to ensure clear
procedures with particular emphasis on diagnostic aids for off-normal conditions were called for. The
interrelationships of administrative, operating, maintenance, test, and surveillance procedures were to
be considered. The topics of emergency procedures, reliability analysis, human factors engineering,
crisis management, and operator training were also to be addressed.

That part of Item I.C.9 related to emergency operating procedures (EOP), has been implemented in
accordance with Item I.C.1 of NUREG-0737. In regard to the EOPs, SECY-82-Ill requested
Commission approval of a set of basic requirements for emergency response capability and approval
for the staff to work with licensees to develop plant specific implementation schedules. A significant
amount of work on emerg ncy operating procedures has been completed. All four NSSS vendors have

| submitted technical guidelines based on re-analysis of accidents and transients. In the area of hmnan

| factors, a survey of current practices, research on EOPs, and pilot monitoring of some NTOL plants
have been completed and criteria for development of EOPs were published for public comment in
NUREG-0799. NUREG-0899 was published in final form in September 1982 and incorporated
resolution of comments received on NUREG-0799.

|

( Resolution of this is expected to have a significant impact on plant procedures. The changes in

j procedures are in turn expected to improve the safety-related performance of all plant operations staff.
This would apply to both routine and abnormal operating conditions.|

| @
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ACCEPTANCE CRITERIA

Staff actions under Item I.C 9 which pertain to normal and abnormal operating procedures, i

maintenance, test, surveillance, and other safety-related procedures are continuing. The staff effort I

related to the above is scheduled in three phases:

(a) Survey ongoing studies, existing procedures, and practices of related industries; assess
problems; and prioritize solutions.

(b) Prepare guidance (NUREGs, Regulatory Guides) for industry use.

(c) Issue requirements, prepare inspection guidance, review or audit as necessary.,

| i

RESOIVIION |.

| The Combustion Engineering emergency procedure generic guidelines were revised subsequent to TMI- I

2 (CEN-152). For the System 80+ design, the CEN-152 guidance was adopted and supplemented to
account for new systems and resolution of shutdown risk and severe accident issues. This System 80+
Emergency Operating Guideline were reviewed by NRC staff for consistency with design basis safety
analysis, the Probabilistic Risk Assessment and severe accident insights. This issue is, therefore,
resolved for the System 80+ design.

O
k.) 20.2.90 CONTROL ROOM DESIGN REVIEWS

ISSUE

| As stated in NUREG-0933, Generic Issue I.D.1 was clarified in NUREG-0737, requirements were
issued, and multi-plant action item F-08 was established for implementation purposes. '

ACCEPTANCE CRITERIA

The criteria for control room design reviews are provided in Section 18.4. |
|

| RESOLUTION

This issue is resolved for System 80+ via the iluman Factors Engineering and control room design
review summarized in Chapter 18.

|

20.2.91 PLANT SAFETY PARAMETER DISPLAY CONSOLE |

ISSUE

Generic Safety Issue 1.D.2 identifies the need for tne provision of a safety parameter display system |p (SPDS) that displays a minimum set of parameters which define the safety status of the plant.
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Provision of a plant safety parameter display console was made a requirement by 10 CFR 50.34(0,
(Reference 1). The functional criteria and design requirements for the SPDS were defined in
Supplement I to NUREG-0737 (Reference 2). The primary function of the SPDS and the display
console is to help operating personnel in the control room make quick assessments of plant safety status
during abnormal and emergency conditions.

ACCEITANCE CRITERIA

The acceptance criteria for the resolution of GSI I.D.2 are that the SPDS shall meet the intent of the
applicable requirernents of 10 CFR 50.34(0 and NUREG-0737 (Supplement 1); and shall be human
factors engineered consistent with the guidance of SRP Sections 18.0 and 18.2 (Reference 3) and the
supplemental guidance of NUREG-0737 (Supplement 1). NUREG-0700 (Reference 4) provides
guidelines for verifying the application of acceptable human factors principles and criteria.

The SPDS functions shall be integrated into the overall control room design. The design of the safety
parameter display shall incorporate accepted human factors principles so that the information can
readily be perceived and comprehended by the users. As a minimum, information sufficient for
determining the safety status of the plant and assessing whether abnormal conditions warrant corrective
action to avoid core damage shall be provided. In addition to the control room displays, SPDS
infonnation should be provided to the Technical Support Center (TSC) and the Emergency Operations
Facility (EOF) to aid in exchange ofinformation between these facilities and the control room, and to
assist corporate and plant management in making decisions during emergency conditions.

RESOLUTION

The System 80+ Standard Design employs the Nuplex 80+ Advanced Control Complex (ACC) in
which the functions of the SPDS have been integrated into the control room design consistent with the
guidance in SRP Section 18.0. The information is provided on separate display formats that
specifically address plam safety status.

Human factem engineering erinciples such as those presented in NUREG-0700 have been applied
during all stages of the design process to ensure a design that provides information structure, ease of
use, and reduced human error. Accomplishment of the SPDS functions meets the intent of the
requirements of NUREG-0737 (Supplement 1) and the guidance of SRP Section 18.2.

SPDS information is provided in all levels of the overall Nuplex 80+ information hierarchy as
| described in Section 18.7.1. The highest level of the information hierarchy is a large overview status

board, known as the Integrated Process Status Overview (IPSO), that allows for a quick assessment
of overall plant process performance and helps guide the operator to more detailed information. IPSO

| (see Section 18.7.1.2) is a continuous display format centrally located above the control room panels
and contains information sized to be readable from anywhere within the control room. A critical
function matrix, similar to that provided on the Critical Function Monitoring System for San Onofre
Generating Station, Units 2 & 3, alerts the operator to problems impacting twelve safety functions.
These problems include:

O
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- Safety related parameters outside of anticipated range (s)

- Unavailability of a safety system that can be used to support the critical functions

- Poor performance of a safety system that is being used to support the critical functions.

The operator obtains the specific cause of the critical function violation by responJing to the
corresponding critical function alarm tile, located on the safety monitoring panel, or by accessing CRT
display page formats within the Critical Function section of the display page hierarchy (see Sections
18.7.1.5 and 18.7.1.3). The Critical Function section of the display page hierarchy is broken down
by critical function and the success paths that can be used to support the critical functions. The display
pages have been designed to support the System 80+ Emergency Operations Guidelines provided to
the owner-operator. Success path information relating to the performance and availability of the plant
safety system is presented on these display pages. Section 18.7.1.8 provides further details of the |
safety related information in Nuplex 80+.

The Nuplex 80+ CRTs are driven by the Data Processing System (DPS) described in Section 7.7.1.7. |
The DPS is a computer-based system that provides plant data and status information to the operator,
derived or processed from plant sensors including the Post Accident Monitoring Instrumentation

|
sensors. The information is available on both a real-time and historical basis. SPDS and other '

information necessary for the handling of emergency plant conditions and assessment of their
;

consequences is also provided by the DPS to the TSC and EOF when they are activated and manned, !(q) as described in Sections 13.3.3.1 and 13.3.3.2 respectively. Key parameter values processed by the |'s > DPS are also indicated directly via the Discrete Indication and Alarm System (Section 7.7.1.4) on
discrete indicators located on the main control room and remote shutdown panels.

Since the Nuplex 80+ ACC integrates the SPDS functions into the control room design and meets the
intent of the various acceptance criteria, this safety issue is resolved for the System 80+ Standard
Design.

REFERENCES

1. 10 CFR 50, Code of Federal Regulations. |

2. NUREG-0737 Supplement 1, " Emergency Response Capability Requirements", U.S. Nuclear |
Regulatory Commission, December 1982.

3. NUREG-0800 " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear |
Power Plants - LWR Edition", U.S. Nuclear Regulatory Commission.

4. NUREG-0700, " Guidelines for Control Room Design Reviews". U.S. Nuclear Regulatory |
Conunission, September 1981.
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| 20.2.92 SAFETY SYSTEM STATUS MONITORING

ISSUE

l | As stated in NUREG-0933. TMI Action Plan item I.D.3 recommended that a study be undertaken to
determine the need for all licensees and applicants not committed to Regulatory Guide 1.47 to install
a bypass and inoperable status indication system or similar system.

| Implementation of a well-engineered bypass and inoperable status indication system could provide the

| operator with timely information on the status of the plant safety systems. This operator aid could help
eliminate operator errors such as those resulting from valve misalignment due to maintenance or testingi

errors.

ACCEPTANCE CRITERIA

A study of current industry (nuclear and others) practices could be undertaken to evaluate possible

| methods / systems for verifying correct system alignment. In conjunction with this, a study of failures
! of systems due to pump or valve unavailability could be undertaken. Based on the results, a
'

requirement to backfit or not backfit Regulatory Guide 1.47 (or a revision thereof) would be set forth.

RESOLUTION

| System 80+ complies with Regulatory Guide 1.47, as summarized in Section 7.1.2.21.

|

| 20.2.93 CONTROL ROOM DESIGN STANDARD

ISSUE

| Generic Safety Issue I.D.4 addresses the need for guidance on the design of control rooms to
incorporate human factor considerations, and the desirability of endorsing an industry standard for
future control room designs.

| Under GSI 1.D.1, the NRC issued NUREG-0700 (Reference 1) for the guidance of the detailed control
room design reviews required of operating plant control rooms for conformance to accepted human!

| factors principles. SRP Section 18.1 (Reference 2) was issued to document the NRC review process;

i for both existing and advanced control room designs. Appendix B of NUREG-700 contains guidance
of the design of new control rooms. Additional human factors engineering guidance on various aspects
of control room design has been developed in NUREG/CR reports 3217,3987,4221 (References 3,

| 4, 5) and various industry publications.

In assessing whether to develop a Regulatory Guide to endorse an industry standard or standards for
the human factors engineering of advanced control rooms, the NRC concluded that the combined
guidance of SRP Section 18.1, the NUREG reports noted above, and acceptable industry publications
is adequate, and that development of a new Regulatory Guide is not needed.

1 0
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6CCEPTANCE CRITERIA

The acceptance criterion for the resolution of GSI I.D.4 is that the advanced control room design meet
the applicable requirements of 10 CFR 50 Appendix A, GDC 19 (Reference 6) as.it relates to the |
control room being designed with appropriate human factors engineering (HFE) principles to assure
that the operator-machine interfaces are adequate to support safe operation of the plant. This shall be
accomplisned by conforming to the guidance of SRP Section 18.1 and NUREG-0700 Appendix B,
supplemented as applicable by the guidance in References 3,4,- 5 and 7 to 12. |

The control room should utilize CRT displays and other advanced display technologies. It should be
designed only after a full analysis has been made of the control tasks to be performed, and should
provide means for data gathering and processing which support operator tasks and decision making.
Human factors principles and criteria should be applied to work space, work environment, annunciator
warning systems, panel layout and control-display integration.

RESOLUTION

The System 80+ Standard Design employs the Nuplex 80+ Advanced Control Complex (ACC). HFE
methods, principles and criteria such as those presented in NUREG-0700, Appendix B have been
applied throughout the design of the ACC, as documented in Chapter 18. |

The process used in the design of the ACC man-machine interface and the applications of HFE areO summarized in Section 18.4. A dedicated, multi-disciplinary team was established for the design of |
1

)
| the man-machine interface, consisting of human factors specialists, systems engineers, instrumentation

and controls engineers, and senior reactor operators. A separate Nuplex 80+ design review team,
including Duke Power Company personnel to provide the perspective of a nuclear plant utility and
constructor, performs regular reviews of the ACC design as it is developed. These teams are described
in Section 18.2. Consistent with SRP Section 18.0, a detailed functional task' analysis was performed |
to provide a basis for the ACC design. As part of the functional task analysis, infonnation and control
characteristics requirements were developed and man-machine functions allocated. The analysis detailed
the operator's tasks involved in decision processing to ensure that: - (a) only needed information is
presented to the operator, (b) the amount of information does not exceed human cognitive limitations,
and (c) information is presented in usable form. The functional task analysis and its results are
described in Section 18.5.

|

A control room configuration was established (see Section 18.6) based on accepted HFE principles and |
on analysis of staffing requirements. Environmental and communications criteria for the ACC were
also developed at this time. Standard panel design criteria and algorithms for alarm and parameter
validation processing were then developed.

Information presentation methods and panel layouts in the Nuplex 80+ ACC are detailed in Section |
18.7. The main control panels are designed as compact workstations. Each workstation integrates
miniaturized component control switches, discrete indicators, alarm tiles, message windows, and video
display units such that both safety and non-safety display devices are routinely used by the operator.
Information is presented hierarchically on four levels: (a) high level plant overview, (b) for general

k

i
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system monitoring, (c) for component / system control, and, (d) for problem diagnosis. Two independent
and diverse (yet integrated) computer based systems are utilized to process data and drive the display
devices.

| The final steps in the HFE design of the Nuplex 80+ ACC are verification and validation (see Section
18.9) consistent with the guidance of NUREG-0700. Verification consists of a detailed evaluation of
the control room design and prototypes of the equipment based upon the functional task analysis to
ensure that they are suitably designed for their intended use.

Validation uses a partially dynamic mockup of a Nuplex 80+ panel to evaluate the integration of
display and control components, followed by a demonstration of one-man normal operation, using a
full scale partially dynamic mockup of the main control panel.

Since the human factors engineering of the Nuplex 80+ ACC complies with the acceptance criteria as
described above, this issue is resolved for the System 80+ Standard Design.

REFERENCES

|1. NUREG4)700, " Guidelines for Control Room Design Reviews", U.S. Nuclear Regulatory
Commission, September 1981.

|2. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants - LWR Edition", U.S. Nuclear Regulatory Commission.

|3. NUREG/CR-3217 "Near-Term Improvements for Nuclear Power Plant Control Room
Annunciator Systems", U.S. Nuclear Regulatory Commission, April 1983.

|4. NUREG/CR-3987, " Computerized Alarm Systems", U.S. Nuclear Regulatory Commission,
June 1985.

|5. NUREG/CR-4221, "lluman Engineering Guidelines for the Evaluation and Assessment of
Video Display Units", U.S. Nuclear Regulatory Commission, July 1985.

|6. 10 CFR 50 Appendix A " General Design Criteria".

|7. EPRI-3659, " Human Factors Guide for Nuclear Power Plant Control Room Development",
Electric Power Research Institute, August 1984.

|8. EPRI-3448, "A Procedure for Reviewing and Improving Power Plant Alarm Systems", Electric
Power Research Institute, April 1984.

|9. EPRI-3701, " Computer Generated Display System Guidelines", Electric Power Research
Institute, September 1984.

|10. IEEE Standard 1023-1988, "lEEE Guide for the Application of liuman Factors Engineering
to Systems, Equipment and Facilities of Nuclear Power Generating Stations", October 1988.
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11. MIL-STD-1472C, "fiuman Engineering Design Criteria for Military Systems, Equipment and |

Facilities", December 1974.

12. VanCott and Kincade, "lluman Engineering Design for Equipment Design",1972. |

20.2.94 OPERATOR-PROCESS COMMUNICATION |

iSSU_E

Generic Safety issue I.D.5(1) addresses the man-machine interface in the control room with reference |
to the use of lights, alarms, and annunciators. Operator error may result from information overload,
unnecessary distractions, and lack of information organization.

ACCEPTANCE CRITERIA

The acceptance criteria for the resolution of GSI 1.D.5(1) are included in GSI IIF5.2.

RESOLUTION

The resolution for GSI I.D.5(1) is included in the resolution to GSI liFS.2.

Since GSI 1.D.5(1) is subsumed by the above GSI, this issue is resolved for the System 80+ Standard
Design.

20.2.95 IMPROVED CONTROL ROOM INSTRUMENTATION - PLANT STATUS AST |
POST-ACCIDENT MONITORING

ISSUE

Generic Safety Issue I.D.5 (2) addresses the need to improve the operators' ability to prevent,' diagnose |and properly respond to accidents.

This issue was originally identified in the TMI Action Plan (Reference 1) and resulted in the
establishment of new NRC requirements. Guidance for addressing the issue is provided in Regulatory
Guide 1,47 (Reference 2) which provides an acceptable method for implementing the requirements of
IEEE 279-1971 and 10 CFR 50, Appendix B (Criterion XIV) with respect to the bypass or inoperable
status of safety systems, and Regulatory Guide 1.97 (Reference 3) which defines an acceptable method
for implementing NRC requirements to provide instrumentation and to monitor plant variables and
systems during and following an accident.
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ACCEPTANCE CRITERIA

1

The acceptance criter;a for the resolution of GSI 1.D.5 (2) are contained in:

1. Regulatory Guide 1.47 for emergency safeguards features (ESF) status monitoring. |
Automatic bypassed or inoperable status indication at the system level is recommended for !

the plant protection system, safety systems actuated or controlled by the protection system |
and their auxiliary and supporting systems. These indications should be provided in the control i

room and should have manual input capability.

2. Regulatory Guide 1.97 for post-accident monitoring instrumentation. This Regulatory Guide
identifies criteria for design and qualification of the instrumentation divided into three
categories, designated I,2 and 3, which provide a graded approach to requirements based
on the importance to safety of the variable being monitored. Criteria exist for equipment
qualificetion, redundancy, power sources, channel availability, quality assurance, display and
recording, range, equipment identification, interfaces, servicing, testing and calibration, human
factors and direct measurement. The actual variables to be monitored for a pressurized water
reactor are tabulated in the guide by type and the instrumentation design and qualification
requirement category (1,2 or 3) is identified for each variable.

RESOLUTION

The System 80+ Standard Design provides bypassed or inoperable status indication for the Reactor
Protective System (RPS), Engineered Safety Features Actuation System (ESFAS), the systems they

| control and their auxiliaries or support systems. The method of conformance is summarized in Section
7.1.2.21, and is consistent with the guidance of Regulatory Guide 1.47. Additional information
regarding RPS operating bypasses and trip channel bypasses is provided in Section 7.2.1.1.5. The
monitoring of inoperable status of ESF components and ESFAS bypasses is described in Section
7.3.1.1.1. The status of bypasses is indicated in the control room on the Plant Protection System (PPS)
operator's module and on appropriate alarms in the Data Processing System (DPS) and Discrete
Indication and Alarm System (DIAS). Inoperability of ESF systems is indicated at the Safety
Monitoring Panel on a dedicated ESF Monitoring Section and through the DPS. Manual entry
capability exists for entry of uninstrumented conditions that affect the availability or performance of

| a safety system (e.g., manual valve status, maintenance activities). This is fully described in Section
18.7.1.8.2.

System 80+ provides Post-Accident Monitoring Instrumentation (PAMI) in accordance with Regulatory
Guide 1.97. Indication is provided in the control room by three methods. A dedicated DIAS-channel
P provides continuous display of Category 1 parameters (i.e., variables that require instrumentation
with Category 1 design and qualification) on the Safety Monitoring Panel. In addition, DIAS-channel
N displays Categories 1, 2 and 3 parameters on the control room panels for both nonnal and post-
accident operator use. These indicators validate normal parameter outputs against the PAMI channels
to allow operators to use familiar information displays during accident situations. Both DIAS N and
P equipment are seismically qualified and isolated from each other. The third method of obtaining

| post-accident infonnation is through the DPS cathode-ray tubes (CRTs), which provide all RegulatoryGuide 1.97 parameters. More details and a list of PAMI parameters are provided in Section 7.5.1.1.5
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on System 80+ post-accident monitoring. Section 18.7.1.8 discusses the integration of safety-related |
information, including PAMI parameters, into the control room for optimum human performance.
The System 80+ Control Room meets the guidance identified in Regulatory Guides 1.47 and 1.97 for
improved plant status indication and post-accident monitoring instrumentation as described above.
Therefore, this issue is resolved for the System 80+ Standard Design.

REFERENCES

1. NUREG-0660, "NRC Action Plan Developed as a Result of the TMI-2 Accident", U.S. |
| Nuclear Regulatory Commission, May 1980,

2. Regulatory Guide 1.47, " Bypassed and Inoperable Status Indication for Nuclear Power Plant |
Safety Systems", U.S. Nuclear Regulatory Commission, May 1973.

3. Regulatory Guide 1.97, Rev.3, " Instrumentation for Light Water Cocied Nuclear Power Plants |
to Assess Plant Environs Conditions During and Following an Accident", U.S. Nuclear
Regulatory Commission, May 1983.

20.2.96 IMPROVED CONTROL ROOM INSTRUMENTATION - ON-LINE REACTOR |
SURVEILLANCE SYSTEM

ISSUEr v'

| Generic Safety Issue I.D.5 (3) addresses the benefit to plant safety and operaions of continuous on-line _ |
| automated surveillance systems.

Continuous on-line surveillance systems which automatically monitor reactors can benefit plant
operations and safety by providing diagnostic information which can predict anomalous behavior and
thus be used to maintain safe conditions.

Various methods of on-line reactor surveillance have been used, including neutron noise monitoring
| in boiling water reactors (BWRs) to detect internals vibration, and pressure noise surveillance at TMI-2
i

to monitor primary loop degasification. On-line surveillance data has been used in the assessment of
loose thermal shields.

ACCEPTANCE CRITERIA
|

Continuous on-line surveillance of the Nuclear Steam Supply System (NSSS) involves a number of
areas for which acceptance criteria are separately defined:

(1) Vibration monitoring of reactor internals,
(2) Reactor coolant pressure boundary leakage detection, and
(3) Loose parts monitoring.

f*
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The acceptance criteria for the resolution of GSI I.D.5 (3) for internals vibration monitoring are
| provided in ANSI /ASME OM-5-1981, (Reference 1). This standard provides non-mandatory

recommendations on the use of ex-core neutron detector signals for monitoring of core barrel axial

| preload loss. This standard also documents a program containing baseline, surveillance and diagnostic
| phases and provides recommendations for data acquisition frequency and analysis.

| The acceptance criteria for leak monitoring are provided by Regulatory Guide 1.45 (Reference 2).
This guide documents acceptable methods for leakage separation, leakage detection, detector sensitivity
and response time, signal calibration and seismic qualification of pressure boundary leakage detection
systems. It also defines the regulatory position for acceptable design of these systems.

The acceptance criteria for loose parts monitoring (loose part detection in the primary system of LWRs)
| are provided by Regulatory Guide 1.133 (Reference 3). This Regulatory Guide provides guidelines on

; system characteristics such as sensitivity, channel separation, data acquisition, and seismic and
environmental conditions for operability. It also identifies alert levels, data acquisition modes, safety'

analysis reports and technical specifications pertaining to a loose parts monitoring system.

RESOLUTION

The System 80+ Standard Design incorporates a NSSS Integrity Monitoring System, which is a system
that detects deterioration of the NSSS pressure boundary. A description of this system is documented

| in Section 7.7.1.6. The system has three subsystems: the Internals Vibration Monitoring System
(IVMS), the Acoustic Leak Monitoring System (ALMS), and the Loose Parts Monitoring System
(LPMS).

The IVMS is a monitoring system which generates data allowing detection of the motion of reactor
internals. It uses linear summed detector signals from each of the ex-core neutron flux channels. The
IVMS also has the capability to perform the analyses recommended by ANSI /ASME OM-5-1981. The

| system function, theory of operation and description are provided in Section 7.7.1.6.1. [A related
generic safety issue (GSI C-12) also addresses the IVMS.]

The ALMS detects leaks at specific locations or within specific components in the primary coolant
system. This system uses accelerometers to detect the presence of a primary leak. The system follows,
in part, the guidance identified in Regulatory Guide 1.45, as discussed in Section 7.1.2.20. The system
functions, theory of operation and description are given in Section 7.7.1.6.2. Other leak detection
methods employed in the System 80+ Standard Design are discussed in Section 5.2.5.

The LPMS detects the presence of loose parts within the primary pressure boundary and provides
diagnostic information relating to detected loose parts. The system is designed consistent with guidance
provided in Regulatory Guide 1.133 (Reference 3). The LPMS function, theory of operation, and
system description are provided in Section 7.7.1.6.3. [A related eneric safety issue (GSI B-60) alsoG

addresses the LPMS.]

In summary, the NSSS Integrity Monitoring System as described above meets the guidance of the
applicable Regulatory Guides and the requirements of the applicable codes and standards. Thus, this
issue is resolved for the System 80+ 5tandard Design.
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| REFERENCES
1

1. ANSI /ASME OM-5, " Inservice Monitoring of Core Support Barrel Axial Preload in | )
Pressurized Water Reactors", November 1981. I

2. Regulatory Guide 1.45, " Reactor Coolant Pressure Boundary Leakage Detection Systems", |
U.S. Nuclear Regulatory Commission, May 1973.

1

3. Regulatory Guide 1.133, Rev.1, " Loose Part Detection Program for the Primary System of | |
Light-Water Cooled Reactors", U.S. Nuclear Regulatory Commission, May 1981.

!

PROCESS ||
20,2.97 IMPROVED CONTROL ROOM INSTRUMENTATION -

| MONITORING INSTRUMENTATION

ISSUE

Generic Safety Issue I.D.5 (4) addresses the benefit to plant safety and operations of improved |
measurement of certain reactor parameters (e.g., reactor vessel water level and relief valve Dow), and }
parameters outside of their normal operating range. |

A need to improve process monitoring instrumentation was identified because of the TMI-2 Accident.
This need resulted in the development of new and improved monitoring systems such as inadequate

( core cooling instrumentation, extended range post-accident monitoring of certain reactor parameters,
'

reactor level monitoring systems and, monitoring systems for the detection of primary pressure
|

boundary leakage.
|
|

ACCEPTANCE CRITERIA
'

The acceptance criteria for the resolution of GSI I.D.5 (4), for improving process instrumentation are
provided by NUREG-0660 and NUREG-0737 (References 1,2). Item II.F.2 of NUREG-0737 provides |
guidance for the design of instrumentation for detection of inadequate core cooling (ICC). Item II.D.3
of NUREG-0737 provides guidance on direct indication of relief and safety valve position.

The acceptance criteria for the extended range sensors are provided by Regulatory Guide 1.97
(Reference 3) in a tabulation of acceptable ranges for post-accident monitoring instrumentation (PAMI). |

RESOLUTION |

The System 80+ Standard Design incorporates improved process monitoring instrumentation which
includes ICC monitoring instrumentation. The design, which meets the intent of NUREG-0737 Item
II.F.2, monitors ICC conditions through a combination of resistance temperature detectors (RTDs),
pressurizer pressure sensors, and reactor vessel level monitors that use integral heated junction
thermocouples (IUTCs) and core exit thermocouples. Sensor information is processed through
algorithms to indicate loss of subcooling, occurrence of saturation and achievement of subcooling
conditions following core recovery. The reactor vessel level monitors indicate
decreasing liquid inventory in the reactor vessel and the core exit thermocouples indicate steam

O temperatures associated with ICC conditions.
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ICC monitoring information is provided to the operator through the Discrete Indication and Alarm
System (DIAS) Channel N and the Data Processing System (DPS) displays in the main control room.

| A complete description of the inadequate core cooling monitoring instrumentation is provided in
Sections 7.5.1.1.7 and 7.7.1.1.8.

Extended range sensors have also been incorporated into the System 80+ Standard Design for post-
accident monitoring. The ranges of instrumentation provided are consistent with the guidance given

| in Regulatory Guide 1.97. Section 7.5.1.1.5 describes the post-accident monitoring instrumentation

| provided, and Table 7.5-3 lists the PAMI channels and their ranges. Analysis of the post-accidentmonitoring instrumentation is given in Section 7.5.2.5.

Monitoring of reactor coolant system (RCS) safety valve leakage is provided by in-line RTDs upstream
of the safety valve header. Positive indication of safety valve leakage consistent with the guidance of
NUREG-0737 Item II.D.3 is provided by the Acoustic Leak Monitoring System (ALMS) through
accelerometers mounted downstream of each valve. Control room alarms are actuated if valves are not

| fully closed. Monitoring of safety valves is discussed in Section 5.2.5.1.2.1.

The process monitoring design includes instrumentation for the detection of inadequate core cooling,
reactor vessel level monitoring, extended range sensors for post-accident monitoring and monitoring
of safety valve leakage. The design is consistent with the guidance given in NUREG-0660, NUREG-
0737, and Regulatory Guide 1.97, and, therefore, this issue is resolved for the System 80+ Standard
Design.

REFERENCES

|1. NUREG-0660, "NRC Action Plan Developed as a Result of the TMI-2 Accident", U.S.
Nuclear Regulatory Commission, May 1980.

|2. NUREG-0737, " Clarification of TMI Action Plan Requirements", U.S. Nuclear Regulatory
Conunission, November 1980.

|3. Regulatory Guide 1.97, Rev. 3, " Instrumentation for LWR Nuclear Power Plants to Assess
Plant and Environs Conditions During and Following an Accident", U.S. Nuclear Regulatory
Commission, May 1983.

| 20.2.98 EXPAND QA LIST

ISSUE

| TMI Action Plan issue I.F.1 identified that " .several systems important to the safety of TMI were
not designed, fabricated, and maintained at a level equivalent to their safety importance. They were
not on the Quality Assurance (QA) List for the plant. This condition exists at other plants and results
primarily from the lack of clarity in NRC guidance on graded protection. .One of the difficulties in
establishing a QA list based on safety importance is the absence of relative risk assignments to
equipment."
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ACCEliANCE CRITERIA |

The TMI Action Plan stated that "...NRC will develop guidance for licensees to expand their QA lists
to cover equipment important to safety and rank the equipment in order of its importance to safety.
Experience in use of the revised NRR review procedure for developing QA lists for individual!

operating license applicants will also be factored into the generic guidance to be developed and when I

determining backfit requirements.. " At the time this issue was identified, there was a task underway |
| to define the applicability of 10 CFR 50, Appendix B, to 10 CFR 50, Appendix A, required |

| equipment.
|

RESOLUTION

| For System 80+ the classification of structures, systems, and components is provided in Table 3.2-1 |
including their safety, seismic, and quality class designations, This issue is, therefore, resolved for i

the System 80+ design. #

!

20.2.99 DEVELOP MORE DETAILED QA CRITERIA |

ISSUE

1

TMI Action Plan item 1.F.2 identified that "several systems important to the safety of TMI-2 were not | |
g ) designed, fabricated, and maintained at a level equivalent to their safety importance. This condition
U exists at other plants and results primarily from the lack of clarity in NRC guidance for graded

protection. This situation and other quality assurance problems relating to the quality assurance i

organization, authority, reporting, and inspection have been identified by the various TMI accident
investigations and inquiries."

ACCEPTANCE CRITERIA

The overall objective of this issue is the improvement of the QA program for design, construction, and
operations to provide greater assurance that plant design, construction, and operational activities are
conducted in a manner commensurate with their importance to safety.

RESOLUTION

|

The QA program for the System 80+ was approved during NRC's review of Section 17.1. This issue |
I

is, therefore, resolved for the System 80+ design.

20.2.100 SCOPE OF PREOPERATIONAL AND LOW-POWER TEST PROGRAM

ISSUE

The major thrust of TMI Action Plan Task I.G. was to use the preoperational and startup test programs
p as a training exercise for the operating crews. In contrast to this, item 1.G.2 called for a more

Q
|
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comprehensive test program to search for anomalies in a plant's response to a transient. This issue was
suggested independently by the Kemeny Commission, the Rogovin Commission, the ACRS, and the
Thil Operations Team.

The safety significance of this issue lies in the early discovery of anomalies or unanticipated plant
behavior. The Thil-2 accident is the most well-known example, but other less severe examples, such

| as the core-annulus water level decoupling at Oyster Creek, have taken place.
When a plant responds to a transient in an anomalous or unanticipated manner, the result may be an
accident caused directly by the new phenomena, or by the surprise or confusion on the part of the
operators. The latter is probably the more likely of the two.

ACCEPTANCE CRITERIA

The nature of the solution to this issue is implicit in its definition - an augmented test program.
| However, relatively little has been written concerning the nature and extent of this program. NUREG-

| 0660 merely called for the NRC to develop a program. Recommendations made by an NRC team
investigating Th11-2 are more specific: detailed review of all unscheduled transients during the first'

year as well as review of the preoperational and startup tests.

In actual fact, there is a spectrum of possible test programs ranging from the current program to
programs which would take years. Moreover, it may well not be necessary for each plant to perform
each test. In addition, there is a large amount of data from operating experience which could supply
information.

! RESOLUTION
|
,

System 80+ equipment and structures have been carefully arranged into four mechanical quadrants and
two electrical divisions to eliminate all known adverse systems interactions. Moreover, the startup test

| program (Chapter 14) is based on applicable experience as well as evaluation of new systems (e.g.,
the Safety Depressurization and Cavity Flood Systems). This issue is, therefore, resolved for the
System 80+ design.

;

| 20.2.101 REACTOR COOLANT SYSTEM VENTS
!

I ISSUE
!
i

Generic Safety Issue II.B.1 addresses the requirements in 10 CFR 50 and NUREG-0737 (References
1, 2) to install reactor coolant system (RCS) and reactor vessel high point vents.

After the TMI accident the NRC determined that there was a need for vents in the high points of the
reactor coolant system and reactor vessel. The purpose of these vents is to release non-condensible
gases from the RCS which may inhibit core cooling during natural circulation. Since the vents are part
of the reactor coolant pressure boundary, the design of the vents must conform to the requirements of
10 CFR 50, Appendix A.

O
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In addition, the NRC determined that the vents should not cause an unacceptable increase in the
probability of a loss-of-coolant accident (LOCA), should not challenge containment integrity, and
should be designed with sufficient redundancy to assure a low probability of inadvertent or irreversible ;

actuation. '

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of GSI II.B.1 is that plants shall instali reactor coolant ,j

system and reactor vessel high point vent systems. These systems shall meet the requirements of 10 j
CFR 50.34 (f)(2)(vi),10 CFR 50, Appendix A, and the intent of guidance identified in NUREG-0737.

'

In addition, the system (s), shall meet the applicable codes and standards for the RCS pressure i
boundary.

!

l

Specifically, the RCS and reactor vessel vent systems shall incorporate such design features as high )
point venting of the RCS and reactor vessel, remote control room operation, positive valve indication

|
(located in the control room) and environmentally and seismically qualified equipment. Also, the vents i

| should not cause an unacceptable increase in the probability of a LOCA, should not challenge
containment integrity, and should be designed with sufficient redundancy to assure a low probability
of inadvertent or irreversible actuation.

RESOLUTION

The System 80+ Standard Design includes a Safety Depressurization System (SDS) which performs
the Reactor Coolant Gas Vent (RCGV) function to meet the above requirements.

|

The RCGV function provides a safety-related means of venting remotely from the control room, non-
condensible gases from the reactor vessel upper head and the pressurizer steam space during post-
accident conditions (see Section 6.7.1.2.1). Positive indication of vent isolation valve position is
displayed in the control room (see Section 7.5, Table 7.5-2).

The RCGV function design assures that the vents will not cause an unacceptable increase in the |
probability of a loss-of-coolant accident and should not challenge containment integrity. This is
accomplished by the installation of two normally closed valves in series, powered from different Class
IE buses, in each vent line (see Section 6.7). In addition, the possibility of inadvertent actuation is |
minimized because the operator must manually actuate the vent valves from the control room. A
complete description of the operation of the RCGV function of the SDS is identified in Section |

,. 6.7.2.1.1.

Finally, the RCGV function design is seismically and environmentally qualified for the expected
conditions as described in Section 6.7.1.2.1. Also, the RCGV function design complies with the codes |
and standards which apply to a system that is part of the reactor coolant pressure boundary.

In summary, the RCGV function of the SDS fulfills the applicable requirements of 10 CFR 50, the
guidance identified in NUREG-0737, and the applicable industry codes and standards. Therefore, this
issue is resolved for the System 80+ Standard Design.

%

i
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REFERENCES

|1. 10 CFR 50, Code of Federal Regulations.

|2. NUREG 0737, " Clarification of TMI Action Plan Requirements", U.S. Nuclear Regulatory
Commission.

| 20.2.102 PLANT SIIIELDING TO PROVIDE POST-ACCIDENT ACCESS TO VITAL
AREAS

ISSUE

| Generic Safety Issue II.B.2 addresses the need to ensure that areas which require post-accident
personnel access or contain safety related equipment are adequately shielded in the vicinity of systems
which may contain highly radioactive materials as a result of the accident.

| Item II.B.2 of NUREG-0737 (Reference 1) clarified the requirement for the resolution of this issue as
the performance of a radiation and shielding design review of the plant to verify that all areas which
personnel need to occupy to mitigate the consequences of and recover from a design basis accident are
shielded sufficiently. Calculated total individual radiation doses are limited to less than 5 rem in

| accordance with GDC 19 (Reference 2) and dose rates in areas requiring continuous occupancy to less
than 15 rem /hr. The review must include verification that radiation analyses both for shielding design
and environmental qualification of safety related equipment are based on the appropriate source terms
and distribution of noble gases, iodine, and particulates.

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of GSI II.B.2 is that a radiation and shielding design review
shall be performed in accordance with the requirements of item II.B.2 of NUREG-0737 and include
verification of the following:

Source terms for pressurized water reactors used in radiation analyses for shielding design aree

as a minimum equivalent to source terms recommended in Regulatory Guides 1.4 and 1.7, and

| SRP Section 15.6.5 (References 3,4, 5) and effects of noble gases, iodine, and particulates
are taken into account in accordance with Part 1 of item II.B.2.

Systems assumed in post-accident radiation analysis to be operating and containing high levelse

of radiation are identified.

Plant areas requiring post-accident occupation (" vital areas"), and the duration of occupation,e

are identified.

Calculated individual personnel radiation doses and average dose rates in vital areas requiringe

continuous occupation are less than 5 rem (GDC 19) and 15 rem /hr, respectively.

O
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| Projected dose rate maps for potentially occupied areas are provided.*

( !

| The calculated radiation source terms to determme environmental qualification of safety related*
;

equipment consider the effects of noble gases, iodine, and particulates in accordance with Part |
'

(4) of item II.B.2, depending on location, j

|
RESOLUTION

|
|

| A radiation and shielding design review of the System 80+ Standard Design in accordance with Item |
| II.B.2 of NUREG-0737 will be performed during the detailed design phase of the plant. I

. General design canditions to keep post-accident exposures as low as reasonably achievable (ALARA)
I are addressed in Section 12.3.1.2. |

Post-accident radiation sources are addressed in Section 12.2.3, including identification of the systems |
| assumed to be in operation during the accident with high levels of radiation and containing noble gases, |
| iodine and particulates as specified in Part (1) of item II.B.2. These systems include Annulus j
i Ventilation, Safety Injection, Containment Spray, Shutdown Cooling, Post-Accident Sampling, I

Hydrogen Recombiners, and Subsphere Ventilation. Source terms are in accordarice with Regulatory
|' Guides 1.4 and 1.7, and meet the intent of SRP 15.6.5 Revision 1.

Vital areas for post-accident personnel access are addressed in Section 12.3.1.3, including the provision | ),m
)(V of zone maps showing projected dose rates in these areas. Dose rates together with projected

'

occupation times result in total individual exposures in conformance with the requirements of GDC 19.
Dose rates averaged over a 30-day period in areas requiring continuous occupancy, such as the main
control room, are less than 15 mrem /hr. Other vital access areas include the technical support center,
hydrogen monitor /recombiner areas, sampling centers, and sample analysis areas.

Environmental qualification of safety related equipment is addressed in Section 3.11. Determination |
of radiation environment during a design basis accident considers the requirements of Parts 1 and 4 of
item II.B.2.

In summary, the radiation and shielding design review of the System 80+ Standard Design will verify
that the shielding of areas requiring personnel access during and after a design basis accident, and the
environmental qualification of safety equipment for radiation due to the accident, are in accordance
with Item II.B.2 of NUREG-0737 and this issue is therefore resolved.

REFERENCES

1. NUREG-0737, '' Clarification of TM1 Action Plan Requirements", U.S. Nuclear Regulatory |Commission, December 1979.

2. 10 CFR 50 Appendix A, " General Design Criteria" Code of Federal Regulations. |

V)t
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|3. Regulatory Guide 1.4, Revision 2, " Assumptions Used for Evaluating the Potential

! Radiological Consequences of a Loss-of-Coolant Accident for Pressurized Water Reactors",
U.S. Regulatory Conunission, June 1974.

|4. Regulatory Guide 1.7, Revision 2, " Control of Combustible Gas Concentrations in
! Containment Following a Loss-of-Coolant Accident", U.S. Regulatory Conunission,
| November 1978,

|5. NUREG-0800, " Standard Plan for Review of Safety Analysis Reports for Nuclear Power Plants
- LWR Edition", U.S. Nuclear Regulatory Commission.

| 20.2.103 POST-ACCIDENT SAMPLING SYSTEM

ISSUE

Generic Safety Issue II.B.3 addresses the TMI requirements of 10 CFR 50.34(f) and guidance identified
in NUREG-0737 (References 1, 2). Basically, plants must install a post-accident sampling system to
sample reactor coolant and containment atmosphere.

After the Three Mile Island accident the NRC determined there was a need for improved post-accident
reactor coolant and containment atmosphere sampling. This determination was made because the TMI
accident demonstrated that existing sampling system designs were inadequate for post-accident
conditions (e.g., insufficient instrumentation and instrument ranges, inadequate plant shielding,
difficulty in obtaining and processing samples). The purpose of the improved post-accident sampling
requirements is to ensure the provision of a remote, rapid, and safe means to obtain potentially highly
radioactive samples of both the reactor coolant and containment atmosphere after an accident. These
samples might then be used to assist plant operators in assessing the degree of core damage, and
determining the level of contamination in the containment.

NRC guidance was established in NUREG-0737 to assist nuclear power plant licensees in developing
improved post-accident sampling capabilities for reactor coolant and containment atmosphere.

ACCEPTANCE CRITERIA |
;

The acceptance criterion for the resolution of GSI II.B.3 is that plants shall modify present reactor |
coolant and containment atmosphere sampling systems or install new systems to satisfy the applicable |
post-accident requirements of 10 CFR 50.34(f) and implement the guidance identified in NUREG-0737. I

The reactor coolant and containment atmosphere sampling systems used for post-accident sampling
conditions shall permit sampling of the reactor coolant and containment atmosphere without personnel
exceeding their individual dose limits. The systems shall permit analyses for radioactive noble gases,
iodine, cesium and nonvolatile isotopes, and also boron and chlorides.

O
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RESOLUTION

The System 80+ Standard Design includes the Process Sampling System (see Section 9.3.2) which |
is designed to collect representative samples of liquids and gases in various process systems and
deliver them to sample stations for chemical and radiological analyses.

The system permits sampling during reactor operation, cooldown, and post-accident conditions without
requiring access to the containment. Remote samples can be taken of fluids in high radiation areas
without requiring access to:these areas, thus permitting personnel to remain within their radiation
exposure limits. The sampling system performs no safety function (See Section 9.3.2.1). |

The Process' Sampling System design meets the performance criteria described below and further
discussed in Section 9.3.2.1.1: _|

e The design meets the intent of guidance in Section II.B.3 of NUREG-0737 and in applicable
sections of Regulatory Guide 1.97.

!

| The design integrates both normal and accident sampling functions, enhancing operator system*

| familiarity and shortening sample times.

Periodic functional testing capability is provided to assure system availability and operatore

familiarity during an accident.

t
N * The design permits liquid and gaseous sample dilution.

Collection and dilution of post-accident samples are performed remotely to the maximum extent*

feasible.

Grab samples are used for laboratory analyses and on-line monitors are used for trends.*

Remotely operated valves are powered by assured supplies and have reset features to permite

operation after containment isolation. In addition, valves located in a potential post-accident
_

environment are environmentally qualified to assure operability.
1

'

!

Two different, non-class IE, power sources (one from each Permanent Non-Safety-Related Buse

X or Y) are available for post-accident sampling. During a loss of offsite power, an alternate,

i

power supply is available to meet the 3 hour recommendation of NUREG-0737 for post-
accident sampling and analysis.

I
The boron sampling system is available in the event.of fire. ;e

I,

In addition, chemical and radiochemical analyses are performed to determine boron concentration,
fission and corrosion product activity, crud concentration, dissolved gas and corrosion product
concentrations, chloride concentrations, coolant ph, conductivity of the reactor coolant, and
noncondensible gas concentration in the pressurizer.

A
'f
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The configuration of the sampling system is such that, under post-accident conditions, samples of I
containment liquids and the containment atmosphere are transported to a convenient location for remote |

| grab sampling. (See Section 9.3.2.2.1).

In summary, the Process Sampling System fulfills the applicable requirements of 10 CFR 50.34 (f) and |

meets the guidance identified in NUREG-0737. Therefore, this issue is resolved for the System 80+ |

Standard Design.

REFERENCES |

|1. 10 CFR 50, Code of Federal Regulations.

|2. NUREG 0737, " Clarification of TMl Action Plan Requirements", U.S. Nuclear Regulatory
Commission.

| 20.2.104 RULEMAKING PROCEEDING ON DEGRADED CORE ACCIDENTS

ISSUE

| This Generic Safety Issue, item II.B.8, envisioned both a short-term and a long-term rulemaking to
establish policy, goals, and requirements to address accidents resulting in core damage greater than the
present design basis, in the past, safety reviews concentrated on how to prevent a core from being
damaged. Consequently, little attention was given to how a severely damaged core could be dealt with
after damage occurred. Other subtasks within Task II.B were concerned with.the study of the
characteristics of degraded and melted cores (research programs) plus some immediate actions to be
taken at plants in operation.

Item II.B.8 included an Advance Notice of Proposed Rulemaking and Interim Rule. The Advance
Notice was issued on December 2,1980 (45FR65474). The Interim Rule was issued in two parts:
the first was issued in effective form in October, 1981 (46FR58484) and the second was issued as a
proposed rule on December 23,1981 (46FR62281).

ACCEPTANCE CRITERIA

Analyze degraded core conditions and mitigation capabilities consistent with NRC guidance in SECY-
93-087.

RESOI,UTION

Analysis of degraded core conditions and the capability of System 80+ to mitigate those conditions is
| provided in Section 19.11. This issue is, therefore, resolved for the System 80+ design.

!

O.
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20.2.105 RELIABILITY ENGINEERING |

ISSUE

Generic Safety Issue II.C.4 addresses the need for a designer and owner-operator developed reliability |
program which can evaluate plant safety and reliability.

Industry, (including plant designers and owner-operators) and the NRC are concerned about designing
and operating nuclear power plants safely and reliably. Before the advent of Probabilistic Risk l
Assessment (PRA) it was difficult to systematically assess plant safety and reliability Therefore, both
industry and regulators consider PRA, as part of a comprehensive reliability program, to be desirable
for future plants. The NRC has placed an emphasis on PRA for future plants by including it in the
Standardization Rule (10 CFR 52).

'
,

'

Plant designers employ a PRA for new plants to identify contributors to severe accident risk, and the !
accident sequences which are significant. The industry goals for new plant designs include a core- !

damage frequency no greater than 1x10-5 per year. PRA also provides an analytical tool for evaluating - |
the impact of design modifications on core damage probability and the overall risk to the health and
safety of the public. The PRA determines expected system and component availabilities. The plant '

designer's PRA is a useful tool that can be used by the owner-operator as a basis for a reliability-

program.

According to NUREG-0933, a reliability program generally includes activities such as determiningV
system availabilities, identifying high component failure rates, determining the causes for component
failures, and identifying possible corrective actions.

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of GSI II.C 4, is that plant designers or owner-operators
shall perform a PRA. Consistent with the Standardization Rule (10 CFR 52), the assumptions and

~

results of the PRA must be appropriately addressed in an owner-operator reliability program which
incorporates such features as determining system availabilities, identifying high component failure rates,

)determining basic causes for component failures, and identifying possible corre
ctive actions.

RESOLUTION

As shown in Chapter 19, a PRA has been performed for the System 80+ Standard Design and meets
the mean core damage frequency goal of less than lx10-5 events per year.

The System 80+ Standard Design PRA has two primary purposes. The first purpose, is to identify the
dominant contributors to severe accident risk, The second purpose is to provide an analytical tool for
evaluating the impact of design modifications on core damage probability and the overall risk to the
health and safety of the public. This information is then used as input to the owner-operator reliability

;assurance program.
!,

t
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In particular, the determination of core damage frequency attributable to internal events (e.g., LOCAs
and Loss Of Offsite Power) used the standard small-event-tree /large-fault-tree methodology, with full
fault tree linking used for the solution of core damage event sequences. External events such as
tornadoes and earthquakes are also addressed in the PRA. The evaluation of the containment

| perfomiance employed methodologies consistent with NUREG-1150 (Reference 1). The determination
of public risk was based on a calculation of the radiological dose at one-half mile from the plant using
bounding site characteristics supplied by EPRI. The methodology employed was consistent with the,

! | methodology described in NUREG-2300 (Reference 2). The results of this PRA show that the System
80+ S'andard Design plant meets the industry goal of a mean severe core damage frequency of less
than lx10-5 per reactor year and a mean frequency for occurrence of doses greater than 25 REMl

4I beyond one-half mile radius from the reactor of less than lx10 ' events per reactor year.

A Design Reliability Assurance Program ensures that PRA assumptions and basic results are provided
| as input to the owner's Operators Reliability Assurance Program (see Section 17.3).|

In summary, a PRA has been performed for the System 80+ Standard Design and meets the
requirements of the Standardization Rule, (10 CFR 52). Requiring the owner-operator to implement
an operability assurance program is intended to ensure that the PRA remains valid during plant
operation. Therefore, this issue is resolved for the System 80+ Standard Design.

REFERENCES

|1. NUREG-il50 " Reactor Risk Reference Document", U.S. Nuclear Regulatory Commission,
January 1987.

|2. NUREG-2300, "PRA Procedures Guide", U.S. Nuclear Regulatory Commission, January
1983.

|

| 20.2.106 PERFORMANCE TESTING OF PWR SAFETY AND RELIEF VALVES

ISSUE
|

| Generic Safety issue ll.D.1 addresses the guidance identified in NUREG-0737 (Reference 1) for I
qualification testing to be performed on the block, relief, and safety valves of the Reactor Coolant
System (RCS).

After the TMI accident, the NRC determined that there was a need for performance testing of the RCS
block, relief, and safety valves. This determination was made because the TMI accident demonstrated
that these RCS valves may not operate as expected. The NRC established new guidance in NUREG-
0737 which addresses the qualification testing of these valves. Qualification testing of these valves
includes testing based upon both normal and accident conditions.

|

0
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4 ACCEPTANCE CRITERIA

|
'

The acceptance criterion for the resolution of GSI II.D.1 is that the qualification testing for the RCS
block, relief, and safety valves must be performed in accordance with the guidance identified in,

,

NUREG-0737 and with ASME B&PV code, Section III. The performance testing shall include both ;.

normal and off-normal (accident) conditions. Furthermore, the accident conditions shall be established,

"

using the applicable design basis events, including Anticipated Transients Without Scram (ATWS). j

RESOLUTION

The System 80+ Standard Design utilizes the pressurizer safety valves to protect the RCS from I
'

overpressurization as required by the ASME B&PV code, Section Ill (see Section 5.4.13.4.1). |
. .

. !
The inlet and outlet portions of the valves are hydrostatically tested with water at the appropriate )
pressures required by the applicable section of the ASME code. Set pressure and seat leakage tests are l
performed with steam using a pro-rated spring. Final set pressure tests are conducted using the final
design springs with either high pressure steam or low pressure steam and an assist device.

Tests performed prior to shipment test seat leakage use the final design springs and either hot air or
hot nitrogen. Valve adjustment is made to a valve ring setting combination to provide
stable valve operation using the EPRI Safety Valve Test Program results documented in CEN-227
(Reference 2). This valve test program was based upon the guidance established in NUREG-0737. |e

j ( The System 80+ Standard Design does not use power operated relief valves (PORV's) and the
i requirements and guidance regarding these valves do not therefore apply. [As described in Section 6.7, |

the System 80+ Standard Design includes safety-related isolation valves, manually actuated from the
control room, to provide depressurization capability.]

NUREG-0737 specifies that applicable design basis events including ATWS are to be considered in
developing performance testing conditions. The System 80+ Standard Design employs an independent
and diverse control-grade reactor trip and turbine trip specifically designed to address the prevention 4

of ATWS events (see Section 7.7.1.1.11). This Alternate Protection System (APS) augments the |
'

; Reactor Protective System for ATWS (see USI A-09 for the resolution to ATWS). The APS includes
an Alternate Reactor Trip Signal (ARTS) which is separate and diverse from the Plant Protection,

i System. The ARTS equipment provides a simple, yet diverse mechanism to significantly decrease the
possibility of an ATWS. Therefore, there are no special relief valves for the mitigation of ATWS and
the corresponding test requirements for GSI II.D.1 do not apply to the System 80+ Standard Design.

,

Since the testing for pressurizer safety valves conforms to the guidance given in NUREG-0737 and
since testing requirements on PORV, associated block valves, and ATWS events do not apply, this

'

issue is resolved for the System 80+ Standard Design.
l'

REFERENCES

1. NUREG-0737, " Clarification of TMI Action Plan Requirements", U.S. Nuclear Regulatory |
Commission, October 1980.
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l |2. CEN-227, " Summary Report on the Operability of Pressurizer Safety Relief Valves in CE

Designed Plants", Combustion Engineering, Inc, December 1982.

|3. Regulatory Guide 1.97, Rev. 3. " Instrumentation For Light-Water-Cooled Nuclear Power
Plants To Assess Plant And Environs Conditions During And Following An Accident", U.S.
Nuclear Regulatory Commission, May 1983.

| 20.2.107 DIRECT INDICATION OF RELIEF AND SAFETY VALVE POSITION

ISSUE

| Generic Safety Issue II.D.3 addresses the guidance identified in NUREG-0737 (Reference 1) for the
provision of a positive indication in the control room of relief and/or safety valve position or a reliable
indication of flow in the associated discharge piping.

| After the TMI-2 accident, the NRC determined that there was a need for direct indication of relief and
safety valve position in the control room. This determination was made because the TM1 accident
demonstrated that, during an accident, these valves may not operate as expected and that the safety and
relief valve instrumentation may fail to provide the operator with sufficient infonnation concerning the
status of these valves. Therefore, the NRC established new guidance in NUREG-0737 which addresses
the installation of improved safety and relief valve indication in the control room to enhance the
operator's ability to diagnose a safety and relief valve failure and/or incorrect position.

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of GSI II.D.3 is that the plant design shall include safety
and relief valve indication in accordance with the guidance given in NUREG-0737. This indication
shall have the following design features:

|* Unambiguous safety and relief valve indication shall be provided to the control room operator;

|* Valve position should be indicated within the control room and should be alanned;

|* Valve position indication can be either safety or control grade. If it is control grade, it must
be powered from a reliable (e.g., battery-backed) instrument bus (see Regulatory Guide 1.97,
Reference 2);

|* Valve position indication should be seismically qualified consistent with the component or
system to which it is attached;

|* The valve position indication shall be qualified for the appropriate operating environment which
includes the expected normal containment environment and an Operating Basis Earthquake; and

|* The valve position indication shall be human-factors engineered.

O
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RESOLUTION l

The System 80+ Standard Design incorporates four primary safety valves (see Section 5.4.13). Valve |
discharge is headered and routed to the In-Containment Refueling Water Storage Tank. These valves.
are monitored by three methods which are described in Sections 5.2.5.1.2.1: |

First, positive indication of safety valve position is supplied in the control room by the |.
e

Acoustic Leakage Monitoring System (ALMS).
.

1

Second, each safety valve is monitored for seat leakage by an in-line Resistance Temperature |
* l

Detector (RTD) which is located upstream of the header for the safety valves. |
Third, safety valve leakage is indirectly monitored from the safety grade pressurizer pressure |

e
.

and level instrumentation system also located in the control room..

The ALMS is part of the NSSS Integrity Monitoring System and is described in Sections 7.7.1.6.1 and |
| 7.7.1.6.2. The function of the ALMS is to detect a leak at specific locations or within specific

components in the primary system including the primary safety valves. The ALMS provides the
control room operator with a direct and unambiguous method of determining the position (open or
closed) of the pressurizer safety valves as required by NUREG-0737.

-l
; The ALMS is composed of sensors (accelerometers) which are installed on the pressurizer safety valve
; discharge lines (one per safety valve). Signals from the sensor area are routed to the in-containment
i amplifiers. The amplifier output is subsequently directed to the control room. Within the alarm

instrumentation, the signal is compared to a threshold value obtained during startup testing.

Alarms are provided as part of the " human engineered" control complex (see Chapter 18) and are |
included in the plant computer annunciator systems. After passing through the alarm unit, the
amplified accelerometer signals are multiplexed, filtered, digitized, and transmitted to a computer for .)
further analyses. The computer maintains data storage, performs comparisons, develops trends, and i

performs analyses to enhance the signal characteristics.

The ALMS is qualified for the expected normal containment environment. Finally, as identified within
Regulatory Guide 1.97, the ALMS is supplied with power from non-vital buses X or Y. These buses -
are very reliable since they use batteries as a backup power source.

In summary, by providing a direct method for rnonitoring safety valve position, the ALMS implements
the guidance identified in NUREG-0737. Therefore, this issue is resolved for the System 80+ -
Standard Design.

REFERENCES

1. NUREG-0737, " Clarification of TMI Action Plan Requirements", U.S. Nuclear Regulatory |Commission, June,1985.

2. Regulatory Guide 1.97, Rev. 3, " Instrumentation for Light Water Cooled Nuclear Power Plants |f to Assess Plant Environs Conditions During and Following an Accident", May 1983.
k

,
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| 20.2.108 AUXILIARY FEEDWATER EVALUATION

ISSUE

Generic Safety Issue II.E.1.1 addresses the TMI-related requirement [10 CFR 50.34(f)(1), Reference
1] that all operating plants and plants under construction re-evaluate their emergency feedwater (EFW)
system designs with respect to reliability and availability.

| After the TMI-2 accident the NRC reviewed the auxiliary feedwater system for availability and
reliability of components and decay heat removal capability. In particular, the EFW system was
scrutinized with regard to the potential for failure under a variety of loss of main feedwater conditions.
The safety concern was that a total loss of feedwater, i.e., loss of both main and emergency feedwater,
could result in loss of core cooling. The NRC requested operating plants and plants under construction
to review both the reliability and the capability of the EFW system to perform its intended safety
function i.e., core decay heat removal. The evaluation by the plants was divided into three parts as
discussed below.

Part one consisted of a limited PRA to determine the potential for EFW system failure under various
loss-of-main-feedwater transient conditions, with particular emphasis being p'. aced on determining
potential failures from human errors, common causes, single-point vulnerabilities, and test and
maintenance outages. This evaluation applies to operating plants and plants under construction and not
to advanced or future plants. Part two was composed of a deterministic review of the EFW system
using the acceptance criteria of SRP Section 10.4.9 and the associated Branch Technical Position (BTP)
ASB 10-1. Part three required a re-evaluation of the decay heat removal capability of the EFW systern
with respect to EFW system flowrate. Parts two and three apply to advanced or future plants.

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of GSI II.E.1.1 is that plants using emergency feedwater
systems shall meet the intent of the guidance identified in SRP Section 10.4.9 and BTP ASB 10-1 and
thus meet the requirements of 10 CFR 50 Appendix A (General Design Criteria (GDC)) and 10 CFR
50.34(f)(1). i

Specifically, the EFW system shall meet the requirements of GDCs 2,4,5,19,34,44,45 and 46 with
respect to a variety of design criteria.

These design criteria include: the capability of the system to withstand the effects of earthquakes and
missiles; shared systems and components; prompt shutdown of the reactor from the control room;
system decay heat heat removal capacity considering a main feedwater line break; redundancy;
reliability; in-service inspection; and functional testing.

O
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RESOLUTION

; The System 80+ Standard Design incorporates an Emergency Feedwater (EFW) System to provide
!

a reliable and independent safety-related means of supplying secondary-side, quality feedwater to the
steam generator (s) for removal of heat and prevention of reactor core.uncovery during emergency
phases of plant operation. The EFW system is a dedicated safety-related system which is not used
during normal plant operation (see Section 10.4.9).

|

The EFW system consists of two separate mechanical trains each aligned to supply its respective steam
generator. Each train consists of a dedicated safety grade storage tank, two EFW pumps (one electric;

! - driven and one steam driven), a cavitating . venturi to limit the maximum flow to a faulted steam
generator, and the associated valves and instrumentation (see Section 10.4.9.2.1).' . |.

|

Consistent with its importance to plant safety, the system has design features which meet the
requirements of the GDCs identified in the Acceptance Criteria and SRP Section 10.4.9 (including BTP
ASB 10-1). For example, the EFW system design includes: EFW components that are located in|

| Seismic Category I structures which protect them from the effects of external missiles; essential
!

components that are designed to account for the environmental effects of flooding, missiles and
earthquakes (components and piping necessary to perform the EFW system safety function are designed
to Seismic Category I requirements as described in Section 3.7); and manual or automatic (EFAS or
APS) initiation from the control room. Section 10.4.9.1.2 provides a comprehensive d;scussion of

1

'

p) the EFW system design criteria which fully address the GDCs identified in SRP Sec' ion 10.4.9. Also,
| (V functional and inservice testing are identified in Section 10.4.9.4.

|
,

Emergency Feedwater System reliability is addressed by GSI 124. The response to GSI 124

!. demonstrates that the System 80+ Standard Design EFW system fulfills the requirements of component
and system reliability. A complete description of the PRA for the System 80+ Standard Design,
including the EFW system reliability analysis is given in Chapter 19.

|

Finally, the EFW system is designed to provide decay heat removal capability for 8 hours at hot \
standby and then support an orderly cooldown to shutdown cooling system entry, even tf the mitiating,

event is a main feedwater line break (see Section 10.4.9.3).

Since the guidance identified in NUREG-0737 and SRP Section 10.4.9 (including BTP ASB-10-1) is;

t

considered and the requirements of 10 CFR 50.34 (f)(1) and 10 CFR 50, Appendix A are fulfilled, this
! issue is resolved for the System 80+ Standard Design. ,
,

'

REFERENCF3
i

1. 10 CFR 50.34(f)(1), " Additional TMI-related Requirements".
|

2. 10 CFR 50 Appendix A " General Design Criteria".
|

3.
NUREG-0800, Standard Review Plan, Section 10.4.9, Rev. 2, " Auxiliary Feedwater

|Reliability", U.S. Nuclear Regulatory Commission.
Ov

|
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| 20.2.109 AUXILIARY FEEDWATER AUTOMATIC INITIATION AND FLOW
INDICATION

ISSUE

| Generic Safety Issue II.E.1.2 addresses the TMI requirement for plants to install a control-grade system
for automatic initiation of the auxiliary feedwater (AFW) system. This requirement can be achieved

| by meeting the criteria identified in IEEE Standard 279-1971 (Reference 1), (e.g., timely system
initiation, single failure criterion, equipment qualification).

I After the TMI-2 accident, the NRC reviewed auxiliary feedwater system designs with respect to timely
|

initiation, as described in 10 CFR 50, Appendix A, (GDC 20), (Reference 2). Upon completion of the
review, the NRC determined that new guidance identified in NUREG-0737, (Reference 3) was
necessary in order to assure a timely start of the AFW system after a design basis event (e.g., loss of
main feedwater). Among this new guidance was automatic system initiation, environmental and seismic

equipment qualification, and single failure criterion.

An NRC review of IEEE Standard 279, established that the criteria for Class IE or safety-related
electrical equipment described therein, are acceptable for the resolution of this safety issue.

ACCElvrANCE CRITERIA

The acceptance criterion for the resolution of GSI II.E.1.2, are that plants employing auxiliary
feedwater systems shall meet the requirements of 10 CFR 50, Appendix A, (GDC 20) by implementing
the guidance identified in NUREG-0737 and the design requirements of IEEE Standard 279-1971

| (References 2,3).

Specifically, the auxiliary feedwater system shall incorporate such design features as automatic system
initiation, protection from single failure, and environmental and seismic equipment qualification.

RESOLUTION

The System 80+ Standard Design utilizes a dedicated emergency feedwater (EFW) system to provide
an independent safety-related means of supplying secondary-side quality feedwater to the steam

| generator (s) for removal of heat during emergency phases of plant operation. The EFW system has nooperating functions for normal plant operation. (See Section 10.4.9).

In addition, the emergency feedwater system instrumentation and controls are part of the engineered

| safety feature (ESF) systems and are subject to the design bases in Sections 7.3 and 10.4.9. These
design bases address the applicable GDC identified in 10 CFR 50, Appendix A, including GDC 20.

The EFW system is actuated automatically by an emergency feedwater actuation signal (EFAS) from
the ESF actuation system or by the auxiliary protection system (described in Section 7.7). In addition
to this automatic feature, the EFWS can be manually initiated as described in Section 10.4.9.

O
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The ESF actuation system is composed of redundant trains A, B, C, and D. The instrumentation and
controls of each train are physically and electrically separate and independent. The ESF actuation
system can sustain the loss of an entire train and still provide its required protective action. Specific
ESF design criteria are addressed for environmental and seismic equipment qualification, single failure
criterion, and minimum equipment and system response times.

In summary, the emergency feedwater system, including its integral instrumentation and controls,
fulfills the applicable requirements of 10 CFR 50, Appendix A by meeting the guidance identified in
NUREG-0737 and the design criteria in IEEE 279-1971. Therefore, this issue is resolved for the
System 80+ Standard Design.

. REFERENCES

1. IEEE Standard 2791971, " Criteria for Protection Systems for Nuclear Power Generating |
Stations" The Institute of Electronic and Electrical Engineers.'

2. 10 CFR 50 Appendix A, " General Design Criteria", Office of the Federal Register, National |
Archives and Records Administration.

,

1

3. NUREG 0737, " Clarification of TMI Action Plan RequirementC, U.S. Nuclear Regulatory |
Commission.

10
h 20.2.110 II.E.3.1: DECAY IIEAT REMOVAL - RELIABILITY OF POWER SUPPLIES |

FOR NATURAL CIRCULATION

ISSUE

Generic Safety Issue ll.E.3.1 addresses the need for reliable power supplies to pressurizer heaters to |
ensure that natural circulation can be maintained in the reactor coolant system.

ACCEPTANCE CRITERIA

Specific acceptance criteria for this issue are provided in NUREG-0737 (Reference 1). The pressurizer |
heaters are not required for maintenance of natural circulation in the System 80+ reactor coolant
system. Therefore, the criterion for this issue, applicable to System 80+, is that natural circulation
be maintained.

RESOLUTION

The natural circulation evaluation, summarized in Appendix SD, did not credit the use of pressurizer.
heaters. Therefore, the use of pressurizer heaters is not required to maintain natural circulation and
safety-grade power supplies are not required. For conservatism, however, the Backup Pressurizer
lleaters are powered from Class lE (safety grade) buses, as shown in Tables 8.3.1-2 and 8.3.1-3. |

bd
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REFERENCES

|1. NUREG-0737, " Clarification of TMI Action Plan Requirements", U. S. Nuclear Regulatory
Commission, June 1985.

| 20.2.111 DEDICATED IIYDROGEN PENETRATIONS

ISSUE

| Generic Safety Issue II.E.4.1 addresses the need to have dedicated containment penetrations for
hydrogen recombiners when they are used for post-accident hydrogen control of the containment
atmosphere.

After the TMI accident, the NRC determined that if externally located hydrogen recombiners were to
be relied on to reduce the hydrogen concentration inside the containment building after an accident,
it would be necessary to provide dedicated containment penetrations for this purpose. Guidance and

| requirements for implementing these penetrations were clarified in NU. REG-0737 (Reference 1).

ACCEPTANCE CRITERIA

In accordance with NUREG-0737, the acceptance criterion for the resolution of GSI II.E.4.1 is that
when hydrogen recombiners are used to control the concentration of combustible gases within the
containment building, they shall have dedicated containment penetrations. These dedicated penetrations
shall meet the requirements of 10 CFR 50 Appendix A (GDCs 54 and 56) for isolation dependability.

| Further, the dedicated penetrations shall be sized such that the flow requirements for the use of the
hydrogen recombiners shall be satisfied and the design shall be in accordance with the requirements
of 10 CFR 50.44.

RESOLUTION

The System 80+ Standard Design incorporates a containment building that includes dedicated
| penetrations for two hydrogen recombiners outside containment (See Section 6.2.4). Two penetrations

are provided for each recombiner, one for the line withdrawing combustible gas from the containment
and one for the line returning the inerted gas to the containment. These penetrations are designed in
accordance with the requirements of 10 CFR 50 Appendix A (GDCs 54 and 56).

Specifically, for GDC 54, the lines penetrating the containment are provided with the required isolation
and testing capabilities. Each line has two containment isolation valves in series, and test connections
are provided to allow periodic leak detection tests to be performed.

In accordance with GDC 56, each hydrogen recombiner line has one automatic isolation valve inside
containment (motor operated valve in line leaving containment and check valve in return line) and one

| motor operated isolation valve outside containment (see Table 6.2.4-1).

O
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In addition, the penetrations are designed and sized for the hydrogen recombiner flows as required by
10 CFR 50.44 (see Section 6.2.5). |

Since the System 80+ Standard Design includes dedicated containment penetrations for external
recombiners which meet the requirements of 10 CFR 50 Appendix A for containment penetration
design and isolation and 10 CFR 50.44 for sizing, this issue is resolved.

REFERENCES

1. NUREG-0737, " Clarification of TMI Action Plan Requirements", U.S. Nuclear Regulatory |
Commission, June,1985.

~20.2.112 CONTAINMENT DESIGN-ISOLATION DEPENDABILITY |

ISSUE

Generic Safety Issue II.E.4.2, addresses the TMI requirements identified in NUREG-0737 (Reference
1), which references the guidance given in SRP 6.2.4, Rev. 2 (Reference 2), regarding the need to
maintain containment building isolation integrity throughout the plant design lifetime for both normal
(especially refueling and extended maintenance activities) and accident conditions.

r
<( The TM1 accident demonstrated the continued need for dependable containment isolation after an

accident as well as during startup, shutdown, and normal operation (when systems such as the
| containment purge and vent systems are used). There are three areas of concern for isolation of

containment building penetrations, which are: (1) fluid systems piping, (2) instrumentation and controls
sensing lines, and (3) containment building purge and vent system ventilation " ducts". The majority
of containment penetrations are from fluid systems piping. However, there are typically a small
number of instrumentation and control sensing lines and several vent and purge ducts which also
penetrate the containment building.

<

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of GSI II.E.4.2 is that the plant design shall conform to the
requirements of NUREG-0737 for the containment isolation system and meet the intent of the overall
guidance identified in SRP Section 6.2.4, Rev. 2. This guidance establishes criteria for the
containment isolation system which encompasses, the fluid systems piping and instrumentation and

! controls sensing lines and the containment purge and vent systems. SRP 6.2.4 references specific
guidance identified in Regulatory Guide 1.141 (Reference 3) for fluid system piping, Regulatory Guide
1.11 (Reference 4) for instrument sensing lines, and BTP CSB 6-4 (Reference 1) for containment purge
and vent system ducts, all of which taken together satisfy GDCs 1, 2, 4,16, and 54 through 57
described in 10 CFR 50 Appendix A (Reference 5). Regulatory Guide 1.141 further endorses the
industry requirements established in ANSI N271-1976 (Reference 6).

Specifically, implementation of the SRP and other references shall consist of the following:

n)%
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(1) meeting the requirements of GDCs 1,2, and 4 for the design, fabrication and testing of the

containment isolation system with respect to quality assurance, environmental qualification,
seismic and dynamic effects;

(2) meeting the requirements of GDC 16 with respect to maintaining an essentially leak-tight
containment boundary;

(3) meeting the requirements of ANSI N271-1976 which satisfies the guidance identified in
Regulatory Guide 1.141 and the requirements of GDCs 54 through 57 for the capability of
isolating fluid systems which penetrate the containment boundary;

(4) meeting the intent of the guidance in Regulatory Guide 1.11 for the isolation ofinstrumentation
and controls sensing lines which penetrate the containment. However, instrument sensing lines
which provide input to pressure transmitters that monitor containment building pressure are
specifically exempt from this guidance; and

(5) the containment purge and vent systems shall be designed to meet the requirements of 10 CFR
50 Appendix A, GDCs 54 and 56 identified in BTP CSB 6-4 with respect to maintaining

| containment integrity during a loss-of-coolant accident.

RESOLUTION

The System 80 + Standard Design incorporates a Containment Isolation System for fluid systems piping
and for the Containment Purge Ventilation System. Instrumentation and control sensing lines which
penetrate the containment are provided with containment isolation provisions which meet the intent of
Regulatory Guide 1.11 except for lines such as the four containment pressure instrument sensing lines,

| which are exempt (see Section 6.2.4.1.1). |
,

The containment isolation system is designed to prevent or limit the release of radioactivity to the |

environment during and after an accident while ensuring continued operability of safety-related systems
which might be needed to limit or prevent the consequences of an accident. This " system" is, in fact,
not a single system but is composed of a variety of containment penetrations whose isolation valve
arrangement is uniformly designed, fabricated, and tested according to the criteria specified above.
A more detailed description for the fluid systems piping containment isolation system is presented in

| Section 6.2.4. Section 9.4.5, describes that part of the containment isolation system which addresses
the containment purge ventilation system.

The System 80+ Standard Design meets the acceptance criteria in the following ways:

(1) The containment isolation system for the fluid systems piping and containment purge ventilation
system ducting meets the intent of the overall guidance described in SRP 6.2.4, Rev. 2 and the
supplemental guidance identified in the BTP CSB 6-4, including the requirements in GDCs 1,

| 2, and 4. See Sections 3.1.1, 3.1.2, and 3.1.4, respectively.

9
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| (2) With regard to GDC 16, which addresses maintaining the leak-tightness of the containment
building, the containment building is designed to protect the public from the consequences of

I an accident (i.e., minimize the release of radioactivity) and to safely withstand all internal and
' external environmental conditions that may be reasonably expected to occur during the plant's

lifetime (see Sections 3.1.12 and 6.2.4 respectively). |

(3) The containment isolation system for the System 80+ Standard Design conforms to the
requirements of ANSI N271-1976 and thus meets the intent of Regulatory Guide 1.141 and the
requirements identified in GDCs 54 through 57, for the isolation of fluid systems. The
system's design basis addresses such requirements as leak detection, isolation, and leakage
containment capabilities. It also establishes such design features as redundant and reliable
isolation valves, and defines the system's performance requirements (see Section 6.2.4.2). |

(4) In accordance with the requirement of NUREG-0737, the design of instrumentation and control
systems for the automatic containment isolation valves is such that resetting the isolation signal
does not result in the automatic reopening of the valves. Reopening of containment isolation
valves requires deliberate operator action to open valves on an individual containment
penetration basis (see Section 6.2.4.5). |

(5) In addition to fluid systems piping, the containment isolation system also includes the
Containment Purge Ventilation System which must be isolated during a LOCA. This system
is designed to provide a means of purging and venting the containment building whenever the 1|o) contairunent is or will be occupied by plant personnel such as for plant refueling and extended

'v _/ maintenance activities. The system is, therefore, designed to meet the intent of BTP CSB 6-4
(which references GDCs 54 and 56) with respect to maintaining containment integrity during
and after a LOCA (see Section 9.4.6). |

In summary, the containment isolation system is designed to conform to the requirements of NUREG-
0737 and meet the overall guidance identified in SRP 6.2.4, Rev. 2. These documents encompass the
requirements of 10 CFR 50 Appendix A, the guidance given within BTP CSB 6-4, Regulatory Guides
1.141 and 1.11, and the requirements of industry standard ANSI N271-1976. Therefore, all of the !

requirements and guidance with respect to maintaining containment building isolation integrity
throughout the plant design life have been met and this issue is resolved for the System 80+ Standard
Design.

REFERENCES

1. NUREG-0737, " Clarification of TMI Action Plan Requirements", U.S. Nuclear Regulatory |
Commission, June,1985.

2. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear |
Power Plants - LWR Edition", Nuclear Regulatory Conunission.

3. Regulatory Guide 1.141, " Containment Isolation Provisions for Fluid Systems", Nuclear |
Regulatory Commission, April 1978.
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|4. Regulatory Guide 1.11, " Instrument Lines Penetrating Primary Reactor Containment", Nuclear
Regulatory Commission,1971.

|5. 10 CFR 50 Appendix A " General Design Criteria for Nuclear Power Plants", lode Of
Federal Regulations, Office Of the Federal Register, National Archives and Records
Administration.

|6. ANSI N271-1976, " Containment Isolation Provisions for Fluid Systems", American National
Standards Institute,1976.

| 20.2.113 CONTAINMENT DESIGN - PURGING

ISSUE

| Generic Safety Issue ll.E.4.4 addresses the acceptability of the arrangements for purging / venting the
reactor containment building.

Parts (1), (2), and (3) of this issue required licensees of operating plants to: (1) minimize purging of
the containment building during power operation and to justify additional purging; (2) provide the NRC
with information on the operability of the containment isolation valves; (3) ensure operability of the
containment purge and vent valves. Parts (4) and (5) of the issue were consolidated in NUREG-0933
and addressed the radiological consequences of containment purging / venting during the power operation
mode. The results of the NRC studies were then to be factored into new plant designs.

Nuclear power plant containment building vent / purge systems are designed to provide a method
of introducing " conditioned" fresh air into the containment building in preparation for and during
plant shutdowns and to control the release of contamination to the enviromnent. These systems
must also close upon occurrence of a containment isolation signal from the Engineered Safety Features
System. ;

1

The safety concern with respect to the containment building purge and vent system is that if a loss-of- )
coolant accident (LOCA) were to occur while the building is being purged or vented, radiation releases i
to the environment would likely result. This concern is addressed by assuring that the containment

'

isolation valves meet the closure requirements, including time to close, thus assuring that any )
radiological release would be small. Guidance on these requirements is given in SRP Section 6.2.4 )

| (Reference 1). j

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of GSI II.E.4.4 Parts (1) through (5) is that the design of |
the containment vent and purge system shall be such that the potential for the loss of its safety function |
be minimized. Specifically, the containment vent / purge systerr shall be designed to meet the intent of
the guidance given in SRP Section 6.2.4.

O
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RESOLUTION

The Containment Purge Ventilation System in the System 80+ Standard Design is designed to provide
clean, fresh air whenever the containment and/or incore instrumentation room is or will be occupied.
Containment air is exhausted to the environment through the purge filter trains. The system is
described in Section 9.4.6, and consists of two sub-systems: high volume purge and low volume |
purge.

The containment High Volume Purge sub-system is designed to maintain the average containment air
temperature between 60 F and 90*F during inspection, testing, maintenance, and refueling operations |
and to limit the release of any contamination to the environment. This sub-system will not be used
during power operation.

The containment Low Volume Purge sub-system is designed to provide air circulation and reduce
airborne radioactivity for access during normal operation or after reactor shutdown. This sub-system
will be used only on an as-needed basis during power operation.

Each containment penetration for the two sub-systems is provided with two isolation valves, one on
each side of the containment pressure boundary. The containment purge isolation valves maintain[

| primary containment integrity during a postulated LOCA and meet the intent of the guidance given in
| SRP Section 6.2.4.
1

sm

( \ The containment Low and High Volume Purge sub-systems for the System 80+ Standard Design are
designed to be periodically inspected, tested and maintained (see Section 9.4.6.4). Furthermore, in |

; order to assure system operability during normal and accident conditions, limiting conditions for
! operation (LCO's) are specified (see Section 16). The usage of these systems during power operation |

will also be minimized to reduce the probability of radiation releases to the public environment.

The required closure time for the Low Volume Purge isolation valves is justified (see Section 6.2.4) |
by an analysis of:

I

a. the radiological consequences of a LOCA, assuming appropriate source terms for the loss
of inventory, and

b. the allowable loss of containment atmosphere while the isolation valves are closing, which
affects the value for minimum containment pressure used in evaluating the emergency core
cooling system effectiveness.

The closure function of the Low Volume Purge isolation valves is ensured by tests or analysis which
demonstrate that the valves would isolate without degrading containment integrity during the dynamic
loads of a design basis loss-of-coolant accident (LOCA). The valves are also analyzed to be closable
against ascending differential pressure and dynamic loading of a design basis LOCA.

Since the intent of the acceptance criterion is met as described above, this issue is resolved for the
System 80+ Standard Design.

/%
i s

\

v
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REFERENCES

|1. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for
Nuclear Power Plants - - LWR Edition", U.S. Nuclear Regulatory Commission.

20.2.114 IN-SITE VALVE TEST ADEQUACY STUDY

ISSUE

The purpose of TMI Action Plan item II.E.6.1 is to establish the adequacy of current requirements for
safety-related valve testing. It recommends a study which wculd result in recommendations for
alternate means of verifying performance requirements.

The objective of this task is to evaluate whether current requirements for valve testing provide adequate
assurance of performance under design conditions.

ACCEPTANCE CRITERIA

It could be assumed that a study would be conducted for both PWRs and BWRs and that it could result
in recommendations for additional testing and/or maintenance on all safety-related valves. A program
to implement the recommendations would then be required at all plants.

RESOLUTION

The System 80+ valve test program is summarized in Section 3.9.6 and meets the latest NRC guidance ;

in Generic Letter 89-10. This issue is. therefore, resolved for the System 80+ design.
1

1

| 20.2.115 ADDITIONAL ACCIDENT MONITORING INSTRUMENTATION

ISSUE

Generic Safety Issue 1.F.1 was clarified in NUREG-0737, requirements were issued, and multi-plant
action items F-20 through F-25 were established by NRR/DL for implementation purposes.

ACCEPTANCE CRITERIA

Accident monitoring instrumentation must meet NRC guidance established in Regulatory Guide 1.97
and in the policy issues for evolutionary Light Water Reactors (SECY-93-087).

RESOLUTION

Accident monitoring instrumentation, which meets NRC guidance, is described in Section 7.5. This
issue is, therefore, resolved for the System 80+ design.

O
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i 20.2.116 INSTRUMENTATION FOR DETECTION OF INADEQUATE CORE COOLING |

ISSUE
:

Generic Safety issue II.F.2 addresses the need for plants to install improved accident monitoring |
instrumentation for the detection of inadequate core cooling.

j The TMI accident, identified a need for improved accident monitoring instrumentation because at the
start of an accident, it may be difficult for the operator to immediately evaluate what accident has
occurred and, therefore, to determine the appropriate response.

4

Plant instrumentadon is required to provide indication to the control room operators of certain plant
variables during accidents. This accident monitoring instrumentationis necessary to provide information
required to permit the operator to take pre-planned manual actions to accomplish safe shutdown of the
reactor; determine whether the reactor trip, engineered safety-feature systems, and manually initiated
safety-related systems are performing their intended functions (i.e., reactivity control, core cooling,
maintaining containment integrity); and provide information to the operators that will enable them to
determine the potential for causing a gross breach of the barriers to radioactivity release (i.e., fuel
cladding, reactor coolant pressure boundary, and containment) and to determine if a gross breach of
a barrier has occurred.

The NRC established guidance for improved accident monitoring instrumentation in NUREG-0737 and
'

in Regulatory Guide 1.97, Rev. 3 (References 1,2). The purpose of the guidance is to assist owner- |,

operators and designers in developing improved accident monitoring instrumentation. As with previous
accident monitoring instrumentation, these improved and/or new systems must meet the applicable
GDC's identified in 10 CFR 50, Appendix A (Reference 3). |

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of GSI II.F.2, is that plants shall modify present accident
monitoring instrumentation and/or provide new accident monitoring instrumentation that meets the
intent of NUREG-0737. In addition, this new and/or improved instrumentation shall meet the
requiaments of 10 CFR 50, Appendix A, (GDC's 13,19, 64) and implement the guidance identified
in Regulatory Guide 1.97, Rev. 3 (as related to inadequate core cooling).

Specifically, the accident monitoring instrumentation shall be designed such that the operator will be
provided with sufficient infonnation during accident situations to take pre-planned manual actions, and
to determine whether safety systems are operating properly. In addition, the instrumentation will also
provide sufficient data so that the operator can evaluate the potential for core uncovery, and gross
breach of protective barriers, including the resultant release of radioactivity to the environment.

'
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RESOLUTION

The System 80+ Standard Design utilizes the Nuplex 80+ Control Room that is designed in
accordance with the applicable General Design Criteria (GDC) identified in 10 CFR 50, Appendix A.

| (including GDC's 13,19,64) (See Chapter 3). The Nuplex 80+ Control Room employs an integrated
information display hierarchy to present both safety-related and non-safety-related plant data for

| monitoring and control by the operator (See Section 7.5.1). All information is integrated, (in
accordance with Regulatory Guide 1.97) such that the same instrumentation used for accident
monitoring is also used for normal plant operation. If an accident scenario develops, this integration
allows the operators to diagnose and monitor the event using instruments with which they are the most
familiar. The Nuplex 80 + information systems also include automatic signal validation, through cross-
channel data comparison, prior to data presentation or alarm generation. This comparison ensures that
the process information displayed to the operator is correct. Multiple diverse systems are utilized to
process and display the data to ensure that information processing errors are detected and alarmed.
This integrated information display hierarchy is composed of the following major elements: Integrated
Process Status Overview (IPSO) Panel, Discrete Indication and Alarm System (DIAS), Data Processing
System (DPS), Component Control System (CCS) and operator displays. A further description of these

| systems can be found in Section 7.5.

The Inadequate Core Cooling (ICC) monitoring instrumentatioa is part of the Nuplex 80+ Control
Room and is designed to meet the intent of the guidance identified in NUREG-0737. The ICC

| instrumentation and displays provide sufficient information to permit the operator to evaluate the

| potential for core uncovery, and gross breach of protective barriers, including the resultant release ofradioactivity to the environment. The ICC instrumentation is described in Section 7.5.1.1.7 and
consists of the following sensor package: resistance temperature detectors (RTD's), pressurizer

i

pressure sensors, and a reactor vessel level monitoring system (RVLMS) employing heated junction'

thermocouples (HJTC) and core exit thermocouples. ,

The signals from the RTD's, unheated thermocouples in the HJTC system, and pressure sensors are
combined to indicate the loss of sub-cooling, occurrence of saturation and achievement of a sub-cooled
condition following core recovery.

The reactor vessel level monitors provide information to the operator on the liquid level inventory in
the reactor pressure vessel regions above the fuel alignment plate. The core exit thermocouples
monitor the increasing steam temperatures associated with ICC and the decreasing steam temperatures
associated with recovery from ICC. Details of the ICC sensor design and signal processing are

| provided in Sections 7.5.1.1.7.1 and 7.5.1.1.7.2.

The ICC parameters are incorporated into the data processing system (DPS) Critical Function
| Monitoring (CFM) displays and alarm logic which are described in detail in Section 7.5.1.1.7.3.3.

Instrumentation to detect the approach to inadequate core cooling during shutdown operations is
| discussed in Appendix 19.8A.

1

0
,

I
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The System 80+ Standard Nuplex 80+ Control Room displays both safety and non-safety related plant
information and includes data used for the detection of inadequate core cooling. The Nuplex 80+-
Control Room is designed in accordance with the applicable codes, standards and regulations, (10 CFR
50, Appendix A) and meets the intent of Regulatory Guide 1.97,' Rev. 3, and NUREG-0737, as
previously described. Therefore, this issue is resolved for the System 80+ Standard Design.

REFERENCFM

1. NUREG 0737, " Clarification of TMI Action Plan Requirements", U.S. Nuclear Regulatory |
Commission.

2. Regulatory Guide 1.97, Rev. 3. " Instrumentation For Light-Water-Cooled Nuclear Power |
Plants To Assess Plant And Environs Conditions During And Following An Accident", U.S.
Nuclear Regulatory Commission, May 1983.

3. 10 CFR 50 Appendix A, " General Design Criteria". |

20.2.117 INSTRUMENTS FOR MONITORING ACCIDENT CONDITIONS |

ISSUE

D) Generic Safety Issue II.F.3 addresses the adequacy and' availability of instrumentation which monitors |
plant variables and systems during and following an accident. Prior to the Three Mile Island (TMI)
Accident, nuclear power generating stations were equipped with accident monitoring instrumentation
using the guidance identified in Regulatory Guide 1.97, Rev.1 (Reference 1) and ANSI /ANS 4.5
(Reference 2).

After the TMI accident, several concerns were identified regarding the availability and adequacy of
instrumentation to monitor plant variables and systems during and following an accident (see NUREG
0737, Reference 3). Regulatory Guide 1.97 (Reference 4) was revised to incorporate new |
instrumentation as a result of the TMI experience.

Regulatory Guide 1.97 describes a method which is acceptable to the NRC for complying with the |
requirements to provide instrumentation to monitor plant variables and systems during and following
an accident. ANSI /ANS 4.5 delineates the criteria for determining the variables to be monitored by
the control room operator during the course of an accident and during the long-term stable shutdown
phase following an accident.

1

ACCEPTANCE CRITERIA j

I

The acceptance criterion for the resolution of GSI II.F.3 is that there shall be instrumentation of
sufficient quantity, range, availability and reliability to permit adequate monitoring of plant variables
and systems during and following an accident.

/") I(
V
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Specifically, the instrumentation shall conform to the guidance given in Regulatory Guide 1.97, Rev.
3 and ANSI /ANS 4.5 and should provide sufficient information to the operator for (1) taking pre-
planned manual actions to accomplish safe plant shutdown;(2) determining whether the reactor trip,
engineered-safety-feature systems, and manually initiated safety-related systems are performing their
intended safety functions si.e., reactivity control, core cooling, maintaining RCS integrity and
containment integrity); (3) determining the potential for causing a gross breach of the barriers to
radioactivity release (i.e., fuel cladding, reactor coolant pressure boundary, and contairunent) and
determining if a gross breach has occurred.

RESOLUTION

The System 80+ Standard Design incorporates the Nuplex 80+ Advanced Control Complex (ACC)
which i'icludes the Post-Accident Monitoring Instrumentation (PAMI). The PAMI is designed in
accordance with the intent of the guidance given in Regulatory Guide 1.97, Rev. 3. This

| instrumentation is itemized in Section 7.5.1.1.5 and Table 7.5-3 which includes the parameters
monitored, the number of sensed channels, sensor ranges, indicated range, location, and associated
Regulatory Guide 1.97 category. Examples of plant parameters monitored are RCS pressure, primary
safety valve position, primary coolant temperature, containment pressure, and site radiatien.

The Nuplex 80+ ACC includes the Main Control Room (MCR). The MCR design integrates the Safety
Parameter Display System (SPDS) function and the PAMI using three methods. The first method of
integration uses the Discrete Indication and Alarm System (DIAS) Channel-P processors and displays
which are dedicated to continuously monitor and display Category 1 parameters such as RCS pressure,
containment pressure, and reactor vessel coolant level within the MCR on the Safety Monitoring panel.
The second integration method includes DIAS Channel-N displays which are integrated into the MCR
for display of Category I and 2 PAMI parameters during both normal operations and accident |
conditions. These displays include such parameters as core exit temperature, emergency feedwater
storage tank level, safety injection tank level, and plant radiation level. (DIAS Channel-N is isolated
from the DIAS Channel-P displays). The third integration method employs the Data Processing System
(DPS) which utilizes CRT displays to provide indication for all Category 1,2 and 3 parameters |

including main feedwater flow, emergency diesel generator status, and RCS radiation level (these CRT
displays are isolated from DIAS Channels P and N). This system also provides integrated displays for
Critical Safety Functions, Inadequate Core Cooling, and other safety related plant parameters.

These instrumentation and information systems, when evaluated together, provide sufficient information
to permit the operator to: (1) take pre-planned manual actions to accomplish safe plant shutdown; (2)
determine whether the reactor trip, engineeredsafety-feature systems, and manually initiated safety
systems important to safety are performing their intended safety functions; and (3) determine the
potential for a gross breach of the barriers to radioactivity release and to determine if a gross breach
has occurred. Since these instrumentation and information systems meet the intent of Regulatory Guide
1.97, Rev. 3, and ANSI /ANS-4.5, this issue is resolved for the System 80+ Standard Design.

O
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REFERENCES

1. Regulatory Guide 1.97, Revision 1, " Instrumentation for Light-Water-Cooled Nuclear Power |
Plants to Assess Plant and Environs Conditions During and Following an Accident", Augu'st
1977.

2. ANSI /ANS 4.5, " Criteria for Accident Monitoring Functions in Light-Water-Cooled Reactors", |
December 1980.

3. NUREG-0737, " Clarification of TMI Action Plan Requirements", U.S. Nuclear Regulatory |
Commission, October 1980.

4. Regulatory Guide 1.97, Revision 3, " Instrumentation for Light-Water-Cooled Nuclear Power . |
Plants to Assess Plant and Environs Conditions During and Following an Accident", May
1983.

,

20.2.118 POWER SUPPLIES FOR PRESSURIZER RELIEF VALVES, BLOCK VALVES, |
AND LEVEL INDICATORS

ISSUE

p\
;O Generic Safety Issue II.G.1 in NUREG-0737 (Reference 6) addresses the reliability of the emergency |

power source which is used for the pressurizer relief (PORVs) and block valves and for the pressurizer
level indication in the event of loss-of-offsite power.

;

l

The TMI accident demonstrated the need for reliable pressurizer equipment (e.g., the ability to open
or close the PORVs as necessary). Moreover, power supplies used to provide power for the
pressurizer PORVs, block valves and level indication may not have been qualified to present stringent
post-accident requirements. Several concerns were identified regarding the adequacy of the power
supplies for the pressurizer equipment particularly with respect to the loss-of-offsite power event [see
NUREG-0737]. NUREG-0737 identifies new guidance to assure adequate power for the pressurizer
equipment consistent with the requirements of GDCs 10,14,15,17 and 20 of 10 CFR 50, Appendix |A, (Reference 2).

ACCEPTANCE CRITERIA

The acceptance criterion for the resolution of GSI II.G.1 is that, in the event of a loss-of-offsite power,
the above pressurizer equipment shall be supplied with uninterrupted electrical power consistent with

,

the guidance given in NUREG-0737 and the requirements of GDCs 10,14,15,17 and 20 of 10 CFR '

50, Appendix A.

m
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RESOLUTION

| The System 80+ Standard Design incorporates pressurizer equipment that is different from current

| operating plant designs. For example, the Safety Depressurization System (SDS) performs rapid venting
and depressurization of the Reactor Coolant System (RCS) when the Auxiliary Spray System is not

| | available (see Section 6.7.1.1 for a description of the SDS). Reliable pressurizer level indication is
| provided in the Nuplex 80+ Advanced Control Complex consistent with the guidance given in

NUREG-0737,

| The System 80+ Standard Design uses the Post Accident Monitoring Instrumentation (PAMI) and the
! | SDS to monitor and mitigate a variety of beyond design basis events (see Sections 6,7 and 7.5).

The equipment may be used during postulated accidents (or during beyond design basis events) to
perform a rapid depressurization of the RCS or to perform feed-and-bleed operations. Since this
equipment is designated " safety-related", the systems and components including the pressurizer level
indication and the safety depressurization valves are qualified to meet expected post-accident conditions.
In accordance with the safety-related design requirements, the valves can be supplied from an
emergency onsite power source in the event of a loss-of-offsite power. The pressurizer fluid level

| indication and SDS instrumentation are part of the PAMI and are identified (see Section 7.5, Table 7.5-
3). The sensors and displays are capable of operating independently of offsite power for PAMI (see

| Section 7.5.2.5).

In summary, the safety-related SDS and PAMI are powered from emergency onsite power and can
sustain a total loss of offsite power (among other design basis events) and remain functional.
Therefore, since the intent of the guidance given in NUREG-0737 has been met and thus the
requirements of 10 CFR 50 Appendix A, this issue is resolved for the System 80+ Standard Design.

REFERENCES

1. NUREG-0737, " Clarification of TMI Action Plan Requirements", U.S. Nuclear Regulatory
Commission, October 1980.

2. 10 CFR 50 Appendix A, " General Design Criteria for Commercial Nuclear Power Plants",
Office of the Federal Register, National Archives and Records Administration.

20.2,119 ORGANIZATION AND STAFFING TO OVERSEE
DESIGN AND CONSTRUCTION

| ISSUE

The purpose of TMI Action Plan item II.J.3.1 is to require license applicants and licensees to improve
the oversight of design, construction, and modification activities so that they will gain the critical
expertise necessary for the safe operation of the plant.

ACCEPTANCE CRITERIA

The criteria and regulatory guidelines for this issue are being addressed and developed by DilFS as
part of Item 1.B.I.1.

O
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RESOLUTION

This issue and issue I.B.l.1 both deal with as suring plant design and construction for safe operation.
The Quality. Assurance program for System 80+ design activities is summarized in topical report
CENPD-210-A as referenced in Section 17.1. |

| A COL commitment to a construction QA program is stated in Section 17.2.

20.2.120 MEASURES TO MITIGATE SMALL-BREAK LOSS-OF-COOLANT.
ACCIDENTS AND LOSS-OF-FEEDWATER ACCIDENTS

j ISSUE

Generic Safety Issue II.K.1 has twenty-eight (28) sub-issues which address the need to improve |
emergency operating procedures, operator training, and hardware to mitigate the consequences of the
small-break LOCAs and loss-of-feedwater events based on the Bulletin and Orders Task Force review
of the I&E Bulletins. These sub-issues are also directly related to other USIs and GSIs as cited in |
NUREG-0933.

Guidance for design and operating improvements for these sub-issues is given in NUREG-0737
| p (Reference 1). For example, the NRC requires (a) operating procedures which can recognize, prevent |

'

| t and mitigate the formation of voids in the reactor vessel head during transients; (b) a review of safety-
related emergency feedwater valve positioning after maintenance, inspection, and operation; and (c)N

a design and procedures which will assure automatic tripping of the reactor coolant pumps for all
required circumstances.

ACCEPTANCE CRITERIA

The acceptance criteria for the resolution of these sub-issues identified in GSI II.K.1 are encompassed
by the other Generic and Unresolved Safety Issues which are given in NUREG-0933. In general, these
criteria provide that plant design and operation adequately address both small-break LOCAs and
loss-of-feedwater events in accordance with the guidance given in NUREG-0737.

RESOLUTION

GSI II.K.1 is a comprehensive issue covering a broad range of safety aspects of both plant design and
| emergency procedures. Each sub-issue applicable to the System 80+ Standard Design is identified in I
'

the following list and cross-referenced to the particular USI and/or GSI which specifically addresses
the sub-issue. The remaining sub-issues of GSI II.K.1 are not applicable to the System 80+ Standard

|Design.
I

II.K.1(5h This sub-issue was resolved for the System 80+ design by the post-TMI upgrade of !
,

| ABB-CE Emergency Operating Guidelines (CEN-152), by incorporating CEN-152 into
the System 80+ EOGs, and by reviewing those EOGs in light of current design basis

| safety analysis and severe accident analysis.

! Q
l
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II.K. l(10: This sub-issue was resolved for the System 80+ design during development and review

of the surveillance requirements and corresponding actions in the Technical
Specification (Chapter 16.

ll.K.l(13): This issue was resolved during development and NRC review of the System 80+
Technical Specifications.

Resolutions for the applicable sub-issues of GSI II.K.1 are subsumed by the individual USIs and/or
| GSIs, each of which is separately resolved and included in this chapter. Therefore, Issue ll.K.1 is

resolved for the System 80+ Standard Design.

| The following list cross-references GSI II.K.1 sub-issues to other GSI/USis which are applicable to the
System 80+ Standard Design.

GSI II.K.1 GSI/USI CROSS-REFERENCES
SUB-ISSUE APPLICABLE TO SYSTEM 80+

3 1.C.1
4d II.F.2
6 II.E.4.2
9 II.E.4.2
14 II.E.4.1, II.F.1
15 II.E.1.2
16 I.C.1, II.D.3
24,25 I.C. I
26 I.C.1
27 I.C.1, II.F.2
28 II.K.3(5)

REFERENCES

|1. NUREG-0737, " Clarification of TMI Action Plan Requirements", U.S. Nuclear Regulatory
Commission, October 1980.

| 20.2.121 FINAL RECOMMENDATIONS OF BULLETINS AND ORDERS TASK FORCE I

ISSUE

| Generic Safety Issue ll.K.3 has fifty-seven (57) sub-issues which address the need to improve
emergency operating procedurcs, operator training, and hardware particularly with respect to accident j

prevention, monitoring, and mitigation based upon the recommendations of the Bulletins and Orders
| Task Force. These sub-issue are also directly related to other USIs and GSis as cited in NUREG-0933.

In addition, guidance for improved emergency operating procedures, operator training and hardware
| with respect to accident prevention monitoring and mitigation is given in NUREG-0737 (Reference 1).
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| ACCEPTANCE CRITERIA

Eight sub-issues of GSI II.K.3 apply to the System 80+ Standard Design of which items 6,8, and 55
are covered separately under their own USI and/or GSI resolution. The five remaining applicable sub-
issues are 2,5,25,30, and 3L

The acceptance criteria for the resolution of sub-issues 6,8, and 55, are encompassed in other Generic
and Unresolved Safety Issues as given in NUREG-0933. The acceptance criteria for resolution of sub- |
issues 2,5,25,30 and 31 are given in NUREG-0737 and are summarized below.

II.K.3(2): Probability of a small-break loss of coolant accident (LOCA) caused by a stuck open |
power operated relief valve (PORV)

Licensee should perform an analysis to determine the probability of a small
break LOCA caused by a stuck open PORV.

II.K.3(5): Automatic Trin of Reactor Coolant Pumns (RCPs).,_on Small-Break LOCAs |

Licensee should consider the effects of automatically tripping the RCPs upon
the occurrence of a small break LOCA to assist in accident mitigation.

II.K.3(25): Effect of Loss of Alternatina-Current (AC) Power on Pumn Seals | ]
-

rd Licensee should detennine the consequences of a loss of cooling water to the
:

RCP seal coolers following the loss of offsite AC power. The seals should be l
designed to withstand a complete loss of AC power for two (2) hours. |

II.K.3(30): Revised Small-Break LOCA Methods to Show Compliance with 10 CFR 50. Ann. K |

In accordance with the revised guidance given in this sub-issue in NUREG-
i

0737, the Licensee is allowed to demonstrate compliance by the justification |
of the acceptability of its current small-break LOCA model.

|

II.K.3(31): Plant-Specific Calculations to Show Compliance with 10 CFR 50.46
|

Licensee shall submit plant-specific calculations to show compliance by using
an NRC-approved model for small-break LOCAs.

RESOLUTION

GSI II.K.3 is a comprehensive issue covering a broad range of safety aspects of both plant design and
emergency procedures. Three sub-issues applicable to the System 80+ Standard Design,6,8, and 55,
are covered separately by other USIs and GSIs; each sub-issue is cross-referenced below to the
particular USI and/or GSI which specifically addresses that sub-issue.

,,

i )a
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II.K.3(6): Instrumentatie to Verify Natural Circulation

Reference: 1.C.l(3), ll.F.2

II.K.3(8): Funber Staff Considerations of Need for Diverse Decal Heat Removal Method
Independent of SGs

Reference: A-45

ll.K.3(55): Operator Monitorine of Control Board

Reference: 1.C. l(3), II.D.3

With respect to sub-issues 2,5,25,30 and 31, the System 80 and the System 80+ Standard Designs
are essentially the same. Therefore the resolutions, which have been approved by the NRC in

| NUREG-0852 (Reference 2) for System 80, apply also to System 80+ and are given below for these
sub-issues.

| II.K.3(2): Probability of a small-break loss of coolant accident (LOCA) caused by a stuck open
power operated relief valve (PORV)

System 80+ does not utilize automatically actuated PORVs, but it does have
a safety depressurization system (SDS) with two trains, each with two motor-
operated valves in series, the SDS isolation (gate) valve and the bleed (globe)
valve. These valves are manually operated from the control room and do not
have an automatic open signal. Inadvertent opening of one SDS train would
result in a medium LOCA with the inventory discharged to the IRWST. The
plant response to this type of medium LOCA would be the same as for any
other medium LOCA.

There are two general ways in which an SDS LOCA might occur, mechanical
failure of the series valves, or the inadvertent opening of the valves by an
operator. As previously stated, each SDS train consists of two valves in
series, the SDS isolation and bleed valves. During normal operation, the
isolation valve is exposed to full RCS pressure and temperature while the bleed
salve is exposed to lower temperatures and pressures. There is a pressure
detector in the line between the isolation valve and the bleed valve. Thus,
should the isolation valve " fail open", it would be detectable. Given that the
isolation valve failed open, it is conservatively assumed that the operators
would shut the plant down and repair the failed valve within 30 days. During
this period, the bleed valve would be exposed to full system temperature and
pressure and subject to failure. The probability that a failure of the SDS valve

| or a medium LOCA will occur is discussed in Section 19.3.3.1.

O
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II.K.3(5): Automatic Trin of RCPs on Small-Break LOCAs |

The effects of automatic tripping of the RCPs on Small-Break LOCAs were
reported in CEN-268 (Reference 3), which identifies the RCP trip |
methodology.

II.K.3(25): Effect of Loss of AC Power on Pumn Seals |

The RCP seals are normally cooled by redundant systems, seal injection from
the Chemical ana Volume Control System, and component cooling water
(CCW). In the event of a loss of offsite AC power, seal injection can be
restored by manually aligning Class IE power to the charging pumps, or by
using the positive displacement dedicated seal injection pump. Two of the four
CCW pumps can be powered from the emergency diesel generators to provide
seal cooling.

|
During a complete loss of AC power (loss of offsite power with loss of the i
diesel generators), power can be supplied to the dedicated seal injection pump, |

one charging pump, and one CCW pump from the onsite alternate AC power
source described in Section 8.3.1.1.5. |

|
The use of redundant, diverse seal cooling systems with multiple electrical i-m

V) power sources significantly reduces the probability of losing seal cooling.|

In addition, a series of tests which were performed on a System 80 RCP
demonstrated the ability of the RCP seals to withstand a loss of AC power.
The first test involved a simultaneous loss of CCW and seal injection for 35
minutes to a RCP. The second test was a loss of CCW with seal injection
available for two hours before CCW was restored. The results of the above
tests demonstrated that the RCP seal temperatures do not exceed the pump
manufacturer's maximum allowable operating temperatures under a postulated
loss of AC power condition.

II.K.3(30): Revised Small-Break LOCA Methods To Show Compliance with 10 CFR 50. |
Appendix K

C-E developed a topical report, CEN-203, (Reference 4) that demonstrated the |
continued acceptability of C-E's approved small break LOCA evaluation
model.

II.K.3(31): Plant-Specific Calculations to Show Compliance With 10 CFR 50.46 |

CEN-203 demonstrates continued acceptability of C-E's approved small-break
LOCA model, Section 6.3.3 demonstrates compliance with 10 CFR 50.46. |

O
I L.sl
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| Resolutions for the applicable sub-issues of GSI II.K 3 except for those resolved above, are subsumed
by the individual USIs and/or GSIs, each of which is separately resolved and included in C-E's USI
and GSI submittals. Since the above sub-issues are resolved and the remaining sub-issues which have
been identified as applicable to System 80+ are resolved separately by other USIs and/or GSIs. Issue
GSI II.K.3 is, therefore resolved for the System 80+ Standard Design.

REFERENCES

|1. NUREG-0737, " Clarification Of TMI Action Plan kequirements", U.S. Nuclear Regulatory
Commission, October 1980.

|2. NUREG-0852, " Safety Evaluation Report related to the final design of the Standard Nuclear
Steam Supply Reference System CESSAR System 80", U.S. Nuclear Regulatory Commission,
November 1981; and Supplements 1, 2, and 3 dated March 1983, September 1983 and
December 1987, respectively.

|3. CEN-268, Revision 1, " Justification of Trip Two/ Leave Two Reactor Coolant Pump Trip
Strategy", Combustion Engineering, Inc., May 1987.

|4. CEN-203, Rev. I " Response To NRC Action Plan Item II.K.3.30 -- Justification of Small-
Break LOCA Methods", Combustion Engineering, Inc., March 1982. Rev.1 includes
Supplements 1, 2, 3, and 4 dated February 1984, November 1984, December 1985 and
November 1986, respectively.

s

| 20.2.122 TECIINICAL SUPPORT CENTER DESCRIPTION

ISSUE

| TMI Action Plan item Ill.A.l.2(1) called for a dedicated Technical Support Center (TSC) to provide
a place for management and technical personnel to support reactor control functions, to evaluate and
diagnose plant conditions, and for a more orderly conduct of emergency operations. The TSC was
required to be separate from but near the control room and was expected to have the capability to
display and transmit plant status to those individuals knowledgeable of and responsible for engineering
and management support of reactor operations, in the event of an accident.

ACCEPTANCE CRITERIA

Provide a Technical Support Center (TSC) that meets the guidance of NUREG-0737.

RESOLUTION I
:

|
| The System 80+ design includes a TSC, as described in Section 13.3.3.1. This issue is, therefore, J

resolved.

I

O1
I

I
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20.2.123 ON-SITE OPERATIONAL SUPPORT CENTER |

m,UE

TMI Action Plan item Ill. A.I.2(2) called for the establishment of an Operational Support Center (OSC) |
separate from the control room as a place in which operations support personnel could assemble in an
emergency situation to receive instmetions from the operating staff. The OSC was to be provided with.
communication capability with the plant control room, TSC, and the near-site Emergency Operations
Facility.

ACCEPTANCE CRITERIA

Provide an OSC that meets the guidance of NUREG-0737.

RESOLUTION

The System 80+ design includes an OSC, as described in Section 13.3.3.3. Therefore, this issue is |
resolved.

20.2.124 NEAR-SITE EMERGENCY OPERATIONS FACILITY |
O ISSUEV

TMI Action Plan item Ill. A.I.2(3) called for a near-site EOF to provide a planned, organized, central |
focal point for coordination of on-site and off-site activities for reactor emergency situations. The EOF _
was required to be operated by licensees and sized and equipped to function as a center for: (1)

,

licensee command and control functions of on-site operations and evaluation and coordination of all
on-site and off-site licensee activities related to an emergency having actual or potential environmental
consequences; and (2) analysis of plant effluent monitors, meteorological conditions, and off-site
radiation measurements, and for off-site dose projections.

ACCEITANCE CRITERIA

Provide an EOF that meets the guidance of NUREG-0737.

iRESOLUTION
j

The EOF is not part of the System 80 r design scope, but interface requirements are piovided in |
Section 13.3.3.2. This issue is, therefore, resolved for design certification of System 80+.

|
i

b |
C

1
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| 20.2.125 REVIEW INFORMATION ON PROVISIONS FOR LEAK DETECTION

ISSUE

| As described in NUREG-0933, TMl Action Plan item III.D.I.l(2) called for evaluations to identify
design features that will reduce the potential for radiation exposure to workers at nuclear power plants
and to the offsite population following an accident. Item III.D.I.1 called for the staff ~to evaluate the
likelihood of worker exposure and of releases of radioactivity due to potential sources of radiation and

| airborne radioactivity from primary coolant that may be in systems outside the containment structure

| following an accident. The adequacy of the existing acceptance criteria for the design of vent-gas and
other systems outside the containment structure were to be evaluated and the need for leak detection

|
systems determined. Item III.D.I.l(2) called for NRR to select a contractor to review information on:

| (1) provisions for leak detection, equipment arrangement drawings, piping drawings, and fabrication
criteria (specifications) for systems that may contain substantial amounts of radioactivity after an
accident; and (2) primary-to-secondary steam generator leakage.

1

ACCEPTANCE CRITERIA
|

| Additional radiation monitoring provisions were addressed in October 1980 when TMI Action Plan
i item II.F.1, " Additional Accident-Monitoring Instrumentation," was clarified in NUREG-0737 and
| requirements were issued to licensees. These requirements consisted of the following: (1) noble gas

effluent radiological monitors; (2) provisions for continuous sampling of plant effluents for post-
accident releases of radioactive iodines and particulates and on-site laboratory capabilities; (3)

| containment high-range radiation monitor; (4) containment pressure monitor; (5) containment water
i level monitor; and (6) containment hydrogen concentration monitor. As a result of these requirements,

displays and controls were to be added to control rooms for use by operators during normal and
| abnormal plant conditions. Multi-plant action items F-20 through F-25 were established by the staff

to follow licensee implementation of these requirements.

RESOLUTION

| This issue is resolved for the System 80+ design via the monitoring provisions summarized in Section
11.5, the ALARA evaluation in Section 12.1, and the radiation protection design features in Section
12.3.

| 20.2.126 IN-PLANT RADIATION MONITORING

ISSUE

| Generic Safety Issue Ill.D.3.3 addresses the need for additional survey equipment and radiation
monitors in vital areas, as evidenced by the TMI accident.

| In NUREG-0737 (Reference 1), requirements for improved in plant iodine monitoring instrumentation
and for in-containment high-range radiation monitors, for use during and following an accident, were
clarified. These requirements were also incorporated in Regulatory Guide 1.97 (Reference 2), and SRP
Section 12.3.4 (Reference 3) was revised to include additional monitor requirement criteria.
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Regulatory Guide 8.25 (Reference 4) was issued to prescribe acceptable methods for calibration of air-
sampling instruments, and a revision of 10CFR20, Paragraph 20.501(c) (Reference 5) provided
acceptable methods for calibration of personnel radiation monitors.

ACCEPTANCE CRITERIA

The acceptance criteria for the resolution of GSI Ill.D.3.3 for future nuclear power plants are that the
design of certain radiation monitoring equipment shall meet the requirements of NUREG-0737 (also
included in the acceptance criteria of Revision 3 to Regulatory Guide 1.97) and the acceptance criteria
of Revision 2 to SRP Section 12.3.4.

Specifically, for post-accident use in accordance with NUREG-0737, the fixed airborne iodine
concentration monitors shall be augmented by the provision of one or more portable instruments using
sample media that will collect iodine selectively over xenon and having the capability for removal of
the sampling cartridge to a low-background, low concentration area for further analysis. Also,
provision shall be made for continuous sampling of plant gaseous effluent for post-accident releases
of noble gases, radioactive iodines, and particulates; and there shall be a minimum of two containment
high radiation monitors, together with radiation monitors in areas requiring post-accident access to
equipment important to safety.

In accordance with the acceptance criteria of SRP 12.3.4 Revision 2 the area radiation and airborne
radioactivity monitoring systems shall have readouts and annunciation provided in the control room.

! /
'd Calibration of instrumentation is site-specific and is the responsibility of the owner-operator.

RESOLUTION

The permanently installed Radiation Monitoring System (RMS) of the System 80+ Standard Design
is described in Section 11.5. Monitor types, sensitivities, ranges, and other data are itemized in Tables |
11.5-1 through 5. RMS equipment that monitors liquid and airborne activity in selected locations and
effluent paths during and after postulated accidents meets the requirements of NUREG-0737 and the
acceptance criteria of Regulatory Guide 1.97. Area radiation and airborne radioactivity monitoring
equipment is provided with readouts and annunciation in the Control Room as described below. j

!

Airborne radiation monitors are described in Section 11.5.1.2.4, and include a portable unit that can | |
be moved to areas where work or surveillance activities are at an unusual risk of airborne exposure. |
This monitor includes detector channels for particulate, iodine, and gaseous activity. All equipment
is assembled on a mobile cart, and the design allows for transfer of the particulate sample filters and

| iodine sample cartridges to the Station Counting Room for further sample analysis. j

l
Equipment for continuous sampling during and after an accident of plant gaseous effluent for noble i

gases, iodine and particulates, and for radiation monitoring of areas requiring post-accident access is
as follows:

'

| (1) Unit Vent Monitor (Section 11.5.1.2.3) |

O)| n

t. !V y
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This monitor measures radioactivity in the Unit Vent, which is a large duct system providing
a discharge point for potentially radioactive airborne and gaseous effluents from the plant.
Vent flow is continuously sampled and a moving filter paper detector assembly continuously
scans particulate activity. A fixed iodine absorption filter and detector assembly collects iodine
and measures its activity, and both low and high range gaseous activity detectors measure noble
gas activity.

|(2) Unit Vent Post-Accident Monitor (Section 11.5.1.2.3)

This monitor backs up the indication of the Unit Vent Monitor above, and is provided
to meet the upper range requirements of Regulatory Guide 1.97. The monitor
continuously measures the airborne radiation levels in the Unit Vent by means of an ion
chamber located in the well of an inline sampler.

|(3) Radwaste Building Ventilation Monitor (Section 11.5.1.2.4)
If the exhaust of the Radwaste Building Ventilation System is discharged directly to the
environment, this monitor is located in the exhaust and includes a particulate / iodine fixed filter
cartridge in the sample tube inlet and normal and high range gas detection channels.

|(4) High Range Containment Area Monitors (Section 11.5.1.2.5)

These monitors are two physically independent and electrically separated ion chambers in
containment, away from the influence of the Reactor Coolant System, to measure high range
gamma radiation. The design and qualification of these monitors meet the requirements of
Regulatory Guide 1.97 for Category 1 instruments.

|(5) Main Steam Line Area Monitors (Section 11.5.1.2.6)

These monitors are located upstream of the safety relief valves on each pair of main steam
lines. Detectors are mounted close to the process line to detect radioactivity due to a steam
generator tube rupture. These monitors meet the requirements for Regulatory Guide 1.97
Category 2 instrumentation.

(6) Main Steam Line Nitrogen-16 Monitors

One monitor is provided for each steam generator to detect gamma radiation associated with
a leaking or ruptured steam generator tube.

|(7) Post-accident Area Radiation Monitors (Section 11.5.1.2.1)
These monitors cover areas containing equipment important to safety which may require
personnel access after an accident. Locations of the monitors in the Nuclear Annex and
Reactor Subsphere are determined based on post-accident shielding analysis and safety
equipment access requirements. These monitors meet the requirements for Regulatory Guide
1.97 Category 3 instrumentation.

O
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General infonnation on monitor types and configurations is given in Section 11.5.1.2.1. Typically a |
monitor consists of components such as a microprocessor, one or more detectors, a shielded detection
chamber, a sample pump, flow instrumentation, and associated tubing and cabling. SufGeient
shielding is provided to ensure that the required sensitivity is achieved at t

the design background level for the area, and a check source which is automatically activated by the !

microprocessor at preset intervals verifies operability.

Radiation level signals and alanns, and operation status alarms are generated by each monitor
,

'microprocessor for local and control room annunciation. Radiation level and alarm signals in the main
control room are handled by the Nuplex 80+ Discrete Indication and Alarm System (DIAS) and Data
Processing System (DPS) as described in Sections 7.5.1 and 11.5.1.2.2. A digital communications |
network is used to connect each monitor microprocessor with DIAS and DPS. Operators in the control
room can access information on monitor configuration and historical trends, and diagnose problems
from operation status alarms. The operators can also change alarm setpoints from the control room.
Alert alarm setpoints are set at levels allowing subsequent observation of activity level changes, and
high alarm setpoints for potential effluent paths are controlled by station procedures to ensure that
instantaneous release rates are within 10 CFR 20 limits.

Since the RMS includes (a) a portable airborne iodine monitor, (b) continuous post accident gaseous
effluent monitoring for noble gases, iodine and particulates, (c) containment high radiation monitors,
(d) radiation monitors for areas requiring post-accident access to safety equipment, and (e) control
room readouts and annunciation, this issue is resolved for the System 80+ Standard Design.

,

\(V '

REFERENCES

1. NUREG-0737, " Clarification of TMl Action Plan Requirenants," U.S. Nuclear Regulatory |
Commission, November 1980.

2. Regulatory Guide 1.97, " Instrumentation for Light Water Cooled Nuclear Power Plants to | i

Assess Plant Environs Conditions During and Following an Accident," U.S. Nuclear 1

Regulatory Commission, May 1983.
||
s

3. NUREG-0800, Standard Review Plan for the Review of Safety Analysis Reports for Nuclear | j
Power Plants -- PWR Edition," U.S. Nuclear Regulatory Commission. *

|
4. Regulatory Guide 8.25, " Calibration and Error Limits of Air Sampling Instruments for Total | |Volume of Air Sampled," U.S. Nuclear Regulatory Commission, August 1980.

5. 10 CFR 20, Code of Federal Regulations. | !

!
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| 20.2.127 CONTROL ROOM IIABITABILITY

ISSUE

As stated in NUREG-0933, Generic Safety Issue III.D.3.4 was clarified in NUREG-0737, requirements
| were issued, and multi-plant action item F-70 was established for implementation purposes.

ACCEPTANCE CRITERIA

Acceptance criteria are provided in the U.S. NRC Standard Review Plan, Section 6.4, and in
Regulatory Guides 1.78 and 1.95.

RESOLUTION

| This issue is resolved for System 80+ as a result of the design and evaluation sununarized in
Section 6.4.

O

:
.

I

1
i

O
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1.0 INTRODUCTION AND GENERAL DESCRIPTION OF PLANT

1.1 INTRODUCTION

fThe Combustion Engineering Standard Safety Analysis Report -

Design Certification (CESSAR-DC) has been prepared in support of
the industry effort to standardize nuclear plant desig s. This
submittal demonstrates the compliance of the System 80+ Standard
Design with all current regulations as well as the guidelines
outlined in the Commission's Severe Accident and Safety Goal
Policy Statement.

;

The starting point for development of the System 80+ Standard
RDesign was the System 80 design described in CESSAR-FSAR.

CESSAR-FSAR was referenced (in total or in part) in the safety
analysis reports submitted by Arizona Public Service and
Washington Public Power Supply System. In developing the System
80 design, changes from earlier C-E designs were made to respond
to utility needs and provide increased conservatism. These | ]improvements included a larger core size, an increased number of

ifuel rods and modification in the guidance method for control ;
element assemblies used for reactivity control and rapid ishutdown. The larger core size and increased number of fuel rods i

allowed for higher reactor power levels with a decrease in peak !
linear heat rate and a resultant decrease in fuel rod !
temperatures under LOCA conditions. The modified Control Element

.

( Assembly guidance system design provided increased conservatism !
( and flexibility in the reactivity control and shutdown !

capability. 1

While the System 80+ design contains most of the features of
System 80, a variety of eng!neering and operational improvements
are included.* The changes to System 80 are designed to provide
additional reliability and safety margin and address Severe
Accident and Safety Goal Policy Statements.
1.1.1 SYSTEM 80+ STANDARD DESIGN

The scope of the System 80+ design covers an essentially complete
nuclear power plant and includes all structures, systems, and
components that can significantly affect safe operation. All |

| major structures are identified with a " cross-hatch" marking on
the site arrangement layout (Figure 1.2-1). Site specific
structures are shown on that arrangement layout with " slash"

t markings. Structures systems and components not in the scope ofthe System 80+ design,are listed in Section 1.9.

A summary of the System 80+ Standard Design is presented in
Section 1.2 and detailed information on specific systems is
provided in the appropriate sections of CESSAR-DC.

*Specifically, for the System 80+ Standard Design, the Electric
Power Research Institute's Advanced Light Water Reactor
Requirements Document has been used as a guide for utility

V requirements regarding plant design.

Amendment U
1.1-1 December 31, 1993
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1.1.2 POWER LEVELS

The System 80+ Standard Design, described herein, includes a
reactor core designed to operate at a maximum core power level of
3914 MWt. While the System 80+ design is independent of power

i
level, this core power level was selected for the analysis
described herein to provide limiting design and safety analysis
parameters. At this core power level, the total thermal output
is 3931 MWt.

1.1.3 SEVERE ACCIDENT POLICY

The requirements to be met by future plants are:
|

| A. Demonstration of compliance with the procedural requirements
and criteria of the current Commission regulations,

,

| including the Three Mile Island requirements for new plants
! as reflected in the CP Rule (10 CFR 50.34(f)).

B. Demonstration of technical resolution of all applicable
Unresolved Safety Issues and the medium- and high-priority
Generic Safety Issues, including a special focus on assuring
the reliability of decay heat removal systems and the
reliability of both AC and DC electrical supply systems.

C. Completion of a Probabilistic Risk Assessment (PRA) and
consideration of the severe accident vulnerabilities the PRA
exposes along with the insights that may add to the
assurance of no undue risk to public health and safety.

D. Completion of a staff review of the design with a conclusion
of safety acceptability using an approach that stresses
deterministic engineering analysis and judgment complemented
by PRA.

In addition, the Severo Accident Policy states:
,

|

"The Commission also recognizes the importance of such
potential contributors to severe accident risk as human
performance and sabotage. The issues of both insider and
outsider sabotage threats will be carefully analyzed and, to
the extent practicable, will be emphasized as special
considerations in the design and in the operating procedures
developed for new plants." |

Severe Accidents and unresolved generic issues are addressed in i

this Safety Analysis Report. The resolution of these issues

O
Amendment V
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is summarized in Chapters 19 and 20. A Level III PRA is
presented in Chapter 19. Degraded core analyses are included in
the PRA. Results of the Sabotage Protection Program are
presented in Appendix 13A.

,

,

|

O
,

I
| i

I

|
?

,

|

|

:
|
I'
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1.2 GENERAL PLANT DESCRIPTION

1.2.1 PRINCIPAL SITE CHARACTERISTICS

1.2.1.1 Site Location

.
The System 80+ Standard Design is designed for use at multiple

! sites as described in Chapter 2. The site-specific SAR will
identify the specific site for that unit.

1.2.1.2 Plant Surroundinas
!

The System 80+ Standard Design is designed for use at multiple'

sites. The site-specific SAR will identify the specific
surroundings for that unit.

1.2.1.2.1 Meteorology

Section 2.3 of CESSAR-DC lists, for plant radiological evaluation
purposes, the short-term (accident) and long-term (routine)
diffusion estimates (X/Q) . Other meteorological design bases are
listed in Table 2.0-1. Section 2.3 of the site-specific SAR will |
include data to show compliance with the design bases.

,

i
'

f'')
1.2.1.2.2 Hydrology

Hydrological design bases are listed in Table 2.0-1. Section 2.4'-

of the site-specific SAR will include data to show compliance
with the design bases.

||

1.2.1.2.3 Geology and Seismology'

| The design of safety-related structures, systems, and components
of the System 80+ Standard Design is consistent with the seismic
envelope given in Section 2.5. Section 2.5 of the site-specific
SAR will include data to show compliance with the seismic
envelope.

1.2.1.3 Plant IndeDendence

',

The System 80+ Standard Design can be used at either single-plant
or multiple-plant sites. At multiple-plant sites, the
independence of all safety-related systems and their support
systems will be maintained between (or among) the individual
plants.

I 1.2.1.4 Site Buildina Arranaement

A typical layout of the System 80+ Standard Design buildings is
shown in Figure 1.2-1. Sufficient open space is shown so that a

s''s facility for dry storage of spent fuel casks can be added on a
_

site-specific basis.(

!
|

Amendment V
1.2-1 April 29, 1994
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1.2.1.4.1 Site-specific Structures Description and
Interface Requirements

Some structures which house non-safety related and certain
safety-related systems and components are supplied by the
licensee and are not included in the System 80+ design
certification. To ensure that the design of such structures is
compatible with the System 80+" Standard Design, certain
interface requirements must be met by the applicant
(owner / operator). The following sections present the interface
requirements and conceptual descriptions for the Administration
Building, Personnel Access Portal and Warehouse. In addition to
lists of interface requirements, the word "shall" is used to
identify interface requirements in descriptive text. The
remainder of the description is conceptual and it is not intended
to be binding on the COL holder.

Interface requirements for structures which are related to a
specific mechanical or electrical system are covered in the
appropriate CESSAR-DC chapter, e.g. the Station Service Water
Pump Structure is covered in Section 9.2.1, Station Service Water
System. Section 1.9 contains an index of all interface
requirements contained in CESSAR-DC.

1.2.1.4.1.1 Administration Building

An Administration Building shall be provided by the licensee.
This building provides office and support space for station
administration and management personnel who have no need to be
located within the Protected Area.

A typical Administration Building is designed as non-safety
related, non-seismic structure with the following conceptual
features. The building is a steel-framed structure with a steel
deck roof covered by non-combustible roofing. Walls are
insulated metal siding or masonry. Roof drainage and clean floor
drainage are discharged to the storm and waste water system. The
building is located immediately outside the Protected Area fence
at the entrance to the plant, near the Personrel Access Portal
building. Air conditioning and heating is provided un meet4

normal office environment conditions.

1.2.1.4.1.2 Personnel Access Portal
.

The Personnel Access Portal (PAP) shall be provided by the
licensee, and shall be designed to provide the following
functions:

A. Serve as access point through the Protected Area Boundary.

O
Amendment Q

1.2-2 June 30, 1993
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GV an isolated phase bus and the generator circuit breaker to the
unit main and unit auxiliary transformers. The unit auxiliary
transformers are connected to the bus between the generator
circuit breaker and the unit main transformer. During normal
operation, station auxiliary power is supplied from the main
generator through these unit auxiliary transformers. During
startup and shutdown, the generator circuit breaker is open, and
station auxiliary power is supplied from the transmission system
through the unit main and unit auxiliary power transformers.

A description of the onsite power system including the alternate
AC source is provided in Section 8.3. A description of the
combustion turbine generator and its fuel storage facility is
provided in Section 1.2.16.2 and Section 8.3.1.

1.2.8 POWER CONVERSION SYSTEM
;

The function of the Steam and Power Conversion System is to
convert the heat energy generated by the nuclear reactor into
electrical energy. The heat energy produces steam in two steam
generators capable of driving a turbine generator unit.

The Steam and Power Conversion System utilizes a condensing cycle I

with regenerative feedwater heating. Turbine exhaust steam isg
condensed in a conventional surface type condenser. The
condensate from the steam is returned to the steam generators
-through the condensate and feedwater system.

A Turbine Bypass System capable of relieving 55% of full load ;

main steam flow is provided to dissipate heat from the Reactor
Coolant System during turbine and/or reactor trip. This system
consists of eight turbine bypass valves to limit pressure rise in
the steam generators following cessation of flow to the turbine.
Once the steam flow path to the turbine has been blocked by the
closing of the turbine valves, decay heat is removed by directing |
steam to the condenser. I

In addition to the above, atmospheric steam dump valves are
connected to the main steam lines upstream of the main steam line
isolation valves to provide the capability to hold the plant at
hot standby or, in the event of loss of power to the condenser
circulating water pumps, cool the plant down to the point at
which the shutdown cooling system may be utilized. These valves
are not part of the Turbine Bypass SyEtem; no credit for their
use is assumed in obtaining the 55% capacity of the Turbine
Bypass System.

]

Amendment V
1,2-19 April 29, 1994
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Overpressure protection for the shell side of the steam
generators and the main steam line piping up to the inlet of the
turbine stop valve is provided by spring-loaded safety valves.
Modulation of the turbine bypass valves discussed earlier would
normally prevent the safety valves from opening. The steam
bypass system, coupled with the Reactor Power Cu&back System,
would prevent opening of the safety valves following a turbine

' and/or reactor trip.

Each steam generator has two steam discharge lines. Each line is
provided with a flow measuring device, five spring-loaded safety
relief valves, a main steam isolation valve, a power operated
atr.: pheric dump valve and a bypass line and valve around each
main steam isolation valve. Each main steam line is provided
with a turbine stop valve and a control valve just upstream of
the high pressure turbine.

|
'

The Steam and Power Conversion System is described further in
Chapter 10.

j General arrangements for the turbine building are shown in
Figures 1.2-13 through 1.2-19.

, 1.2.9 HEATING, VENTILATING AND AIR CONDITIONING SYSTEMS
!

The Heating, Ventilating and Air Conditioning Systems for all
plant buildings are designed for personnel comfort and/or
equipment operation with the exception of Annulus Ventilation
System. In addition, the following systems have been provided
with protection features described below.

: A. Control Room HVAC Subsystem is designed for uninterrupted
| safe occupancy of the control room during normal operation

and post-accident shutdown.

| B. Fuel Building Ventilation System is a- once through
| Ventilation system designed to limit the radiation release

following a fuel handling accident to meet the 10CFR 100
guidelines. It maintains the building under negative
pressure and directs the air flow from less-contaminated to

,

more-contaminated areas before exiting.'

C. Nuclear Annex and Radwaste Building Ventilation Systems are
once through ventilation systems with filtered exhausts.
They maintain negative building pressures and direct the air
flow from less-contaminated to more-contaninated areas |
before exiting.

|

| 9
,

; Amendment R
! 1.2-20 July 30, 1993
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S.YSTEM 80+ IMPROVEMENTS BASED ON OPERATING EXPERIENCE

This table summarizes the major design improvements which have
resulted from design and analysis experience as well as plant
startup and operating experience. The experience input to the
System 80+ design process has been accrued through the
organizations participating in the System 80+ design team. This
includes architect engineering organizations (Stone & Webster'

Engineering Corporation and Duke Engineering & Services, Inc.)
which have extensive experience in plant design and, in the case
of Duke Engineering & Services, actual plant operating
experience. Architect engineering experience is reflected mainly
in the plant layout, building design, control room, and the many
" balance of plant" systems supporting the Nuclear Steam Supply
System. This experience was brought to the System 80+ design
team by the engineers responsible for the design of specific
structures and systems in currently operating plants and by

f- m actual plant operators who also participated in the design
) process. The ALWR Utility Requirements Document was also used in(d the design of System 80+ and the design and operating experience'

of participating utilities reflected therein has been
incorporated through the adoption of design requirements.

Experience related to the operation of the Nuclear Steam Supply
System was brought to the System 80+ design through the,

predecessor System 80 and earlier Nuclear Steam Supply System
designs and through the years of experience of individual*

designers. This individual experience was developed through |
'review of industry experience reflected in documents such as NRC

Bulletins and Generic Letters (See Tables 1.8-2 and 1.8-3),;
,

Unresolved and Generic Safety Issues (see Chapter 20), Institute I

for Nuclear Power Operations publications, and in the ABB-CE
Corrective Actions Program. Their experience was also developed

,

through participation on design teams for startup of plants with
Nuclear Steam Supply Systems designed by ABB-CE.

Operating experience is reflected throughout the System 80+
design described in the chapters of this safety analysis report,
including shutdown risk improvements, which are reported in the
shutdown risk section of Chapter 19. The major improvements
based on operating experience are summarized below.

O
t i
N/
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TABLE 1.2-1 (Cont'd)

(Sheet 2 of 7)

SYSTEM 80+ IMPROVEMENTS BASED ON OPERATING EXPERIENCE
,

'

A. Intecrated Desian Process

one organization, ABB-CE, is responsible for the design of
structures, systems, and components of a plant which are
important to safety (where design features depend on site-
specific characteristics, interface requirements are
provided), thus facilitating an integrated design process.
The major considerations in this integrated design approach
are as follows:

1. The PRA is used to evaluate the design and to identify
areas where significant improvement can be obtained.
Although the end product of the PRA is a calculation of
core damage frequency and offsite consequences, the PRA-

can also be used to gain design insights and identify
improvements for handling more frequent transients and
accidents (Chapter 19). |

i

2. Maintainability of the plant is being addressed by'

using equipment that minimizes the need for
maintenance, by assuring that equipment can be easily
accessed, and by assuring that maintenance actions will
be as simple as possible (so as to avoid unplanned
reactor trips and plant downtime). These same
considerations apply to periodic testing and inspection
of equipment.

3. In almost all cases for System 80+, safety and non-
safety functions have been separated. This will make
the plant much simpler to operate and maintain.

1

4. Human factors (i.e., the man-machine interface) are I
considered throughout the plant and especially in the
control room (Chapter 18).

|

9
Amendment Q
June 30, 1993
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taste 1.3-1
.

(Sheet 1 of 13) '

CD FARISON OF REACTOR CMARACTERISTICS .

'
SYSTER 80 S'" STEM 80 SYSTEM 80+ REFERENCE

f2570 Mut 3410 Mut 2825 nut :8817 Mut 3931 Rut ESSAR SECTION

Nuclear Design Data

Structural Characteristics
Core Diameter, in. (Equivalent) 136.0 136.0 123.0 143.6 143.6 4.2
. Core Height, in (Active Fuel) 136.7 150.0 150.0 150.0 150.0 t

H/U, Unlimited Assenbly (Hot) 4.34 4.34 4.07 4.23 4.12 4.3
NL.rnber of Fuel Assemblies . 217 217 177 241 241
U0 Fuel Rod Locations Per Assenbty ' 176 (Batch A) 236 (*) 236 (*) 236 (*) 236 (*)2

164 (Batch 8)
176/164/164
(Batch C)'

' Performance Characteristics
Loading Technique 3 Batch Mixed 3 Batch Mixed 4 Batch Mixed 3 Batch Mixed 3 Batch Mixed 4.3

Central Zone Central Zone Central Zone Central Zone Central Zone

Fuel Discharge Burrup Mwd /MTU
Average First Cycle 13,775 12,373 13,600 13,740 15,300 4.3 "

Fuel Enrichments W/0 U-235 .
22,550 21,700 28,124 24,144 31,700.First Core Average

Region 1 2.05 1.27 1.25 1.83 1.8
Region 2 2.45 2.3d 2.06 2.49 2.9 I

Region 3 2.99 2.33 2.75 2.95 3.7
Region 4 3.30 ,

control Characteristics !

Critical Boron Concentrations, PPM
(beginning of life, Rods out)

. Cold, Zero Power, Clean 1120- 899 1127.' 902 1431 4.3
|Mot, Zero Power, Clean 1095 832 1061 882 1414

Hot, Equitibrit.se Xe, Fut t 725 719 700 516 1006 +

Power
Hot, Full Power, Clean 960 952' 954 764 1270 |

* In the first core, some 'uo' rods may be replaced by burnable absorber rods. | ,

|

,.
,

t

'

t

i

!

Amendment V !

April 29, 1994
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TABLE 1.3-1 (Cont'd)

(Sheet 2 of 13)

COEPARISON CF PEACTOR CHARACTERISTICS

SYSTEM 80 STSTEM 80 SYSTEM 80+ REFERENCE

2570 ht 3410 Mwt 2825 wt 3817 ht 3931 Mut CESSAR SECTION

Nuclear Design Data (Cont'd)

Control Element Assemblies
Material (Full /Part Length) B4C/SS-Ag-In-Cd B.0/Ag-In-Cd B4C/Inconel BcC/B C-Inconel B.C or Ag-In- 4.2

Cd/Inconel**
Ntsnber of Control Assemblies

(Full /Part Length /Part 77/8/0 83/8/0 65/0/8 (*) 76/13/0 (*) 68/0/25 (*) 4.2
Strength)

Nt.snber of Absorber Rods Per CEA
(or RCC) Assembly 5 4,5/5 4 or 12 4 or 12 4 or 12 4.2

| Total Rod Worth (Hot) % 2 9.63 11.35 16.00 16.76 16.4 (typical) 4.3

Kinetic Characteristics Range

Over First Cycle
Moderator Tenperature Coefficient

| b /*F (Hot, Full Power) BOL/EOL -0.20 x 10 */ -0.5 x 10''/ -0.4 x 10 */ -0.7 x 10 '/ -0.7 x 10 */ 4.3
-1.96 x 10'' -2.3 x 10'' -2.6 x 10' -2.5 x 10' -2.6 x 10'

5
Moderator Pressure Coefficient (BOL) +0.30 x 10' +0.9 x 10' +1.0 x 10' +0.69 x 10'' +0.4 x 10

| S / psi (Hot, Operating)
Moderator void Coefficient (BOL) -0.10 x 10'' -0.36 x 10 -0.46 x 10' -0.24 x 10' -0.22 x 10'3

b /% void (Not, Operating)
Doppler Coefficient 4 /*F (Hot, -1.06 x 10'' -1.13 x 10' -1.34 x 10 -1.18 x 10 -1.52 x 10'4 5

Operating Range) to to to to to

-1.46 x 10 -1.87 x 10 -1.52 x 10* -1.66 x '0~' ~1.63 x 104 4 4
|

* Locations are provided for 8 additional CEAs.
** Inconel part strength CEAs in System 80+

Amendment V
April 29, 1994
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TABLE 1.3-1 (Cont'd) >

(sheet 3 of 13)

(IBFARISON OF REACTOR CHARACTERISTICS

i
'

SYSTEM 80 SYSTEN 80 SYSTEN 80* REFERENCE

2570 nwt 3410 mut 2825 nut 3817 Ihet 3931 Nut CESSAR SECTION

_

Wuclear Desion Data (Cont'd) '

Hydraulic and Thermal Design Parameters 4.4 ,

Total Core Heat Output, Mwt 2560 3390 2815 3800 3914
Total Core Heat Output, Btu /hr. 8737 x 10' 1157 x 10' 9608 x 10' 1297 x 10' 1336 x 10'
Heat Generated in Fuel, % 97.5 97.4 97.4 97.4 97.4

System Pressure, Nominal, psia 2250 2250 2250 2250 2250 4.4
System Pressure, Minimum Steady State, ,.

psia 2200 2200 2200 2200 2200 |
Hot Channel Factors, Overall

Heat Flux, F, 3.00 2.34 2.34 '2.34 2.34
Enthalpy Rise, F ,, 1.65 1.55 1.55 1.55- 1.55

DNB Ratio at Nominal Conditions 2.18 (u-3) 2.07 (CE-1)* 2.06 (CE-1)* 1.98 (CE-1)* 2.00 (CE-1)* !

Coolant Flow
Total Flow Rate, ib/hr. 139.5 x 10' 148.0 x 10' 121.5 x 10' 164.0 x 10' 165.8 x 10' |
Effective Flow Rate for Heat

Transfer, lb/hr. 134.3 x 10' 144.2 x 10' 117.9 x 10' 159.1 x 10' 160.8 x 10' |
Effective Flow Area for Heat

Transfer, it' 53.5 54.7 44.8 60.8 60.8 |
Average Velocity Along Fuel 1

'
Rods, ft/sec. 15.4 16.5 ~16.8 16.8 16.7

Average Mass Velocity, Ib/hr-ft 2.51 x 10' 2.64 x 10' 2.63 x 10' 2.62 x 10' 2.65 x 10' '

Reactor Tenperatures, *F 4.4
Nominal Inlet 548 553 565 565 556 '

Average Rise in Vessel 48 58 56 56' 59 ' *

* Minimun DNBR at nominal conditions.

i'

!

t

i:
Amendment V'

'

April 29, 1994
i
i
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TABLE 1.3-1 (Cont'd)

(Sheet 4 of 13)

COMPARISON OF REACTOR CHARACTERISTICS

SYSTEM 80 SYiTEM 110 SYSTEM 80+ REFERENCE

2570 Mwt 3410 Mwt 2825 Mwt 3517 Mwt 3731 Mut CESSAR SECTION

Nuclear Design Data (Cont'd)

Average Rise in Core, *F 50 59 58 58 61

Average Temperature in Core, *F 5 73 582.5 594 594 586.5
Average Temperature in Vessel, 'F 572 582 593 593 585.5
Hot Channel Outlet, *F 643 642 646 646 644
Average Film Coefficient,

| Btu /hr-it' *F 5820 6270 6290 6290 6300

Heat Transfer at 100% Power
Active Heat Transfer Area, ft' 48,416 61,860 52,100 68,320 70,960 4.4
Average Heat Flux, 8tu/hr-ft' 176,000 182,100 179,550 184,800 183,300
Maximum Heat Flux, Stu/hr-ft' 527,900 426,300 420,250 432,700 429,100
Average Thermal Output, kW/ft 5.94 5.33 5.26 5.41 5.36
Maximum Thermal output, kW/ft 17.5 12.5 12.4 12.7 12.6
Maxinan Clad Surface Tenperature

| at Nominal Pressure, *F 657 657 657 657 657
Fuel Centerline Tenperature, "F

| Maxinsn at 100% Power 3,780 3,420 3180 3,205 3179
Engineering Heat Flux Factor 1.03 1.03 1.03 1.03 1.03

Amendment V
April 29, 1994
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TABLE 1.3-1 (Cont'd)

(Sheet 5 of 13)

CEBFARISON OF REACTOR CHARACTERISTICS i

,

SYSTEM 80 SYSTEM 80 SYSTEM 80* REFERENCE
2570 Mut 3410 Mut 2825 leut 3817 sewt 3931 Mut CESSAR SECTION

|

_ i

Core Mechanical Desion Parameters

Fuel Assenblies
. 4.2

Rod Bundle Arrangement 14 x 14 16 x 16 16 x 16 - 16 x 16 16 x 16
Design CEA CEA CEA CEA CEA
Rod Pitcis, in. 0.580 0.506 0.506 0.506 0.5064

Cross Section Dimensions, in. 7.972 x 7.972 7.972 x 7.972 7.972 x 7.972 7.972 x 7.972 7.972 x 7.972
Fuel Weight (as UO ), ib. 207,269 223,900 188,609- 257,245 264,3002

Ntsnber of Crids Per Assenbly 8 12 11 11 11
.

4,

i Fuel Rods '

Ntsnber of Locations 36.8%* 49,500* 41,772 56,876* 56,876*.

Outside Diameter, in. 0.440 0.322 0.382 0.382 0.382
Diametral Gap, in.- 0.0085 0.007 0.007 0.007 0.0065

i Clad Thickness, in.' 0.026 0.025 0.025- 0.025 . 0.025
Clad Material Zircatoy-4 Zircatoy-4 Zircatoy-4 Zircaloy-4 Zircatoy-4' |Juel Pellets
Material 007 Sintered U02 Sintered UOz sintered 007 Sintered 007 Sintered
Diameter, in. 0.3795 0.325 0.325 0.325 0.3255
Length, in. 0.650 0.390 0.390 0.390 0.390

Control Assemblies ,

Cladding Material NiCrFe Alloy'
O.035 0.035 0.035 0.035
NiCrFe Alloy NiCrFe Alloy NiCrFe Alloy NiCrFe Alloy

Clad Thickness, in. 0.040
Core Structure

.148/152 148/153 138/143 157/162 157/162 ||Core Barrel ID/00, in.

? .

Some of the rod locations are occupied by burnable absorber rods.*

4 I

i
<

,.

4

|-

,

.

,

4
.. I
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TABLE 1.3-1 (Cont'd)

(Sheet 6 of 13)

CDNPARISOM OF REACTtu CHARACTERISTICS

SYSTEM 80 SY! ITEM 80 SYSTEM 80+ REFERENCE

2570 Mwt 3410 Mwt 2825 Mut 3817 Mut 3931 Mut CESSAR SECTION

5.2, 5.4Reactor Coolant System Code Requirenents

Conponent
Reactor Vessel ASME III, ASME III, ASME III, ASME III ASME III

Class A Class 1 Class 1 Class 1 Class 1

Steam Generator
Tube Side ASME III, ASME III, ASME III, ASME III, ASME III,

Class A Class 1 Class 1 Class 1 Class 1
Shell Side ASME III, ASME III, ASME III, ASME III, ASME III,

Class A Class 1 Class 1 Class 2 Class 2
Pressurizer ASME III, ASME III, ASME III, ASME III. ASME III,

Class A Class 1 Class 1 Class 1 Class 1
Pressurizer Safety Valves ASME III ASME III, ASME III, ASME III, ASME III,

Class 1 Class 1 Class 1 Class 1
Reactor Coolant Piping ANSI B31.7 ASME III, ASME III, ASME III, ASME III,

Class 1 Class 1 Class 1 Class 1

Principal Design Parameters of the Reactor Vessel 5.3

Material Low attoy steet Low alloy Low alloy Low alloy Low alloy

internally clad steel clad steel clad steel clad steel clad
with austenitic with austen- with austen- with austen- with austen-
SS. itic SS. itic SS. itic SS. itic SS.

Design Pressure, psia 2500 2500 2500 2500 2500
Design Temperature, *F 650 650 650 650 650
Operating Pressure, psia 2250 2250 2250 2250 2250

Amendment N

O April 1, 1993



CESSAR EM9ieni:n

o
) TABLE 1.3-2

DOCKET LISTINGS FOR C-E RECENT REACTOR DESIGNS

Class Utility / Plant Name Docket Listina |

2570 MWt Baltimore Gas & Electric Co; Docket No. 50-317 and 50-318
Calvert Cliffs Units 1 & 2

Florida Power & Light company; Docket No. 50-335 and 50-389
St. Lucie Units 1 & 2

Northeast Utilities; Docket No. 50-336
Millstone Unit 2

3410 MWt Louisiana Power & Light Co.; Docket No. 50-382 )Waterford Unit 3
i

i
Southern California Edison; Docket No. 50-361 and 50-362
San Onofre Nuclear Generating |
Station Units 2 & 3 |

V 3817 MWt Washington Public Power Docket No. STN-50-508
(System 80) Supply System; Washington |-

Nuclear Project Unit 3
|

Arizona Public Service; Docket Nos. STN-50-528, |
Palo Verde Nuclear Generating STN-50-529 and STN-50-530
Station Units 1, 2, & 3

Combustion Engineering Docket No. STN-50-470F
Standard PWR - Nuclear
Steam Supply System

3914 MWt ABB-CE Standard Design Docket No. 52-002 |
(System 80+) - Nuclear Island |

4

O

Amendment V
April 29, 1994
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1.4 IDENTIFICATION OF AGENTS AND CONTRACTOES. j

1.4.1 APPLICANT'S QUALIFICATIONS AND EXPERIENCE

(Presented in site-specific SAR.)
1

1.4.2 ARCHITECT-ENGINEER'S QUALIFICATIONS AND EXPERIENCE !

!
(Presented in site-specific SAR.)

,

1.4.3 COMBUSTION ENGINEERING'S QUALIFICATIONS AND
'

EXPERIENCE
l<

Combustion Engineering, Inc. (hereafter referred to as C-E,
' Combustion, ABB Combustion Engineering Nuclear Power or ABB-CE)

nuclear power activities are of three general types: design,
development, construction and operation of reactor and auxiliary
systems; design and fabrication of nuclear components; and,

,

support of design, development and analytical projects.i

A summary of the company's efforts, accomplishments, and
] operating experience in the light water reactor field is provided

below.

O 1.4.3.1 Pre-Commercial Reactor Procrams
'

U
1.4.3.1.1 Naval Propulsion Program

During the period 1955 through 1960, Combustion Engineering was |
a major contributor to the U.S. Naval Reactors program. The
Company designed and built, at its Windsor, Connecticut site, the
prototype of a small attack submarine power plant. This
prototype, S1C, went into operation in 1959 as a. naval training'

facility. A second plant of this type, also designed and built
by Combustion Engineering, was installed in the USS Tullibee

'

(SSN-597) and operated as a part of the United States nuclear
,

submarine fleet. !
'

In the design, development, construction and operation of the i
lprototype system and the submarine power plant, combustion's

responsibilities included all safety aspects of the reactor
systems.

1.4.3.1.2 Boiling Nuclear Superheat (BONUS) Plant

Combustion was responsible for the nuclear design and for the
direction of startup and initial operation of the BONUS plant in
Puerto Rico.

,

7
The design of this reactor system presented a number of unique

g problems, e.g. , control and safety analysis of a two-region core,d

Amendment V
1.4-1 April 29, 1994
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design of a superheater fuel element, design of a steam control
system to assure adequate cooling of superheater fuel under all
credible conditions, and design of a containment building of the
" total containment" type to house the entire power generating
installation.

The BONUS plant achieved full power operation in September 1965,
and was the first nuclear power plant under USAEC control
operating with an integral superheating core.

1.4.3.2 Development and Desian of Commercial PWR Systems

The development and design by Combustion of a pressurized water
reactor for utility service dates back to 1958. At that time,
the Company was selected by the AEC to undertake the design,
analysis and economic evaluation of a 250 MWe PWR plant, in
conjunction with an architect-engineer. This effort provided
initial technical and economic guidelines for Combustion's
commercial development of the PWR.

With a subsequent decision by the Company to concentrate on the
development of the PWR for large nuclear power stations, a
program was initiated to guide required design and development
work along appropriate lines. The following is representative of
the types of PWR-oriented work which have been performed:

A. Evaluation of overall plant and systems to establish optimum
physical arrangement and design criteria from the standpoint
of economics and safety. Much of this work has been
performed in conjunction with qualified architect-
engineering organizations;

B. Design and development of nuclear components such as control
| element assemblies, control element assembly drive

mechanisms, and auxiliary systems equipment.

C. Extensive testing of PWR nuclear components, such as fuel
assemblies and reactor control components, under actual
service pressure, temperature and flow conditions.

Combustion Engineering's Nuclear Laboratories have been engaged
in the development and testing of fuels, fuel elements, control
assemblies, reactor components and materials for reactor
application. Particular emphasis has been given to UO and2
Zircaloy cladding technology, involving both in pile and
out-of-pile investigations. The initial efforts in the
laboratories were associated with submarine reactor programs.

| Beginning in 1960, nuclear laboratory personnel actively
Euratom research andparticipated in the joint U.S. AEC -

development program for fuels development. In addition to

Amendment V
1.4-2 April 29, 1994
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these programs, laboratory personnel were responsible for,

materials design activities for the heavy water organically-
cooled reactor study and for pressurized water, boiling water,
nuclear superheat, and fast breeder reactor systems.

.

1.4.3.3 Maior Conconent Desien and Fabrication

Between 1955 and 1961, C-E was a major supplier of nuclear cores |
for naval propulsion service.

C-E fabricated the boiling and the superheating fuel for the
BONUS reactor. The boiling section of the BONUS core contained
Zircaloy-clad, rod type, UO fuel elements fundamentally similar2.

to those utilized in the C-E Standard Plant fuel design. The
superheater fuel utilized Inconel-clad, rod type, UO fuel2
elements; the superheater cladding was designed for an operating
temperature of 1250'F.;

3 Combustion Engineering has performed the design engineering and
fabrication of control rod drive mechanisms and fuel rods for all
reactors listed in Table 1.4-1. |

Many reactor vessels designed for utility plant or for naval
service have been fabricated by Combustion Engineering. Reactor
vessels for plant sizes up through 1300 MWe are now in service.

Combustion Engineering has designed and fabricated nuclear steam |
generators for naval service and for commercial PWR plants. In2

i addition, the company designed and fabricated steam generators
for the Hanford Production Reactor facility.4

Combustion Engineering manufactures reactor vessel internal.

structures and reactor coolant pump components at its Newington, |
N.H. facility.

|
1.4.3.4 Facilities

i The C-E laboratories at Windsor, Connecticut, and Chattanooga,
Tennessee, provide complete facilities for the development,
design, analysis and testing of PWR components and systems.
These laboratories include equipment for:

a

!O
Amendment V'
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A. Mechanical Testing.

B. X-ray and Radiography.

C. Metallography.

D. Ceramics Development.

E. Analytical and Radio-Chemistry

F. Fuel Fabrication Development

G. Corrosion Testing

H. 2500 psi Component Performance Testing

I. 2500 psi and 5000 psi Steam Generation

J. Welding Development.

C-E operates a fuel manufacturing facility in Hematite, Missouri.
The Hematite plant converts UF6 gas to UO2 Powder, and makes fuel
pellets from the Uo2 for use in the fuel fabrication process.

The Windsor facilities of Combustion Engineering, Inc. are
equipped to fabricate, and provide the necessary quality control

| for, control element assemblies, control element assembly drive
mechanisms, and other specialized nuclear components.

Combustion Engineering's Chattanooga Plant includes a separate
'

racility to design, fabricate, and provide quality control for
large reactor pressure components. The facility has such special
equipment as heavy duty cranes and large capacity machine tools
capable of performing work on large, heavy parts to close
tolerances and fine surface finishes. It is also equipped with
the latest testing and quality control equipment, including a
linear accelerator for weld examination.

1.4.3.5 Commercial Reactor Operation

Table 1. 4-1 lists all Combustion Engineering Pressurized Water
Reactors designed and built to date. I

l

|

|
I
|

|
|

Amendment V
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TABLE 1.4-1

(Sheet 1 of 2)
C-E PRESSURIZED WATER REACTOR PLANTS

Commercial Nominal
Plant Operator Utility Plant Location Operation Mwe Net

Non-System 80 Plants |

Palisades Consumers Power Co. Michigan 1972 800 |

Maine Yankee Maine Yankee Atomic Power Co. Maine 1972 800 |

Fort Calhoun Omaha Public Power District Nebraska 1973 475 |

Calvert Cliffs Unit 1 Baltimore Gas & Electric Co. Maryland 1974 850 |

Millstone Point Unit 2 Northeast Utilities Connecticut 1975 865 |

Calvert Cliffs Unit 2 Baltimore Gas & Electric Co. Maryland 1976 850 |

St. Lucie Unit 1 Florida Power & Light Co. Florida 1976 810 |

Arkansas Nuclear One Unit 2 Arkansas Power & Light Co. Arkansas. 1980 900 |
'

,

St. Lucie Unit 2- Florida Power & Light Co. Florida 1983 810 | 1

San Onofre Unit 2 Southern California Edison Co. California 1983 1100 |-
,

San Onofre Unit 3 Southern California Edison Co. California '1984 .1100- | |
<

Waterford Unit 3 Louisiana Power'& Light Co. Louisiana 1985 1100 |
s

.

,

Amendment A
! September 11, 1987
i !
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TABLE 1.4-1 (Cont'd)

(Sheet 2 of 2)
C-E PRESSURIZED WATER REACTOR PLANTS

Commercial Nominal
Plant Operator Utility Plant Location Operation Mwe Net

System 80 Plants

Palo Verde Nuclear Arizona Public Service Arizona
Generating Station Company

Units 1 1986 1300
2 1986 1300
3 1988 1300

Washington Nuclear Project Washington Public Power Supply Washington
Unit 3 System Deferred 1300 |

Yonggwang Korea Electric Power Company Republic of Korea
Units 3 1995* 1000

4 1996* 1000

Ulchin Korea Electric Power Company Republic of Korea
Units 3 1998* 1000

4 1999* 1000

Anticipated Commercial Operation |*

Junendment V9 9 April 29, 1994
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1.6 MATERIAL INCORPORATED BY REFERENCE

A list of all material incorporated by reference as part of this
| application is provided in Table 1.6-1. Other material not
| incorporated by reference is listed in the individual chapter and
| section references for information purposes.

|

;

|

|
|

|

I

!O

Amendment V
1.6-1 April 29, 1994
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TABLE 1.6-1

(Sheet 1 of 6)

MATERIAL INCORPORATED BY REFERENCE

Report No. Title Date Chapter

|' ALWR-IC-DCTR-31 Evaluation of Defense-In- 9/92 7

; Depth and Diversity in the
; ABB-CE NUPLEX 80+ Advanced

Control Complex-for the'

System 80+ Standard Design |4
'

LD-92-105'

CEN 39(A)-NP CPC Protection Algorithm 11/86 7 i

Rev. 3-NP-A Software Change Procedure

CENPD-98-A COAST Code Description 1/73 15

1

CEN-114-NP Review of Small Break 7/79 20 | |
Transients in Combustion (Ref. in ;

Engineering Nuclear Steam CEN-268) :

Supply Systems |

!CEN-115-NP Response to NRC IE Bulletins 8/79 20 |V),

79-06C, Items 2 and 3, for (Ref. in
CE NSSS CEN-268)

:

CEN-132(B)-NP Response to NRC Questions on 6/80 20 |
Calvert Cliffs Part Loop (Response .

Data to NUREG- |

0630) clad
swelling

CENPD-133, Rev 1 Combustion Engineering, Inc. 8/74 6 i

"CEFLASH-4A, Fortran IV
Digital Computer Program for
Reactor Blowdown Analysis"

Suppl. #1 "CEFLASH-4AS, A Computer 9/74
Program for Reactor Blowdown
Analysis of the Small Break
Loss of Coolant Accident

Suppl. #2 "CEFLASH-4A, A Fortran IV 2/75
Digital Computer Program for
Reactor Blowdown Analysis
(Modifications)"

Suppl. #3 2/77

(O Suppl. #4 4/77U
Suppl. #5-A 6/85

Amendment V
April 29, 1994
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TABLE 1.6-1

(Sheet 2 of 6)

MATERIAL INCORPORATED BY REFERENCE

CENPD-134, Rev 1 Combustion Engineering, Inc. 8/74 6,15
"COMPERC-II, A Program for
Emergency Refill - Reflood
of the Core"

Suppl. #1 2/75

Suppl . #2-A 6/85

CENPD-135, Rev 1 Combustion Engineering, Inc. 8/74 6,15
"STRIKIN-II, A Cylindrical
Geometry Fuel Rod Heat
Transfer Program"

Suppl. #2 2/75 6,15

Suppl. #4 8/76 6,15

Suppl. #5 4/77

| CENPD-139-A, C-E Fuel Evaluation Model 7/74 4,6
Rev. 01 Topical Report
Suppl. #1

CEN-152, Rev 3 Combustion Engineering 5/87 19
Emergency Procedure
Guidelines

CEN-160-S-NP, CETOP-D Code Structure and 9/81 15
Rev. 1-NP Modeling Methods for Songs 2

and 3

CEN-161(B)-NP-A Improvements to Fuel 8/89 3,6
Evaluation Model

Suppl . 1-NP- A 1/92

CENPD-161-P-A TORC Code: A Computer Code 4/86 4,15
i

CENPD-161-NP-A for Determining the Thermal
; Margin of a Reactor Core
f 1

CENPD-162-A Combustion Engineering, Inc. 9/76 4 i
'

"CHF Correlation for C-E l
fuel" '

i

| Suppl . #1-A Assemblies with Standard 4/75 15
Spacer Grids - Part 1:'

Uniform Axial Power
Distribution"

Amendment V
April 29, 1994
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TABLE 1.6-1
;

(Sheet 3 of 6)'

MATERIAL INCORPORATED BY REFERENCE
1

CENPD-183-A Combustion Engineering, Inc. 6/84 15 l
"C-E Methods for Loss of
Flow Analysis"

CENPD-188-A HERMITE, A Multi-Dimensional 7/76 4,15
Space-Time Kinetics Code for
PWR Transients

CENPD-190-A Combustion Engineering, Inc. 1/76 15 1

"C-E Method for Control
Element Assembly Ejection
Analysis"

CEN-203-NP Response to NRC Action Item 4/82 Appendix A
II.K.3(30), Justification of
Small-Break LOCA Methods

CENPD-206-NP-A Combustion Engineering, Inc. 6/81 4,15 1

" TORC Code Verification and |
p Simplified Modeling Method"

|

CENPD-207-NP-A Combustion Engineering, Inc. 12/84 4 |

" Critical Heat Flux
Correlation for C-E fuel
Assemblies with Standard
Spacer Grids, Part 2, Non i

Uniform Axial Power !

Distribution" ;

CEN-214(A)-NP CET00-D Code Structure and 7/82 4
Modeling Methods for
Arka1sas Nuclear One,
Unit 2

CEN-227 Sumnary Report on the 12/82 Appendix A
Ope'.7bility of the
Pn:.nrlzer Safety Relief
, 1<es in CE Designed Plants

CENPD-254-NP-A " Post LOCA Long Term Cooling 6/80 6
Evaluation Model"

CENPD-255-A, " Qualification of Combustion 10/85 3
Rev. 3 Engineering Class 1E

Instrumentation"

O
%Y

Amendment V
April 29, 1994
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(Sheet 4 of 6)

MATERIAL INCORPORATED BY REFERENCE

CEN-263, Rev. 1 A Comprehensive Vibration 1/85 3

; Assessment Program for Palo
| Verde Nuclear Generating
| Station, Unit 1 (System 80

Prototype)'

CE-CES-49 User's Manual for CESAM 4/85 19
Combustion Engineering's
Monte Carlo Sampling Code

CEN-268, Rev 1 Justification of Trip 5/87 Appendix A
Two/ Leave Two Reactor
Coolant Pump Trip Strategy
During Transients

CEN-304-NP, Functional Design 5/88 7

Rev. 2-NP Requirement for CEAC

CEN-305-NP, Functional Design 5/88 7

Rev. 2-NP Requirement for CPC

CEN-308-NP-A CPC/CEAC Software 4/86 7

Modifications for the CPC
Improvement Program

CEN-310-NP-A CPC and Methodology Changes 4/86 7

for the CPC Improvement
Program

CEN-312 Combustion Engineering, Inc. 11/86 7

Rev. 1-NP " Overview of the Core
Operating Limit Supervisory
System"

CEN-323-NP-A Reload Data Block Constant 12/86 7

Installation Guidelines

CEN-327-A RPS/ESFAS Extended Test 1/90 19
Interval Evaluation

Suppl. 1

CEN-356 (V)-P/NP-A Combustion Engineering, Inc. 5/88 4,7
Rev. 1-P/NP-A " Modified Statistical

Combination of
Uncertainties"

O
Amendment V
April 29, 1994
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(Sheet 5 of 6)

MATERIAL INCORPORATED BY REFERENCE

LD-93-080 Common Mode Failure 5/93 -7

Evaluation for Limiting
Fault Events

LD-92-085 HFE Team Description and 7/92 18
Requirement References
ABB/CE Letter to the NRC

LD-92-102 Human Factors Documentation 9/92 18-

LD-81-095 CE-ECCS Evaluation Model 12/81 6,15
Flow Blockage Analysis

NPX80-IC-RR790-01, Operating Experience Review 6/93 18
Rev. 1 for System 80+ MMI Design

LD-93-090

2NPX80-IC-VP790-03, Human Factors Engineering R00, 9/93 18
Rev. 01 Verification and Validation R01,'2/94

Plan for Nuplex 80+O
( ,/ NPX80-IC-DP790-01, Human Factors Program Plan R00, 10/92 18

Rev. 03 for the System 80+ Standard R01, 12/92
Plant Design R02, '9/93

R03, 2/94

NPX-IC-DR791-02, Human Factors Engineering 5/92 18
Rev. 01 Standards, Guidelines, and R00, 9/93

Bases for System 80+ R01, 2/94

LD-94-012 System 80+ Fire Hazards R00, 3/92 9 |
Assessment R01,- 4/93

R02, 8/93 |

NPX80-IC-RR790-02, Human Factors Evaluation and R01, 3/94 18
Rev. 02 Allocation of System 80+ R02, 2/94 |

Functions

NPX80-IC-DB790-01, Nuplex 80+ Advanced Control 9/94 18
Rev. 01 Complex Design Bases R01, 2/94

NPX-TE-790-01 Nuplex 80+ Verification 5/92 18
Analysis Report

NPX80-IC-DP790-02, System 80+ Function & Task 5/89 18
Rev. 01 Analysis Report

O
U

Amendraent - V-

April 29, 1994
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TABLE 1 5-1

(Sheet 6 of 6)

MATERIAL INCORPORATED BY REFERENCE

NPX80-IC-DP790-03, Functional Task Analysis 11/93 18
Rev. 01 Plan

,

NPX80-SQP-0101.0, Software Program Manual for R00, 1/93 7

Rev. 02 NUPLEX 80+ R01, 11/93
R02, 2/94

NPX80-IC-QP790-2 Nuplex 80+ Software Safety 1/93 7

Plan Description

NPX-IC-QG790-00, Qualification Guidelines fo" 11/92 7
Rev. 01 Instrumentation and Contiois R01, 2/94

Equipment for NVPLEX 80+

NPX80-QPS-0401.1 Requirements for The Supply 5/92 7

of Commercial Digital
Hardware and Software
Components to be used in
NVPLEX 80+ Safety Systems

O
|

|

I

|'

l

| |

I |
| |

O1;

I
|

| '

i Amendment V
April 29, 1994
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~# 1.7 DRAWINGS AND DIAGR_AM i

! 1.7.1 ELECTRICAL, INSTRUMENTATION, AND CONTROL DRAWINGS

The systems of interest are the Reactor Protective System (RPS),
Alternate Protection System (APS), and the Engineered Safety
Features Actuation System (ESFAS). These three systems provide
reactor trips and Engineered Safety Feature (ESF) systems
actuation for limiting events as determined by the safety j

analysis for the plant. Table 1.7-1 provides a listing of Safety j
Related Electrical, Instrumentation and Control Drawings. j

The functional block diagrams listed in Table 1.7-1 include the |

RPS, ESFAS, and APS as shown in Figures 7.2-12, 7.3-3 and 7.7-12. |
The interface logic is shown in Figure 7.2-19. Other figures at |
the end of Sections 7.2 and 7.3 provide more detailed logic on
various portions of these systems.

)
Functional control logic diagrams for the Shutdown Cooling System |

and Safety Injection System are provided in Section 7.6.

Measurement Channel Block Diagrams (MCBDs), Plant Protection |
System (PPS) design drawings and component Functional Logic j

n Diagrams are identified in the applicable CESSAR sections. j
fV) 1

The MCBDs show all channels which are safety-related. The
drawings apply to the RPS, APS, ESFAS, and to the Post-Accident
Monitoring requirements in CESSAR.

1.7.2 PIPING AND INSTRUMENTATION DIAGRAMS
,

,

Table 1.7-2 provides a list of valve identifiers used in the )valve lists presented in CESSAR. Piping and instrumentation l

diagram symbols which are used on the piping and instrumentation
diagrams listed in Table 1.7-3 are presented in Figures 1.7-1,
1.7-2, and 1.7-3.

.tV:
"

Amendment R
1.7-1 July 30, 1993

- . .
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- 1.8 ' REGULATORY COMPLIANC

I System 80+ compliance with U.S. NRC Regulatory Guides, Generic
Letters, Bulletins, and elements of the Standard Review Plan is>

' - documented in this section. Regulatory Guides, the guide date-or
revision, and System 80+ compliance with applicable Guides are
summarized in Table 1.8-1.

.

Operational experience informati'on highlighted ~ in Regulatory.
.

Bulletins and Letters has been incorporated into.the System 80+-
design. Generic Letters and NRC Bulletins from 1980 through'

December, 1993 are identified in Tables 1.8-2 and 1. 8-3. The
applicability of each' Generic Letter or Bulletin to System 80+ is
assessed, with additional information' for applicable ' issues
provided in the referenced sections of this report.

System 80+ deviations from the U.S. NRC Standard Review Plan,
*

NUREG-0800'[ LWR Edition, June 1987], are listed in Table 1.8-4.
Specific sections are also identified where further. details | ,

relevant to each SRP deviation are discussed. Site-specific
'

compliance with individual Standard Review Plan sections is
provided in Table 1.8-5. |

Table 1.8-6 identifies the industrial Codes and Standards', and
O code editions, invoked for . certification of ' the System 80+
h Standard Design. Where a particular structure, system, or

component requires a code edition different from that listed in
Table 1.8-6, an explanation of such difference is provided in the
appropriate text. Other Codes and Standards that are utilized
but not invoked as essential for design certification are
incorporated into the individual chapters of this Safety Analysis
Report. Revisions to accepted industry codes applied to
Systen 80+ will be evaluated on a case-by-case basis. The
applicability of code editions will be confirmed by the Combined
Operating License applicant in the site-specific Safety Analysis

,

Report.

ASME Section III, Division 1 Code Cases applicable to System 80+
are identified in Table 1.8-7. Except for N-122-1, these Code ;

Cases are consistent with those identified- in Regulatory |

Guide 1.84, Revision 28, for design and fabrication, or j
Regulatory Guide 1.85, Revision 28, for materials and testing,
that were in effect on April 30, 1990.

Cross-references to subsections of this report discussing
Unresolved and Generic Safety Issues, the Three Mile Island Rule
[10 CFR 50.34 (f)], and new NRC policy issues (SECY-93-087) are
provided in Tables 1.8-8, 1.8-9, and 1.8-10.

Amendment V
1.8-1 April 29, 1994

___ - _ ____ ___
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TABLE 1.8-1
h |

| (Sheet l'of 17) j

NRC REGULATORY GUIDE APPLICABILITY ANALYSIS TO SYSTEM 80+ j.'

,

Document Title Issue Date Section | 1j
>

!

Reg. Guide l'.1 - 11/70 _ 6.3, 6.5 ;
1

! Net Positive Suction Head for Emergency Core
i- Cooling' and Containment: Heat Removal . System

''

: Pump's

Reg. Guide l'.2 - .
.

.

Withdrawn:.
Thermal Shock to Reactor Pressure Vessels -'

GDC 35 .

( |

I Reg. Guide.l.3 - N/A (BWR). |

Assumptions Used for. Evaluating the - 6/74
'|Reg. Guide 1.4L-. . Revision'2- 6.3.3.6, 12- '

Potential . Radiological Consequences .of. a
''

-

O LOCA for Pressurized Water Reactors
. ;

;

Reg. Guide 1.5 - N/A:(BWR) .j

Reg. Guide 1.6 - 3/71 8.1.4.2
Independence Between Redundant Standby (On-
Site) Power Sources and Between Their

| Distribution Systems

| Reg. Guide 1.7 - Revision 2 6.5, 12
Supplement - Control of Combustible Gas 11/78
Concentration in Containment Following LOCA ;

! Reg. Guide 1.8 - Revision 2 12
' Qualification & Training of Personnel for 4/87

Nuclear Power Plants

Reg. Guide 1.9 - .
Revision 3 8.1.4.2

Selection, Design, Qualification, and 7/93
Testing of Emergency Diesel Generator Units
used'as Class 1E Onsite Electrical Power
Systems

Reg. Guide 1.10 - Withdrawn
Mechanical'(Cadweld) Splices in Reinforcing ;

Bars-of Concrete Containments

O
L
' Amendment V

April 29, 1994.
,
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TABLE 1.8-1

(Sheet 2 of 17)

| NRC REGULATORY GUIDE APPLICABILITY ANALYSIS TO SYSTEM 80+

| Document Title Issue Date Section

Reg. Guide 1.11 - 3/71 7.1.2.15
Instrument Lines Penetrating Primary Reactor,

Containment

Reg. Guide 1.12 - Revision 1 3.7
Instrumentation for Earthquakes 4/74

Reg. Guide 1.13 - Revision 2 9.1
| Spent Fuel Storage Facility Design Basis 12/81

Reg. Guide 1.14 - Revision 1 5.4.1.1
Reactor Coolant Pump Flywheel Integrity 8/75

Reg. Guide 1.15 - Withdrawn
Testing of Reinforcing Bars for Concrete

|
| Structures

Reg. Guide 1.16 - Revision 4 Not Applicable
Reporting of Operating Information 8/75

Reg. Guide 1.17 - Withdrawn
Protection Against Industrial Sabotage!

| Reg. Guide 1.18 - Withdrawn
Structural Acceptance Tests for Concrete
Primary Reactor Containments

Reg. Guide 1.19 - Withdrawni

Nondestructive Examination of Primary
Containment Welds

Reg. Guide 1.20 - Revision 2 3.9.2.4
Comprehensive Vibration Assessment Program 5/76
for Reactor Internals During Preoperational
and Initial Startup Testing

Reg. Guide 1.21 - Revision i Not Applicable
Measuring, Evaluating, and Reporting 6/74
Radioactivity in, and Releases from Nuclear
Power Plants

Reg. Guide 1.22 - 2/72 7.1.2.17, 8.1.4.2
Periodic Testing of Protection Systems
Actuation Functions

Amendment V
April 29, 1994
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TABLE 1.8-1

(Sheet 3 of 17)

NRC REGULATORY GUIDE APPLICABILITY ANALYSIS TO SYSTEM 80+ |

Document Title Issue Date Section |

Reg. Guide 1.23 - Not Applicable
Onsite Meteorological Programs

Reg. Guide 1.24 - 3/72 15.7 !
IAssumptions Used for Evaluating the

Potential Radiological Consequences of a
Pressurized Water Reactor Radioactive Gas
Storage Tank Failure

Reg. Guide 1.25 - 3/72 15.7
Assumptions Used for Evaluating the
Potential Radiological Consequences of a
Fuel Handling Accident in the Fuel Handling |
and Storage Facility for Boiling and
Pressurized Water Reactors

Reg. Guide 1.26 - Revision-3 3.2.2, 10.4
p Quality Group Classifications and Standards 2/76

1

-( d Reg. Guide 1.27 -- Revision 2 9.2.5 )
'

Ultimate Heat Sink 1/76 :

Reg. Guide 1.28 - Revision 3 17 and report
Quality Assurance Program Requirements 8/85 CENPD-210-A,
(Design and Constructhn) Revision 7 |

(Section 111.2.1) l

Reg. Guide 1.29 - Revision 3 3.2.1, 7.1.2.lf.

Seismic Design Classification 9/78 10.4.9-

Reg. Guide 1.30 - 8/72 RG 1.28 Rev. 3 |
Quality Assurance Requirements for the applied instead
Installation, Inspection and Testing of of RG 1.30~
Instrumentation and Electrical Equipment

Reg. Guide 1.31 - Revision 3 5.2.3.4.2.1
Control of Ferrite Content in Stainless 4/78
Steel Weld Metal

Reg. Guide 1.32 - Revision 2 8.1.4.2
Criteria for Safety-Related Electric Systems 2/77
for Nuclear Power Plants

(Q Reg. Guide 1.33 -
Revision 2 Not Applicable

f Quality Assurance Program Requirements 2/78
(Operation)

Amendment V
April 29, 1994
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TABLE 1.8-1

(Sheet 4 of 17)

| NRC REGULATORY GUIDE APPLICABILITY ANALYSIS TO SYSTEM 80+

| Document Title Issue Date Section

Reg. Guide 1.34 - 12/72 5.2.3.3.2.2
Control of Electroslag Weld

$ Properties

Reg. Guide 1.35 - Revision 3 Not Applicable
Inservice Inspection of Ungrouted Tendons in 7/90 (Concrete
Prestressed Concrete Containment containment)

Reg. Guide 1.36 - 2/73 5.2.3.2.3,
Nonmetallic Thermal Insulation for 10.3.2.3.4
Austenitic Stainless Steel

Reg. Guide 1.37 - 3/73 5.2.3.4.1.2.1,
Quality Assurance Requirements for Cleaning 10.3.6.2 (Note A)
of Fluid Systems and Associated Components
of Water-Cooled Nuclear Power Plants

Reg. Guide 1.38 - Revision 2 17 (Note A)
Quality Assurance Requirements for 5/77
Packaging, Shipping, Receiving, Storage, and
Handling of Items for Water Cooled Nuclear
Power Plants

Reg. Guide 1.39 - Revision 2 Note A
Housekeeping Requirements for Water Cooled 9/77
Nuclear Power Plants

Reg. Guide 1.40 - 3/73 3.11
Qualification Tests of Continuous-Duty

| Motors Installed Inside the Containment
of Water-Cooled Nuclear Power Plants

Reg. Guide 1.41 - 3/73 8.1.4.2, 14
Preoperational Testing of Redundant On-site
Electric Power Systems to Verify Proper Load
Group Assignments

Reg. Guide 1.42 - Withdrawn
Interim Licensing Policy on as Low as
Practicable for Gaseous Radioiodine Releases
from Light Water-Cooled Nuclear Power
Reactors

Reg. Guide 1.43 - 5/73 5.2.3.3.2.1
Control of Stainless Steel Weld Cladding of

| Low-Alloy Steel Components
|

| Amendment V
April 29, 1994
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/ TABLE 1.8-1b
(Sheet 5 of 17)

EC REGULATORY GUIDE APPLICABILITY ANALYSIS TO SYSTEM 80+ |

Document Title Issue Date Section |

Reg. Guide 1.44 - 5/73 5.2.3.4.1.1.1
Control of the Use of Sensitized Stainless
Steel

Reg. Guide 1.45 - 5/73 5.2.5, 7.1.2.20

Reactor Coolant Pressure Boundary Leakage
Detection Systems

Reg. Guide 1.46 - Withdrawn
Protection Against Pipe Whip Inside
Containment -

Reg. Guide 1,47 - 5/73 7.1.2.21, 8.1.4.2
Bypassed and Inoperable Status Indication
for Nuclear Power Plant Safety Systems

Reg. Guide 1.48 - Withdrawn
p Design Limits and Loading Combinations for
i Seismic Category 1 Fluid System Components ;

Reg. Guide 1.49 - Revision 1 1.1.2 ;

Power Levels of Nuclear Power Plants 12/73 |

Reg. Guide 1.50 - 5/73 5.2.3.3.2.1
Control of Preheat Temperature for Welding 1

of Low-Alloy Steel

Reg. Guide 1.51 - Withdr w
Inservice Inspection of ASME Code Class 2
Nuclear Power Components

Reg. Guide 1.52 - Revision 2 6.5
Design, Testing, and Maintenance Criteria 3/78
for Post-Accident Engineered Safety Feature |
Atmosphere Cleanup System Air Filtration and
Adsorption Units of Light-Water-Cooled |
Nuclear Power Plants

Reg. Guide 1.53 - 6/73 7.1.2.9, 8.1.4.2
Application of the Single-Failure Criterion
to Nuclear Power Plant Protection Systems

Reg. Guide 1.54 - 6/73 6.1.2.1
(n) Quality Assurance Requirements for
( ,/ Protective Coatings Applied to Water-Cooled

Nuclear Power Plants

Amendment V
April 29, 1994
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TABLE 1.8-1

(Sheet 6 of 17)

| NRC REGULATORY GUIDE APPLICABILITY ANALYSIS TO SYSTEM 80+ |

|

| Document Titig Issue Date Section !
1

Reg. Guide 1.55 - Withdrawn
Concrete Placement in Category 1 Structures

Reg. Guide 1.56 - Revision 1 N/A (BWR)
Maintenance of Water Purity in Boiling Water 7.78 |

Reactors
|

Reg. Guide 1.57 - 6/73 3.8 |
Design Limits and Loading Combinations for !,

| Metal Primary Reactor Containment System
Components

| Reg. Guide 1.58 - Withdrawn
Qualification of Nuclear Power Plant
Inspection, Examination and Testing!

Personnel

Reg. Guide 1.59 - Revision 2 2
Design Basis Floods for Nuclear Power Plants 8/77

Reg. Guide 1.60 - Revision 1 2, 3.7
Design Response Spectra for Seismic Design 12/73
of Nuclear Power Plants

Reg. Guide 1.61 - 10/73 3.7.1.3
Damping Values for Seismic Design of Nuclear|

Power Plants,

'

Reg. Guide 1.62 - 10/73 7.1.2.22, 8.1.4.2

| Manual Initiation of Protective Actions
| 1
! Reg. Guide 1.63 - Revision 3 3.8.2, 8.1.4.2 |

Electric Penetration Assemblies in 2/87 |

| Containment Structures for Nuclear Power
Plants

| Reg. Guide 1.64 - Withdrawn
Quality Assurance Requirements for the
Design of Nuclear Power Plants

I

Reg. Guide 1.65 - 10/73 5.3.1.7 |

Materials and Inspections for Reactor Vessel
Closure Studs

O
Amendment V
April 29, 1994
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h TABLE 1.8-1'

'O'

(Sheet 7 of 17)

NRC REGULATORY GUIDE APPLICABILITY ANALYSIS TO SYSTEM 80+ |

Document Title Issue Date Section |.

Reg. Guide 1.66 - Withdrawn
Nondestructive Examination of Tubular
Products

!

Reg. Guide 1,67 -' Withdrawn
Installation of Overpressure Protection'

Devices

Reg. Guide 1.68 - Revision 2 14.2.7.1, 7.1.2.24,

Initial Test Programs for Water-Cooled Power 8/78 8.1.4.2 |
Reactors

|

! Reg. Guide 1.68.1 - N/A (BWR)
L Preoperational and Initial Startup Testing
i of Feedwater and Condensate Systems for

Boiling Water Power Plants

| / Reg. Guide 1.68.2 - Revision 1 14.2.7.3G

| ( Initial Startup Test Program to Demonstrate 7/78
| Remote Shutdown Capability for Water-Cooled
| Nuclear Power Plants
|

| Reg. Guide 1.68.3 - 4/82 14
i Preoperational Testing of Instrument and

Control Air Systems |

Reg. Guide 1.69 - 12/73 12 ),

Concrete Radiation Shields for Nuclear Power
Plants

Reg. Guide 1.70 - Revision 3 Vol. 1 |
Standard Format and Contents of Safety 11/78 Introductory

|
Analysis Reports for Nuclear Power Plants Statement j

Reg. Guide 1.71 - 12/73 5.2.3.3.2.3
|- Welder Qualification for Areas of Limited
|

Accessibility

Reg. Guide 1.72 - Revision 2 9.2.5
Spray Pond Piping Made from Fiberglass- 11/78
Reinforced Thermosetting Resin

Reg. Guide 1.73 - 1/74 3.11, 7.1.2.25

O Qualification Tests of Electric ValveOperators Installed Inside the Containment|
of Nuclear Power Plantsj

!-

i Amendment V
April 29, 1994
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TABLE 1.8-1

(Sheet 8 of 17)

| NRC REGULATORY GUIDE APPLICABILITY ANALYSIS TO SYSTEM 80+

| Document Title Issue Date Section

| Reg. Guide 1.74 - Withdrawn
Quality Assurance Terms and Definitions

Reg. Guide 1.75 - Revision 2 7.1.2.10, 8.1.4.2
Physical Independence of Electric Systems 9/78

Reg. Guide 1.76 - 4/74 2

Design Bases Tornado for Nuclear Power
Plants

Reg. Guide 1.77 - 5/74 15.4.5
Assumptions Used for Evaluating a Control
Rod Ejection Accident for Pressurized Water
Reactors

Reg. Guide 1.78 - 6/74 6.4, 9.4
Assumptions for Evaluating the Habitability
of a Nuclear Power Plant Control Room
During a Postulated Hazardous Chemical
Release

Reg. Guide 1.79 - Revision 1 3.1.33, 14.2.7.2
Preoperational Testing of Emergency Core 9/75
Cooling Systems for Pressurized Water
Systems

| Reg. Guide 1.80 - Withdrawn See RG 1.68.3
Preoperational Testing of Instrument Air
Systems

Reg. Guide 1.81 - Revision 1 1.2.1.3
Shared Emergency and Shutdown Electric 1/75
Systems for Multi-Unit Nuclear Power Plants

Reg. Guide 1.82 - Revision 1 1.2, 3.8
Water Sources for Long-Term Recirculation 11/85
Cooling Following a loss-of-Coolant Accident

Reg. Guide 1.83 - Revision 1 5.2.4.1
Inservice Inspection of Pressurized Water 7/75
Reactor Steam Generator Tubes j

i

Reg. Guide 1.84 - Revision 29 5.2.1.2 |
Design and Fabrication Code Case 7/93
Acceptability ASME Section III Division 1

Amendment V
April 29, 1994
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TABLE 1.8-1

(Sheet 9 of 17) j

NRC REGULATORY GUIDE APPLICABILITY ANALYSIS TO SYSTEM 80+ |

Document Title Issue Date Section |
,

Reg. Guide 1.85 - Revision 29 5.2.1.2
Materials Code Case Acceptability ASME 7/93
Section III Division 1

Reg. Guide 1.86 - 6/74 Not Applicable |
Termination of Operating Licenses for

; Nuclear Reactors

Reg. Guide 1.87 - Revision 1 Not Applicable
Guidance for Construction of Class 1 6/75
Components in Elevated Temperature Reactors

Reg. Guide 1.88 - Withdrawn |
Collection, Storage, and Maintenance of
Nuclear Power Plant Quality Assurance
Records

,

|

| G Reg. Guide 1.89 - Revision 1 3.11, 7.1.2.5,

/j\ Environmental Qualification of Certain 6/84 8.1.4.2
Electric Equipment Important to Safety for

| Nuclear Power Plants
|
'

Reg. Guide 1.90 -- Revision 1 Not Applicable
Inservice Inspection of Prestressed Concrete 8/77 -(Concrete
Containment Structures with Grouted Tendons containment) 1

Reg. Guide 1.91 - Revision 1 Not Applicable
Evaluations of Explosions Postulated to 2/78
Occur on Transportation Routes Near Nuclear
Power Plants

| Reg. Guide 1.92 - Revision 1 3.7.2.7
Combining Modal Responses and Spatial 2/76
Components in Seismic Response Analysis |

Reg. Guide 1.93 - 12/74 8.1.4.2
| Availability of Electric Power Sources

'

i
'

Reg. Guide 1.94 - Revision 1 3.8 (Note A) |

Quality Assurance Requirements for 4/76
Installation, Inspection, and Testing of
Structural Concrete and Structural Steel

,

During the Construction Phase of Nuclear'

Power Plants

Amendment V
April 29, 1994

. . -.
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TABLE 1.8-1

(Sheet 10 of 17)

| NRC REGULATOR, GUIDE APPLICABILITY ANALYSIS TO SYSTEM 80+

| Document Title Issue Date Section

Reg. Guide 1.95 - Revision 1 6.4
Protection of Nuclear Power Plant Control 1/77
Room Operators Against an Accidental *

Chlorine Release

Reg. Guide 1.96 - N/A (BWRs)
Design of Main Steam Isolation Valve Leakage
Control Systems for Boiling Water Reactor
Nuclear Power Plants

Reg. Guide 1.97 - Revision 3 3.1, 7.1.2.26, 7.5,
Instrumentation for Light-Water-Cooled 5/83 10.4.9
Nuclear Power Plants To Assess Plant and
Environs Conditions During and Following an
Accident

Reg. Guide 1.98 - N/A (BWRs)
Assumptions Used for Evaluating the
Potential Radiological Consequences of a
Radioactive Offgas System Failure in a
Boiling Water Reactor

Reg. Guide 1.99 - Revision 2 5.3.1.6.7
| Radiation Embrittlement of Reactor Vessel 5/88

Materials

Reg. Guide 1.100 - Revision 2 3.10
Seismic Qualification of Electric and 6/88
Mechanical Equipment for Nuclear Power
Plants

Reg. Guide 1.101 - Revision 3 NUREG-0654 applies
Emergency Planning and Preparedness for 8/92 with respect to
Nuclear Power Reactors System 80+ emergency

facilities described
in Sections 13.3.3.1
and 13.3.3.3

Reg. Guide 1.102 - Revision 1 2

Flood Protection for Nuclear Power Plants 9/76

Reg. Guide 1.103 - Withdrawn
Post Tensioned Prestressing Systems for
Concrete Reactor Vessels and Containment

Amendment V
April 29, 1994
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(Sheet 11 of 17)

NRC REGULATORY GUIDE APPLICABILITY ANALYSIS TO SYSTEM 80+ |

Document Title Issue Date Section |

Reg. Guide 1.104 - Withdrawn
Overhead Crane Handling Systems for Nuclear
Power Plants

Reg. Guide 1.105 - Revision 2 7.1.2.27
Instrument Setpoints for Safety-Related 2/86
Systems

Reg. Guide 1.106 - Revision 1 7.1.2.28
Thermal Overload Protection for Electric 3/77
Motors on Motor-Operated Valves

Reg. Guide 1.107 - Revision 1 Not Applicable
Qualifications.for Cement Grouting for 2/77 (Concrete
Prestressing Tendons in Containment containment)
Structures

(~ "*S '"'d* ' ' ' ~ "''"d''*" S** "" '' '
Periodic Testing of Diesel Generator Units

.

Used as Onsite Electric Power Systems at
Nuclear Power Plants

Reg. Guide 1.109 - Revision 1 Not Applicable
Calculation of Annual Doses to Man From 10/77
Routine Releases of Reactor Effluents for
the Purpose of Evaluating Compliance with 10
CFR Part 50, Appendix I

Reg. Guide 1.110 - 3/76 12
Cost-Benefit Analysis for Radwaste Systems

;

for Light-Water-Cooled Nuclear Power i
'Reactors

Reg. Guide 1.111 - Revision 1 Not Applicable
Methods for Estimating Atmospheric Transport 7/77
and Dispersion of Gaseous Effluents in
Routine Releases From Light-Water-Cooled
Reactors

Reg. Guide 1.112 - 5/77 Not Applicable |
Calculation of Releases of Radioactive
Materials in Gaseous and Liquid Effluents
from Light-Water-Cooled Power Reactors

Amendment V
April 29, 1994
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(Sheet 12 of 17)

| NRC REGULATORY GUIDE APPLICABILITY ANALYSIS TO SYSTEM 80+

| Document Title Issue Date Section

Reg. Guide 1.113 - Revision 1 Not Applicable
Estimating Aquatic Dispersion of Effluents 4/77
from Accidental and Routine Reactor Releases
for the Purpose of Implementing Appendix I

Reg. Guide 1.114 - Revision 2 Not Applicable
Guidance to Operators at the Controls and to 5/89
Senior Operators in the Control Room of a
Nuclear Power Plant

Reg. Guide 1.115 - Revision 1 3.5
Protection Against Low-Trajectory Turbine 7/77
Missiles

Reg. Guide 1.116 - 5/77 3.9 (Note A)
Quality Assurance Requirements for
Installation, Inspection, and Testing of
Mechanical Equipment and Systems

Reg. Guide 1.117 - Revision 1 3.1.2
Tornado Design Classification 4/78

Reg. Guide 1.118 - Revision 2 7.1.2.7, 8
Periodic Testing of Electric Power and 6/78
Protection Systems

Reg. Guide 1.119 - Withdrawn
Surveillance Program for New Fuel Assembly
Designs

Reg. Guide 1.120 - Revision 1 7.1.2.29
Fire Protection Guidelines for Nuclear Power 11/77
Plants

Reg. Guide 1.121 - 8/76 5.4
Bases for Plugging Degraded PWR Steam
Generator Tubes

|

Reg. Guide 1.122 - Revision 1 3.7.2
Development of Floor Design Response Spectra 2/78
for Seismic Design of Floor-Supported
Equipment or Components

O
Amendment V
April 29, 1994
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(Sheet 13 of 17)

NRC REGULATORY GUIDE APPLICABILITY ANALYSIS TO SYSTEM 80+ |

Document Title Issue Date Section |

Reg. Guide 1.123 - Withdrawn |
Quality Assurance Requirements for Control
of Procurement of Items and Services for
Nuclear Power Plants'

Reg. Guide 1.124 - Revision 1 5.4.14
Service Limits and Loading Combinations for 1/78

j Class 1 Linear Type Component Supports

Reg. Guide 1.125 - Revision 1 3

| Physical Models for Design and Operation of 10/78
Hydraulic Structures and Systems for Nuclear
Power Plants

|

! Reg. Guide 1.126 - Revision 1 4.2
An Acceptable Model and Related Statistical 3/78-
Methods for the Analysis of Fuel
Densification

Reg.. Guide 1.127 - Revision 1 Not Applicable
i Inspection of Water-Control Structures 3/78 l
'

Associated with Nuclear Power Plants

Reg. Guide 1.128 - Revision 1 8.1, 8.3.2
Installation Design and Installation of 10/78
Large Lead Storage Batteries for Nuclear
Power Plants

Reg. Guide 1.129 - Revision 1 8.1.4.2
Maintenance, Testing, and Replacement of 2/78
Large lead Storage Batteries for Nuclear
Power Plants

Reg. Guide 1.130 - Revision 1 5.4.14
Service Limits and Loading Combinations for 10/78
Class 1 Plate-and-Shell-Type Component
Supports

Reg. Guide 1.131 - Revision 1 8.1.4.2
Qualification Tests of Electric Cables, 8/79
Field Splices, and Connections for Light- (Draft)
Water-Cooled Nuclear Power Plants

O Reg. Guide 1.132 - Revision 1 Not Applicable
V Site Investigations for Foundations of 3/79

Nuclear Power Plants

Amendment V
April 29, 1994
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| NRC REGULATORY GU_LDE APPLICABILITY ANALYSIS TO SYSTEM 80+

| Document Title Issue Date Section

Reg. Guide 1.133 - Revision 1 7.1.2.30, 7.7.1.6.3
Loose-Part Detection Program for the Primary 5/81
Systems of Light-Water-Cooled Reactors

Reg. Guide 1.134 - Revision 2 Not Applicable
Medical Evaluation of Licensed Personnel for 4/87
Nuclear Power Plants

| Reg. Guide 1.135 - 9/77 Not Applicable
Normal Water Level and Discharge at Nuclear
Power Plants

Reg. Guide 1.136 - Revision 2 Not Applicable
Materials, Construction, and Testing of 6/81 (Concrete
Concrete Containments containment)

Reg. Guide 1.137 - Revision 1 9.5
Fuel-0il Systems for Standby Diesel 10/79
Generators

'

| Reg. Guide 1.138 - 4/78 Not Applicable
Laboratory Investigations of Soils for
Engineering Analysis and Design of Fuclear
Power Plants

Reg. Guide 1.139 - 5/78 5.4.7
Guidance for Residual Heat Removal

Reg. Guide 1.140 - Revision 1 9.4
Design, Testing, and Maintenance Criteria 10/79
for Normal Ventilation Exhaust System Air

| Filtration and Adsorption Units of Light-
Water-Cooled Nuclear Power Plants

Reg. Guide 1.141 - 4/78 6.2.4
Containment Isolation Provisions for Fluid
Systems

| Reg. Guide 1.142 - Revision 1 3.8
| Safety-Related Concrete Structures for 10/81
| | Nuclear Power Plants

O
!

Amendment V
April 29, 1994

;
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(Sheet 15 of 17)

NRC REGULATORY GUIDE APPLICABILITY ANALYSIS TO SYSTEM 80+ |

Document Title Issue Date Section |-

Reg. Guide 1.143 - Revision 1 11'
|- Design Guidance for Radioactive Waste 10/79

Management Systems, Structures, and
i Components Installed in Light-Water-Cooled

Nuclear Power Plants
,

|
Reg. Guide 1.144 - Withdrawn | |Auditing of Quality Assurance Programs for
Nuclear Power Plants

.

Reg. Guide 1.145 - Revision 1 2
'

Atmospheric Dispersion Models for Potential 2/83
| Accident Consequence Assessment at Nuclear

Power Plants

Reg. Guide 1.146 - Withdrawn |
Qualification of Quality Assurance Program
Audit Personnel for Nuclear Power Plants

,

D Reg. Guide 1.147 - Revision 10 5.2.1.2
i

| In-service Inspection Code Case 7/93 I
i Acceptability, ASME Section XI, Division 1 1

Reg. Guide 1.148 - 3/81 3,5,6
| Functional Specification for Active Valve

Assemblies in Systems Important to Safety in
Nuclear Power Plants

Reg. Guide 1.149 - Revision 1 Not Applicable
! Nuclear Power Plant Simulation facilities 4/87

for Use in Operator License Examinations

Reg. Guide 1.150 - Revision 1 5.1.4. 5.3.1.3
| Ultrasonic Testing of Reactor Vessel Welds 2/83

During Pre-service and In-service
Examinations

Reg. Guide 1.151 - 7/83 3.2.1, 3.2.2,
.

Instrument Sensing Lines 7.1.2.31
'

Reg. Guide 1.152 - 11/85 7.1.2.32
Criteria for Programmable Digital Computer

i System Software in Safety-Related Systems of
' ,( Nuclear Power P1 ants

%/

l' Amendment V
[ April 29, 1994

- - _ _ _ _ _ _ __ _ _ . , _ _ , ,
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| NRC REGULATORY GUIDE APPLICABILITY ANALYSIS TO SYSTEM 80+

| Document Title Issue Date Section

Reg. Guide 1.153 - 12/85 5.1.4, 7.1.2.13

Criteria for Power, Instrumentation, and
Control Portion of Safety Systems

| Reg. Guide 1.154 - 1/87 Not Applicable
Format and Content of Plant-Specific (Plant-Specific)
Pressurized Thermal Shock Safety Analysis
Reports for PWRs

Reg. Guide 1.155 - 8/88 8.1, 10.4.8, 10.4.9,

Station Blackout 14.2.12

Reg. Guide 1.156 - 11/87 7.1.2.33
Environmental Qualification of Connection
Assemblies for Nuclear Power Plants

Reg. Guide 1.157 - 5/89 Not Used
Best-Estimate Calculations of Emergency Core (Appendix K model
Cooling System Performance used)

Reg. Guide 1.158 - 2/89 8.3.2
Qualification of Safety-Related Lead Storage
Batteries for Nuclear Power Plants

Reg. Guide 1.159 - 8/90 Not Applicable
Assuring the Availability of Funds for (Plant-Specific)
Decommissioning Nuclear Reactors

Reg. Guide 1.160 - 6/93 Not Applicable
Monitoring the Effectiveness of Maintenance (Plant-Specific)
at Nuclear Power Plants

Reg. Guide 5.1 12/72 4.2.4.4
Serial Numbering of Fuel Assemblies for
Light-Water-Cooled Nuclear Power Reactors

Reg. Guide 5.12 - 11/73 13.6
General Use of Locks in the Protection and -

Control of Facilities and Special Nuclear
Materials

Reg. Guide 5.20 - 1/74 13.6
Training, Equipping, and Qualifying of
Guards and Watchmen

Amendment V
April 29, 1994
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TABLE 1.8-1

(Sheet 17 of 17)

NRC REGULATORY GUIDE APPLICABILITY ANALYSIS TO SYSTEM 80+ |

Document Title Issue Date Section |

Reg. Guide 5.44 - Revision 2 13.6
i Perimeter Intrusion Alarm Systems 5/80

,

Reg. Guide 5.57 Revision 1 4.2.3.1.5
Shipping and Receiving Control of Strategic 6/80,

; Special Nuclear Material

Reg. Guide 5.65 - 9/86 9.4, 9.2.2'

| Vital Area Access Controls, Protection of 13.6
Physical Security Equipment, and Key and,

Lock Controls
,

Reg. Guide 5.66 - 6/91 13.6 |
Access Authorization Program for Nuclear
Power Plants

Reg. Guide 8.8 - Revision 3 12

[m') Occupational Radiation Exposures at NuclearInformation Relevant to Ensuring the 6/78
V

Power Stit hr.s will be ALARA

Reg. Guide 8.10 - Revision 1-R 12 | j

Operating Philosophy for Maintaining 5/77
Occupational Radiation Exposures As low
As Is Reasonably Achievable

Reg. Guide 8.12 - Revision 2 7.1.2.34, 7.7.1.1.10
Criticality Accident Alarm Systems 10/88

Reg. Guide 8.19 - Revision 1 12
Occupational Radiation Dose Assessment in 6/79
Light-Water Reactor Plants-Design Stage Man-
Rem Estimates

Reg. Guide 8.38 - 6/93 12
Control of Access to High and Very High
Radiation Areas of Nuclear Plants

NOTE A: The QA Program Description for System 80+ (CENPD-210-A) commits to
NQA-2.

'

Amendment V
April 29, 1994
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(Sheet 1 of 22)
GENERIC LETTERS APPLICABILITY ANALYSIS TO SYSTEM 80+

No. Title Comment * |
93-08 Relocation of Technical Specification Tables Ch 16

,

of Instrument Response Time Limits |

93-07 Modification of the Technical Specification Ch 16
iAdminsitrative Control Requirements for

Emergency and Security Plans

93-06 Research Results on Generic Safety Issue 106, Ch20-
" Piping and the Use of Highly Combustible
Gases in Vital Areas"

.

93-05 Line-Item Technical Specifications Ch 16
i Improvements to Reduce Surveillance

Requirements for Testing during Power'

Operation

93-04 Rod Control System Failure and Withdrawal of N/A (a)
Rod Control Cluster Assemblies

n
93-03 Verification of Plant Records N/A (c)

93-02 NRC Public Workshop on Commerical Grade N/A (d)
! Prorurement and Dedication

93-01 Emergency Response Data System Test Program -N/A (c)

92-09 Limited Participation by NRC in the IAEA N/A (c)
International Nuclear Event Scale

1

92-08 Fire Endurance Test Acceptance Criteria for N/A (c)
Supl 1 Fire Barrier Systems Used to Separate

Redundant Safe Shutdown Trains Within the Same i

! Fire Area [ Draft]

92-08 Thermo-Lag 330-1 Fire Barriers N/A (c)

! 92-07 Office of Nuclear Reactor Regulation N/A (d)
Reorganization

92-06 Operator Licensing National Examination N/A (c)
Schedule

92-05 NRC Workshop on the Systematic Assessment of N/A (c)
Licensee Performance [SALP] Program

| (N 92-04 Resolution of the Issues Related to Reactor N/A (a)

(v) Vessel Water Level Instrumentation in BWRs|

i

Refer to exclusion criteria, Sheet 22
!

| Amendment V
| April 29, 1994

- . .
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(Sheet 2 of 22)

GENERIC LETTERS APPLICABILITY ANALYSIS TO SYSTEM 80+

No. Title Comment

92-03 Compilation of the Current Licensing Basis: N/A (d)
Request for Voluntary Participation in Pilot
Program

92-02 Resolution of Generic Issue 79, "Unanalyzed N/A (d)
Reactor Vessel [PWR] Thermal Stress during
Natural Convection Cooldown"

92-01 Reactor Vessel Structural Integrity N/A (d)
Rev 1

91-19 Information to Addressees Regarding New N/A (d)
Telephone Nu'.nbers for NRC Offices Located in
One White Flint North

91-18 Information 1.o Licensees Regarding Two NRC N/A (d)
Inspection Fanual Sections on Resolution of
Degraded and Nonconforming Conditions and on
Operability

| 91-17 Generic Safety Issue 29, " Bolting Dcgradation Ch 20
or Failures in Nuclear Power Plants"

91-16 Licensed Operators' and Other Nuclear Facility N/A (c)
Personnel Fitness for Duty

| 91-15 Operating Experience feedback Report, 3.9.3.2
Solenoid-0perated Valve Problems at U.S.
Reactors

91-14 Emergency Telecommunications N/A (d)

91-13 Request for Information Related to the N/A (d)
Resolution of Generic Issue 130, " Essential
Service Water System Failures at
Multi-Unit Sites," Pursuant to 10CFR50.54(f)

91-12 Operator Licensing National Examination N/A (c)
Schedule

9
Amendment V
April 29, 1994
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(Sheet 3 of 22)

GENERIC LETTERS APPLICABILITY ANALYSIS TO SYSTEM 80+

No. Title Comment

91-11 Resolution of Generic Issues 48, "LCOs for Ch 20 |
Class IE Vital Instrument Buses," and 49,
" Interlocks and LCOs for Class 1E Tie
Breakers" Pursuant to 10 CFR 50.54(f)

91-10 Explosives Searches at Protected Area Portals N/A (c)

91-09 Modification of Surveillance Interval' for the Ch 16 |
Electrical Protective Assemblies in Power,

| Supplies for the Reactor Protection System

91-08 Removal of Component Lists from Technical Ch 16 |
Specifications

91-07 GI-23, " Reactor Coolant Pump Seal Failures" Ch 20 |
and Its Possible Effect on Station Blackout

'v' 01 C0 Resolution of Generic Issue A-30, " Adequacy of Ch 20; |
Safety-Related DC Power Supplies" Pursuant to 8.3.2
10 CFR 50.54(f)

i

91-05 License Commercial - Grade Procurement and N/A (d)
Dedication Programs

91-04 Changes in Technical Specification N/A (e); |
Surveillance Intervals to Accommodate a 18 Month Fuel
24-Month Fuel Cycle Cycle; Ch 16 |

91-03 Reporting of Safeguards Events N/A (d)

91-02 Reporting Mishaps Involving LLW forms Prepared N/A (c)
| for Disposal

i 91-01 Removal of the Schedule for the Withdrawal of 10.7
' Reactor Vessel Material Specimens from Ch 16 |

Technical Specifications

90-09 Alternative Requirements for Snubber Visual N/A (e); Inspection |;

| Inspection Intervals and Corrective Actions Intervals based on 18
Month refueling cycle

90-08 Simulation Facility Exemptions N/A (c)

'

Operator Licensing National Examination N/A (c)90-07
Schedule

Amendment V,

! April 29, 1994

. - .
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(Sheet 4 of 22) 4

GENERIC LETTERS APPLICABILITY ANALYSIS TO SYSYEM 80+

'
No. Title Coment

90-06 Resolution of Generic Issue 70, " Power 5.4.13; 5.2.2.10;
j Operated Relief Valve and Block Valve Ch 20

Reliability", and Generic Issue 94,
" Additional Low-Temperature Overpressure
Protection for Lig!it-Water Reactors", Pursuant
to 10 CFR 50.54(f)

90-05 Guidance for Performing Temporary Non-Code N/A (c)
Repair of ASME Code Class 1, 2, and 3 Piping

| 90-04 Request for Information on the Status of Ch 20
License Implementation of Generic Safety
Issues Resolved with Imposition of
Requirements or Corrective Actions

| 90-03 Relaxation of Staff Position in Generic Letter Ch 17
Supl 1 83-28, Item 2.2 Part 2 " Vendor Interface for

Safety-Related Components"

| 90-03 P.elaxation of Staff Position in Generic Letter Ch 17
83-28, Item 2.2 Part 2 " Vendor Interface for
Safety-Related Components"

| 90-02 Alternative Requirements for Fuel Assemblies N/A (e)
Supl 1 in the Design Features Section of Technical

Specifications

| 90-02 Alternative Requirements for Fuel Assemblies Ch 16
in the Design Features Section of Technical
Specifications

90-01 Request for Voluntary Participation in the NRC N/A (d)
Regulatory Impact Survey

89-23 NRC Staff Response to Questions Pertaining to N/A (d)
Implementation of 10 CFR Part 26

89-22 Potential for Increased Roof Loads and Plant 2.4
Area flood Runoff Depth at Licensed Nuclear
Power Plants Due to Recent Change in Probable
Maximum Precipitaion Criteria Developed by the
National Weather Service

| 89-21 Request for Information Concern.ag Status of Ch 20
Implementation of Unresolved Safety Issue
Requirements

Amendment V
April 29, 1994
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(Sheet 5 of 22)

GENERIC LETTERS APPLICABILITY ANALYSIS TO SYSTEN 80+

No. Title Comment

89-20 Protected Area Long-Term Housekeeping N/A (c)

89-19 Request for Action Related to Resolution of Ch 20 |
Unresolved Safety Issue A-47 " Safety
Implication of Control System in LWR Nuclear
Power Plant" Pursuant-to 10 CFR 50.54(f) ;

;

89-18 Resolution of Unresolved Safety Issue A-17, Ch 20 .|
'

" Systems Interactions in Nuclear Power P1 ants" )

89-17 Planned Administrative Changes to the NRC N/A (c)
Operator Licensing Written Examination Process

89-16 Installation of a Hardened Wetwell Vent N/A (a)

89-15 Emergency Response Data System N/A (c)

89-14 Line-Item Improvements in Technical Ch 16,
Specifications - Removal of the 3.25 Limit on SR 3.0.2
Extending Surveillance Intervals

89-13 Service Water System Problems Affecting N/A (c)
Supl 1 Safety-Related Equipment

89-13 Service Water System Problems Affecting 9.2.1 |
Safety-Related Equipment ,

l
89-12 Operator Licensing Examinations N/A (c)

89-11 Resolution of Generic Issue 101 " Boiling Water N/A (a) i

Reactor Water Level Redundancy" j
.

'

89-10 Information on Schedule and Grou)ing, and N/A (c)
Supl 6 Staff Responses to Additional Pualic Questions

89-10 Inaccuracy of Motor-0perated Valve Diagnostic N/A (a) ;

Supl 5 Equipment '

89-10 Consideration of Valve Hispositioning in BWRs N/A (a)
Supl 4

89-10 Consideration of the Results of NRC-Sponsored N/A (a); p Sup1 3 Tests of Motor-Operated Valves'

\- 89-10 Availability of Program Descriptions N/A (d)
Supl 2

f Amendment V
| April 29, 1994

. . . . . . .
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(Sheet 6 of 22)

GENERIC LETTERS APPLICABILITY ANALYSIS TO SYSTEM 80F
|
'

No. Title Comment
|
'

| 89-10 Results of the Public Workshops 3.9.6.2
Supl 1|

!

89-10 Safety-Related Motor-0perated Valve Testing 3.9.6.2
and Surveillance

89-09 ASME Section III Component Replacements N/A (c)

89-08 Erosion / Corrosion - Induced Pipe Wall Thinning 3.6

89-07 Power Reactor Safeguards Contingency Planning N/A (c)
Supl 1 for Surface Vehicle Bombs

| 89-07 Power Reactor Safeguards Contingency Planning App 13A
for Surface Vehicle Bombs

| 89-06 Task Action Plan Item I.D.2 - Safety Parameter Ch 20
Display System - 10 CFR 50.54(f)

89-05 Pilot Testing of the Fundamentals Examination N/A (c)

89-04 Guidance on Developing Acceptable Inservice 6.6
Testing Programs

89-03 Operator Licensing National Examination N/A (c)
Schedule

89-02 Actions to Improve the Detection of N/A (c)
Counterfeit and Fraudulently Marketed Products

| 89-01 Implementation of Programmatic Controls for Ch 16
Radiological Effluent Technical Specifications
in the Administrative Controls Section of the
Technical Specifications and the Relocation of
Procedural Details of RETS to the Offsite Dose
Calculation Manual or to the Process Control
Program

| 88-20 Individual Plant Examination of External Ch 19
Supl 4 Events for Severe Accident Vulnerabilities

| 88-20 Completion of Containment Performance Ch 19
Supl 3 Improvement Program and Forwarding of Insights

for Use in the Individual Examination for
Severe Accident Vulnerabilities

Amendment V
April 29, 1994
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| GENERIC LETTERS APPLICABILITY ANALYSIS TO SYSTEM 80+
!

| h Title Coment

88-20 Accident Management Strategies for Ch 19 |
Supl 2 Consideration in the Individual Plant

Examination Process

j 88-20 Initiation of the Individual Plant Examination N/A, Issue covered
! Supl 1 for Severe Accident Vulnerabilities - 10 CFR by PRA (Ch 19)
l

50.54(f)

88-20 Individual Plant Examination for Severe N/A, Issue covered
Accident Vulnerabilities by PRA (Ch 19),

!

88-19 Use of Deadly Force by License Guards to N/A (c)
Prevent Theft of SNM

i

| 88-18 Plant Record Storage on Optical Discs N/A (c)

88-17 Loss of Decay Heat Ret.. oval 5.4.7; 7.7.1q
88-16 Removal of Cycle-Specific Parameter Limits Ch 16 |

from Technical Specifications

88-15 Electric Power Systems- Inadequate Control Ch 8 |
over Design Process PRA design process

88-14 Instrument Air Su) ply System Problems 9.3.1
Affecting Safety-lelated Equipment

88-13 Operator Licensing Examination N/A (c)

88-12 Removal of Fire Protection Requirements from Ch 16 |
Technical Specifications|

1

88-11 NRC Position on Radiation Embrittlement of 5.3.1.6
l Reactor Vessel Materials and Its Impact on

Plant Operations

88-10 NRC Position on Intergranular Stress Corrosion N/A (a)
Supl 1 Cracking [IGSCC) in BWR Austenitic Stainless

Steel Piping

88-10 Purchase of GSA Approved Security Containers N/A (c)

88-09 Pilot Testing of Fundamentais Examinations N/A (c)

(V) 88-08 Mail Sent or Delivered to the Office of N/A (d)
Nuclear Reactor Regulation

| Amendment-V
I April 29, 1994

i



:
' CESSAR E!! ace
|

| 9
TABLE 1.8-2

|

(Sheet 8 of 22)

GENERIC LETTERS APPLICABILITY ANALYSIS TO SYSTEM 80+

Eh Title Comment

,
88 07 Modified Enforcement Policy Relating to 10 CFR N/A (d)

| 50.49, " Environmental Qualification of
| Electrical Equipment Important to Safety for
| Nuclear Power Plants"
! .

Removal of Organization Charts from Technical N/A (e)| | 88-36
Specification Administrative Control
Requirements

|

88-05 Boric Acid Corrosion of Carbon Steel Reactor 3.11
Vessel Boundary Components in PWR Plants

| 88-04 Distribution of Gems Irradiated in Research N/A (a)
| Reactors

| 88-03 Resolution of Generic Safety Issue 93, " Steam Ch 20
Bindings of Auxiliary Feedwater Pumps"

| 88-02 Integrated Safety Assessment Program II Level III PRA, Ch 19

88-01 NRC Position on Intergranular Stress Corrosion N/A (a)
Sup1 1 Cracking in BWR Austenitic Stainless Steel

Piping

88-01 NRC Position on IGSCC in BWR Austenitic N/A (a)
Stainless Steel Piping

87-16 Transmittal of NUREG-1262, " Answers to N/A (d)
Questions at Public Meeting Regarding
Implementation of Title 10, Code of Federal
Regulations, Part 55 on Operators' Licenses"

87-15 Policy Statement on Deferred Plants N/A (c)

87-14 Operator Licensing Examinations N/A (c)
|

| 87-13 Integrity of Requalification Examinations at N/A (c)
! Non-Power Reactors

j 87-12 Loss of Residual Removal While the Reactor Superseded by GL 88-17
Coolant System is Partially Filled

87-11 Relaxation in Arbitrary Intermediate Pipe 3.6.2, 3.6.3
Rupture Requirements

Amendment V
April 29, 1994

_ - _ - _ _ _ _ _ _ _ _ _ _ - _ _ _ - _ . - .
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87-10 Implementation of 10 CFR 73.57, Requirements N/A (c)
for FBI Criminal History Checks

87-09 Sections 3.0 and 4.0 of. the Standard Technical Ch 16 |
Specifications on the Applicability of
Limiting Conditions for Operation and
Surveillance Requirements

87-08 Implementation of 10 CFR 73.55 Miscellaneous N/A (c)
Amendments and Search Requirements

87-07 Information Transmittal of Final Rulemaking N/A (c)
for Revisions to Operator Licensing - 10 CFR
55 and Conforming Amendments

87-06 Periodic Verification of Leak Tight Integrity N/A (c)
N of Pressure Isolation Valves

' 87-05 Request for Additional Information - N/A (a)
Assessment of License Measures to Mitigate
and/or Identify Potential Degradation of MARK
I Drywells

87-04 Temporary Exemption from Provisions of the FBI N/A (c)
Criminal History Rule for Temporary
Workers

87-03 Verification of Seismic Adequacy of Mechanical N/A (c)
and Electrical Equipment in Operating-
Reactors, Unresolved Safety Issue A-46

87-02 Supplemental Safety Evaluation Report No. 2 on N/A (c)
Supl 1 SQUG Generic Implementation Procedure,

Revision 2

87-02 Verification of Seismic Adequacy of Mechanical N/A (c)
and Electrical Equipment in Operating
Reactors, USI A-46

87-01 Public Availability of the NRC Operator N/A (c)
Licensing Examination Question Bank

86-17 Availability of NUREG-1169, " Technical N/A (a)
/3 Findings Related to Generic Issue C-8; BWR

) Main Steam Isolation Valve Leakage and Leakage(V Treatment Methods"

Amendment V
April 29, 1994

- _. - . -
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No. Iitig Comment

86-16 Westinghouse ECCS Evaluation Models N/A (a)

| 86-15 Information Relating to Compliance with 10 CFR Superseded by
50.49, "Environmr.ntal Qualification of GL 88-07
Electric Equipment Important to Safety for
Nuclear Power Plants".

86-14 Operator Licensing Examinations N/A (c)

| 86-13 Potential Inconsistency between Safety Ch 16
Analyses and Technical Specifications

86-12 Criteria for Unique Purpose Exemption from N/A (d)
Conversion from the Use of HEU Fuel

86-11 Distribution of Products Irradiated in N/A (a)
Research Reactors

86-10 Fire Endurance Test Acceptance Criteria for 9.5.1
Supl 1 Fire Barrier Systems Used to Separate

Redundant Safe Shutdown Trains Within the Same
Fire Area

86-10 Implementation of Fire Protection Requirements 9.5.1

| 86-09 Technical Resolution of Generic Issue No. N/A (e)
B-59-(N-1) Loop Operation in BWRs and PWRs

| 86-08 Availability of Supplement 4 to NUREG-0933, "A Ch 20
Prioritization of Generic Safety Issues"

| 86-07 Transmittal of NUREG-1190 Regarding the San N/A (d) <

Onofre Unit 1 Loss of Power and Water Hammer l

Event
1

| 86-06 Implementation of THI Action Item II.K.3.5, Ch 20 )
" Automatic Trip of Reactor Coolant Pumps" |

86-05 Implementation of THI Action Item II.K.3.5, N/A (a)
" Automatic Trip of Reactor Coolant Pumps"
[B&W]

86-04 Policy Statement on Engineering Expertise on N/A (c)
Shift

86-03 Applications for License Amendments N/A (c)

86-02 Technical Resolution of Generic Issue B-19 - N/A (a)
Thermal Hydraulic Stability [BWR]

Amendment V
April 29, 1994
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No. Title Comment

86-01 Safety Concerns Associated with Pipe Breaks in N/A (a)
the BWR Scram System

85-22 Potential for Loss of Post-LOCA Recirculation N/A (d)
Capability due to Insulation Debris Blockage

85-21 Not Issued.

85-20 Resolution of Generic Issue 69 [B&W] N/A (a)

85-19 Reporting Requirements on Primary Coolant Ch 16 |
Iodine Spikes

85-18 Operator Licensing Examinations N/A (c)

85-17 Availability of Supplement 2 and 3 to NUREG- Superseded by |[m) 0933 GL 86-08'

V'
85-16 High Boron Concentrations N/A (a) |

85-15 Information Relating to the Deadlines for Superseded by |
Compliance with 10 CFR 50.49, " Environmental GL 88-07 ,

Qualification of Electric Equipment Important !
to Safety for Nuclear Power Plant"

|

85-14 Commercial Storage at Power Reactor Sites of N/A (c)
Low-Level Radioactive Waste Not Generated by
the Utility

| 85-13 Transmittal of NUREG-1154 N/A (d)
Regarding the Davis-Besse Loss
of Main and Auxiliary Feedwater Event

85-12 Implementation of TMI Action Item II.K.3.5, N/A (a) i

" Automatic Trip of Reactor Coolant Pumps" |
[ Westinghouse] |

.

85-11 Completion of Phase II of " Control of Heavy N/A (d)
Loads at Nuclear Power Plants" NUREG-0612

85-10 Technical Specifications for Generic Letter N/A (a)
83-28, Items 4.3 and 4.4 [B&W]

85-09 Technical Specifications for Generic Letter N/A (a)
| 83-28, Item 4.3 (W NSSS)

: Amendment V
'

April 29, 1994

. --
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No. Title Comment

85-08 Revision of NRC form 439, " Report of N/A (c)
Addenda Terminating Individual's Occupational

Exposure"

85-08 10 CFR 20.408 Termination Reports - Format N/A (c)

85-07 Implementation of Integrated Schedules for N/A (c)
Plant Modifications

85-06 Quality Assurance Guidance for ATWS Equipment N/A (d)
that is not Safety-Related

85-05 Inadvertent Boron Dilution Events 15.4.6

85-04 Operator Licensing Examinations N/A (c)

85-03 Clarification of Equivalent Control Capacity N/A (a)
for Standby Liquid Control Systems (BWR)

| 85-02 Staff Recommended Actions Stemming from NRC Ch 20
Integrated Program for the Resolution of 5.4.2; 7.7.1.6;
Unresolved Safety Issues Regarding Steam 10.3.5
Generator Tube Integrity

85-01 Fire Protection Policy Steering Committee 9.5.1
Report

84-24 Certification of Compliance to 10 CFR 50.49, N/A (c)
" Environmental Qualification of Electric
Equipment Important to Safety for Nuclear
Power Plants"

84-23 Reactor Vessel Water Level Instrumentation in N/A (a)
BWRs

84-22 Not Issued.

| 84-21 Long Term Low Power Operation in Pressurized N/A (c)
Water Reactors

84-20 Scheduling Guidance for License Submittals of N/A (d)
Reloads that Involve Unreviewed Safety
Questions

84-19 Availability of Supplement 1 to NUREG-0933, "A Superseded by
Prioritization of Generic Safety Issues" GL 85-17

Amendment V
April 29, 1994
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'
No. Title Commero

3

84-18 Filing of Applications for Licenses and N/A (d)
Amendments

1

84-17 Annual Meeting to Discuss Recent Development N/A (c) |
Regarding Operator Training, Qualifications, |

and Examinations |

84-16 Adequacy of On-Shift Operating Experience for N/A (c)
Near Term Operating License Applicants ;;

84-15 Proposed Staff Actions to Improve and Maintain 8.3.1.1
Diesel Generator Reliabilityd

1

84-14 Replacement and Requalification Training N/A (c)4

' Program
j

| 84-13 Technical Specification for Snubbers Ch 20; Ch 16 |
,

' 84-12 Compliance with 10 CFR Part 61 and N/A (c)
Implementation of the Radiological Effluent4

Technical Specifications and Attendant Process
; Control Program
:

1

84-11 Inspections of BWR Stainless Steel Piping N/A (a)
-

84-10 Administration of Operating Tests Prior to N/A (c)
'

Initial Criticality,

84-09 Recombiner Capability Requirements of 10 CFR 6.2.5
50.44(c)(3)(II)

84-08 Interim Procedures for NRC Management N/A (d)~

of Plant-Specific Backfitting
~

84-07 Procedural Guidance for Pipe Replacement at N/A (a)
BWRs

84-06 Operator and Senior Operator License N/A (c)
Examination Criteria for Passing Grade

84-05 Change to NUREG-1021, " Operator Licensing N/A (c)
Examiner Standards"

- 84-04 Safety Evaluation of Westinghouse Topical N/A (e) |-%) Reports Dealing with Elimination of Postulated
Pipe Breaks in PWR Primary Main loops

Amendment V
April 29, 1994

--
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,

No. Title [omment

84-03 Availability of NUREG-0933, "A Prioritization Superseded by

| of Generic Safety Issues" GL 84-19

84-02 Notice of Meeting Regarding Facility Staffing N/A (c)

84-01 NRC Use of the Terms, "Important to Safety and N/A (d)
Safety Related"

83-44 Availability of NUREG-1021, " Operator N/A (c)
Licensing Examiner Standards"

83-43 Reporting Requirements of 10 CFR Part 50, N/A (d)
Sections 50.72 and 50.73, and Standard
Technical Specifications

83-42 Clarification to Generic Letter 81-07 9.1.4
Regarding Response to NUREG-0612, " Control of
Heavy Loads at Nuclear Power Plants"

83-41 Fast Cold Starts of Diesel Generators N/A (d)

83-40 Operator Licensing Examination N/A (c)

83-39 Voluntary Survey of Licensed Operators N/A (c)

83-38 NUREG-0965, "NRC Inventory of Dams" N/A (d)

| 83-37 NUREG-0737 Technical Specifications Ch 16

83-36 NUREG-0737 Technical Specifications (BWR] N/A (a) ;

| 83-35 Clarification of THI Action Plan Item Ch 20
II.K.3.31

83-34 Not Issued.

83-33 NRC Positions on Certain Requirements of 9.5.1
Appendix R to 10 CFR 50

83-32 NRC Staff Recommendations Regarding Operator 9.9.1.1.11
Action for Reactor Trip and ATWS

83-31 Safety Evaluation of " Abnormal Transient N/A (a) .

i

Operating Guidelines" (B&W)

Amendment V
April 29, 1994
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No. Title Comment

83-30 Deletion of Standard Technical Specification N/A (e) |
'

Surveillance Requirement 4.8.1.1.2.d.6 of
; Diesel Generator Testing |

|

1 83-29 Not Issued.

i 83-28 Required Actioas Based on Generic Implications N/A (c)
,

Supl 1 of Salem ATWS Events
4

83-28 Required Actions Based on Generic Implications N/A (c)
of Salem ATWS Events !4

'

83-27 Surveillance Intervals in Standard Technical Superseded by
Specifications GL 91-04 |

.

83-26 Clarification of Surveillance Requirements for N/A (d) l
'

Q Diesel Fuel Impurity Level Tests,

83-25 Not Issued.

83-24 TMI Task Action Item I.G.1, "Special Low Power N/A (a)
Testing and Training", Recommendations for
BWRs

! 83-23 Safety Evaluation of " Emergency Response N/A (d)
i Guidelines" (C-E]

| 83-22 Safety Evaluation of " Emergency Response N/A (a)
Guidelines" [ Westinghouse]

83-21 Clarification of Access Control Procedures for N/A (d)
Law Enforcement Visits

,

83-20 Integrated Scheduling for Implementation of N/A (d)
4 Plant Modifications

83-19 New Procedures for Providing Public Notice N/A (d)
Concerning Issuance of Amendment to Operating
Licenses

J

83-18 NRC Staff Review of the BWR Owner's Group N/A (a)
Control Room Survey Program4

f'

( 83-17 Integrity of the Requalification Examination N/A (c)
.

for Renewal of Reactor Operator and Senior
j Reactor Operator Licenses

.
Amendment V

'
April 29, 1994

._
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Lo Title Coment2

83-16 Transmittal of NUREG-0977 Relative to the ATWS N/A (d)
Events at Salem Generating Station, Unit No. I

83-15 Implementation of Regulatory Guide 1.150, 5.1.4; 5.3.1
" Ultrasonic Testing of Reactor Vessel Welds
during Preservice and Inservice Examinations,
Revision 1"

83-14 Definition of " Key Maintenance Personnel" N/A (c)

| 83-13 Clarificati m of Surveillance Requirements for Ch 16
HEPA Filt ;s and Charcoal Adsorber Units in,

' Standard Technical Specifications on ESF
Cleanup Systems

83-12A Issuance of NRC Form 398 - Personal N/A (d)
Qualifications Statement - License

83-12 Issuance of NRC Form 398 - Personal N/A (d)
Qualifications Statement - License

83-11 License Qualification for Performing Safety N/A (d)
Analyses in Support of Licensing Actions

83-10f Resolution of TMI Action Item ii.K.3.5, N/A (a)
" Automatic Trip of Reactor Coolant Pumps"
(B&W NSSS)

83-10e Resolution of THI Action Item ii.K.3.5, N/A (a)
" Automatic Trip of Reactor Coolant Pumps"
(B&W NSSS)

83-10d Resolution of TMI Action Item II.K.3.5, N/A (a)
" Automatic Trip of Reactor Coolant Pumps"
(W NSSS)

83-10c Resolution of TMI Action Item II.K.3.5, N/A (a)
" Automatic Trip of Reactor Coolant Pumps"
(W NSSS)

83-10b Resolution of TMI Action Item II.K.3.5, Superseded by |
" Automatic Trip of Reactor Coolant Pumps" GL 86-06 )
(C-E NSSS) 1

O|83-10a Resolution of TMI Action Item II.K.3.5., Superseded by
" Automatic Trip of Reactor Coolant Pumps" GL 86-06
(C-E NSSS)

|
Amendment V
April 29, 1994
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No. Title Comment

83-09 Review of Combustion Engineering Owner's Group Superseded by
Emergency Procedures Guideline Program GL 83-23 j

4

83-08 Modification of Vacuum Breakers on Mark I N/A (a) )
Containments |

83-07 The Nuclear Waste Policy Act of 1982 N/A (d) |

83-06 Certificates and Revised Format for Reactor- N/A (c)
Operator and Senior Reactor Operator Licenses 1

83-05 Safety Evaluation of " Emergency Procedure N/A (a)
Guidelines, Revision 2", NED0-24934, June 1982

,

[BWRs]
4

83-04 Regional Workshops Regarding Supplement 1 to N/A (d)
r- NUREG-0737, Requirements for Emergency ;

I Response Capability j
s

83-03 Not Issued.
1

!
83-02 NUREG-0737 Technical Specifications [BWRs] N/A (a)

83-01 Operator Licensing Examination Site Visit N/A (c)

82-39 Problems with the Submittalc of 10 CFR 72.21 N/A (d) |
Safeguards Information for Licensing Review

82-38 Heeting to Discuss Recent Developments for N/A (c) ,

Operating Licensing Examinations
,

I

| 82-37 Not Issued.

82-36 Not Issued.

82-35 Not Issued.

82-34 Not Issued.

82-33 Supplement 1 to NUREG-0737 - Requirements for Ch 20 |
Emergency Response Capability

82-32 Subjects Requirements N/A (d)

82-31 Not Issued.

Amendment V
April 29, 1994

;

. _ . _ _ - . . -- .
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'
No. Title Comment

82-30 Filing Relating to 10 CFR 50 Production and N/A (d)
Utilization Facilities

82-29 Not Issued.

82-28 Inadequate Core Cooling Instrumentation System 6.3.5; 7.5

82-27 Transmittal of NUREG-0763 and NUREG-0783 N/A (a)
[BWRs]

82-26 NUREG-0744 Rev.1 - Pressure Vessel Material 5.3.1
Fracture Toughness

82-25 Integrated IAEA Exercise for Physical N/A (d)
Inventory at LWRs

82-24 Safety / Relief Valve Quencher Loads: N/A (a)
Evaluation for BWR Mark II and III
Containments

82-23 Inconsistency between Requirements of 10 CFR N/A (d)
73.40(d) and Standard Technical Specifications
for Performing Audits for Safeguards
Contingency Plans

82-22 Steam Generator Tube Integrity N/A (c)

82-21 Technical Specifications for Fire Protection N/A (c)
Audits

82-20 Guidance for Implementing Standard Review Plan N/A (d)
Rule 1

|

82-19 Submittal of Copies of Document to NRC N/A (d) l
1

82-18 Reactor Operator and Senior Reactor Operator N/A (c) |
Requalification Examinations

82-17 Inconsistency Between Requirements of 10 CFR N/A (c)
50.54(t) and Standard Technical Specifications
for Performing Audits of Emergency
Preparedness Programs

82-16 NUREG-0737 Technical Specifications N/A (d)

82-15 Not Issued.

Amendment S
September 30, 1993

- _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ .
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M9.,_ Title Comment
i

! 82-14 Submittal of Documents to the Nuclear N/A (d)
| Regulatory Commission
;

| 82-13 Reactor Operator and Senior Reactor Operator N/A (c)
| Examinations !

: 82-12 Nuclear Power Plant Staff Working Hours N/A (c)

82-11 Transmittal of NUREG-0916 Relative to the N/A (d) |
Restart of R. E. Ginna Nuclear Power Plant i

| 82-10 Post-THI Requirements Ch 20 |

; 82-09 Environmental Qualification of Safety-Related N/A (d)
Electrical Equipment

| 82-08 Transmittal of NUREG-0909 Relative to the N/A (d)'d Ginna Tube Rupture

82-07 Transmittal of NUREG-0909 Relative to the N/A (d) i
Ginna Tube Rupture

j
82-06 Not Issued. i

82-05 Post-TMI Requirements Superseded by -

GL 82-10
,
,

|

82-04 Use of INP0 SEE-IN Program N/A (d) i

l
82-03 High Burnup MAPLHGR Limits [BWRs] N/A (a) |

|

82-02 Nuclear Power Plant St::ff Warking Hours N/A (c)
!

82-01 New Applications Survey N/A (d) |

81-40 Qualifications of Reactor Operators N/A (c)

81-39 NRC Volume Reduction Policy N/A (d) f

81-38 Storage of Low Level Radioactive Wastes at N/A (c)
Power Reactor Site

f%
-

'

81-37 ODYN Code Reanalysis Requirements [BWRs] N/A (a)

i

Amendment V |

April 29, 1994 |
I
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h Title Coment

81-36 Revised Schedule for Completion of TMI Action 5.4.13;
,

| Plan Item II.D.1, Relief and Safety Valve Ch 20
Testing

81-35 Safety Concerns Associated with Pipe Breaks in N/A (a)
the BWR Scram System

81-34 Safety Concerns Associated with Pipe Breaks in N/A (a)
the BWR Scram System

81-33 Not Issued.

81-32 NUREG-0737, Item II.K.3.44 - Evaluation of N/A (a)
Anticipated Transients Combined with Single
Failure [BWRs]

81-31 Not Issued.

81-30 Safety Concerns Associated w'th Pipe Breaks in N/A (a)
the BWR Scram System

81-29 Simulator Examinations N/A (c)

81-28 Steam Generator Overfill N/A (c)

81-27 Privacy and Proprietary Haterial in Emergency N/A (c)
Plans

81-26 Safety Concerns Associated with Pipe Breaks in N/A (a)
the BWR Scram System

81-25 Change in Implementing Schedule for Submission N/A (c)
and Evaluation of Upgraded Emergency Plans

81-24 Multi-Plant Issue B-56 Control Rods Fail to N/A (a)
Fully Insert [BWRs]

81-23A INPO Evaluation Reports N/A (d)

81-23 INP0 Plant Specific Evaluation Report N/A (d)

81-22 Engineering Evaluation of the H.B. Robinson N/A (d)
Reactor Coolant System Leak on 1/27/81

81-21 Natural Circulation Cooldown 5.4.1

Amendment V
April 29, 1994



L CESSAR inMncma

(}
TABLE 1.8-2,

!

| (Sheet 21 of 22)

GENERIC LETTERS APPLICABILITY ANALYSIS TO SYSTEM 80+

No. Iltle Coment

| 81-20 Safety Concerns Associated with Pipe Breaks in N/A (a)
| the BWR Scram System
!

81-19 Thermal Shock to Reactor Pressure Vessels- 5.3.1

! 81-18 BWR Scram Discharge System - Clarification of N/A (a)
Diverse Instrumentation Requirements

81-17 Functional Criteria for Emergency Response N/A (c)
Facilities

81-16 NUREG-0737 Item I.C.1 SER on Abnormal N/A (a)
Transient Operating Guidelines [B&W)

81-15 Environmental Qualification of Class lE N/A (d)
Electrical Equipment - Clarification of Staffs

. (~] Handling of Proprietary Information

81-14 Seismic Qualification for Auxiliary Feedwater 10.4.9
System

81-13 SER for GEXL Correlation for 8x8R Fuel Reload N/A (a)
Applications

81-12,R1 Fire Protection Rule 9.5.1.3.6 |

81-11 BWR Feedwater Nozzle and Control Rod Drive N/A (a)
Return Line Nozzle Cracking

81-10 Post-TMI Requirements for the Emergency N/A (c)
Operations Facility

81-09 BWR Scram Discharge System N/A (a)

81-08 ODYN Code [BWRs] N/A (a)

81-07 Control of Heavy Loads 9.1.4

81-06 Periodic Updating of Final Safety Analysis N/A (c)
Reports

81-05 Information Regarding the Program for N/A (c)
Environmental Qualification of Safety-Related

O Electrical Equipment
b 81-04 Emergency Procedures and Training for Station N/A (c)

Blackout Events

Amendment T
November 15, 1993

. . .
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No. Title Comment

81-03 Implementation of NUREG-0313 [BWRs] N/A (a)
|

81-02 Analysis, Conclusion and Recommendation N/A (c) '

Concerning Operator Licensing

81-01 Qualification of Inspection, Examination and N/A (c)
Audit Personnel

80-109 Guidelines for SEP Soil-Structure Interaction App 3.78
Reviews

80-106 Report on ECCS Cladding Models, NUREG-0630 Addressed by
GL 80-01

80-99 Technical Specifications Revisions for Snubber Ch 16;
Surveillance Ch 20

80-35 Effect of a DC Power Supply Failure on ECCS 8.3.2;
Performance 15.3

80-30 Clarifications of the Term " Operable" as it Ch 16
Applies to the Single-Failure Criterion for
Safety Systems Required by Technical
Specifications

80-19 Resolution of Enhanced Fission Gas Release 1.6; 4.2.1;
Concern 4.2.3

80-01 NUREG-0630, " Cladding, Swelling, and Rupture - 1.6; 4.2.3;
Models for LOCA Analysis" Ch 6

l

Exclusion criteria for not applicable items:
N/A (a) The item specifically identifies another design or vendor.
N/A (b) The item is saecific to components, structures or systems which are not !

included in tie System 80+ Standard Design. j,

N/A (c) The item is relevant to plant operations or is specific to a particular
plant design.

N/A (d) The item includes no design requirements.

| N/A (e) The item is not mandatory but is an alternative which can be implemented
as desired by an applicant.

|

Amendment V
April 29, 1994

1
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No. Title Comment *;

i 93-03 Resolution of Issues Related to Reactor Vessel N/A (a)
Water Level Instrumentation in BWRs

1

93-02 and Debris Plugging of Emergency Core Cooling N/A (c) 1

Supl 1 Suction Strainers

93-01 Release of Patients after Brachytherapy N/A (b) i
Treatment with-Remote Afterloading Devices |

|*

92-03 Release of Patients after Brachytherapy. N/A (b)

1 92-02 Safety Concerns Relating to "Er.d of Life" of N/A (b)
Aging Theratronics Teletherapy Units

,

: 92-01 Failure of Thermo-Lag 330 Fire Barrier System to N/A (c) :
'

1 Supl 1 Perform its Specified Fire Endurance Function

92-01 Failure of Thermo-Lag 330 Fire Barrier System to N/A (c)
Maintain Cabling and Wide Cable Trays and Small

i Conduits Free from Fire Damage |

91-01 Reporting Loss of Criticality Safety Controls N/A (a)
"

90-02 Loss of Thermal Margin Caused by Channel Box Bow N/A (a)
) )

90-01 and Loss of Fill-0il in Transmitters Manufactured by N/A (b) | |
'

; Sup1 1 Rosemount
'

89-03 Potential Loss of Required Shutdown Margin N/A (c)
During Refueling Operttion

89-02 Stress Corrosion Cracking of High-Hardness Type N/A (c)
410 Stainless Steel Internal Preloaded Bolting
in Anchor Darling Model S350W Swing Check Valves |
or Valves of Similar Design

89-01 and Failure of Westinghouse Steam Generator Tube N/A (a)
Supl 1,2 Mechanical Plugs

}
;

.

V
* Refer to exlusion criteria, Sheet 5

Amendment V
.

April 29, 1994
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TABLE 1.8-3

(Sheet 2 of 5)

NRC BULLETINS APPLICABILITY ANALYSIS TO SYSTEM 80+

No. Title Comment

88-11 Pressurizer Surge Line Thermal Stratification 5.2, 5.4, 3.9A
I

88-10 and Nonconforming Molded-Case Circuit Breakers N/A (c)
| Supl 1

88-09 Thimble Tube Thinning in Westinghouse Reactors N/A (a)
I

88-08 and Thermal Stress in Piping Connected to Reactor 3.9, 3.9A
Supl 1,2,3 Coolant Systems

| 88-07 and Power Oscillations in Boiling Water Reactors N/A (a)
| Sup1 1

88-06 Actions to be Taken fer the Transportation of N/A (b)
Model No. Spec 2-T Radio Graphic Exposure Device

|
88-05 and Nonconforming Materials Supplied by Piping N/A (b)

| Supi 1,2 Suppliers, Inc.

88-04 Potential Safety-Related Pump Loss App 19.8A;
RAI 440.70;

5.4.7.2

88-03 Inadequate Latch Engagement in HFA Type Latching N/A (a)
Relays Manufactured by GE Company

88-02 Rapidly Propagating Fatigue Cracks in Steam N/A (a)
Generator Tubes [ Westinghouse]

88-01 Defects in Westinghouse Circuit Breakers N/A (a)
|

87-02 and Fastener Testing to Determine Conformance with N/A (c)
Sup1 1 Applicable Material Specifications

87-01 Thinning of Pipe Walls in Nuclear Power Plants 3.6

86-04 Defective Teletherapy Timer that May Not N/A (b)
Terminate Treatment Dose

|

O
Amendment V
April 29, 1994
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O TABLE 1.8-3

j (Sheet 3 of 5)

NRC BULLETINS APPLICABILITY ANALYSIS TO SYSTEM 80+

| No. Title Comment *

i

| 86-03 Potential Failure of Multiple ECCS Pumps Due to N/A (d)
| Single Failure of Air-0perated Valve in Minimum
j Flow Recirculation Line
i
! 86-02 Static "0" Ring Differential Pressure Switches N/A (b) I
i

86-01 Minimum Flow Logic Problems that Could Disable N/A (a) |
RWR Pumps [BWRs] |

| |
l 85-03 and Motor-0perated Valve Common Failures During N/A (c)

Supl 1 Plant Transients Due to Improper Switch Settings |

85-02 Undervoltage Trip Attachments of Westinghouse N/A (a)
D8-50 Type Reactor Trip Breakers j

85-01 Steam Binding of Auxiliary Feedwater Pumps 10.4.9 i

/ 84-03 Refueling Cavity Water Seal 9.1

( 84-02 Failures of General Electric Type HFA Relays in N/A (a)
Use in Class 1E Safety Systems

84-01 Cracks in Boiling Water Reactor Mark I N/A (a)
Containment Vent Headers

83-08 Electrical Circuit Breakers with an Undervoltage N/A (c)
Trip Feature used in Safety-Related Applications j

l
83-07 and Apparently fraudulent Products Sold by Ray N/A (b) |

| Sup1 1,2 Miller, Inc.

83-06 Nonconforming Materials Supplied by Tube-Line N/A (b) |
Corporation Facilities

83-05 ASME Code Pumps and Spare Parts Manufactured by N/A (b)
the Haywood Tyler Pump Company

| 83-04 Failure of Undervoltage Trip Function of Reactor N/A (c)
Trip Breakers

83-03 Check Valve Failures in Raw Water Cooling 9.5.5; 3.9.6 |
Systems of Diesel Generators

,
-

|

Amendment V
April 29, 1994
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TABLE 1.8-3

(Sheet 4 of 5)

NRC BULLETINS APPLICABILITY ANALYSIS TO SYSTEM 80+

No. Iltle Comment *

83-02 Stress Corrosion Cracking in large-Diameter N/A (a)
Stainless Steel Recirculation System Piping at
BWR Plants

83-01 Failure of Trip Breakers to Open on Automatic N/A (c)
Trip Signal

82-04 Deficiencies in Primary Containment Electrical N/A (c)
Penetration Assemblies

82-03 Stress Corrosion Cracking in Thick-Wall, large N/A (a)
Diameter, Stainless Steel, Recirculation System
Piping at BWR Plants

| 82-02 Degradation of Threaded Fasteners in the Reactor 5.2.3; 5.3.1
Coolant Pressure Boundary of PWR Plants

| 82-01 and Alteration of Radiographs of Welds in Piping N/A (c)
Rev 1 Subassemblies

|
81-03 Flow Blockage of Cooling Water to Safety System N/A (c)

Components
i

| 81-02 and Failure of Gate Type Valves to Close against 3.9.6; GL 89-10
Supl 1 Differential Pressure

|
81-01 Surveillance of Mechanical Snubbers N/A (c)

80-24 Prevention of Damage Due to Water Leakage Inside Ch 20 (HF);
Containment N/A (c)

80-20 Failures of Westinghouse Type W-2 Spring Return N/A (d)
to Neutral Control Switches

!
| 80-19 Failure of Mercury-Wetted Matrix Relays in N/A (b)

Protection Systems of Plants Designed by C-E

80-18 Maintenance of Adequate Minimum flow Through Ch 20
Centrifugal Charging Pumps Following Secondary- (GI-23)

| Side High-Energy Line Rupture

O
Amendment V
April 29, 1994
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TABLE 1.8-3

(Sheet 5 of 5)

NRC BULLETINS APPLICABILITY ANALYSIS TO SYSTEM 80+

No. Title Comment

80-15 Possible Loss of Emergency Notification ' System N/A (d)
with Loss of Off-Site Power GL 91-14

80-11 Masonry Wall Design N/A (b);
3.8.4.6

80-08 Examination of Containment Liner Penetration N/A (c)
Welds

80-06 Engineered Safety Feature Reset Controls N/A (c) |

80-05 Vacuum Conditions Resulting in Damage to 11.2
Chemical Volume Control System Holdup Tanks

80-04 Analysis of a PWR Main Steamline Break with 6.2;
Continued Feedwater Addition Ch 20

(GI 125.II.07)
80-03 Loss of Charcoal from Standard Type II, 2-inch, 6.4; 9.4.1

Tray Absorber Cells

Exclusion criteria for not applicable items:

N/A (a) The item specifically identifies another design or vendor.

N/A (b) The item is specific to components, structures or systems which are not
included in the System 80+ Standard Design.

N/A (c) The item is relevant to plant operations or is specific to a particular
plant design.

N/A (d) The item includes no design requirements.

N/A (e) The item is not mandatory but is an alternative which can be implemented
as desired by an applicant.

Amendment V
April 29, 1994
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! TABLE 1.8-4
:
i (Sheet 5 of 10)
i

DEVIATIONS FROM THE U.S. NRC STANDARD REVIEW PLAN'

i

Comment or CESSAR-DC
SRP Section/ Title Summary Description of Section

j Deviation
1 i

5.3.1 Reactor Vessel Actual reactor vessel 5.3.1.5 i-

Materials - Rev. materials will be tested ;

i 1, July 1981 at the time of material |
'

procurement. Test
1 requirements are
! described in CESSAR-DC,
: Section 5.3.1.5.

!
4

8

b

U

l

l

i

i

- ~ -

\~-] ,

Amendment V
April 30, 1992
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TABLE 1.8-4

(Sheet 6 of 10)

DEVIATIONS FROM THE U.S. NRC STANDARD REVIEW PLAN

Comment or CESSAR-DC

SRP Section/ Title Summary Description of Section
Deviation

7.6.1 Residual Heat Interlocks for RHR 7.6.1.1

Removal (RHh) suction isolation valves
System - Rev. 3, are not diverse.
April 1984

6.2.1.1.A PWR Dry The containment design 6.2.1.1.3
Containments, pressure criteria for CP
Including stage are not applicable
Subatmospheric to the System 80+
Containments - Standard Design.
Rev. 2, July 1981

Analytical results of 6.2.1.1
inadvertent operation of
containment heat removal
systems exhibit that no
special provisions
against damage from
external pressure
conditions are required
in the System 80+
Standard Design.

6.2.1.2 Subcompartment Due to application of 6.2.1.2
Analysis - Rev. 2, leak-before-break, the
July 1981 dynamic effects of pipe

ruptures in containment
subcompartments is not
considered.

O
Amendment J
April 30, 1992
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TABLE 1.8 6

ISheet 1 of 2)

SYSTEM 80+ INDUSTRIAL CODES AND STANDARDS

Code Edition Title

ANSI /American Concrete Institute [ACl)
318 1989 Building Code Requirements for Reinforced Concrete,1991 Printing
349 1985 Code Requirements for Nuclear Safety-Related Concrete Structures

ANSI /American Institute of Steel Construction [AISCl
N690 1984 Specification for the Design, Fabrication, and Erection of Steel Safety-Related

Structures for Nuclear Facilities
1989 Manual of Steel Construction, Allowable Stress Design, Ninth Edition |

ANSI /American Nuclear Society [ANS)
2.8 1992 Determining Design Basis Flooding of Power Reactor Sites |
51.1 1983 Nuclear Safety Criteria for the Design of Stationary PWR Plants
56.2 1989 Containment isolation Provisions for Fluid Systems after a LOCA
58.1 1982 Plant Design Against Missiles

58.2 1988 Design Basis for Protection of LWRs against Effects of Pipe Rupture

V 58.8 1984 Time Response Design Criteria for Safety-Related Operator Action
58.9 1987 Single Failure Criteria for LWR Safety Related Fluid Systems

ANSI /American Petroleum Institute [APil
650 1988 Welded Steel Tanks for Oil Storage

ANSI /American Society of Civil Engineers

7 1990 Minimum Design Loads for Building and Other Structures [ ANSI A58.1)

ANSI /American Society of Mechanical Engineers [ASME]
BPVC 1989 Section 11; Materials Specifications

BPVC 1989 Section Ill; Rules for Construction of Nuclear Power Plant Components:
Division I, Division Il

DPVC 1989 Section V, Non-Destructive Examination

BPVC 1989 Section Vill; Rules for Construction of Pressure Vessels

BPVC 1989 Section IX; Qualification Standard for Welding and Brazing
BPVC 1989 Section XI; Rules for Inservice inspection of Nuclear Power Plant

Components; Editions and Addenda As Applicable
AG-1 1991 Code on Nuclear Air and Gas Treatment
B31.1 1992 Power Piping

OM S/G 1990 Standards and Guides for Operation and Maintenance of Nuclear Power
Plants; through 1992 Addenda.

NOA 1 1989 Quality Assurance Program Requirements for Nuclear Facilities, and NOA 1b-
1991 Addendas_ ; NOA 2 1989 Quality Assurance Requirements for Nuclear Power Plants, and NOA 2a 1990
Addenda

Amendment V
April 29, 1994
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TABLE 1.8-6

(Sheet 2 of 2)

SYSTEM 80+ INDUSTRIAL CODES AND STANDARDS

|

I Code Edition Title

ANSI / institute of Electrical and Electronics Engineers

7-4.3.2 1982 Application Criteria for Programmable Digital Computer Systems in Safety
Systems of Nuclear Power Generating Stations (ANSI /IEEE/ANS]

279 1971 Criteria for Protection Systems for Nuclear Power Generating Stations

308 1980 Criteria for Class 1E Power Systems for NPGS

317 1983 Electrical Penetration Assemblies in Containment Structures for NPGS

| 323 1974 Qualifying Class 1E Equipment for NPGS

344 1987 Recommended Practices for Seismic Qualification of Class 1E Equipment for
Nuclear Power Generating Stations

379 1977 Application of the Single Failure Criterion to NPGS Safety Systems

382 1980 Qualification of Actuators for Power Operated Valve assemblies with Safety-
Related Functions of Nuclear Power Plants

'384 1981 Criteria for Independence of Class 1E Equipment and Circuits

387 1984 Criteria for Diesel-Generator Units Applied as Standby Power Supplies for
NPGSs

420 1982 Design and Qualification of Class 1E Control Boards, Panels, and Racks used in
NPGSs

422 1986 Guide for Design and Installation of Cable Systems in Power Generating
Stations

497 1981 Criteria for Post-Accident Monitoring Instrumentation for NPGSs

603 1980 Criteria for Safety Systems for NPGSs

741 1990 Criteria for protection of Class 1E Power Systems and Equipment in NPGSs

ANSI / Instrument Society of America (ISA)

S67.04 1988 Setpoints for Nuclear Safety Related Instrumentation

ANSI / National Fire Protection Association (NFPA)

78 1989 Lighting Protection Code

101 1991 Safety to Life from Fire in Buildings and Structures

803 1988 Standard for Fire Protection for Light Water Nuclear Power Plants
|

| ELECTRIC POWER RESEARCH INSTITUTE /NSAC

| 108 1986 The Reliability of Emergency Diesel Generators at U.S. Nuclear Power Plants
1

O|
Amendment Q |
June 30, 1993

I
1
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TABLE 1.8-8,

(Sheet 1 of 13) )

CROSS-REFERENCE FOR UNRESOLVED-

Al!p GENERIC SAFETY ISSUES

!

No. Title Section*!

1

3 Setpoint Drift in 7.1.2.27
Instrumentation Ch 20 |

14 PWR Pipe Cracks 3.6
6.6
10.1
10.4.7
Ch 20 |

if Radiation Effects on Reactor 5.4.14.2
Vessel Supports Ch 20 |

22 Inadvertent Boron Dilution 7.7.1.1.10
Events 15.4.6

Ch 20 |

@! 23 Reactor Coolant Pum~ 5.4.1.3
Fe.ilures 8.1.4.2

9.3.4
Ch 20 |,

29 Bolting Degradation or 3.9.3
Failures in Nuclear Plants 4.5.2.1

L 5.2 I
Ch 20 |

'

36 Loss of Service Water 9.2.1
Ch 20 |

43 Reliability of Air Systems 9.3.1
Ch 20 |

1

45 Inoperability of Instruments 9.4 |
Due to Extreme Cold Weather Ch 16

Ch 20

43 LCO for Class 1E Vital 8.3.2
Instrument Buses in Operating Ch 16
Reactors Ch 20

:

O

( USIs and GSIs not applicable to the System 80+ Standard*
'

Plant Design are identified in Chapter 20, along with the |
corresponding reason.

i
Amendment V
April 29, 1994
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TABLE 1.8-8

(Sheet 2 of 13)

CROSS-REFERENCE FOR UNRESOLVED
AND GENERIC SAFETY ISSUES

No. Title Section

49 Interlocks and LCOs for 8.3.1.2
Redundant Class 1E Tie Breaker Ch 16

Ch 20

51 Proposed Requirements for 9.2.1
Improving Reliability of Open 9.2.2
Cycle Service Water Systems 9.2.5

| Ch 20

57 Effects of Fire Protection 9.5.1
| System Actuation on Safety Ch 20

Related Equipment

64 Identification of Protection 7.1.2.31
| System Instrument Sensing Ch 20

Lines

66 Steam Generator Requirements 5.4.2
10.3.5
10.4.1.2

| Ch 20

67.3.3 Steam Generator Staff Actions; 7.5

| Improved Accident Monitoring Ch 20

70 PORV and Block Valve 6.7

| Reliability Ch 20

75 Generic Implications of ATWS 7.7.1.1.11
| Events at Salem Ch 20

78 Monitoring of Fatigue 3.9.1

| Transient Limits for Reactor Ch 20
Coolant System

79 Unanalyzed Reactor Vessel 3.9
Thermal Stress during Natural 5.3

| Convection Cooldown Ch 20

82 Beyond Design Bases Accidents 9.1.2
in Spent Fuel Pools 9.1.3

9.1.4

| Ch 20

0
Amendment V
April 29, 1994
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i TABLE 1.8-8

'

(Sheet 3 of 13)

' CROSS-REFERENCE FOR UNRESOLVED |

i AND GENERIC SAFETY ISSUES
:

!

No. Title Section
.

|

83 Control Room Habitability 6.4
'

,

9.4.1'

Ch 20 |

87 Failure of HPCI Steam Line 3.9.6
Without Isolation (in BWRs) Ch 20'

; 93 Steam Binding of Auxiliary 10.4.9.5.2
Feedwater Pumps Ch 20 | 1

94 Additional LTOP for Light 5.2.2.10 )
'

Water Reactors 5.2.3 |
5.3 |4

Ch 20 | ;
-

h 99 Loss of RHR Capability in PWRs 5.4.7
.' APP 19.8A 1

j Ch 20 | |

103 Design for Probably Maximum 2.0 ;

Precipitation 3.1.2 1
-

Ch 20 |
'

105 Interfacing Systems LOCA at APP SE
; LWRs Ch 20 |
1

106 Piping and Use of Highly 9.5.10;

i Combustible Gases in Vital Ch 20 |
| Areas; Fire Protection
2 113 Dynamic Qualification and 3.9.3.4

Testing of Large Bore Ch 20 |
Hydraulic Snubbers

| 118 Tendon Anchorage Failure 3.8
: Ch 20

119.1 Pipe Rupture Requirements 3.6.2.1
; 3.9.2.5

3.9.3.1'

Ch 20 |

119.2 Pipe Damping Values 3.7.1.3
Ch 20 |

%

Amendment V
April 29, 1994
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TABLE 1.8-8

(Sheet 4 of 13) |

|
CROSS-REFERENCE FOR UNRESOLVED

AND GENERIC SAFETY ISSUES
!

I
'

No. Title Section

119.3 Decoupling OBE from SSE 2.5
3.7

| Ch 20

119.5 Leak Detection Requirements 3.6.3.3
5.2.5
7.7.1.6

| Ch 20

120 On-Line Testability of Ch 16
Protection Systems Ch 20

121 Hydrogen Control for Large, 3.8
Dry PWR Containments 6.2.5

19.11
| Ch 20

122.2 Initiating Feed and Bleed 7.5.1.1.5
10.4.9

| Ch 20

124 Auxiliary Feedwater System 10.4.9

| Reliability Ch 20

125.I.3 SPDS Availability 7.5
7.7.1
18.7.1

| Ch 20

125.II.7 Reevaluate Provision to 10.4.9

| Automatically Isolate Ch 20
Feedwater from Steam Generator
During Line Break

128 Electrical Power Reliability 8.3

| Ch 20

130 Essential Service Water Pump 1.2.1.3
Failure at Multiplant Sites 9.2.1

| Ch 20

O
Amendment V
April 29, 1994
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TABLE 1.8-8i

(Sheet 5 of 13)

'

CROSS-REFER _ENCE FOR UNRESOLVED
AND GENERIC SAFETY ISSUES

4

! No. Title Section i

)1

135 Integrated Steam Generator 5.4.10 ;
'

| Issues 6.7.2
' 7.3.1 i

7.5.1 |

10.3.2 1

10.4
15.6.3
Ch 20 |

142 Leakage Through Electrical Ch 20 1

Isolators in Instrumentation
Circuits ;

143 Availability of Chilled Water 9.2.9 I

Systems 9.4 l
k Ch 20 |

153 Loss of Essential Service 9.2.1
Water in LWRs Ch 16

Ch 20

155.1 More Realistic Source Term 3.11
Assumptions 6.5

APP.15A
Ch 20 |

A-1 Water Hammer 5.4.7
6.3.1
6.5.1
7.7.1.1.4
9.2
10.3.2.2
10.4.7
10.4.9
Ch 20 |

A-2 Asymmetric Blowdown Loads on 3.6.2
RCS 3.6.3

Ch 20 |

gs

Amendment V
April 29, 1994
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TABLE 1.8-8

(Sheet 6 of 13)

CROSS-REFERENCE FOR UNRESOLVED
AND GENERIC SAFETY ISSUES

No. Title Section

A-4 C-E Steam Generator Tube 5.4.2
Integrity 10.3.5

10.3.6
10.4.1
10.4.6
10.4.8

| Ch 20

A-9 Anticipated Transients without 7.1.1
SCRAM (ATWS) 7.3

7.7.1.1.11
19.0

| Ch 20

A-12 Fracture Toughness of Steam 5.2
Generator & RCP Supports 5.4.14

| Ch 20

A-13 Snubber Operability Assurance 3.9.3.4
| Ch 20

A-17 Systems Interaction 3.6
19.0

| Ch 20

A-24 Qualification of Class 1E 3.9.2.2
Safety Related Equipment 3.10

3.11
| Ch 20

A-25 Non-Safety Loads on Class 1E 7.1.1
Power Sources 8.1.3 i

8.1.4
8.3.1.2.7

| Ch 20

A-26 Reactor Vessel Pressure 5.2.2
Transient Protection APP 5A

7.2

| Ch 20

A-29 Plant Design for Reduction of APP 13A
| Vulnerability to Sabotage Ch 20

A-30 Adeqdacy of Safety Related DC 8.3.2
| Power Supplies Ch 20 |

Amendment V
April 29, 1994
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TABLE 1.8-8

(Sheet 7 of 13)

CROSS-REFERENCE FOR UNRESOLVED
AND GENERIC SAFETY ISSUES

No. Title Section

A-31 RHR Shutdown Requirements 5.4.7
6.7
8.1.2
8.2
10.1
10.4.9

A-35 Adequacy of Offsite Power 8.1.3
Systems 8.2

8.3.1
Ch 20 |

A-36 Control of Heavy Loads Hear 9.1.4
Spent Fuel APP 19.8A

Ch 20 |
'

'- A-40 Seismic Design; Short Term 2.5
Program 3.7

Ch 20 |
A-43 Containment Emergency Sump 6.8

Performance APP 19.8A
Ch 20 |

A-44 Station Blackout 8.1.4.2
8.3.1.1.5
19.0
Ch 20 |

A-45 Shutdown Decay Heat Removal 5.4.7
Requirements APP 19.8A

Ch 20 |
A-47 Safety Implications of Control 6.3.2

Systems 7.3.1.1.10.3
7.3.2
10.4.7
10.4.9
Ch 20 |

A-49 Pressurized Thermal Shock 5.2.2.11
5.3
Ch 20 |

Amendment V
April 29, 1994
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TABLE 1.8-8

(Sheet 8 of 13)

CROSS-REFERENCE FOR UNRESOLVED
AND GENERIC SAFETY ISSUES

No. Title Section

B-5 Ductility of Two-Way Slabs & 3.6
Shells; Steel Containments 3.8

| Ch 20

B-17 Criteria For Safety-Related Ch 7
Operator Actions Ch 20

B-36 Develop Design, Testing, and 9.4
Maintenance Criteria for Ch 20
Atmosphere Clean-up System Air
Filtration and Adsorption
Units for Engineered Safety
Features Systems and for
Normal Ventilation Systems

B-53 Load Break Switch 8.1
8.2
8.3

| Ch 20

B-56 Diesel Generator Reliability 8.1
8.3.1.1.4

| Ch 20

B-60 Loose Parts Monitoring System 7.7.1.6.3
| Ch 20

B-61 Allowable ECCS Equipment Ch 16
Outage Periods Ch 20

B-63 Isolation of Low Pressure 3.2.2
System Connected to The 3.9.6.2
Reactor Coolant Pressure APP SE

| Boundary Ch 20

,

B-66 Control Room Infiltration 6.4

| Measurements 9.4.1
| Ch 20

| C-1 Assurance of Continuous Long- 3.11
| term Capability of Hermetic Ch 6
~

Seals on Instrumentation and Ch 15
| Electrical Equipment 19.11.4
'

Ch 20
|

|

|
Amendment V|

| April 29, 1994
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j TABLE 1.8-8

(Sheet 9 of 13)

CROSS-REFERENCE FOR UNRESOLVED
AND GENERIC SAFETY ISSUES

No. Title Section

C-2 Study of Containment 3.8

| Depressurization by 7.3.1

| Inadvertent Spray Operation 18.3
' Ch 20 |

C-4 Statistical Methods for ECCS 6.3

i Analysis Ch 20 |

C-5 Decay Heat Update 6.2,

6.3
15.0
Ch 20 |

C-10 Effective Operation of 6.5
Containment Sprays in a LOCA 15.6.5

.

/ Ch 16| s
V Ch 20

C-12 Primary System Vibration 3.9.2
Assessment 7.7.16

Ch 20- |

HF 5.1 Local Control Stations 9.5 2
18.7.1.6.2
Ch 20 |

- l

HF 5.2 Review Criteria for Human 18.3 |

Factors Aspects of Advanced 18.4
Controls and Instrumentation 18.7

Ch 20 |

I.C.1 (1-4) Short Term Accident 1.6
Analysis and Procedures Ch 20 |
Revision

I.C.9 Long-term Program Plan for Ch 20
Upgrading of Procedures

I.D.1 Control Room Design Reviews 18.0
Ch 20 |

I.D.2 Control Room Design; Plant 7.7.1.4
Safety Parameter Display 7.7.1.7

- Console 13.3.3
\.) 18.7.1

Ch 20 -|

Amendment V
April 29, 1994.
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TABLE 1.8-8

(Sheet 10 of 13)

CROSS-REFERENCE FOR UNRESOLVED
M _QXNERIC SAFETY ISSUES

No. Title Section

I.D.3 Control Room Design; Safety 7.1.2.21

| System Status Monitoring Ch 20

I.D.4 Control Room Design Standard 18.3
18.4
18.7

| Ch 20

I.D.5 (1) Control Room Design; 18.0
| Improved Instrumentation Ch 20

Research - Operator / Process
Communication

I.D.5 (2) Control Room Design; 7.1.2.21
Improved Instrumentation 7.2.1.1.5
Research - Plant Status and 7.5.1.1.5
Post-Accident Monitoring 18.7.1.8

| Ch 20

I.D.5 (3) Control Room Design; 5.2.5,

On-Line Reactor Surveillance 7.1.2.20
System 7.7.1.6

j | Ch 20

I.D.5 (4) Control Room Design; 5.2.5.1.2.1
'

Improved Instrumentation 7.5.1
Research - Process Monitoring 7.5.2.5

| Instrumentation Ch 20

I.F.1 Quality Assurance; Expand 3.2
.

Quality Assurance List for 17.1

| Equipment Important to Safety Ch 20

I.F.2 (6,9) Quality Assurance; 17.1

| Develop More Detailed QA Ch 20
Criteria

I.G.2 Scope of Preoperational and Ch 20
Low-Power Testing Program

II.B.1 Safety Review Consideration; 6.7.1.2.1
Reactor Coolant System Vents 6.7.2.1.1

7.5.1

| Ch 20

Amendment V
April 29, 1994
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TABLE 1.8-8
!

(Sheet 11 of 13),

!

: CROSS-REFERENCE FOR UNRESOLVED
AND GENERIC SAFETY ISSUES

No. Title Section
,

II.B.2 Safety Review Consideration; 12.2.3
,

Plant Shielding to Provide 12.3.1.2
: Post Accident Access to Vital 12.3.1.3
j Areas Ch 20 |

II.B.3 Safety Review Consideration; 9.3.23

; Post Accident Sampling System Ch 20 |
4 II.B.8 Rulemaking Proceedings on 19.11

Degraded Core Accident; Hydro- Ch 20 |,

j'
Etc.
gen Rule, Severe Accident,

'
II.C.4 Reliability Engineering 17.3

19.15
Ch 20 |( j

II.D.1 Coolant System Valves; 5.4.13.4.1
Testing Requirements 6.7

7.7.1.1.11
Ch 20 |

II.D.3 Coolant System Valves; Valve 5.2.5.1.2.1
Position Indication 5.4.13

7.7.1.6
Ch 20 | |

II.E.1.1 Auxiliary Feedwater System 10.4.9 |
Evaluation Ch 20 | |

II.E.1.2 Auxiliary Feedwater System 7.3 |
Automatic Initiation an Flow 7.7
Indication 10.4.9

Ch 20 |
|

II.E.3.1 Decay Heat Removal; Relia- APP SD j
bility of Power Surrlies for 8.3.1.1.2 }
Natural Circulat.icn Ch 20 | j

II.E.4.1 Containment Design; Dedicated 6.2.4 !
Penetrations 6.2.5 !

'

Ch 20 |r
'

|
Amendment V
April 29, 1994

_ _ _ _ _ _ _
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TABLE 1.8-8

(Sheet 12 of 13)

CROSS-REFERENCE FOR UNRESOLVED
AND GENERIC BAFETY ISSUES

No. Title Section

II.E.4.2 Containment Design; Isolation 3.1
Dependability 6.2.4

9.4.6

| Ch 20

II.E.4.4 (1-5) Containment Design; 6.2.4
Purging 9.4.6

Ch 16
Ch 20

II.E.6.1 In-situ Testing of Valves-- 3.9.6
Test Adequacy Study Ch 20

II.F.1 Additional Accident Monitoring 7.5.1.1.5
| Instrumentation Ch 20

II.F.2 Identification and Recovery 7.5.1.1.7
| from Conditions Leading to Ch 20

Inadequate Core Cooling

II.F.3 Instrumentation for Monitoring 7.5.1.1.5
| Accident Conditions Ch 20

II.G.1 Power Supplies for Pressurizer 6.7
Relief Valves, Block Valves, 7.5.2.5

| and Level Indicators Ch 20

II.J.3.1 Organization and Staffing to Ch 20
Oversee Design and
Construction

II.K.1 (1) (1,2,4(A-C),5,7,8,10-13, 6.3.3

| 17-23) Measures to Mitigate Ch 20
Small Break LOCAs and Feed-
water Accidents; NRC Bulletins

II.K.1 (2) (3,4d,6,9,14-16,24-28) 6.3.3

| Measures to Mitigate Small Ch 20
,

| Beak LOCAs & Loss of FW
Accidents; NRC Bulletins

II.K.3 (2,5,6,8,25,30,31,55) Final 6.3.3
!

Recommendations of B&O Task 9.3.4.3.2
i

Force to. Mitigate Accidents 19.3.3.1

| Ch 20

,

Amendment V
April 29, 1994
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TABLE 1.8-8

(Sheet 13 of 13)

CROSS-REFERENCE FOR UNRESOLVED
AND GENERIC SAFETY ISSUES

No. Title Section

III.A.1.2 (1-3) Upgrade Licensee 13.3.3.1
Emergency Support Facilities 13.3.3.2

13.3.3.3
Ch 20 |

III.D.1.1 (2) Review Information on 11.5
Provisions for Leak Detection 12.1

12.3
Ch 20 |

III.D.3.3 (1-4) In-Plant Radiation 7.5.1.1.5
Monitoring 11.5

12.3.4
Ch 20 |

) III.D.3.4 Control Room Habitability 6.4
NJ Ch 20 |

l
j

|

Amendment V
April 29, 1994
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TABLE 1.8-9

(Sheet 1 of 6)

CROSS-REFERENCE FOR THE TMI RULE (10 CFR 50.34f)

No. Title Section*

(1) (i) Plant / Site Specific PRA (II.B.8) 19.15

(1) (ii) ( A) Simplified AFWs Reliability 10.4.9
Analysis (II.E.1.1) 19.6

Ch 20 |

(1) (ii) (B) Design Review of AFWs (II.E.1.1) 10.4.9
Ch 20 |

(1) (ii) (C) Evaluation of AFWs Flow Design 10.4.9
Bases and Criteria

(1) (iii) Evaluation of RCP Seal Damage 5.4.1.3
Following Small Break LOCA with 8.1.4.2
LOP (II.K.2.16 & II.K.3.25) 9.3.4

Ch 20 |r~

( ,) (1) (iv) Analysis of Probability of Small 19.3.3.1
Beak LOCA Caused by PORV Ch 20 |
(II.K.3.2)

(1) (v) Evaluation of Effectiveness of N/A
High Pressure Coolant Injection
(BWRs Only) (II.K.3.16)

(1) (vi) Reduction of Challenges to N/A
Relief Valves (BWRs Only)
(II.K.3.16)

(1) (vii) Feasibility and Risk Assessment N/A
of ADS Design Modificaions (BWRs
Only) (II.K.3.18)

(1) (viii) Effect of Core Cooling Modes N/A
Under Accident Conditions (BWRs
only) (II.K.3.21)

, (1) (ix) Study of Additional Space N/A
Cooling Needs for RCIC & HPIC
(BWRs Only) II.K.3.24)

(1) (x) Study ADS Capability During and N/A
Following Accident Conditions
(BWRs Only) (II.K.3.28)

O( N/A indicates items which are "not applicable" to the,/ *

System 80+ Standard Plant Design.

Amendment V
April 29, 1994
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TABLE 1.8-9

(Sheet 2 of 6)

CROSS-REFERENCE FOR THE TMI RULE (10 CFR 50.34f)

No. Title Section

(1) (xi) Evaluate Alternate N/A
Depressurization Methods (BWRs
Only) (II.K.3.45)

(1) (xii) ( A) Compare Costs and Benefits of 19A.5.9
Alternative Hydrogen Control
Systems

(1) (xii) (B) Verify Compliance with 6.2.5.1.2
(F) (1) (Ix) of Selected Hydrogen APP 19.11K
Control System

(1) (xii) (C) Evaluate Design, Function & 6.2.5.1.2
Layout of Alternative Hydrogen APP 19.11K
Control Systems

j (2) (i) Simulator Capability (COL Ch 20
Requirements) I.A.4.2)

| (2) (ii) Program to Improve Procedures Ch 20
(COL Requirement) (I.C.9)

(2) (iii) Control Room Design (I.D.I.) 18.0
| Ch 20

(2) (iv) Safety Parameter Display Console 7.7.1.4
(I.D.2) 7.7.1.7

13.3.3
18.7.1

| Ch 20

(2) (v) Indication of Bypassed and 7.1.2.21
| Operable Status of Safety Ch 20

Systems (I.D.3)

(2) (vi) RCS High Point Venting (II.B.1) 6.7.1.2.1
6.7.2.1.1
7.5.1

| Ch 20

(2) (vil) Radiation and Shielding Design 12.2.3
Review (II.B.2) 12.3.1.2

12.3.1.3
| Ch 20

(2) (viii) Post-Accident Sampling System 9.3.2
| (II.B.3) Ch 20

Amerdment V
April 29, 1994

__--____ ________ _ -__ _ _ _ - _ _ _ - - _ _ _ _ .
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(Sheet 3 of 6)

CROSS-REFERENCE FOR THE TMI RULE (10 CFR 50.34f)

Section
No. Title

6.2.5
(2) (ix) ( A) Hydrogen Control System for 100% 19.11.4Clad / Metal-Water Reaction APP 19.11K(II.B.8) - Capability to

Maintain <10%
6.2.5

(2 ) (ix) (B) Hydrogen Control System for 100% APP 19.11KClad / Metal - Water Reaction
(II.B.8) - Assure No Local
Pockets That Could Cause Loss of
containment orMitigating
Features

19.11.4
(2) (ix) (C) Hydrogen Control System for 100%

Clad / Metal - Water Reaction
(II.B.8) - Equipment Need for
Safe Shutdown Qualified for

i

Environment

(2) (ix) (D) Hydrogen Control System for 100% N/A
Clad / Metal - Water Reaction
(II.B.8) - Inadvertent Actuation
of Inerting System

5.4.13.4.1
(2 ) (x) Qualification of RCS Relief,

6.7Safety and PORV Block Valves
7.7.1.1.11(II.D.1) Ch 20 |

(2) (xi) Indication of Relief and Safety 5.2.5.1.2.1

Valve Position in Control Room 5.4.13
7.7.1.6(II.D.3) Ch 20 |

(2) (xii) Actuation and Indication of AFW 7.3

Flow in Control Room (II.E.1.2) 7.7
10.4.9
Ch 20 |

APP 5D |
(2) (xiii) Capability to Maintain Natural

Circulation and Pressurizer 8.3.1.1.2
Ch 20 |Heaters with Onsite Power

(II.E.3.1)
6.2.4

(2) (xiv) ( A) Containment Isolation System
(II.E.4.2) - Automatic Isolation 9.4.6

Ch 20 |( on Non-Essential Systems
%

Amendment V
April 29, 1994
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(Sheet 4 of 6)

CROSB-REFERENCE FOR THE TMI RULE (10 CFR 50.34f)

No. Title Section

(2 ) (xiv) (B) Containment Isolation System 6.2.4

(II.E.4.2) - Two Isolation
Barriers in Series for Each Non-
Essential Penetration

(2) (xiv) (C) Containment Isolation System 6.2.4
(II.E.4.2) - Reset of CIAS Does
Not Result in Valves Opening

(2 ) (xiv) (D) Containment Isolation System 6.2.4
(II.E.4.2) - CIAS Setpoint as ;

Low as Compatible with Normal
Operation |

(2) (xiv) (E) Containment Isolation System (II 6.2.4 )
E.4.2) - Automatic Isolation of ;

All Paths to The Environs on i

High Radiation

(2) (xv) Containment Purging / Venting 6.2.4 |
Capability with Reliable 9.4.6 j
Isolation During Accident 16.9 |

| (II.E.4.4) Ch 20 |

(2) (xvi) Establish Design Criterion for N/A i

Actuations of ECS and RPS (BWRs i

Only) (II . E. 5.1)

(2) (xvii) Provide Instrumentation to 7.5.1.1.5 t

| Measure, Record and Indicate in Ch 20 |
the Control Room (II.F.1) i

(2) (xviii) Control Room Indication of 7.5 1.1.7
| Inadequate Core Cooling - Ch 20

Saturation Meter (II.F.2)
(2) (xix) Provide Post-Accident Monitoring 7.5.1.1.5

| Instrumentation (II.F.3) Ch 20

(2) (xx) Power Supplies for RCS Relief 6.7
and Block Valves and Level 7.5.2.5

| Indicators (II.G.1) Ch 20

(2) (xxi) Auxiliary Heat Removal System N/A
Design (BWRs Only) (II.K.1.22)

(2) (xxii) FMEA on Integrated Control N/A 3

System (B&W Only) (II.K.2.9)

Amendment V
April 29, 1994

J
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| TABLE 1.8-9 1

|

| (Sheet 5 of 6)
l CR.OSS-REFERENCE FOR THE TMI RULE (10 CFR 50.34f)

,

!

No. Title Section

(2) (xxiii) Anticipatory RPS Trip on Loss of N/A
| MFW and Turbine Trip (B&W Only) )

(II.K.2.10)
i,

| (2) (xxiv) Recording of Post-Accident N/A |
! Reactor Vessel Water Level (BWRs |

Only) (II.K.3.23)

; (2) (xxv) Onsite Technical Suppcrt Center, 13.3.3.1
| and Technical Operations Center, 13.3.3.2
| and Emergency Operations 13.3.3.3

Facility (III.A.1.2) Ch 20 |

(2) (xxvi) Leakage Control and Datection 11.5
Design and Program for Systems 12.1
Outside Containment (III.D.1.1) 12.3

/ \ Ch 20 |

(2) (xxvii) Monitoring.of Inplant and 7.5.1.1.5-

Airborne Radioactivity 11.5
(III.D.3.3) 12.3.4 |

Ch 20 |

(2) (xxviii) Evaluate Potential Pathways That 6.4
May Lead to Control Room Ch 20 |
Habitability Problems Under
Accident Conditions (III.D.3.4)

(3) (i) Administrative Procedures for N/A
Evaluating Industry Operating,
Design, and Construction
Experience During Design and
Construction (I.C.5)

(3) (11) Ensure that QA List Contains All 3.2
Systems, Structures and 17.1
Components Important to Safety Ch 20 |
Per Criterion II of 10 CFR 50
Appendix B (I.F.1)

(3) (111) Quality Assurance Program 17.1
(I.F.2) Ch 20 |

n

Amendment V
April 29, 1994

_ _ _ , ,



!

| CESSAR E!5Gc 1cu
!
|

| TABLE 1.8-9

| (Sheet 6 of 6)
! CROSS-REFERENCE FOR THE TMI RULE (10 CFR 50.34f)
!

No. Title Section

| (3) (iv) Provision of Dedicated APP 19A.5.2
i Containment Penetration for

Future Installation of Systems
to Prevent Containment Failure
(II.B.8)

(3) (v) ( A) Containment Integrity During 3.8.2
Hydrogen Burn (or Inerting) for APP 19.11K

| 100% Clad / Metal - Water Reaction
(II.B.8)

(3) (v) (B) Containment Structural Loading N/A
from Inadvertent Actuation of
Inerting System (II.B.8)

(3) (vi) External Hydrogen Recombiners 6.2.4
(II.E.4.1) 6.2.5

| Ch 20

| (3 ) (vii) Management Plan for Design and Ch 20
Construction Activities (COL
Requirement) (II.J.3.1)

i

l

|

,

l

l
|

l

|
| \

4

O
Amendment V
April 29, 1994

._ _
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! TABLE 1.8-10

(Sheet 1 of 3)

| CROSS-REFERENCE FOR NEW NRC POLICY ISSUES (SECY-93-087)
|

| No. Title Section* |

I.A Use of a Physically Based' 3.11
|- Source Term 6.5
| APP 15A

.

Anticipated Transients 7.3I.B
| Without Scram 7.7.1.1.11

I.C Mid-Loop Operation APP 19.8A |

I.D Station Blackout 8.1.4.2
8.3.1.1.5

I.E Fire Protection 9.5.1 |

I.F Intersystem Loss-of-Coolant APP SE
Accident

I.G Hydrogen Control 6.2.5
/~'N 19.11.3

I.H Core Debris Coolability 19.11.3 |
--

I.I High-Pressure' Core Melt 19.11.3
Ejection

I.J Containment Performance 19.11.3 |

I.K Dedicated Containment Vent 19.15.5
Penetration

I.L Equipment Survivability 19.11.4.4 |

I.M Elimination of Operating- 2.5
Basis Earthquake 3.7

I.N Inservice Testing of Pumps 3.9.6
ar.3 Valves 5.2.4

6.6

II.A Industry Codes and Standards 1.8 |

II.B Electrical Distribution 8.2
8.3

II.C Seismic Hazard Curves and 19.5.7
Design Parameters

II.D Leak-Before-Break 3.6.2.1.3
3.6.3

* "N/A" indicates items which are "not applicable" to the
System 80+ Standard Plant Design.

Amendment U
December 31, 1993
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TABLE 1.8-10

l(Sheet 2 of 3)
l

CROSS-REFERENCE FOR NEW NRC POLICY ISSUES (SECY-93-0811

; | No. Title Section
t

II.E. Classification of Main N/A !

Steamlines in Boiling Water
| Reactors

| | II.F Tornado Design Basis 2.3.2.1

II.G Containment Bypass 6.2.2
APP fE'

l | II.H Containment Leak Rate Testing 3.8.2.7

| | II.I Post-Accident Sampling System 9.3.2

II.J Level of Detail 1.1.1
| 1.2.2

| II.K Prototyping N/A

| II.L ITAAC 14.3

| II.M Reliability Assurance Program 17.3

II.N Site-Specific Probabilistic 17.3
Risk Assessments and Analysis 19.7
of External Events 19.15

II.O Severe Accident Mitigation 19.15.5
Design Alternatives APP 19A

II.P Generic Rulemaking Related to N/A
Design Certification

II.Q Defense Against Common-Mode 7.2
Failures in Digital 7.3
Instrumantation and Control 7.7
Systems APP 7A

| II.R Steam Generator Tube Ruptures 19.4.4

II.S PRA Beyond Design 17.3
Certification 19.7

19.15

II.T Control Room Annunciator 7.7
(Alarm) Reliability

III.A Regulatory Treatment of N/A
Nonsafety Systems in Passive
Designs

| III.B Definition of Passive Failure N/A
|

Amendment U
December 31, 1993

_ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _
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TABLE 1.8-12

(Chaet 3 of 3)

CROSS-REFERENCE FOR NEW NRC POLICY ISSUES (SECY-93-087)

No. Tit _.}y Section |

h III.C SBWR Stability (Passive N/A
Design)

,

III.D Safe Shutdown Requirements N/A
j (Passive Design)
I III.E Control Room Habitability N/A
j (Passive Design)

i III.F Radionuclide Attenuation N/A
j (Passive Design)
d

| III.G Simplification of Offsite 15.6.5
j Emergency Planning

III.H Role of the Passive Plant N/A,

! Control Room Operator

O)\
%/

1

:

.i

i

i
i

l
!

!
:

:

I
,

4

i
i

!

; Q,,/

i

Amendment U
December 31, 1993
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1.9 SYSTEM 80+ STANDARD DESIGN INTERFACES

This section provides a listing of the interfaces as used in 10 |<

CFR 52.47(a). The System 80+ Standard Design includes an
essentially complete c.uclear plant, except for structures,
systems and components which require site-specific design. These
structures, systems and components are not included in the,

System 80+ design certification and shall be provided by the )
applicant (owner / operator) during site specific engineering. To

,

.
ensure that the design of these items is compatible with the

.

'

j System 80+ Standard Design, interface requirements must be
satisfied by the applicant. In general, interface requirementss

for applicant-supplied structures, systems and components that
relate to a specific mechanical or electrical system are covered

i in the appropriate CESSAR-DC chapter (The word "shall" is used to
j identify interface requirements included in descriptive text) .
! Interface requirements which have sufficient significance to

safety are specified in the Certified Design Material.
Table 1.9-1 provides an index to all sections of this report.
containing interface requirements.

.

Site-specific assumptions on which the System 80+ Standard Design-

is based are presented in Section 1.2.1, Principal Site,

Characteristics, and Chapter 2.0, Site Envelope Characteristics.(q The applicant (owner / operator) shall verify that the chosen site || j
v is enveloped by the characteristics given in Sections 1.2.1 and

2.0. These site-specific characteristics must be compatible with
the System 80+ design envelopes, but they are not considered
interface requirements as used in 10 CFR 52.47(a).

!

i

;
'

,

1

I

|

.

V
i

Amendment V
1.9-1 April 29, 1994'
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\# TABLE 1.9-1

INDEX OF SYSTEM, STRUCTURE OR COMPONENT
* INTERFACE REOUIREMENTS FOR SYATEM 80+ j

system, structure or Component section

Buildinas/ Structures
Administration Building 1.2.1.4.1.1 |

Personnel Access Portal 1.1.1.4.1.2 |
Switchyard 8.2 l

Warehouse 1.2.1.4.1.3 j
Emergency Operations Facility 13.3.3.2 I

'

Bulk Gas Storage
_

9.5.10.1.2
Station Service Water Pump Structure 9.2.1.1.4
Ultimate Heat Sink, Including SSWS 9.2.5.1.3 j

Intake / Discharge )
Potable and Sanitary Water System 9.2.4 i

Structure
,

|
Systems ;

Condenser Circulating Water System, 10.4.5.1, 9.2.10.2.1 |
including Normal Heat Sink,

,-s Puup Structure, Intake and Discharge,
and Turbine Building Service Water

(\s, ; System
Offsite Power System, including Switchyard 8.1
Potable and Sanitary Water Systems, 9.2.4.1

including Sewage Treatment
Security System 13.6.1
Service Water Pump Structure Ventilation 9.4.8.1.2

System
Layout and Equipment for the Laboratory 13.3.3.4 |

Facilities !
Layout and Equipment for the Onsite 13.3.3.6

Decontamination Facilities
Filtered Water Source 9.2.3.2, 9.2.4
Communications (Off-site) 9.5.2.2.5

Components

Component Cooling Water Heat Exchanger 9.2.2
Materials

Condenser Materials Specification 10.3.6.2,10.4.1.2 i

Toxic Gas Monitors 9.4.1.1, Fig. 9.4-2 |

/
t
\-

Amendment V
April 29, 1994
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TABLE 1.10-1

.

(Sheet 1 of 13)

COL LICENSE INFORMATION

COL
No. FSER No. Section Subject

1-1 1.2.13 Site-specific sabotage protection requirements

1-2 1.8-1 1.8 Applicable editions ofindustry codes and
standards

1-3 1.9 Site characteristics

1-4 1.9 Design interfaces

2-1 2.1.1-1 2.1.1 Site-specific information on site and location

2-2 2.1 '-l 2.1.2 Site-specific information on exclusion area
authority and control

2-3 2.1.3-1 2.1.3 Site-specific information on population
distribution

2-4 2.2.2-1 2.2.2 Site-specific information on transportation
,

_

2-5 2.2.3~1 2.2.3 Site-specific information on industrial hazards
~

2-6 2.3-1 2.3 Site characteristics on meteorology

q 2.3.2 Meieorology-related site-specific assumptions2-7 2.3-2

2-8. 2.4.1-1 2.4 Site-specific information on external floods

2-9
,

2.4.3-1 2.4 Site-specific information on probable maximum
flood

2-10 2.4.4-1 2.4 Site-specific information on potential dam
failures

2-11 2.4.5-1 2.4 Site-specific information on probable maximum
surge seiche flooding

2-12 2.4.6-1 2.4 Site-specific information on probable maximum
tsunzmi loading

2-13 2.4.7-1 2.4 Site-specific information on ice effect

2-14 2.4.8-1 2.4 Site-specific information on cooling water canals
and reservoirs

2-15 2.4.9-1 2.4 Site-specific information on channel diversions

2-16 2.4.10-1 2.4 Site-specific information on flood protection
requirements9 2-17 2.4.11-1 2.4 Site-specific information on cooling water supply

2-18 2.4.12-1 2.4 Site-specific information on groundwater

Amendment V - 04/29/94
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TABLE 1.10-1

(Sheet 2 of 13) .

|
'

COL LICENSE INFORMATION

COL j
'

No. FSER No. Section Subject

2-19 2.4.13-1 2.4 Site-specific information on accidental release of
liquid effluents in ground and surface water

2-20 2.4.14-1 2.4 Site-specific information on technical
specifications arJ emergency operation
requirements

2-21 2.5-1 2.5 Site-specific soil column analysis to calculate
response spectra

2-22 2.5.1-1 2.5.1 Site-specific information on physiography,
geomorphology, stratigraphy, lithography and
tectonics

2-23 2.5.2.5.1-1 2.5 Peak ground accelerations and site design
response spectra

2-24 2.5.2.5.2-1 2.5.2 Site-specific geological, seismological, and
geotechnical data

2-25 2.5.2.5.2-2 2.5.2.5.2 Site-specific conditions at a shallow soil site

2-26 2.5.3-1 2.5.3 Surface faulting affecting the site

2-27 2.5.4.1-1 2.5.4 Site-specific information on geological features
underlying the site

2-28 2.5.4.2-1 2.5.4 Static and dynamic engineering properties of
foundation soils and rocks

2-29 2.5.4.2-2 2.5.4 2 Minimum shear wave velocity of foundation soils

2-30 2.5.4.3-1 2.5.4.3 Site-specific soil layers between the basemat and
the underlying rock stratum

2-31 2.5.4.4-1 2.5.4 Geophysical and geotechnical investigations

2-32 2.5.4.5-1 2.5.4 Seismic Category I excavations and backfills

2-33 2.5.4.6-1 2.5.4 Groundwater conditions relative to foundation
stability of safety-related structures

2-34 2.5.4.71 2.5.4.7 Variation of shear wave velocity

2-35 2.5.4.8-1 2.5.4 Liquefication potential

2-36 2.5.4.10-1 2.5.4.39 Soil bearing capacity

2-37 2.5.5-1 2.5.5 g Site-specific information on stability of slope
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2-38 2.5.6-1 2.5.5 Site-specific information on embankments and
dams

2-39 2.6-1 2.0 Site parameters

2-40 2.3.1-1 2.3.1 Regional climatology |

2-41 2.3.3-1 2.3.3 Onsite meteorological measurement program |

2-42 2.5.2-1 2.5.5.2 Seismic, geologic, and tectonic characteristics |

2-43 2.5.2-1 2.5 Comparison of the site-specific design response
spectra against the control motion spectra CMS 1,
CMS 2, or CMS 3

2-44 2.5.2.8-1 2.5.2 Impact of site-specific Poisson's ratio and
damping valuess

\ 3-1 3-1 3.9.6 Applicable ISI and IST Code editions

3-2 3.3.1-1 2.3 (Table 2.0-1) Wind velocity

3-3 3.3.2-1 2.3 (Table 2.0-1) Tornado loadings

3-4 3.4.1-1 3.4.1 Maximum site-specific flood levels

3-5 3.4.2-1 3.4.2 Description of the site and the elevation for all
safety-related structures, exterior accesses,
equipment, and systems

3-6 3.4.2-2 3.4.4.1 Protection against flood damage

3-7 3.5.1.3-1 3.5.1.3 Turbine maintenance and inspection program and
probabilistic evaluation

3-8 3.5.1.5-1 3.5.1.5 Missiles generated by events near the site

3-9 3.5.1.6-1 3.5.1.6 Site-specific aircraft hazards

3-10 3.6.2-1 3.6.2 High- and moderate-energy fluid systems

3-11 3.6.3-1 3.6.3.8 Actual material properties and final piping
analyses

3-12 3.7.4.6 Procedures for earthquake planning

3-13 3.8.2.5 Structural analysis report for steel containment
p vessel

(j 3-14 3.8.4.5 Structural analysis report for seismic category I
structures

Amendment V - 04/29/94
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3-15 3.8.5-1 3.8.5 Site-specific foundation mat construction
procedures i

3-16 3.6.3.4 (3.8A) Use oflimiting material

3-17 3.8.4.5.3 (3.8A) Structural analysis report

3-18 4.5.1 (3.8A) Concrete and structural steel inspection

3-19 5.1.1.2 (3.8A) Allowable live loads

3-20 5.1.1.4 (3.8A) Flood elevation
!3-21 6.2.1.1.2 (3.8A) Expansion anchors

3-22 6.2.2.2 (3.8A) Field specification for grouts

3-23 6.2.2.6.4 (3.8A) Embedment specification

3-24 7.1.2 (3.8A) Concrete placement

3-25 7.1.4 (3.8A) Construction sequence

3-26 9.1 (3.8A) Environmental conditions

3-27 11.4.5.2 (3.8A) Live loads for SSW pump support

3-28 ' Itis 3.8A-6, SSE accelerations
3.8 A-9, 3.8A-10

3-29 3.9.1.2.1 Computer codes for stress analysis

3-30 3.9.3.1-1 3.9.3 ASME Code

3-31 3.9.3.4-1 3.9.3.4 Listing of all safety-related components utilizing
20.2-9 snubbers per SRP 3.9.3

3-32 3.9.6-1 3.9.6 In-service testing program for ASME Code Class
1,2 and 3 pumps and valves

3-33 3.9.6.1 Testing and inspection of safety-related pumps

3-34 3.9.6.2.1.1 Design and qualification requirements for MOVs

; 3-35 3.9.6.2.1.2 Pre-operational testing of MOVs

3-36 3.9.6.2.1.3 In-Service Testing of MOVs

3-37 3.9.6.2.2.1 Design and qualification requirements for POVs

3-38 3.9.6.2.2.2 Pre-operational testing of POVs

Amendment V - 04/29/94
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3-39 3.9.6.2.3.1 Design and qualification requirements for check
valves

3-40 3.9.6.2.3.2 Pre-operational testing of check valves

3-41 3.9.6.2.3.3 In-Service Test of check valves

3-42 1.9.1 (3.9A) Leak-Before-Break acceptance criteria
'

3-43 1.9.6.6 (3.9A) - Leak-Before-Break piping evaluation

3-44 3.10.1.2 Seismic and dynamic qualification

3-45 3.10.4 Qualification records

3-46 3.10.5 List of Seismic Category I & II systems

p 3-47 3.10.5 Seismic qualification program

3-48 3.10.5 In-plant test associated with seismic qualification

3-49 1 11.3.3-1 3.11 NRC staff evaluation of a site-specific
environmental qualitication program

3-50 3.11.2.1 Maintenance and surveillance program

3-51 3.11.3.2 Test, analysis, & QA reports for mechanical
equipment

3-52 3.9.3.1.4 Inspection of as-b Jt piping |
4-1 4.2.7-1 4.2.3.2.10 Online fuel failure monitoring and post-

irradiation surveillance

4-2 4.4.4-1 7.7.1.1.2.5 CPC/CEAC software testing |
5-1 5.2.1.1-1 5.2.1.1 ASME Code edition for the construction of the

reactor coolant pressure boundary components

5-2 5.2.1.1 ASME Code cases

5-3 5.2.2.2-1 5.2.2.10.2.2 LTOP enable temperature

5-4 5.2.2.3-1 5.2.3.1 Verification of the material properties and end-
of-life fluence

5-5 5.2.4-1 5.2.4 PSI and ISI program plans for NRC staff review

56 5.3.1-1 5.2.3.1 Verification of the material properties and 60-
p year fluence

(g) 5-7 5.3.2-1 5.3.2 Plant-specific material fracture toughness d-ta
and the resulting pressure-tempaature curves

5-8 5F-1 5.6.3 (SF) Leakage monitoring program |
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6-1 6.1.1-1 6.1.1.1.3.1 Review of vendor fabrication procedures

6-2 6.1.1-2 6.1.1.1.3.2 Grinding with resin- or rubber-bonded aluminum
oxide or silicon carbide wheels

6-3 6.1.1-3 6.1.1.1.3.2 Hydrazine addition to prevent halide-induced
intergranular corrosion

6-4 6.1.1-4 6.1.1.1.5 R.G.1.50 and Section III of the ASME Code

6-5 6.2.3-1 6.2.3.4 Local leak rate tests on the annulus ventilation
system

6-6 6.3.7-1 6.3.4 Periodic testing of the safety injection system

6-7 6.4-2 6.4.1.2 Protection against the effects of toxic substance
releases

6-8 6.4-3 6.4.1.1 Licensing basis for the control room habitability
system

6-9 6.4.2.2 Operating procedures for controi cot.1 plex
ventilation system

6-10 6.4.2.2 Breathing air storage reservoir

6-11 6.5-1 6.5.4.1 Containment spray system operability

6-12 6.6-1 6.6.1 PSI and ISI program plans for NRC staff review
Iand approval

| 6-13 6.2.4-1 6.2.4.2 CIV location and pipe size

| 6-14 6.8.2.2.1 IRWST screen area margin analysis

7-1 7.1.2.7 Integrated response time for protection system

7-2 7.2.1.1.2.5 Change procedures for CPC constants

7-3 7.3.1.1.6 Configuration control for ESFAS software
_

7-4 7.2.1.1.8 Maintenance and test procedures for RPS

7-5 7.4.1.1.8.2 Operating procedures for SCS

7-6 7.3.1.1.10.2 Procedures for removing CSS

7-7 7.3.1.1.10.4 Procedures for removing SIS

7-8 7.3.2.1 Procedures for ESFAS Reset

7-9 7.3.2.3.2 ESFAS setpoint analyses

7-10 7.4.2.5.2 Cold shutdown procedures

Amendment V - 04/29/94
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7-11 7.5.2.5.10 Administrative controls associated with PAMI

8-1 8.3.1-1 8.1.4.5 Immediate and alternate modes associated with
offsite power

8-2 8.1.4.5 Specifying non-Technical Specifications periodic |
testing commitments

1

8-3 8.1.4.5 Periodic testing of relay sensors |
8-4 8.1.4.5 Claibration of relay trip setpoints |
8-5 8.1.4.5 Establish Reliability Based Maintenance Program |
8-6 8.1.4.5 Physical identification and labeling of safety-

reated equipment

8-7 8.1.4.5 Provide Provisions and Procedures to test
protection circuit operability and status%

9-1 9.1.2.2.2 Administrative controls associated with spent fuel
pool

9-2 9.1.4.2.1.2 Administrative controls associated wi*h fuel
transfer tube valve

9-3 9.1.4.4 Operating procedure for fuel handling equipment
9-4 9.1.4.6 Procedure guidelines for handling heavy loads
9-5 9.2.1-1 9.2.1.1.4 Organic fouling and inorganic buildup in the

SSWS

9-6 9.2.1.1.4 SSWS pump structure interface requirements

9-7 9.2.1-2 9.2.1.2.1.2 Station service water system pump structure

9-8 9.2.4.1 Interface requirements for potable and sanitary
water systems

9-9 9.2.4-1 9.2.4.2 Potable and sanitary water systems

9-10 Deleted
|

9-11 Deleted '. |
9-12 9.3.4.1.4 Structures housing boric acid storage tank,

reactor makeup water tank, and holdup tank

(^\ 9-13 9.4.8.1.2 SSW pump structure ventilation system interface
requirements

Amendment V - 04/29/94
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9-14 9.5.1-1 9.5.1 Safety-grade provisions for the fire-protection
systems

9-15 9.5.1.5-1 9.5.1 Administrative controls

9-16 9.5.1.12 Fire Hazards Analysis |
1

9-17 9.5.2-1 9.5.2.2.5 Radio systems
'

9-18 9.5.2-2 9.5.2.1 Specific locations for communications equipment

9-19 9.5.2-3 9.5.2.2.6 Noise-canceling devices or sound isolation booths

9-20 9.5.3.2.2 Security lighting system

9-21 9.5.4.1-1 8.3.1.1.4.11 Diesel operator training }
9-22 9.5.4.1-2 9.5 Diesel generator auxiliary support systems test

and calibration frequencies

| 9-23 Deleted

9-24 9.5.4.2-1 9.5.4.2.1 Diesel generator fuel storage and transfer system

9-25 9.5.5-1 9.5.5.2 Diesel generator cooling water system

9-26 9.5.5-2 9.5.4 Prevention of gum and varnish deposits due to
extended diesel generator idling

9-27 9.5.6-1 9.5.6.5 Diesel generators' starting air system
instrumentation I

t

9-28 9.5.6-2 9.5.6.2.2 Diesel generator starting air system interface j

requirements

9-29 9.5.7-1 9.5.7.2 Diesel generator lube oil system

9-30 9.5.8-1 9.5.8.2.1 Diesel generator air flow capacity

9-31 9.5.9-1 9.5.9.2 Diesel generator building sump pump system

9-32 9.5.9.4 Diesel generator building sump pump system test

9-33 9.5.9.5 Diesel generator building sump pump system
calibration

9-34 9.5.10.1.2 Interface requirements for compressed gas
systems

9-35 9.2.5-1 9.2.5.1.3 Protected area perimeter abutting or crossing a
body of water

9-36 9.5.1.2.1.2-1 9.5.1.2 Procedures and training for using transfer
switches

Amendment V - 04/29/94
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10-1 10.2-1 10.2.1 Turbine valve closing time

10-2 10.3-1 10.3.2.2 Steam hammer prevention

10-3 10.4.4-1 10.4.4.2.4.1 Pressure drops between the steam generator
nozzles and each system valve

10 4 10.4.5.1.2 Interface requirements for condenser circulating
water system

10-5 10.4.7-2 10.4.7.2.5 Avoidance of water hammer in the condensate
and feedwater systems

10-6 10.4.9-2 10.4.9.1.2 Water hammer in the emergency feedwater
piping

(7 10-7 10.4.9-3 10.4.9.5.2 Steam binding in the emergency feedwater pump |

( 11-1 11.1-1 11.1 Conformance with Appendix B to 10 CFR 20,
Appendix I to 10 CFR 50, ANSI N13.1, R.G.
1.21 and R.G. 4.15

11-2 11.4-1 11.4.1.1 Site-specific solid waste management system
operating procedures

Il-3 11.5-1 11.5.1.1 Conformance with Appendix B to 10 CFR 20,
Appendix I to 10 CFR 50, ANSI N13.1, R.G.
1.21 and R.G. 4.15

11-4 11.5-2 11.5.1.4 Procedures in accordance with Position C of
R.G. 4.15

11-5 11.2.1-1 11.2.5 Setpoints for radiation monitors |
11-6 11.5.1-1 11.5.2.6 Operation and maintenance manual for

monitoring and sampling liquid and gaseous
process and effluent streams

12-I 12.1.1-1 12.1.i.2 Operational ALARA policy
12-2 12.1.2-1 12.1.2.1 Shielding analysis

12-3 12.1.3-1 12.1.3 New regulatory guides

12-4 12.2.2.1 Radiation protection design acceptance criteria

12-5 12.3.1-1 12.3.1.8 List on vital areas |
12-6 12.3.4-1 12.3.4 Area radiation monitor location

v 12-7 12.3.4-2 12.3.4 Item III.D.3.3 of NUREG-0737
12-8 12.4.5-1 12.4.5 Dose assessment |

Amendment V - 04/29/94
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12-9 12.5-1 12.5 Health physics organization

13-1 13.1-1 13.1 Organizational structure of the site operator

13-2 13.3-1 13.3.2 Site-specific emergency planning

13-3 13.3.3.1.7 TSC communication equipment

13-4 13.3-2 13.3.3.2 TMI III.A.I.2, " Upgrade Licensee Emergency
Support Facilities"

13-5 13.3.3.2.3 EOF staffing and training

13-6 13.3.3.2.6 EOF communication equipment

13-7 13.3.3.4.1 Laboratory facility

13-8 13.3.3.6.1 Onsite decontamination facility

13-9 13.3.3.6.5 Decontamination methods

| 13-10 13.4-1 13.4 Review and audit

| 13-11 13.5-1 13.5 Plant procedures (TMI I.C.1, I.C.5, & I.C.9)

13-12 13.6 Site security

| 13-13 13.2-1 TMI I.A.4.2, "Long-Term Simulator Upgrade"

13-14 13.5-2 13.5.2 TMI II.K.1(10), " Review and Modify Procedures
for Removing Safety-Related Systems from
Services"

| 14-1 14.2.1.1 Startup administrative manual

14-2 14.2.2-1 14.2.2.1 Information on organization and staffing

14-3 14.2.3-1 14.2.3 Initial test procedures

14-4 14.2.4-1 14.2.4 Initial test program

14-5 14.2.6-1 14.2.6 Test records

| 14-6 14.2.12.2-1 14.2.7.1.3 Personnel monitors and radiation survey
instrument

14-7 14.2.9-1 14.2.9 Trial use of plant operating and emergency
procedures

14-8 14.2.10-1 14.2.10.1 Initial fuel loading

14-9 14.2.11-1 14.2.11 Test program schedule

| 14-10 14.2.3-2 14.2.3 Scoping documents containing testing objectives
and acceptance criteria

Amendment V - 04/29/94
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14-11 14.2.3-3 14.2.3 Documents listing plant conditions, testing
methodologies, specific data to be collected, and
acceptable data reduction techniques for test

14-12 14.2.3-4 14.2.4.3 Reconciliation methods for test conditions |

14-13 14.2.12.3-4 14.2.3.2 Preoperational and startup test procedures

14-14 14.2.13-1 14.2.7.5 Security system and its test and acceptance
criteria

14-15 14.3 ITAAC for site-specific design features

15-1 15.3.10-1 15.7.3.4 Liquid tank failure

15-2 15. A.3.2-1 6.1.2.2 Quantity of electrical cable insulation |

(3 17-1 17.1-1 17.1 Construction QA |

17-2 17.2-1 17.2 Operation QA |

17-3 17.3.5-1 17.3.5 D-RAP organization |

17-4 17.3.9-1 17.3.9 O-RAP description |

17-5 17.3.1.2-1 17.3.10 0-RAP development and implementation

17-6 17.3.13 Procedures for using D-RAP information

17-7 17.7 17.3-1 0-RAP requirement |

17-8 17.3.1-1 17.3.1 Site-specific D-RAP |

18-1 18.9.3.2 Validation of operating ensemble

18-2 18.6.1.3.4-1 13.2 Operator training on " Plant Safety Parameter
Display Console"

19-1 19-1 19.15.1.3 Vulnerability of the intake structure due to |
tornado-generated debris

19-2 19.1.2.2.3-1 19.7.5.3 Elements of the plant affecting the performance |
of systems in seismic events

19-3 19.1.2.2.6-1 19.7.5.3 Analysis using site-specific spectra |

19-4 19.1.2.2.6-2 19.15.1 Site-specific examination of all external event |
hazards

19-5 19-5 19.15.1 Details and layout of the critical components and |,_,
'

,/ j fire-suppression systems

V 19-6 19-6 19.15.1 Potential internal flood source interaction and the |
details of the layout of the critical components

Amendment V - 04/29/94
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| 19-7 19-7 19.15.1 Effects of the fire suppression systems on other
systems

19-8 19-8 19.7.5.3 Development of detailed seismic walkdown
procedures

19-9 19.7.5.3-2 19.7.5.3 Comparison of as-built SSC HCLPFs to those
assumed in the SMA

19-10 19-10 19.11.3.8 Calculation of specific flow rate for emergency
containment spray pumping device

19-11 19-11 19.11.3.8 Consideration of shielding requirements for local
operator actions for the emergency containment
spray backup system

19-12 19-12 19.15.1 Update of PRA to include final design detail and
site specific information

| 19-13 19-13 19.15.3.2 Fire brigade

19-14 19-14 19.15.6 List of risk significant SSCs for D-RAP and
O-RAP

19-15 19-15 19.15.6 Consideration of risk important operator actions
in developing procedures, training and human
reliability related programs

19-16 19-16 19.15.6 Systems to address in severe accident
management procedures

19-17 19-17 19.8.1.2 Establishment of administrative controls, outage
management, procedures and training for
shutdown operations

19-18 19-18 19.8.1.2 Configuration control of fire and flood barriers
during shutdown operations

| 19-19 19-19 19.15.6 Procedures for aligning AAC

| 19-20 19.7.5.1 Use of seismically rugged relays

| 19-21 19.1.4-1 Chapter 20 Site-specific PRA update

| 19-22 19.3.6-1 19.8A Containment closure capability

| 19-23 19.3.8-1 19.8A Shutdown management programs

19-24 19.3.8-2 19.8A Operator training and availability of procedures
for alternative equipment

Amendment V - 04/29/94
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20-1 20.1-1 Chapter 20 Steam generator tube inservice inspection |
program

20-2 20.2-1 Chapter 20 Reactor vessel supports material properties and |
60-year neutron fluence

20-3 20.2-2 Chapter 20 Improving the reliability of open cycle service |
water systems

20-4 20.2-3 'hapter 20 GSI 57, Effects of fire protection system
actuation on safety-related equipment

20-5 20.2-4 Chapter 20 GSI 83, Control Room Habitability |

20-6 20.2-5 Chapter 20 GSI 93, Steam binding of auxiliary feedwater
,o pumps

20-7 20.2-6 Chapter 20 GSI 106, Piping and use of highly combustible
gases in vital areas

20-8 20.2-7 Chapter 20 GSI A 48/121, Hydrogen control measures and
effects of hydrogen burns on safety equipment

20-9 20.2-8 Chapter 20 GSI 130, Essential service water pump failures at
multiplant sites |

20-10 20.2-9 Chapter 20 GSI A 13, Snubber operability assurance | )
20-11 20.2-10 Chapter 20 TMI I. A.I.4, Long-term upgrading | |
20-12 20.2-11 Chapter 20 TMI I. A.4.l(2), Interim changes in training

simulators

20-13 20.2-11 Chapter 20 TMI I.C.9, Long-term program plan for
upgrading of procedures

20-14 20.2-12 Chapter 20 TMI II.J.3.1, Organization and staffing to
oversee design and construction

20-15 20.2-13 Chapter 20 TMI II.J.4.1, Revise deficiency reporting
requirements

20-16 20.2-14 Chapter 20 TMI II.A.3.3, Communications |

20-17 20.2-15 Chapter 20 GSI 43, Reliability of air systems |

20-18 20.3-1 Chapter 20 TMI I. A.4.2, Long-term training simulator

( ) upgrade

Q ,/
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TABLE 2.0-1

(Sheet 1 of 3)_

ENVELOPE OF PLANT SITE DESIGN PARAMETERS

Ground Water j

Maximum Level: 2 feet below grade

Flood (or Tsunami) Level'"

Maximum level: I foot below grade

i Precipitation |

Maximum rainfall rate: 19.4 in/hr. and 6.2 in/5 min.(2)

Maximum snow design load: 50 lb/sq. ft. |

Desian Temperatures

- Ambient'.

1% Exceeda'nce Values

| Maximum: 100*F dry bulb /77'F coincident
| wet bulb

|

80*F wet bulb.(non-coincident) ,

Minimum: -10*F

0% Exceedance Values (Historical Limit excluding peaks < 2 hours)

Maximum: 115*F dry bulb /80*F coincident ;

wet bulb

81*F wet bulb (non-coincident) |

1

Minimum: -40*F
'

Station Service Water Inlet: 95'F(3) ;

i

Condenser Circulating Water Inlet: s100*F

p
,
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TABLE 2.0-1 (Cont'd)

(Sheet 2 of 3)
!

ENVELOPE OF PLANT SITE DESIGN PARAMETERS

Extreme Wind

Basic Wind Speed: 110p)ph
Importance Factors: 1.0( /1.11")

:

|
Tornado")

Maximum tornado wind speed: 330 mph
Rotational Speed: 260 mph|

i Translational velocity: 70 mph
Radius: 150 ft
Maximum pressure differential: 2.4 psi
Rate of pressure drop: 1.7 psi /sec

| Missile spectra: per SRP 3.5.1.4 Spectrum II
L

! Soil Properties

Minimum Bearing Capacity (demand): 12 ksf (static)")
Best Estimate of Minimum Shear Wave 700 ft/sec(7)
Velocity:
Best Estimate of Liquefaction Potential: None (at site-specific SSE

level)

Seismoloav

SSE Peak Ground Acceleration (PGA): 0.30 g ")

SSE Response Spectra: Section 3.7.1
SSE Time History: Section 3.7.1

Aircraft Hazards

Plant to airport distance
operation less than 5000D] or
Smi.< D <10mi with annua

D>10mi.withangnnualoperation
'

less than 10000D
(D = distance in miles)

Plant to edge of military . D>5mi. with an annual operation
training routes less than 1000 flights

(D = distance in miles)

Plant to edge of Federal airway, D>2mi.
holding pattern, or airport (D = distance in miles)

O
Amendment 5
September 30, 1993
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U/ TABLE 2.0-1 (Cont'd) |

(Sheet 3 of 3)

ENVELOPE OF PLANT SITE DESIGN PARAMETERS

Meteoroloav f
Short-term dilution factor X/Q 1.0x10'3; EAB = 0.5 mile |

Long-term dilution factor X/Q 2.2x104; LPZ - 2.0 miles |

NOTES:

1. Probable maximum flood level (PMF), as defined in ANSI /ANS-2.8,
" Determining Design Basis Flooding at Power Reactor Sites."

2. Maximum value for 1 hour 1. sq. mile. PMP with ratio. of 5 minutes to I hour
PMP of .32, as found in. National Weather Service Publication HMR No. 52.

3. Maximum normal power and normal ' shutdown temperature of the Station
Service Water System Intake based on one percent exceedance meteorologic
conditions. See item C of Section 9.2.5.1.3 for Ultimate Heat Sink,\ temperature interface requirement for a design basis accident concurrent

(d with a loss-of-offsite power.

4. 50-year recurrence interval; value to be utilized for design of non-
safety-related structures only.

5. 100-year- recurrence interval; value i.o be utilized for design of safety-
related structures only.

6. 10,000,000-year tornado recurrence interval, with associated parameters
based on the NRC's interim position on Regulatory Guide 1.76. Pressure
effects associated with potential offsite explosions are assumed to be
non-controlling for the design.

7. Site profiles are given in Section 2.5. Profiles include consideration of
,

variability of soil properties. The lower bound of best estimate of soil !
| shear wave velocity defines the lower bound of dynamic Soil-Structure

Interaction analysis of the superstructure.

8. The control motions are defined in Section 2.5.

9. Bearing capacity is defined at the foundation level of the Nuclear Island
structure.

|

| ,D)t

v
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2.5.1 BASIC GEOLOGIC AND BEIBMIC INFORMATION j

The objective of this section is to describe geologic and seismic
features that affect the site under review. Site-specific 1

regional and site physiography, geomorphology, stratigraphy,
lithography, and-tectonics information will be provided by the
COL applicant referencing the System 80+ Standard Design.

2.5.2 VIBRATORY GROUND MOTION

Site-specific geological, seismological, and geotechnical data
will be provided by the COL applicant referencing the System 80+
Standard Design.

2.5.2.1 seismicity

The complete historical record of earthquakes in the region will
be included in the _ site-specific data. At that time, all |
available information pertaining to and concerning epicenter
coordinates, depth of focus, origin time, highest intensity,
magnitude, seismic moment, source mechanism, source dimensions,
distance from site, strong motion recordings, and earthquake-
induced geologic failures will be provided for each event.

x
2.5.2.2 Geologic and Tectonic Characteristics of Bite and

Region

In the site-specific information, tectonic provinces will be |
established based on the development and characteristics of the
current tectonic regime of the region and the pattern and level
of historic seismicity. This will lead to a determination of the
earthquake-potential of all identified geologic structures within
the regions.

2.5.2.3 Correlation of Earthquake Activity with Geologic
Structure or Tectonic Provinces

| The relationship between earthquake activity history and the
i geologic structure or tectonic provinces of a region will be

included in the site-specific information. Detailed accounts | 1

comparing and contrasting the geologic structure (s) involved in '

the earthquake activity with other areas within the tectonic
provinces will be supplied.

2.5.2.4 Maximum Earthquake Potential

The free field control motion described in Section 2.5.2.5 will
be shown to envelop the maximum possible vibratory ground motion
at the site, by the site-specific analysis. This determination
will be based on the maximum credible earthquake' associated with
each site-specific geologic structure, or on the maximum historic
earthquake associated with each tectonic province, and will be
supplied in the site-specific SAR.

| Amendment P
L 2.5-3 June 15, 1993
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2.5.2.5 Seismic Wave Transmission Characteristics of the

Site

2.5.2.5.1 Control Motion

|

| The Control Motion design response spectra are anchored to a 0.3g
peak ground acceleration. They were developed with the objective
of being in full compliance with the SRP requirements as well as
the EPRI ALWR recommendations report. Again, to cover a maximum
range of possible sites where the System 80+ standard design may
be constructed, three separate control motion spectra were
developed. These are:

A. Cort.rol Motion Spectrum 1 (CMS 1) : This spectrum is included
for application at the free-field ground surface. It is
identical to Regulatory Guide 1.60 (R.G. 1.60) spectrum andi

! it is considered in order to cover sites with deep soil
| deposits. Furthermore, because CMS 1 is a standardized

response spectrum shape, it is considered as the control
motion for both rock and soil sites.

B. Control Motion Spectrum 2 (CMS 2): This is a rock outcrop
spectrum and is developed to cover sites typical of Eastern
North America which could be subjected to earthquakes with
high frequency content.

C. Control Motion Spectrum 3 (CMS 3): This is a rock outcrop
spectrum and is developed based on recommendations of the
NUREG/CR-0098 (Reference 4) primarily to cover lower
frequency motions which may not be covered by CMS 2. It is
also greatly enhanced in the high frequency range to cover
earthquakes with high frequency content. The maximum
spectral acceleration range is extended to 15 Hz, as opposed
to 8 Hz which is used in NUREG/CR-0098 motions.

All of the above Control Motion Spectra are shown in i

Figure 2.5-5. All three motions (CMS 1, CMS 2, and CMS 3) are used
for application at rock sites. For soil sites, CMS 2 and CMS 3 are
intended for application at the rock outcrop, and CMS 1 is
intended for application at the free-field ground surface. All
three motions are applied to each of the 13 sites to
conservatively cover all combinations.

The logic for selection process of each of these control motion
spectra is described in more detail below: |

Selection Process for CMB1

The spectrum shape corresponding to this control motion is
as per the requirements of R.G. 1.60. This spectrum shape
is chosen in order to be in full compliance with the SRP
Section 2.5 requirements as well as the EPRI ALWR
recommendations, and is intended to cover deep scil sites.

Amendment U
2.5-4 December 31, 1993
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The control motion is anchored to a peak ground acceleration
of 0.3g for the two horizontal directions and the vertical
direction.

Selection Process for CM82

The spectrum shape corresponding to this control motion is
for application at the rock outcrop surface, is an
84 percentile curve, and is developed considering NUREG/CR-
0098 recommendations as well as ground motions deemed
appropriate for the Eastern North American continent. The
intent of this spectral shape is to cover various soil
sites over-laying a competent material as well as having
rock outcrop motion characteristics typical of Eastern North
America. The construction of this spectrum shape is shown
in Figure 2.5-6. As can be noted from this figure, the
spectral ordinates were kept equal to those obtained using
NUREG/CR-0098 for frequencies lower than 3.3 Hz, with
maximum ground velocity of 24 in/sec/g, which again is
typical of expected earthquakes for the Eastern United
States. For higher frequencies, particularly above 10 Hz,
the selected spectral ordinates are based upon ground motion
estimates appropriate for Eastern North America and, as can
be seen, are signi-ficantly higher than those obtained using[q) the NUREG/CR-0098.

v
This control motion is anchored to a peak ground acceler-
ation of 0.3g and peak ground velocity of 7.2 in/sec for the j
two horizontal directions. In the vertical direction, the
control motion is anchored to a peak ground acceleration of ;

0.2g and peak ground velocity of 4.8 in/sec. The selection j
of 0.2g at the rock outcrop for the vertical direction leads '

to vertical spectra at the ground surface that equal or
exceed the horizontal spectra at the ground surface over a
significant range of frequencies for most of the soil cases. |

3

Selection Process for CMB3 )
i

f

The spectrum shape corresponding to this control motion is j
developed for application to rock outcrop surface, is an '

84 percentile curve, and is in full compliance with the i
recom-mendations of NUREG/CR-3098 with maximum ground
velocity of 36 in/sec/g representing typical sites in .

Western North America. CMS 3 is greatly enriched in the high !
'frequency end of the spectrum to cover earthquakes with high

frequency content. The maximum spectral acceleration range !
extends from 2.2 Hz to 15 Hz. Again, this control motion is |
anchored to a peak ground acceleration of 0.3g for the two
horizontal directions and 0.2g for the vertical direction.

C
\v)!

,

|

Amendment V
2.5-5 April 29, 1994
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| Synthetic Time Histories
i

Synthetic time histories were generated for each of the
components, Horizontal-1, Horizontal-2 and Vertical, of each
of the control motions CMS 1, CMS 2 and CMS 3, respectively.
The spectral ordinates calculated for each synthetic time
history and the corresponding smooth spectra are shown in

| Figures 2.5-7 through 2.5-9 for the CMS 2 motion,

| Figures 2.5-28 through 2.5-30 for the CMS 1 motion, and
Figures 2.5-31 through 2.5-33 for the CMS 3 motion. The;

| spectral ordinates of each synthetic time history
| conservatively envelop the target smooth spectra at a

sufficient number of frequency points to satisfy the SRP
| Section 2.5 criteria for development of synthetic time
! histories.

The characteristics of each synthetic time history
(accelerogram, velocity and displacement time histories and
Power Spectral Density (PSD) ) are presented in Appendix 2B.
The average PSD of CMS 1 fully complies to the SRP
Section 3.7.1, Appendix A guidelines for Power Spectral
Densities of motions that are based on a Regulatory
Guide 1.60 spectral shape. For all three motions CMS 1, CMS 2,

! and CMS 3, the synthetic time histories in the three
directions are statistically independent with correlation

| coefficients less than 0.2.

2.5.2.5.2 Generic Boil Sites

Generic soil sites were selected by first choosing four generic
site categories. These categories were chosen to represent
appropriate total thickness of soil overlying bedrock. The
four categories are shown schematically in Figure 2.5-1. Site
Category A consists of approximately 51 feet of soil overlying
bedrock; 51 feet is the approximate embedment depth selected for
the System 80+. The soils in site Category B extend to a depth
of 100 feet and those in Categories C and D extend to depths of
200 and 300 feet, respectively.

One case was selected for Category A and one case for Category D;
these were designated Case A-1 and Case D-1. Four cases were
initially selected for site Category B; these were designated
Cases B-1, B-2, B-3 and B-4. Three cases were initially selected
for site Category C; these were designated Cases C-1, C-2 and
C-3. Upon examination of the results of the response analyses
for these cases, three additional cases were added. The
additional cases were designated Cases B-1.5, B-3.5 and C-1. 5.
These latter cases were selected to provide an estimate of the
response at frequencies that were not considered to be adequately
covered by the other cases.

The variations of maximum shear wave velocities with depth
assigned for each case are summarized in Appendix 2A Figures 2A-2
through 2A-13. The shear wave velocity distribution with depth

Amendment V
2.5-6 April 29, 1994
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{ o was selected to provide a reasonably wide range and also to |

provide significant contrast in velocities at certain depths for
a selected number of cases. The range of maximum shear wave
velocities used for all the cases considered'in this study is l

presented in Figure 2.5-2. More details about each case are
given in Appendix 2B.

The variation of shear modulus with shear strain was based on
using the upper curve from the range published by Seed and.Idriss
(Reference 5) as shown in Figure 2.5-3. The variations of )>

| damping with shear strain was based on the lowered curve from the
| range published by the same authors, as shown in Figure 2.5-4.
|

2.5.2.5.3 Site Acceptance Criteria |

The CMS 1, CMS 2, and CMS 3 control motions were developed for )
application in the seismic design of the System 80+ Standard
Design. As discussed in Section 2.5, for a site to be acceptable
for construction, the COL applicant must meet the acceptance
criteria for the SSE control motion, as outlined in
Figure 2.5-38. According to these acceptance criteria:

1. For a rock site, the COL applicant will develop site-
specific response spectra at 5% damping for the horizontal

| O and vertical directions, and compare them to the envelope of
! the CMS 1, CMS 2, and CMS 3 control motions (all with 5%"

damping).

If the site-specific response spectra are enveloped by the
envelope of the CMS 1, CMS 2, and CMS 3 response spectra, the,

i site is acceptable for construction.

| If the site-specific spectra exceed the envelope of the
. CMS 1, CMS 2, and CMS 3 response spectra at any frequency
| range, a limited site-specific evaluation will be performed.

Then, in-structure response spectra at six critical I
locations obtained from the limited site- specific
evaluation will be compared to the design response spectra
(envelope of all generic rock and soil cases). If the in-
structure spectra from the site-specific evaluation are
within 10% of the envelope of the in-structure design
spectra for each of the six locations, the System 80+ is
certified for the site. If the in-structure spectra from the
site-specific evaluation exceed the envelope of the in-
structure design spectra for any of the six locations by |
more than 10% at any frequency range, a confirmatory site-
specific evaluation must be performed.

The critical locations are:

a. Foundation Basemat Elevation +50 ft.
b. Interior Structure Elevation +91.75 ft.

w c. Control Room Elevation +115.5 ft. (Areas 1 and 2)

Amendment V
2.5-7 April 29, 1994
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d. Top of Steel Containment Vessel Elevation +251 ft.
e. Interior Structure Elevation +146 ft.
f. Shield Building Elevation +263.5 ft.

2. For a deep or shallow soil site, the COL applicant will
develop site-specific response spectra at 5% damping for the!

horizontal and vertical directions at the free-field ground
surface. The site-specific free-field surface spectra will
then be compared to the envelope of the CMS 1 spectra and the I

,

surface spectra from CMS 2 and CMS 3 control motions (all with |i

5% damping). These envelope ground surface spectra are ;

shown in Figures 2.5-39 and 2.5-40 for the horizontal and
the vertical directions, respectively.

|

| If the site-specific surface spectra are enveloped by the
envelope of the CMS 1 spectra and the surface spectra from
CMS 2 and CMS 3, the site is acceptable for construction.

If the site-specific spectra exceed the envelope of the CMS 1

| spectra and surface spectra from CMS 2 and CMS 3 at any
! frequency range, a limited site-specific evaluation will be

performed. Then, in-structure response spectra at six
critical locations obtained from the limited site-specific
evaluation will be compared to the in-structure design

; response spectra (envelope of all generic rock and soil
cases). If the spectra from the site-specific evaluation
are within 10% of the envelope of the design spectra for
each of the six locations, the System 80+ is certified for
the site. If the spectra from the site-specific evaluation

j exceed the envelope of the design spectra for any of the six
locations by more than 10% at any frequency range, a

I confirmatory site-specific evaluation must be performed.

The same critical locations as outlined in Item 1 above are
used.

2.5.2.5.4 Site Specific Seismic Spectra

The COL applicant will be required to develop site-specific
seismic design response spectra for use in the design and
qualification of site-specific structures, systems, and
components not included in the design certification scope for
System 80+ standard plants. The following criteria shall be used
in developing the minimum site-specific seismic design
requirements.

O
Amendment V
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1. The horizontal and vertical free-field ground surface site- 1

specific response spectra shall be developed using approved
NRC procedures.

2. The System 80+ ' certified design horizontal and vertical
Regulatory Guide 1.60 design response spectrum shapes
anchored to 0.30g peak ground acceleration shall be scaled
throughout their entire frequency range such that the
minimum spectral amplitudes of the certified design spectra

| are equal to the maximum spectral amplitudes of the
horizontal and vertical site-specific ground motion spectra,
respectively, in the 5 to 10 hertz frequency range.i

l

3. The resulting design response spectra shall be defined as
the minimum seismic design requirement for. design and
qualification of site specific structures, systems, and
components for the System 80+ standard plant.

2.5.2.6 Sate Shutdown Earthquake

For the Safe Shutdown Earthquake (SSE), the following Peak Ground
Accelerations (PGA) were considered:
CMS 1 motion:,

| ''N
'

Horizontal PGA = 0.3g
Vertical PGA = 0.3g

CMS 2 motion: i

|

Horizontal PGA = 0.3g
Vertical PGA = 0.2g

CMS 3 motion:

Horizontal PGA = 0.3g !
Vertical PGA = 0.2g |

The associated spectral characteristics of each motion are
presented in Section 2.5.2.5 and Appendix 2B.

2.5.2.7 Site Response

2.5.2.7.1 Method of Analysis

The response of each soil case was obtained using an equivalent
linear response analysis for both the shear wave and compression
wave. The response analysis methodology of the computer code
SHAKE was used. For the shear wave propagation, synthetic time

! history H1 of motion CMS 2 was applied as the input rock outcrop
The strain-compatible modulus and damping values were

O
motion.
then obtained for that soil case. The computed strain iterated

,

|

|

Amendment V
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1 Osoil properties of the twelve soil cases using the H1 time
history of the CMS 2 motion were used in all the soil and SSI
analyses in order to retain these properties as standard for the
soil media. These properties were then used without further
modifications for the analysis involving synthetic time history
H2 of CMS 2 and time histories H1 and H2 of CMS 3 as the input rock
outcrop motions. (The strain-compatible modulus and damping
values thus obtained are listed in the tables included in
Appendix 2C). For analyses involving the vertical component, the
strain-compatible shear moduli were converted to constrained

| moduli assuming a Poisson's ratio of 0.4 for all sublayers. The
strain-compatible damping values were multiplied by 1/3 to
provide an estimate of the damping associated with the
propagation of p-waves.

The same strain iterated soil properties were also used in the
SSI analyses involving the CMS 1 motion. As discussed in Section
3.7.1, in the SSI analyses, the CMS 1 motion was applied at the
free-field ground surface.

2.5.2.7.2 Results

Spectra curves from the CMS 2 analyses are presented in Figures
| 2.5-10 through 2.5-27. Figures 2.5-10 through 2.5-12 show the
j spectral ordinates calculated at the ground surface for all cases

| considered using synthetic time history (CMS 2) H1 as input
motion. The corresponding spectra calculated at the foundationt

level are shown in Figures 2.5-13 through 2.5-15. The spectra
calculated at the free field ground surface using synthetic time
history (CMS 2) H2 are presented in Figures 2.5-16 through 2.5-18
and those at the foundation level in the free field are presented
in Figures 2.5-19 through 2.5-21. The corresponding spectra for
the vertical component are presented in Figures 2.5-22 through
2.5-27.

Spectra curves from the CMS 3 analyses are presented in
Figures 2.5-34 through 2.5-37. Figure 2.5-34 shows the spectral
ordinates calculated at the ground surface for all cases
considered using synthetic time history (CMS 3) H1 as input
motion. The corresponding H1 spectra calculated at the
foundation level are shown in Figure 2.5-35. Figure 2.5-36 shows
the spectral ordinates calculated at the ground surface for all
cases considered using the CMS 3 vertical synthetic time history
as input motion. The corresponding vertical spectra calculated
at the foundation level are shown in Figure 2.5-37.

The responses for the 12 soil cases were obtained using
conservative approaches for selecting the free field rock outcrop
motion, the range of soil profiles including depths, variation of
shear wave velocities with depth and velocity contrasts together
with the dynamic material properties,

i Amendment Q
2.5-10 June 30, 1993

_ _ _ _ _ _ _ _ _ _ _ _



. . .- . . . . -_

CESSARnninc- -

O The r9sults depicted in Figures 2.5-10 through 2.5-27 are
applicable to a wide range of soil deposits. .Thus, a soil
profile ter which the distribution of maximum shear wave
velocities with depth is within the range shown in Figure 2.5-2
would have a response well covered by the results although the
results for a specific new case could differ from the results-
obtained for each of the cases analyzed.- Potential site
instability or ground rupt.ure due to steep topography, soft
soils, liquefaction or fault rupture are treated as site-specific
issues.

The enveloping analyses performed were based on the distribution
of maximum shear wave velocities with depth and thus did not
require specification of a depth to water table at the site.
Therefore, the water table can be at any depth as long as the
variations of maximum shear wave velocities with depth are within
the range discussed above and provided that any local site
instability issues are resolved.

2.5.3 SURFACE FAULTING

System 80+ plants will not be designed to withstand surface
faulting related to earthquakes. Site-specific surface and

.

subsurface geological and geophysical information to demonstrate
/""N that evidence of a potential for surface faulting has not been,

t i found will be provided by the COL applicant referencing the
V System 80+ Standard Design.

2.5.4 STABILITY OF SUBSURFACE MATERIALS AND FOUNDATIONS

Subsurface material parameters are as specified in Table 2.0-1.
Site-specific information relating to stability of subsurface
materials and foundations resulting from site geotechnical and
geophysical investigations will be provided by the COL applicant
referencing the System 80+ Standard Design. Information for the
specific site will include: geologic features underlying the
site; properties of materials underlying the site and a
description of the state of the art methods used to determine the
static and dynamic engineering properties of foundation soils and

; rock in the site area; data pertaining to soil layers (including
their thicknesses, densities, moduli, and Poisson's ratios)
between the basemat and the underlying rock stratum; sensitivity
of surface motions due to the effects of depth on degradation in |
soil stiffness and damping for deep soil sites, degradation ;,

| sensitivity to soil type (ie. sand or silt), and effect of |
IPoisson's ratio on vertical soil response; engineering classi-

fication and description of materials supporting the structural
foundations; data concerning the extent of Seismic Category -I )
excavations and backfills; groundwater conditions relative to I

foundation stability of safety-related structures; and
liquefaction potential including testing methods used in the
evaluation.

|
!
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2.5.4.1 Geologic Features

Site-specific information will include geologic features
underlying the site.

|

| 2.5.4.2 Properties of Underlyino Materials
|

State-of-the-art methods used to determine the static and dynamic
engineering properties of foundation soils and rocks in the site
area will be included in the site-specific information.

2.5.4.3 Relationship of Foundation to Underlying
Materials

Plot plans and profiles of site explorations will be included in
,

| the site-specific information.

2.5.4.4 Boil and Rock Characteristics

Results for geophysical investigations performed at the site,
including compression and shear wave velocity data from borings,
are included in the site-specific information.

2.5.4.5 Excavation and Backfill

Site-specific information provided will include sources,
|
'

quantities and engineering properties of borrow materials;
compaction requirements; results of field compaction tests; and
fill material properties such as moisture content, density,
permeability, compressibility, and gradation.

2.5.4.6 Groundwater Conditions

Site-specific information will include critical cases of
groundwater conditions during plant construction and plant life.
Also, soil properties assumed in design will be confirmed for all
groundwater conditions.

2.5.4.7 Response of Soil and Rock to Dynamic Loading

Site investigations will determine the effects of prior
earthquakes on the soils and rocks in the vicinity of the site
(e,g., field seismic surveys, dynamic tests on samples of
foundation soil and rock). Information provided will show that
design assumptions regarding variation of shear wave velocity and
material damping are applicable to the site.

2.5.4.8 Licuefaction Potential

Proven testing methods (e.g., triaxial shear tests) will be used
to demonstrate the soils under and adjacent to structural
foundations are stable against classical liquefaction.

Amendment P
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2.5.4.9 Earthquake Desion Basis--

Refer to Sections 2.5.2.6, 2.5.2.7 and Appendix 2B for a summary
of the derivation of the Safe Shutdown Earthquakes. Seismic in |
combination with other hazards is to be evaluated to assess site ;

materials under dynamic conditions. I

2.5.4.10 Bearina Capacity

Static analyses of the underlying material supporting the loads
of fills, embankments and foundations will be performed to |
determine stability, deformation and settlement of site
materials. The method used to establish the site-specific soil
bearing capacity will be described in the site-specific
information.

2.5.4.11 Criteria and Desian Methods

The criteria, analysis techniques, and factors of safety employed
in evaluating the stability of the foundations of the plant
structures will be included in the site-specific information. |

2.5.4.12 Technicues to Improve Subsurface Conditions

If it is necessary to improve subsurface conditions, plans,
; summaries of specifications, and methods of quality control will i

/ be described in the site-specific information for all techniques '

employed.

2.5.5 STABILITY OF SLOPES

No specific assumptions were employed in the evaluation of the
System 80+ Standard Design.

The site-specific information on the stability of all natural and
man-made slopes, including embankments and dams, that are vital
to the safety of the nuclear plant will be provided by the COL
applicant referencing the System 80+ Standard Design.

2.5.5.1 Slope Characteristics

The site-specific information will describe the characteristics | |
of the slope by including slope profiles, a discussion of |
properties of all natural and constructed slopes and embankments,
and a description of groundwater and seepage conditions.

2.5.5.2 Desian Criteria and Analyses
|

The site-specific information will present the design criteria |
and the analytical methods and results which demonstrate design

O
margin for all Seismic Category I slopes.

Amendment P
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2.5.5.3 Investigations of Borings, Shafts, Pits, Trenches

| The site-specific information will present borings and soil tests
performed for slope stability studies and dam and dike analyses.

2.5.5.4 Properties of Borrow Material, Compaction and
Excavation Specifications

| The site-specific information will describe the excavation,
backfill and borrow material for any dams, dikes and embankment
slopes. It also provides construction procedures and control of
such earthworks.

O

%

|

i

O
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APPENDIX 2A

CHARACTERISTICS OF GENERIC SOIL SITES

ABSTRACT

This appendix presents the- 4 generic s'.te categories selected for
this project and the maximum shear wave, velo:ity profiles for the
cases originally _ selected and for tae cases selected after
examining the first set of results.

Figure 2.5-1 shows - the general layout of each site- category. | l

Figures 2A-2 through 2A-13 show the maximum shear wave velocities
for the twelve soil cases considered in this study. ;
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Y APPENDIX 2B

CHARACTERISTICS OF SELECTED CONTROL MOTIONS

ABSTRACT

The synthetic time histories generated to represent the
horizontal components H1, H2 and the vertical component of
control motions CMS 1, CMS 2 and CMS 3 are presented in - this
Appendix.

The acceleration, velocity and displacement time histories of
control motion CMS 1 are shown in Figures 2B-1 through 2B-3. The
average Power Spectral Densities (PSD) of the CMS 1 synthetic time
histories and their respective target PSDs are shown in Figures |
2B-4 and 2B-5.

The acceleration, velocity and displacement time histories of
control motion CMS 2 are shown in Figures' 2B-6 through 2B-8, 2B-10
through 2B-12, and 2B-14 through 2B-16. The Power . Spectral
Densities (PSD) of the CMS 2 synthetic time histories and their
respective target PSDs are shown in Figures 2B-9, 2B-13 and
2B-17.

The acceleration, velocity and displacement time histories of
icontrol motion CMS 3 are shown in Figures 2B-18 through 2B-20.

The average Power Spectral Densities (PSD) of the CMS 3 synthetic
time histories and their respective target.PSDs are shown in |
Figures 2B-21 through 2B-23.

The selection process for CMS 1, CMS 2 and CMS 3 is given in |
Section 2.5.2.5.1.

The average PSDs for the CMS 1, CMS 2, and CMS 3 control time
histories were developed using the procedure described in SRP, |

Section 3.7.1, Appendix A. The target PSD for CMS 1 (horizontal)
motion (Reg. Guide 1.60 horizontal) was obtained directly from
the SRP, Section 3.7.1, Appendix A. The methodology for-the
development of the target PSDs for CMS 1 (vertical), CMS 2 and CMS 3
is described below.

Methodoloav for Development of Tarcet Power Spectral Densities

The development of target PSDs for CMS 1 (vertical), and the rock
outcrop motions CMS 2 and CMS 3 was performed using principles of
Random Vibration Theory (RVT). Details of this method as well as
the mathematical formulation are described in References 1 and 2.
The basic approach is that the target PSD is developed by an
iterative process. At each step of the iteration, the PSD is

O refined to produce a spectrum that closely matches the target
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response spectrum. Adjustments to the PSD are made at the
frequency ranges that do not produce a close spectral match, and
the final target PSD is obtained when the desired spectrum
convergence is achieved. The minimum check is set at 80% of the
target PSD, consistent with SRP guidelines.

The development of the target PSDs was performed using the 2%
damped spectrum as the target spectrum for each control motion.
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CLASSIFICATION OF

STRUCTURES. SYSTEMS. AND CtMPONENTS

Safety Selamic
_uelity ClassC- --unt Identification Class. Category Location Q

combustion Turbine Generator NNS NS YA 2 |
,

t

f Diesel Generator Systems

!

| DG Engine Fuel Oil System (17)
! Fuel oil Storage Tanks 3 I DF 1

Recirculation Ptmps NNS NS DF 3

Booster Ptsps 3 1 DG 1

Fuel Oil Day Tanks 3 1 DG 1

|
Fuel Oil Transfer Pumps 3 1 DG 1

| Strainers 3/NNS I/NS DG/YA 1/3

i Filters 3/NNS 1/NS DG 1/3

I Piping 3/NNS I/NS DG/DF/YA 1/3

Valves 3/NNS 1/NS DG/DF 1/3

g DG Engine Cooling Water System
Circulation Pumps 3 1 DG 1

Keep Warm Ptsps 3 1 DG 1

Jacket Water Coolers 3 I DG 1 i

Jacket Water Standpipes 3 I DG 1 |

Chemical Pot Feeders. 3 1 DG 1 |
Piping 3 I DG 1

Valves 3 1 DG 1

DG Engine Starting Air System (18)
Conpressors NNS NS DG. 2

Aftercoolers NWS NS DG 3

Moisture Separators NNS NS DG 3

Filter / Dryer Units NNS NS DG 3

Air Receivers 3 I DG 1

Strainers 3/NNS 1/NS DG 1/3

Traps NNS NS DG 3

Filters 3/NNS 1/NS DG 1/3

Piping 3/NNS 1/NS DG 1/3

Valves 3/NNS 1/NS DG 1/3

DG Engine Lube oil System (19)
Lube oil Sump Tanks 3 ! DG 1

Lube Oil coolers 3 1 DG 1

Oil Transfer Ptsnps NNS NS DG/YA 3

Prelube Oil Pumps 3 1 DG 1

Clean and Used Lube Oil Storage
Tanks NNS NS YA 3

Filters 3 1 DG -1

\ $ trainers 3/NNS 1/NS DG 1/3

Piping 3/NNS 1/NS DG/YA 1/3

Valves 3/NNS !/NS DG/YA 1/3
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l CLASSIFICATION OF

STRUCTURES. STSTEMS, AND COMPONENTS

!

Safety Seismic
Congonent identification Class Category Location Quality Class

DG Engine Air intake and Exhaust System

! Turbochargers 3 1 DG 1

Aftercoolers 3 1 DG 1

Silencers and Air Filters 3 1 DG 1

Piping 3 I DG 1

Equipment and Floor Drainage System

|

l Reactor Building Subsphere Sump Punps 3 1 RB 1

Other Sump Punps NNS NS 3

f Piping (27) 2/3/NNS 1/NS ALL 1/3
valves (27) 2/3/NNS 1/NS ALL 1/3

Diesel Generator Building Sump Pump
System

Sump Punps 3 i DG 1

Piping 3/NNS I/NS DG/NA/RW 1/3
Valves 3/NNS I/NS DG/NA/RW 1/3

Control Complex Ventilation System

Main Control Room Air Handling System
Air Handling Units w/ Filters 3 I NA 1

| Fans, Ductwork (31) 3/NNS 1/11 NA 1/2
Water-cooling coils 3 I NA 1

Heating coils 3 I NA 1

Dampers 3 I NA 1

Technical Support Center Air Handling
System

Air Handling Units w/ Filters NNS !! NA 2

Fans, Ductwork NNS !! NA 2
Dampers NNS 11 NA 2

Computer Room Air Handling System
Air Handling Units w/ Filters NNS 11 NA 2

Fans, Ductwork NNS 11 NA 2

Dampers NNS !! NA 2

O
Amendment R
July 30, 1993
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TABLE 3.2-1 (Cont'd)

(Sheet 21 of 26)

G1A_SSIFICATION OF
STRUCTURES, SYSTENS. AND CGEPONENTS

Safety Seismic
Component Identification Class Category Location cuality Class

5 kV Power Cables (including cable 3 i NA/DG/CX/ 1

splices, connectors, and terminal SP

blocks)

600V Power Cables (including cable 3 I NA/DG/CX/

splices, connectors, and terminal SP/MS/

blocks) RS/RC -

Control and Instrumentatf ori Cables 3 I DG/CX/NA 1

(including cable splices, SP/MS/RB

connectors, and terminal
blocks)

Condult.and cable trays and their 3 1 DG/CX/NA/ 1

supports containing Class 1E SP/MS/RB

cables and those whose failure RC

during a seismic event may damage
other safety related items

Miscellaneous Class 1E Electrical
Systems

containment building electrical 3 I RC 1

penetration assenblies

Non Class 1E Electrical Systems NNS II/NS ALL 2/3

|
Instrumention and Display Systems NNS NS All 2/3 |

! not required for safety (32)

Structures

Reactor Building
Containment Shield Building 3 1 RB 1

Steel Containment Vessel 2 i RB 1

Internal Structure 3 I RC 1

Equipment Hatch 2 I RC 1

Personnel Airlocks 2 i RC 1'

Subsphere (including Containment
Support Dish) 3 I RB 1

%

Amendment T
t

[ November 15, 1993~
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TABLE 3.2-1 (Cont'd)

|

(Sheet 22 of 26)t

CLASSIFICATION OF

STRUCTURE 9. SYSTEMS. AND COMPONENTS

|
Safety seismic'

Conoonent Identification Class Category Location Quality Class

Nuclear Annex
| Control Area 3 I NA 1

EFW Tank / Main Steam 3 1 NA 1

Valve House Area
Emergency Diesel 3 I NA 1

Generator Areas
CVCS/ Maintenance Area 3 I NA 1

Fuel Handling Area 3 i NA 1

| Unit Vent NNS 11 NA/RB 2

Turbine Building NNS Il TB 2

Radwaste Building (28) NNS !! RW 2

Station Service Water 3 1 SP 1

Pump / intake Structure

Component Cooling Water 3 1 CX/YD 1

Hester Exchanger Structures
and Pipe Tunnels

Diesel Fuel Storage Structure 3 1 DF 1

Station Services Building / Auxiliary NNS NS SB 3

Boiler Structure
Administration Building NNS NS ADB 3

Warehouse NNS NS WH 3

Fire Pump House NNS NS FP 3

Dike (Holdup, Boric Acid Storage NNS 11 YA 2

and Reactor Makeup Waterianks) (28)
Dike (condensate Storage Tank) (28) NNS !! YA 2

| Combustion Turbine Generator Structure NNS NS YA 2

Cranes

Polar Crane NNS 11 RC 2

Cask Handling Holst NNS 11 NA 2

New Fuel Handling Holst NNS 11 NA 2

Component Supports (23) 1/2/3/NNS I/NS ALL 1/2/3

Amendment V
April 29, 1994
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|
- 3.3 WIND AND TORNADO LOADINGS

'

!

! All Seismic Category I structures, including accesses, except |
' those not exposed to wind, are designed for wind and tornado

loadings.
I

I 3.3.1 WIND LOADINGS

The design for wind loading is in accordance with ANSI /ASCE 7,
" Minimum Design Loads for Buildings and Other Structures"

(Reference 1). Structural geometries not addressed in ANSI /ASCE !

7 shall be evaluated using ASCE Paper 3269, " Wind Forces on
Structures" (Reference 2), and ASCE Paper 4933, " Wind Loads on
Dome-Cylinder and Dome-Cone Shapes" (Reference 3).

I 3.3.1.1 Desian Wind Velocity

A design wind velocity of 110 mph, at a height of 33 feet above
nominal ground elevation is used as the maximum wind speed for a
50 year recurrence period.

1

Velocity profiles and associated effective pressures for winds'

with a 100 year recurrence period are calculated in accordance
with Section 6 of Reference 1 utilizing an Importance Factor, I,

;

|{ of 1.11 and Exposure C.
|

Gust response factors are dependent on height above grade level
and are in accordance with Table 8 of Reference 1 for Exposure C.

3.3.1.2 Determination of Applied Forces

Based on structure geometry and physical configuration, the
effective pressure distribution is transformed into applied
equivalent static building forces utilizing appropriate shape
coefficients given in Reference 3.

i

Wind pressure distribution curves for the containment shield
|
' building are shown in Figure 3.3-1. The maximum height of the

| shield building above grade is approximately 173 feet 3 inches.
|

! 3.3.2 TORNADO LOADINGS

All Seismic Category I structures that perform a safe shutdown or
accident mitigation function, except those structures not exposed
to wind, are designed for tornado loadings.

3.3.2.1 Applicable Desian Parameters

Tornado effects are in accordance with Interim Regulatory Guide

| ( 1.76 (Reference 4). The following parameters are applicable to
t the design basis tornado.
s

Amendment V
3.3-1 April 29, 1994
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O
Maximum wind speed: 330 mph

Rotational speed: 260 mph

Translational velocity: 70 mph

Radius: 150 feet

Maximum pressure differential: 2.4 psid

Rate of pressure drop: 1.7 psi /second

Missile Spectra: See Table 3.5-2

3.3.2.2 Determination of Forces on Structures
|

| The forces on Seismic Category I structures due to tornado wind
( loadings are obtained using methods outlined in Section 3.3.1.2,

with a wind velocity of 330 mph (vector sum of all component
velocities - assumed constant with height) . Velocity profiles
are determined as outlined in Section 3.3.1.1. Effective
pressure distribution loads are transformed into equivalent
static building forces as outlined in Section 3.3.1.2. In

| determining tornado wind loadings, both the importance factor and
| gust factors are taken as unity.
!

| Tornado loadings include tornado wind pressure, internal pressure
| due to tornado creatad atmospheric pressure drop, and forces

generated due to the impact of credible tornado missiles. These
loadings are combined with other loads as described in Section
3.8.

3.3.3 EFFECT OF FAILURE OF STRUCTURES OR COMPONENTS NOT
DESIGNED FOR WIND AND TORNADO LOADS

,

| Structures, systems and components that are adjacent to Seismic
| Category I structures, systems and components and that are
j exposed to wind and tornado loads will not be permitted to affect

or degrade the capability of Seismic Category I structures,
systems and components to perform their. intended safety
functions. This is accomplished by one of the following methods:

A. Designing the adjacent structure, system or component to
Seismic Category I wind and tornado loadings.

B. Investigating the effect of adjacent structural failure on
| Seismic Category I structures, systems and components to

determine that no impairment of function results.

C. Designing a structural barrier to protect Seismic Category I
| structures, systems e.nd components from adjacent structural

failure.

Amendment V
3.3-2 April 29, 1994
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3.4 WATER LEVEL (FLOOD) DESIGN

All Seismic Category I structures, components and equipment are
designed for applicable loadings caused by postulated floods.
Section 2.4 of the site-specific SAR describes, in detail, the
relationship of the site-specific flood levels to safety-related
buildings and facilities.

3.4.1 FLOOD ELEVATIONS

The elevation level for floods at the reactor site is determined
in accordance with Regulatory Guide 1.59, " Design Basis Floods
for Nuclear Power Plants," and ANSI /ANS 2.8, " Determining Design
Basis Flooding at Power Reactor Sites." The design basis level
for the System 80+ Standard Design is 1 foot below plant finished
yard grade. Flood level values in excess of this 1 foot level
are site-specific and protection measures for that flood level
are described in Section 2.4 of the site .opecific SAR.

3.4.2 PHENOMENA CONSIDERED IN DES 7.GN LOAD CALCULATION

All safety-related structures of the reactor building complex are
designed to withstand the static and dynamic forces of the plant
flood level. Other safety-related structures or systems

O essential for plant operation are designed for the site-relatedj .

flood leve.1 as described in Section 2.4 of the site-specific SAR.i

The COL applicant will provide a specific description of the site
and elevation for all safety-related structures, exterior
accesses, equipment and systems.

3.4.3 FLOOD FORCE APPLICATION

The design flood is used in determining the applicable water
level for design of all Seismic Category I structures in
accordance with the load combinations discussed in Section 3.8.4.

! The forces acting on those structures are determined on the basis
| of full external hydrostatic pressure corresponding to that flood
'

level. All Seismic Category I structures will be in a stable
condition due to both moment and uplift forces resulting from the
proper load combinations, including design basis flood levels.

3.4.4 FLOOD PROTECTION

3.4.4.1 Flood Protection Measures for Seismic Catecory I
| Structures

The flood protection measures for Seismic Category I structures,
systems and components are designed in accordance with Regulatory

O Guide 1.102, " Flood Protection for Nuclear Power Plants."
'

,

Amendment Q
3.4-1 June 30, 1993
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Seismic Category I structures identified in Table 3.2-1 are
designed for flood protection.

These Seismic Category I structures are designed to protect
safety-related equipment from floods by incorporating the
following safeguards into their construction:

A. No exterior access openings will be lower than 1 foot above
plant grade (yard grade) elevation.

B. The finished yard grade adjacent to the safety-related
structures will be maintained at least 1 foot below the
ground floor elevation, except where ramps or steps are
provided for access.

C. Waterstops are used in all horizontal and vertical
construction joints in all exterior walls up to flood level
elevation.

D. Water seals are provided for all penetrations in exterior
walls up to flood level elevation. The water seals are
designed for the static pressure of water at the flood
elevation. Water seals at the interface with safety related
structures are designed to maintain integrity in the evant
of a Safe Shutdown Eart ". quake . In the event of seal
failure, the leakage is limited to the capacity of the sump
pumps.

For other Seismic Category I structures where flood protection
measures are required (e.g. pumping systems, stoplogs, watertight
doors, dikes, retaining walls and drainage systems) the design of
meanc for providing such protection will be described in Section
2.4 of the site-specific SAR. Penetrations located below the
external flood level in the external walls of the Nuclear Annex
are currently projected to include Component Cooling Water,
Radwaste, and Diesel Fuel Oil System piping and cable
penetrations. Additional penetrations may be identified once
layouts are finalized for systems such as sewage, demineralized
water, station air, and security. All penetrations are sealed on
the inside of the penetration to eliminate the potential of
flooding through the penetration.

The COL applicant will perform an evaluation to ensure that all
penetrations in Seismic Category I structures are properly sealed
to protect safety related equipment from flooding.

External flooding as a result ~of secondary flooding sources
.

located in the Turbine Building are addressed in Section
'

10.4.1.3. Entrances to the Nuclear Annex from the Turbine
Building are elevated above plant grade to prevent flood
propagation. Internal flood protection in the System 80+" design
minimizes possible flood sources. The station service water

.

system is located outside the Nuclear Annex to eliminate a
|

Amendment V
| 3.4-2 April 29, 1994
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significant source of water. The component cooling water and
emergency feedwater systems are fully separated by division, thus
eliminating the possibility of a single flood source within these

,

systems impacting both divisions.

Lengths of high energy and moderate energy piping have been
minimized by equipment location. Equipment in the Reactor
Building (RB) Subsphere is located in quadrants to minimize the
lengths of piping runs. The RB Subsphere also provides for close |

proximity of equipment to reduce piping runs from containment.

Flood barriers have been integrated into the design to provide
further flood protection while minimizing the impact on
maintenance accessibility. The primary means of flood control in
the Nuclear Annex and RB Subsphere is provided by the divisional
wall which serves as a barrier between redundant trains of safe
shutdown systems and components. Each half of the Subsphere is

| further divided -into two quadrants to separate redundant safe
! shutdown components to the extent practical. Flood barriers

provide separation between Subsphere quadrants, while maintaining
.

equipment removal capability. Emergency Feedwater pumps are <

! located in separate compartments within the quadrants with each
| compartment protected by flood barriers. ;

O- Penetrations are sealed and no doors are provided up to EL. 70+0,
the maximum internal flood-in the divisional wall that separates
the Nuclear Annex and the Reactor Building Subsphere. Where
flood doors are provided, open and close sensors are also
provided with status indication provided at a central fire alarm
station. Flood barriers also provide separation between'

electrical equipment and fluid mechanical systems at the lowest
elevation within the Nuclear Annex. At higher elevations,
safety-related electrical components are elevated above the floor
so that flooding events will not affect components. Additional
barriers (e.g., curbs, sealed penetrations) are provided or
safety-related electrical components are elevated, as necessary,
to mitigate the effects of postulated pipe rupture addressed in
Section 3.6.

;

|

| Flood doors will be specified to withstand the static pressure
i from the maximum flood elevation as determined in the flood
; analysis.
I

Flood protection is also integrated into the floor drainage
system. The floor drainage systems are separated by division and

I Safety Class 3 valves are provided to prevent backflow of water
to areas containing safety-related equipment. Each subsphere
quadrant is provided with redundant Safety Class 3 sump pumps and

j associated instrumentation, which are powered from the diesel
generators in the event of loss of offsite power.

L Amendment V
| 3.4-3 April 29, 1994
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The Nuclear Annex floor drainage system is divisionally
separated, with no common drain lines between divisions. Floors
are gently sloped to allow good drainage to the divisional sumps.

No water lines are routed above or through the control room or
the computer room. HVAC water lines contained in rooms around
the control room are located in rooms with raised curbs to
prevent leakage from entering the control room.

1

Flood protection is incorporated into the Component Cooling Water I

Heat Exchanger Structure. This structure is divisionally |
separated by a wall such that a flood in one division can not '

flood the other division.
|

The Diesel Generator Building floor drain sump pumps and )
associated instrumentation are Safety Class 3 to prevent flooding l
of the diesel generators. These pumps are also powered from the |
diesel generator in the event of loss of offsite power. '

l

(- |
[ a i

J'\

|

l
1

f"~

i ;
\J
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The COL applicant shall perform a flood analysis that en sures
safe shutdown of the plant. This analysis shall include the
effects of flooding due to high and moderate energy pipe breaks
as described in Section 3.6-1

3.4.5 ANALYTICAL AND TEST PROCEDURES

A description of the methods and test procedures by whicl1 static
and dynamic effects of the design basis flood conditions or
design basis groundwater conditions are applied is detailed in
Section 2.4 of the site-specific SAR.

O

O
Amendment V

3.4-4 April 29, 1994
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3.5 MISSILE PROTECTION '

The missile protection design for Seismic Category I structures,
systems and components is described in this section.

Missile protection or redundancy is provided for Seismic Category
I equipment and components such that internal and external
missiles will not cause the release of significant amounts of
radioactivity or prevent the safe and orderly shutdown of the
reactor.

The protection of essential structures, systems and components
i

will be accomplished by one or more of the following: |

|

A. Reducing the potential for sources of missiles by equipment |
design features that prevent missile generation.

B. Orientation or physical separation of potential missile !

sources away from safety-related equipment and components. ;

!

C. Containment of potential missiles through the use of |
protective shields and barriers near the source.

'

D. Hardening of safety-related equipment and components to | ;

$ withstand missile impact, where such impacts cannot be |b reasonably avoided by the methods above. I

3.5.1 MISSILE SELECTION AND DESCRIPTION

l
Potential missiles are identified and characterized by type and 1

source and their probability of occurrence, retention and impact.
For equipment with energy sources capable of creating a missile,
the selection is based on the application of a single-failure
criterion to the retention features of the component. Where
sufficient retention redundancy is provided in the event of a
failure, no missile is postulated.

Internally generated missiles can be generated potentially from
j

two types of equipment: rotating components and pressurized '

components. Rotating components include turbine wheels, fans,
auxiliary _ pumps and their associated motors. Pressurized
components include valves, heat exchangers, vessels and their
associated components.

-

Amendment V
3.5-1 April 29, 1994
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The types of missiles considered and/or not considered in the
design of Seismic Category I structures, systems, and components
are discussed in the following sections:

A. Internally Generated Missiles (Outside Containment),
described in Section 3.5.1.1. l

B. Containment Internal Missiles, defined in Table 3.5-1 and
Section 3.5.1.2.

C. Turbine Missiles, described in Section 3.5.1.3.

D. Natural Phenomena (Tornado) Missiles, described in Section
3.5.1.4.

E. Site Proximity Missiles (Except Aircraft), described in
Section 3.5.1.5.

F. Aircraft Hazards, described in Section 3.5.1.6.

3.5.1.1 Internally Generated Missiles (Outside Containment)

Internally generated missiles (outside containment) from rotating
and pressurized components are not considered credible for the
reasons discussed below.

The redundant safety systems outside of containment are
physically separated such that no single gravitational or other
type missile can impact both systems.

3.5.1.1.1 Auxiliary Pumps and Motors

There are no postulated missiles originating from auxiliary pumps
and associated motors outside containment for the following
reasons:

A. The pump motors are induction type which have relatively
slow running speeds and are not prone to overspeed. The
motors are all pretested at full running speed by the motor
vendor prior to installation.

B. In addition to the low likelihood of missiles due to motor
overspeed as discussed in A. above, the motor stator would
tend to serve as a natural container of rotor missiles if
there were to be any.

C. All pumps normally have relatively low suction pressures
and, therefore, would not tend to be driven to overspeed due
to a pipe break in the discharge line. In addition, the
induction motor would tend to act as a brake to prevent pump
overspeed.

Amendment I
3.5-2 December 21, 1990
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3.5.4 GENERAL DESIGN BASES I

'

Protection for all Seismic Category I structures, systems and
components are provided by the following:

A. For systems and parts of systeme located inside the j
containment (RCS and connected systems, Engineered Safety '

Feature systems), ' appropriate -missile. barrier design
procedures are used to ensure that the impact of credible
potential missiles will not lead to a . loss-of-coolant-
accident or preclude' the systems from carrying out their i

| specified safety functions. i

!
~

B. For systems and equipment outside containment, appropriate !

design procedures (e.g. , proper turbine orientation, natural I

separation, or missile barriers) are used to ensure that the i
impact of credible potential missiles does not prevent the | !
system or equipment from carrying out its specified safety
function.

C. For all systems and equipment, appropriate design procedures
| are used to ensure that the impact of credible potential
i missiles does not prevent the conduct of a safe plant

shutdown, or prevent the plant from remaining in a safe
shutdown condition.

| |

| D. Safety-related instrumentation and control equipment are !

| protected from potential missile sources. The 1E and
associated cabling- and sensing lines are also protected from
potential missile sources.

The COL applicant will ensure that as-built conditions provide
Seismic Category I structures, systems and components protection
from credible potential missiles.

nv
Amendment V

3.5-7 April 29, 1994
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High- and moderate-energy pipe failure locations are postulated
as described in Section 3.6.2. Each postulated rupture location
is evaluated for its effect on safe shutdown systems and
components required following the specific pipe failure event.

3.6.1.1.1 High-Energy Piping Systems

A high-energy pipe failure is postulated in branches or piping |'
runs larger than one inch nominal diameter and which operate
during normal plant conditions with high energy fluid.

Included in this category are fluid systems or portions of fluid
systems which are pressurized during normal plant conditions or
are maintained pressurized under conditions where either or both
of the following are met:

A. Maximum operating temperature exceeds 200 F, or

B. Maximum operating pressure exceeds 275 psig.

Fluid piping systems that qualify as high-energy for only short
portions of their operational period are considered moderate-
energy systems if the portion of their operational period within
the pressure and/or temperature specified above for high energy

O fluid systems is less than two percent of the time period
required to accomplish its system design function.

In analyzing the effects of a high-energy pipe failure, the i

consequences of pipe whip, water spray, jet impingement, !

flooding, compartment pressurization, and environmental
conditions are considered.

See Appendix 3.9A, Section 1.1.8.1.1 for a further discussion. I

3.6.1.1.2 Moderate-Energy Piping Systems

A moderate-energy pipe failure is postulated in branches or
piping runs larger than one inch nominal diameter and which
operate during normal plant conditions with moderate-energy
fluid.

|

Included in this category are fluid systems or portions of fluid
systems which are pressurized above atmospheric pressure during

,

normal plant conditions or are maintained pressurized under |
'

| conditions where both of the following are met:

A. Maximum operating temperature is 200 F or less, and

B. Maximum operating pressure is 275 psig or less.

Amendment V
3.6-3 April 29, 1994
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In analyzing the effects of a moderate-energy pipe failure, the
consequences of water spray, jet impingement, flooding,
compartment pressurization, and environmental conditions are
considered.

See Appendix 3.9A, Section 1.1.8.1.2 for a further discussion.

3.6.1.2 Description |

A listing of the high-energy lines inside the containment is
given in Table 3. 6-3. A listing of high-energy lines outside the
containment is given in Table 3.6-4. Since the Turbine and
Radwaste Buildings contain no safety-related equipment, high-
energy line breaks in those buildings are generally excluded from
this table.

Essential systems are those systems that are needed to safely
shut down the reactor or mitigate the consequences of a pipe
break for a given postulated piping failure. However, depending
upon the type and location of a postulated pipe break, certain
safety equipment may not be classified as essential for that
particular event.

.

The essential systems which are to be protected from the effects
of postulated piping failures are identified below. These
essential systems were selected for each postulated break to
satisfy the protection criteria given in the introduction to
Section 3.6.

A. The following systems, or portions of these systems, are ;

required to mitigate the consequences of postulated breaks
of high-energy reactor coolant pressure boundary piping that
result in a loss-of-coolant-accident (LOCA) assuming a loss
of offsite power.

I
1. Reactor Protective System.
2. Engineered Safety Features Actuation System.
3. Safety Injection System.
4. Containment Spray System.
5. Class 1E Electrical Systems, AC and DC (including

switchgear, batteries, and distribution systems), 1E
cabling and sensing lines.

6. Diesel Generator Systems, including Diesel Generator
Starting, Lubrication, and Combustion Air Intake and
Exhaust Systems.

7. Diesel Fuel Oil Storage and Transfer System.
8. Hydrogen Recombiner System.
9. Control Building HVAC System.

O
Amendment P

3.6-4 June 15, 1993
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G- of a postulated piping failure. In judging the
availability of such systems and components, account is
taken of the postulated failure and its direct
consequences, such as unit trip.and loss of offsite
power, and of the assumed single active component
failure and its direct consequences. The feasibility
of carrying out operator actions is based on a' minimum
of 30 minutes delay responding to alarm indication and
adequate access to equipment being available for the
proposed actions. (Access to the containment post-LOCA
is not assumed.)

6. Piping systems containing high-energy fluids are
designed so that the effect. of a single postulated
pipe break cannot, in turn, cause failures of other ,

pipes or components with unacceptable consequences. )
|

7. For a postulated pipe failure, the escape of steam,
water, and heat from structures enclosing the high-
energy fluid containing piping does not preclude:

a. Accessibility to surrounding areas important to
the safe control of reactor operations.

b. Habitability of the control room.
V

c. Ability of instrumentation, electric power
supplies, and components and controls to initiate,
actuate, and complete a safety action. (A loss of
redundancy is permissible, but not the loss of
function.)

The design criteria define acceptable types of isolation for
safety-related elements and for high-energy ' lines from similar
elements of the redundant train. Separation is accomplished by:

A. Routing the two groups through separate compartments, or

B. physically separating the two groups by a specified minimum
distance, or

C. Separating the two groups by structural barriers.

The design criteria assure that a postulated failure of a
high-energy line or a safety-related element cannot take more
than one safety-related train out of service. The failure of a-
component or subsystem of one train may cause failure of another
portion of the same train; for example, a Division 2 high-energy
pipe may cause failure of a Division 2 electrical tray, but not

O failure of any Division 1 component. The capability to shut the

(U/ plant down safely under such a failure will therefore remain
intact.

Amendment J
3.6-11 April 30, 1992
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Given the separation criteria above, and the pipe break criteria
in Section 3.6.2.1.2, the effects of high-energy pipe breaks are
not analyzed where it is determined that all essential systems,
components, and structures are sufficiently physically remote
from a postulated break in that piping run.

3.6.2 DETERMINATION OF BREAK LOCATIONS AND DYNAMIC EFFECTS
ASSOCIATED WITH THE POSTULATED RUPTURE OF PIPING

Described herein are the design bases for locating breaks and
cracks in piping inside and outside containment, the procedure
used to define the thrust at the break location, the jet
impingement loading criteria, and the dynamic response models.

The COL applicant will provide final designs of high- and
moderate-energy fluid systems. The final designs and results of
high- and moderate-energy piping analyses will be documented in
a pipe break analysis report. The Pipe Break Analysis Report
shall provide the results of the pipe break analyses. These
analyses shall be based on criteria used to postulate cracks and
breaks in high- and moderate-energy piping systems as defined in
Section 3.6.2 and shall employ the analytical methods described
in Section 3.6.2 and Appendix 3.6A.

For postulated pipe breaks, the Pipe Break Analysis Report shall
confirm that:

(1) piping stresses in the containment penetration area are
within their allowable stress limits,

(2) pipe whip restraints and jet shield designs are capable
of mitigating pipe break loads, and

(3) loads on safety-related systems, structures and
components are within their design load limits.

The Pipe Break Analysis Report shall also confirm that I
structures, systems and components required for safe shutdown can j
withstand the environmental effects of postulated cracks and
breaks.

An inspection of the as-built high-energy piping systems will be
performed. The inspection of the as-built high energy pipe break
features shall be performed to verify:

- The location of pipe break mitigation devices
(restraints, jet shields)

- Clearances / gaps between restraints and piping

- The location of nearby safety-related targets to be
protected from high-energy line breaks.

Amendment V
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Any differences between the as-built information and the as-
designed information will be reconciled and documented in a pipe |
break analysis report.

| 3.6.2.1 Criteria Used to Define Break and Crack Locations
I and Conficurations

3.6.2.1.1 General Requirements

Postulated pipe ruptures are considered in all plant piping
systems and the associated potential for damage to required
systems and components is evaluated on the basis of the energy in i
the system. System- piping is classified as high-energy or '

moderate-energy, and postulated ruptures are classified as
.

circumferential breaks, longitudinal breaks, leakage cracks, or I

through-wall cracks. Each postulated rupture is considered |
separately as a single postulated initiating event. '

For each postulated circumferential and longitudinal break, an
evaluation is made of the effects of pipe whip, jet impingement,
compartment pressurization, environmental conditions, and 1

flooding. For piping systems where leak-before-break is approved |
(Sections 3.6.2.1.3 and 3.6.3), dynamic effects of pipe breaks |

are not considered. If required to demonstrate safe - plantg
i shutdown, an internal fluid system load evaluation is performed

on the effects of fluid forces on components within or bounding
the fluid system. For each postulated leakage crack, an
evaluation is made of the effects of compartment pressurization,

l environmental conditions and flooding. For each postulated
through-wall crack, an evaluation is made of the effects of
environmental conditions and flooding. The effects of pipe;

ruptures and/or leakage cracks are included in the environmental
qualification of safety-related electrical and mechanical
equipment. Environmental qualification of safety related ,

equipment is discussed in Section 3.11. The evaluation of the I

required systems and components demonstrate that the protection
requirements of Section 3.6.1 are met.

|
t

'

O
i
|
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Irrespective of the fact that the criteria in Section 3.6.2 may'

not require specific breaks, if a structure outside containment
separates a high-energy line from an essential component, that
separating structure is designed to withstand the consequences of

| the pipe break in the high-energy line that produces the greatest
| ef fect on the structure. Structures inside containment which are
| used to separate high-energy lines from essential components are

designed to withstand the dynamic load effects of postulated pipe
breaks not eliminated by leak-before-break. In addition, these
structures inside containment are adequately designed to
withstand the greatest effect from (1) pipe breaks not eliminated

| by leak-before-break, (2) the largest through-wall leakage crack
' in the high-energy line (minimum 10 gpm) whether or not

| consideration of dynamic effects is eliminated by LBB for that
; line, or (3) the largest leak from another leak source, such as
I a valve or pump seal.

3.6.2.1.2 Postulated Rupture Descriptions

A. Circumferential Break -

A circumferential break is assumed to result in pipe
severance with full separation of the two severed pipe ends
unless the extent of separation is limited by consideration
of physical means. The break plane area ( A,) is assumed
perpendicular to the longitudinal axis of the pipe, and is
assumed to be the cross-sectional flow area of the pipe at
the break location. The break flow area (A ) from each off

the broken pipe segments for a circumferential break, with
full separation of the two broken pipe segments, is equal to
the break plane area (A,). The break flow area, discharge
coefficient and discharge correlation are substantiated
analytically or experimentally.

B. Longitudinal Break

A longitudinal break is assumed to result in a split of the
pipe wall along the pipe longitudinal axis, but without
severance. The break plane area (A,) is assumed parallel to
the longitudinal axis of the pipe and equal to the
cross-sectional flow area of the pipe at the break location.
The break flow area (Ar) is equal to the break plane area
( A,) . The break is assumed to be circular in shape or
elliptical (2D x D/2) with its long axis parallel to the
axis. The discharge coefficient and any other values used
for the area or shape associated with a longitudinal break
are substantiated analytically or experimentally.

C. Leakage Crack

A leakage crack is assumed to be a crack through the pipe
wall where the size of the crack and corresponding flow rate

l
1

Amendment U
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are determined by analysis and a leak detection system, as' "

described in Section 3.6.3.

D. Through-Wall Crack

A through-wall crack is assumed to be a circular orifice
through the pipe wall of cross-sectional flow area equal to
the product of one-half the pipe inside diameter and one-
half the pipe wall thickness.

3.6.2.1.3 Piping Approved for Leak-Before-Break |

A leak-before-break evaluation is performed ' for the reactor
coolant system (RCS) main loop piping, surge line, shutdown
cooling and safety injection lines and for the main steam line
inside containment which eliminates the dynamic effects of pipe
break from the design basis. The evaluation meets the
requirements of 10 CFR 50, Appendix A, General Design Criterion
(GDC) 4. The evaluation is performed using the guidelines of
NUREG-1061, Vol. 3 (Reference-1) as described in Section 3.6.3.

3.6.2.1.4 Piping Other than Piping Approved for Leak- >

Before-Break

This section applies to all high- and moderate-energy ' piping
d other than that whose dynamic effects due to pipe breaks are,

eliminated 'from the design basis by leak-before-break evaluation,
as identified in Section 3.6.2.1.3.

3.6.2.1.4.1 Postulated Rupture Locations
!

A. Class 1 Piping

Ruptures, as specified in Item D below, are postulated to
,

occur at the following locations in each piping network
l designed in accordance with the rules of the ASME Boiler and

Pressure Vessel Code, Section III (Reference 2) for Class 1
piping:

1. The terminal ends of the pressurized portions of the
run.

,
.

2. At intermediate locations selected by either one of the
following methods:

a. At each location of potential high stress and
fatigue such as pipe fittings (elbows, tees,

|_

| reducers, etc.), valves, flanges, and welded
attachments, or

b
( b. At each location *.chere either of the following

conditions is exceeded.

|

Amendment R
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- Where the maximum stress range * between any
two load sets (including the zero load set)
calculated by Eq. (10) in Paragraph NB-3653,
ASME Code, Section III, exceeds 2.4 S, and

! the stress range calculated by either
Eq. (12) or Eq. (13) in Paragraph NB-3653
exceeds 2.4 S,.

Where the cumulative usage factor (U) exceeds-
|

0.1.
!
| Where, as defined in Subarticle NB-3650.

allowable stress-intensity value.S, =

the cumulative usage factor.U =

As a result of piping reanalysis due to
differences between the design configuration
and the as-built configuration, the highest
stress or cumulative usage factor locations
may be shifted; however, the initially
determined intermediate break locations need
not be changed unless one of the following

! conditions exists:

(i) The dynamic effects from the new (as-
built) intermediate break locations are
not mitigated by the original pipe whip
restraints and jet shields.

(ii) A change is required in pipe parameters
such as major differences in pipe size,
wall thickness, and routing.

Leakage crack locations for Class 1 piping are specified in
| Item F below.

B. Class 2, Class 3, or Seismically Analyzed ANSI B31.1 Piping

Ruptures, as specified in Item D below, are postulated to
occur at the following locations in each piping network
designed in accordance with the rules of the ASME Boiler and
Pressure Vessel Code, Section III, (Reference 2) for Class
2 and Class 3 piping, or with the rules of the ASME Code for

*

For those loads and conditions in which Level A and Level B
stress limits have been specified in the design
specification (excluding earthquake loads).

|

Amendment S
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O Pressure Piping, B31, Power Piping, ANSI /ASME B31.1 )
(Reference 3) for seismically analyzed ANSI.B31.1 piping:

1. the terminal ends of the pressurized portion of the )
'

network, and

2. either

a. intermediate locations of potential high stress or

| fatigue such as pipe fittings, valves, flanges and
! welded-on attachments, or

b. where the piping contains no fittings, weld

[ attachments, or valves, at one location at each '

extreme of the piping run adjacent to the
protective structure, or

! c. intermediate locations where the stress, S,
| exceeds 0.8(X + Y).
|

! where, as defined in Subarticle NC-3650,
!

stresses under the combination ofS =

| loadings for which either Level A or
| Level. B service limits have been

specified, as calculated * from the sum'

|
of equations (9) and (10).

!
'

equation (9) Service Level B allowableX =

stress. t

equation (10) allowable stress.Y =

As a result of piping reanalysis due to differences
between the design configuration and the as-built

i configuration, the highest stress locations may be
shif ted; however, the initially determined intermediate
break locations may be used unless a redesign of the
piping resulting in a change in pipe parameters

; (diameter, wall thickness, routing) is required, or the
i dynamic effects from the new (as-built) ' intermediate

.

i break locations are not mitigated by the original pipe ;
'

whip restraints and jet shields.
;

Leakage crack locations for Class 2 and Class 3 piping are
specified in Item F below. |

O '

For'those loads and conditions in which Level A and Level BI *

stress limits have been specified in the design
specification (excluding earthquake loads).

Amendment S
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C. Non-Safety Related ANSI B31.1 Piping

System 80+ piping is designed so as to isolate seismically
analyzed piping from non-seismically analyzed piping. In
cases where it is not possible or practical to isolate the
seismic piping, adjacent non-seismic piping is analyzed
according to Seismic Category II criteria. For non-seismic
piping attached to seismic piping, the dynamic effects of
the non-seismic piping are simulated in the modeling of the
seismic piping. The attached non-seismic piping up to the
analyzed /unanalyzed boundary is designed not to cause a
failure of the seismic piping during a seismic event.

For non-safety class piping which is not seismically
'

analyzed, leakage cracks are postulated at axial locations
such that they produce the most severe" Environmental
effects.

D. Break Locations in Piping Runs with Multiple ASME Code
Piping Classes

Breaks, in accordance with Section 3.6.2.1.4.1.E, are
postulated to occur at the following locations:

1. The terminal ends of the pressurized portions of the
run.

2. At intermediate locations selected by either one of the
following methods:

a. At each location of potential high stress or
fatigue, such as pipe fittings, valves, flanges,
and welded attachments; or ,

b. At all intermediate locations between terminal
ends where the stress and fatigue limits of

| Sections 3.6.2.1.4.1.A.2.b or 3.6.2.1.4.1.B.2.c
are exceeded.

E. Break Locations

Both circumferential and longitudinal breaks are postulated
to occur, but not concurrently, in all high-energy piping
systems at the locations specified in Items A, B, C, or D,
except as follows:

i

1. Circumferential breaks are not postulated in piping
runs of a nominal diameter equal to or less than 1
inch.

2. Longitudinal breaks are not postulated in piping runs
of a nominal diameter less than 4 inches. j

l

Amendment V j
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E 3. Longitudinal breaks are not postulated at terminal
ends.

4. Only one type of break is postulated at locations
where, from a detailed stress analysis, such as finite-
element analysis,'the. state of stress'can'be used'to
identify the most probable type. If the primary plus
secondary stress in the axial direction is found to be

|

at least 1.5 times that in the circumferential
direction for the most severe loading combination
association with Level A and Level B service limits,
then only a circumferential break is postulated,

i Conversely, if the primary plus secondary stress in the
circumferential direction is found to be at least 1.5
times that in the axial direction for the most severe-
loading combination associated with Level A and Level

'

B service limits, then only a longitudinal break is
postulated.

5. Circumferential and longitudinal . breaks are not
postulated at locations where the requirements of Item
G are satisfied. |

6. Circumferential and longitudinal breaks' are not
postulated'at locations where the criterion in Item F.2
is used.

j F. Crack Locations

1. Through-Wall Cracks
'

Through-wall cracks are postulated'in all.high-energy
and moderate-energy piping systems having a nominal
diameter greater than 1 inch at the locations specified
in A, B~or C, except that through-wall cracks are not
postulated at locations where:

i

! a. For Class 1 piping, the calculated * value of S, as
defined in Item A, is less than one-half the ,

limits of Item A.2.b.

b. For Class 2, Class 3 or seismically analyzed ANSI
B31.1 piping, the calculated * values of- S as
defined in Item B.2.c is less than one-half the
limits of Item B.2.c.

c. The requirements of Item G are satisfied.

d. The criterion in 2. below is used.

!

* For those loads and conditions in which Level A and Level B
stress limits have been specified -in the design~

specification (excluding earthquake loads).

; Amendment.V
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For moderate-energy fluid systems in areas other than

| containment penetration, through-wall cracks are
postulated at axial and circumferential locations that
result in the most severe environmental consequences.
Where a break in a high-energy fluid system is

postulated which results in more limiting environmental
conditions, the through-wall crack in the moderate-
energy fluid system is not postulated. For moderate-
energy fluid systems, through-wall cracks are also not
postulated in those portions of piping from the
containment wall to and including the inboard or
outboard isolation valves provided that they meet the
requirements of the ASME Code, Section III, NE-1120 and
the stresses calculated by the sum of Eq. (9) and (10)

; of the ASME Code, Section III, NC-3653 do not exceed
O.4 times the sum of the stress limits given in'

NC-3653.

| Through-wall cracks, instead of breaks, are postulated
;

! in the piping of fluid systems that qualify as high-
energy fluid systems for short operational periods of

,

| time but that qualify as moderate-energy fluid systems

| for the major operational period. Where a postulated
j through-wall crack in a moderate-energy fluid system
| piping results in more limiting environmental

conditions than the break in proximate high-energy
fluid system piping, Items F.1(a) through F.1(d) above
are used to determine crack locations.

|

2. Leakage Cracks
i

| A leakage crack is postulated in place of a

| circumferential break, or longitudinal break, or

i through-wall' crack, if justified Ly an analysis

| performed on the pipeline in accordance with the
requirements of Section 3.6.3.

G. Piping Near Containment Isolation Valves

| Breaks and cracks are not postulated between the containment |

wall and the inboard or outboard isolation valves in piping
which is designed in accordance with the rules of the ASME
Boiler and Pressure Vessel Code, Section III (Reference 2) (
and which meets the following additional requirements:

1. The following design stress and fatigue limits are not
exceeded:

For ASME Code, Section III, Class 1 Pinina

(a) The maximum stress range between any two loads
sets (including the zero load set) does not exceed

Amendment S
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2 . 4 S. , and is calculated * by Eq. (10) in NB-3653,v

ASME Code, Section III.

If the calculated maximum stress range of Eq. (10)
exceeds 2.4 S,, the stress ranges calculated by
both Eq. (12) and Eq. (13) in Paragraph NB-3653
meet the limit of 2.4 S,.

(b) The cumulative usage factor is less than 0.1.

(c) The maximum stress, as calculated by Eq. (9) in
NB-3652 under the loadings- resulting from a
postulated piping failure beyond these portions of

,

piping does not exceed the lesser of 2.25 S, and i

1.8 S except that following a - failure outsidey

containment, the -pipe between the outboard
isolation valve and the first restraint may be
permitted higher stresses provided a plastic hinge
is not formed and operability of the valves with
such stresses is assured in accordance with the.
requirements specified in SRP Section 3.9.3.
Primary loads include those which are deflection
limited by whip restraints.

For ASME Code. Section III, Class 2 Pipina

(d) The maximum stress as calculated by the sum of
Eqs. (9) and (10)'in Paragraph NC-3653, ASME Code, |
Section III, considering those loads and
conditions thereof for which level A and level B
stress limits have been specified in the system's
Design Specification (i.e., sustained loads,
occasional loads, and thermal expansion) excluding
earthquake loads does not exceed 0.8 (1.8 S +S).3 3
The S and S are allowable stresses at maximum3 3

(hot) temperature and allowable stress range for
thermal expansion, respectively, as defined in
Article NC-3600 of the ASME Code, Section III.

(e) The maximum stress, as calculated by Eq. (9) in
NC-3653 under the loadings resulting from a
postulated piping failure of fluid system pipingi

! beyond these portions of piping does not exceed
the lesser of 2.25 S and 1.8 S .3 y

Primary loads include those which are deflection
limited by whip restraints. The exceptions

* For those loads and conditions in which Level A and Level B
stress limits have been specified in the Design
Specification (excluding earthquake loads).

Amendment S
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pecTitted in (c) above may also be applied
provided that when the piping between the outboard
isolation valve and the restraint is constructed
in accordance with the Power Piping Code ANSI
B31.1 (see ASB 3-1 B. 2.c. (4) ) , the piping shall
either be of seamless construction with full
radiography of all circumferential welds, or all
longitudinal and circumferential welds shall be
fully radiographed.

|
2. Welded attachments, for pipe supports or other

purposes, to these portions of piping is avoided except
where detailed stress analyses, or tests, are performed
to demonstrate compliance with the limits of
3.6.2.1.4.1.G.1.

3. The number of circumferential and longitudinal piping
welds and branch . connections are minimized. Where
guard pipes are used, the enclosed portion of fluid
system piping is seamless construction and without
circumferential welds unless specific access provisions
are made to permit inservice volumetric examination of
the longitudinal and circumferential welds.

4. The length of these portions of piping is reduced to
the minimum length practical.

5. The design of pipe anchors or restraints (e.g.,
connections to containment penetrations and pipe whip
restraints) does not require welding directly to the
outer surface of the piping (e.g., flued integrally
forged pipe fittings may be used) except where such
welds are 100 percent volumetrically examinable in
service and a detailed stress analysis is performed to
demonstrate compliance with the limits of
3.6.2.1.4.1.G.1.

6. Guard pipes provided for those portions of piping in
the containment penetration areas are constructed in
accordance with the rules of Class MC, Subsection NE of
the ASME Code, Section III, where the guard pipe is
part of the containment boundary. In addition, the
entire guard pipe assembly is designed to meet the
following requirements and tests:

(a) The design pressure and temperature is not less
than the maximum operating pressure and
temperature of the enclosed pipe under normal
plant conditions.

O
Amendment U
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V (b) The Level C stress limits in-NE-3220, ASME Code,

Section III, is not exceeded under the loadings-
associated with containment design pressure and
temperature in combination with the safe shutdown
earthquake.

(c) Guard pipe assemblies are subjected to a single
| pressure test at a pressure not _ less than its

design pressure.'

(d) Guard pipe assemblies do not prevent the access
required to conduct the inservice examination

| specified in 3.6.2.1.4.1.G.7. Inspection ports,
| if used, are not located in that portion of the
i guard pipe through the annulus of dual barrier

containment structures.

7. A 100% volumetric inservice examination of all pipe
welds are conducted during each inspection interval as
defined in IWA-2400, ASME Code, Section XI.

8. Following a postulated pipe break of high-energy piping
beyond aither isolation valve, the stresses in . the -

piping from the containment wall, to and including the
A length of the isolation valve, are maintained within

(' Level C Service Limits as specified in the ASME Boiler
'and Pressure Vessel Code, Section III, (Reference 2).~

9. The design and in-service inspection requirements, as
specified in MEB 3-1 (Reference 4), are satisfied.
Inservice inspection program requirements are given in

| Sections 5.2.4 and 6.6.

10. The containment isolation valves are appropriately
qualified to assure that operability and leak tightness-
are maintained when subjected to any combination of
loadings, which may be transmitted to the valves from
postulated pipe breaks beyond the valves.

11. For moderate-energy piping, the stresses calculated by,

| the sum of equations-(9) and (10) in ASME Code, Section
III, NC-3653, ' do not exceed 0.4 times the sum of the
stress limits given in NC-3653.

t

3.6.2.1.4.2 Postulated Rupture Configurations

A. Break Configurations

Where break locations are postulated without the benefit of
a stress calculation, breaks.are assumed to occur at the
piping welds to each fitting, valve, or welded attachment.
If detailed stress analyses or tests are performed, break,V locations are selected as specified in Section 3.6.2.1.4.1,
Items A through E.

!
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Circumferential breaks are postulated in fluid system piping
and branch runs as specified in Section 3.6.2.1.4.1.E.
Instrument lines, one inch and less nominal pipe of tubing
size are designed to meet the provisions of Regulatory Guide
1.11.

Longitudinal breaks in fluid system piping and branch runs
are postulated as specified in Section 3.6.2.1.4.1.E.

B. Crack Configurations

| Through-wall cracks are postulated at those axial locations
specified in Section 3.6.2.1.4.1.F.

,

| For high-energy piping, through-wall cracks are postulated
to be in those circumferential locations that result in the
most severe environmental consequences. The flow from the
crack is assumed to wet all unprotected components within
the compartment with consequent flooding in the compartment
and communicating compartments. Flooding effects are
determined on the basis of a conservatively estimated time
period required to effect corrective actions.

3.6.2.1.5 Details of Containment Pcoetrations

Details of containment penetrations are discussed in Sections
3.8.1 and 3.8.2.

3.6.2.2 Analytical Methods to Define Forcina Functions and
Response Models

| 3.6.2.2.1 Piping Approved for Leak-Before-Break

There are no forcing functions or response models for the reactor
coolant loop, surge line, shutdown cooling line, safety injection
line and main steam line based upon elimination of dynamic
affects by leak-before-break evaluation.

3.6.2.2.2 Analytical Methods to Define Forcing Functions
and Response Models for Piping Excluding That
Approved for Leak-Before-Break

This section applies to all high-energy piping other than that
whose dynamic effects due to pipe breaks are eliminated from the
design basis by leak-before-break evaluation.

3.6.2.2.2.1 Determination of Pipe Thrust and Jet Loads

A. Circumferential Breaks

Circumferential breaks are assumed to result in pipe
severance and separation amounting to at least a

Amendment S
3.6-24 September 30, 1993

_ _ _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ .-



! CESSAREnMem
|

!

/^')
k.) one-diameter lateral displacement of the ruptured piping

| sections, unless physically limited by piping restraints,
! structural members, or piping stiffness.

B. Dynamic Force of the Fluid Jet Discharge

| The dynamic force of the fluid jet discharge from either a
| postulated circumferential or longitudinal break is based on
l a circular break area equal to the cross-sectional flow area

of the pipe at the break location and on a calculated fluid
pressure modified by an analytically determined thrust
coefficient, as determined for a circumferential break at
the same location. Line restrictions, flow limiters,
positive pump-controlled flow, and the absence of energy |

|
reservoirs are taken into account, as applicable, in the ,

reduction of jet discharge. |

Piping movement is assumed to occur in the direction of the .

jet reaction, unless limited by structural members, piping |
restraints, or piping stiffness.

C. Pipe Blowdown Force and Wave Force

The fluid thrust forces that result from either postulated
circumferential or longitudinal breaks, are calculated using |

(n)
,

a simplified one step forcing function methodology. This |

(/ methodology is based on the simplified methods described in
References 5 and 6.

When the simplified method discussed above leads to
impractical protective measures, then a more detailed
computer solution which more accurately reflects the
postulated pipe rupture event is used. The computer
solution is based on the NRC's computer program developed
for calculating two-phase blowdown forces (Reference 7).

D. Evaluation of Jet Impingement Effects

Jet impingement force calculations are performed only if
structures or components are located near postulated high
energy line breaks and it cannot be demonstrated that
failure of the structure or component will not adversely
affect safe shutdown capability.

E. Longitudinal Breaks

A longitudinal break results in an axial split without
severance. The split is assumed to be orientated at any
point about the circumference of the pipe, or alternatively
at the point of highest stress as justified by detailed
stress analyses. For the purpose of design, thep

( i longitudinal break is assumed to be circular or elliptical
'L/ (2D x 1/2D) in shape, with an area equal to the largest

Amendment S
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piping cross-sectional flow area at the point of the break
and have a discharge coefficient of 1.0. Any other values

| used for the area, shape and discharge coefficient
associated with a longitudinal break is verified by test

.

data which defines the limiting break geometry.|

3.6.2.2.2.2 Methods for the Dynamic Analysis of Pipe Whip

| Pipe whip restraints usually provide clearance for thermal
expansion during normal operation. If a break occurs, the
restraints or anchors nearest the break are designed to prevent
unlimited movement at the point of break (pipe whip). The
dynamic nature of the piping thrust load is considered. In the
absence of analytical justification, a dynamic load factor of 2.0
is applied in determining restraint loading. Elastic-plastic
pipe and whip restraint material properties may be considered as
applicable. The effect of rapid strain rate of material

| properties is considered in accordance with Reference 5. A 10
percent increase in yield strength is used to account for strain
rate effects.

In general, the loading that may result from a break in piping is
determined using either a dynamic blowdown or a conservative
static blowdown analysis. The method for analyzing the
interaction effects of a whipping pipe with a restraint is one of
the following: (1) the Energy Balance Method (2) Lumped
Parameter Method, or (3) Equivalent Static Method.

The energy balance method is based on the principle of
conservation of energy. The kinetic energy of the pipe generated
during the first quarter cycle of movement is assumed to be
converted into equivalent strain energy, which is distributed to
the pipe or the whip restraint. See Appendix 3.6A for a
discussion of the application of the energy balance method.

The lumped parameter method is carried out by utilizing a lumped
mass model. Lumped mass points are interconnected by springs to
take into account inertia and stiffness properties of the system.
A dynamic forcing function or equivalent static loads may be
applied at each postulated break location with pipe whip
interactions. A nonlinear elastic-plastic analysis of the
piping-restraint system is used. The computer method for this
analysis is described in Appendix 3.6A.

A conservative static analysis model is used for rigid rupture
restraints. In order to obtain the design load for a rigid
restraint, the following equation is used:

F = 2 x 1.1 x F,
= 2.2Fa

O
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' where

the design loadF =

maximum blowdown forceF =
3

and the dynamic load factor (DLF) is taken as 2.0 and rebound
effects are accounted for by a factor of 1.1. |

3.6.2.2.2.3 Method of Dynamic Analysis of Unrestricted
Pipes

The impact velocity and kinetic energy.of unrestricted pipes is
calculated on.the basis of the assumption that the segments at
each side of the break act as rigid-plastic cantilever beams j

subject to piecewise constant blowdown forces.- The hinge i

location is fixed either at the nearest restraint or at a point
determined by the requirement that the shear at an interior 1

plastic hinge is zero. The kinetic energy of an accelerating I

cantilever segment is equal to the difference between the work ]
done by the blowdown force and that done on the. plastic' hinge. !

The impact velocity V is found from the expression for the
2

kinetic energy: )

2KE = (1/2) M ,V 1

[(,/} )

where M., is the mass of the single degree of freedom dynamic i

model of the cantilever. The impacting mass is assumed equal to
M,, .

For a straight run of pipe rotating about a plastic hinge, the
zone of influence of the whipping pipe accounts for an increasing
length due to a traveling hinge point caused by strain hardening
effects. The impact energy of unrestrained pipe into a barrier
(e.g. the divisional wall) is governed by the vector component of
its velocity at impact which is perpendicular to the barrier.

| Impact of small piping into building structures conservatively
| assumes that all of the impact energy is imparted to th barrier
| with no dissipation due to local crushing deformation of the

| pipe.

Bearing area of impact on building structure is generally
elliptical, but is treated as a circle of equivalent area, with
dimensions based on experimental data for pipe crush behavior.
As the impact load is greatest on the periphery of the ellipse,
this yields a conservative force distribution into the barrier.
Long term loading on the barrier subsequent to impact due to
system blowdown and continued deceleration of remaining pipe
(beyond the impact zone) is accounted for in addition to the
initial impulsive loading.

O
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3.6.2.3 Dynamic Analysis Methods to Verify Intecrity and
Operability

3.6.2.3.1 Pipe Whip Restraints and Jet Deflectors for
Piping Approved for Leak-Before-Break

There are no pipe whip restraints and jet deflector for the
reactor coolant loop, surge line, shutdown cooling line, safety
injection line and main steam line based upon elimination of

i dynamic effects due to pipe breaks by leak-before-break
! evaluation.

3.6.2.3.2 Pipe Whip Restraints and Jet Deflectors for
Piping Other than that Approved for Leak-Before-
Break

,

l

This section applies to pipe whip restraints for all piping other
| than that whose dynamic effects due to pipe breaks are eliminated
'

from the design basis by leak-before-break evaluation.
Supplementary information on the design and selection of pipe
whip restraints is given in Appendix 3.6A.

3.6.2.3.2.1 General Description of Pipe Whip Restraints

When required, pipe whip restraints are provided to protect the
plant against the effects of whipping during postulated pipe
break. The design of pipe whip restraints is governed not only
by the pipe break blowdown thrust, but also by functional
requirements, deformation limitations, properties of whipping

| pipe and the capacity of the support structure. The restraint is
designed for the impact force induced by the maximum possible
initial gap between the whip restraint and the process pipe.

The impact energy is usually too high for an elastic restraint
system or support structure to absorb. Therefore, energy

| absorbing restraints are designed utilizing the energy balance
approach (impact energy + external work = internal energy of pipe
restraint system), are provided. Energy absorbing pipe whip
restraints consist of laminated straps or a crush pipe or crush i
pad as described in Appendix 3.6A, Section 1.1.

, 3.6.2.3.2.2 Pipe Whip Restraint Components
|

| Pipe whip restraints typically consist of the following
components:

A. Energy Absorbing Members

Members that are under the influence of impacting pipes |

(pipe whip) absorb energy by significant plastic
| deformations (e.g., laminated straps, crush pipes and

|
crushable honeycomb material). '
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B. Non-Energy Absorbing Members

Those components which form a direct link between the pipe
and the structure (e.g., crush pipe shim plates and |
components other than energy absorbing members).

C. Structural Attachments

Those fasteners which provide the method of attaching
connecting members _ to the structure (e.g. , welds and bolts) . |

D. Building Structure
|

Steel and concrete support structures which ultimately carry
the restraint load. Design criteria are specified in
Sections 3.8.3 and 3.8.4..

3.6.2.3.2.3 Design Loads

Restraint design loads, the reactions, a'id the corresponding,

| deflections are established using the criteria delineated in
Section 3.6.2.2.2.

|

3.6.2.3.2.4 Allowable Stresses !g-s
k_s The allowable stresses are as follows:

Allowable stresses used in the design of the pipe break restraint
components are consistent with the component function. The upper
design limit for pipe break restraint energy absorbing members ,

under pipe rupture dynamic loading is 50 percent of the restraint )
material ultimate strain based on test of actual material used |

'

for the pipe break restraint. For steady state loading following
a pipe rupture, the same strain limit applies up to either 80% of
the actual material ultimate strength or 80% of the Code
specified minimum ultimate strength. The allowable stresses
associated with the non-energy absorbing members and structural
attachments are given in Section 3.9.3.1.4. For the steel and-
concrete building structures, allowable stresses are specified in
Sections 3.8.3 and 3.8.4.

3.6.2.3.2.5 Design Criteria
i

The unique features in the design of pipe whip restraint
components relative to the structural steel design-are geared to
the loads used and the allowable stresses. These are as follows:

A. Energy-absorbing members are designed for the restraint
reaction and the corresponding deflection established

('' according to the pipe size and material and the blowdown

( force using the criteria delineated in Section 3.6.2.2.j
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B. Non-energy-absorbing members, structural components, and
| their attachments to the building structure are designed to

remain elastic.

All essential components are evaluated for jet impingement and
pipe whip effects using a dynamic or an equivalent static
analysis of testing to demonstrate either the functional
capability and/or operability in addit''n to the structural
integrity of the component.

3.6.2.3.2.6 Materials

The materials used are as follows:

| A. For energy-absorbing members: Carbon steel '1ch as A-106
Grade B or equivalent for crush pipe, crust honeycomb
made of stainless steel for compression, and less steel
such as Type 304 for laminated strap restraints.

B. For other components: ASTM A-588, ASTM A-572 Grade 50, and
ASTM A-36,

3.6.2.3.2.7 Jet Impingement Shields

Protection from jets is provided by using mparation and
redundancy (as described in Section 3.6.1), g 1 pipes, and
where necessary, jet shields.

3.6.2.4 Guard Pipe Assembly Design Criteria

Guard pipes to limit pressurization effects in the containment
penetration area will not be used except in " Hot Penetration"
assemblies as described in Section 3.8.2.1.3.4.

3.6.2.5 Compartment Pressurization and Temperature Analysis
outside Containment

Energy releases into compartments following a postulated pipe
rupture in high and moderate energy lines outside containment can
create pressure differentials across structural walls and slabs
and result in adverse environmental conditions for electrical and
mechanical equipment located in the compartments. Whereas
compartment pressurization analysis is performed to determine
pressure loadings on building structures, environmental pressure

,

I

and temperature analysis is performed to define conditions for
equipment qualification. The same basic analytical methods and
comp.at r codes are used in both cases, with changes in
asss.r ions and model where appropriate to assure conservative
res it,. Long-term mass and energy releases are used to
dett' .ine environmental conditions for design and evaluation of
equipment and building structures. )

|
'
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The greatest loads on building structures occur shortly af ter the
pipe rupture. The structures are designed to maintain
theirintegrity if such loads were to be imposed on them. The
following paragraphs describe the break postulation criteria and
calculational techniques used for compartment pressurization and
environmental analysis outside containment.

3.6.2.5.1 Break Postulation Criteria

Break Fostulation Criteria for high energy piping is presented in
'

Section 3. 6.2.1. For compartment analysis a minimum of one break
in eac'n compartment is postulated, and breaks are postulated so
as to maximize the adverse effects from pressurization and
temperature. When necessary to assure worst conditions, the
accident (e.g. , the Main Steam System pipe break) is analyzed for
a spectrum of pipe break sizes and various plant power
conditions.

3.6.2.5.2 Determination of Mass and Energy Release Rates '

Piping system energy release transients for the postulated pipe ;

rupture are determined by either a hand calculation or by
computer analysis. The plant operating mode which results in the
greatest energy release rate is used. For hand calculation the

.

'

break mass flow rate is obtained from a critical flow correlation ,

which predicts an upper bound flow rate for the rupture geometry
and fluid state under consideration. Examples are the Moody
correlation (two-phase and saturated steam conditions), the
Homogeneous Equilibrium Model (single phase steam), and the

i Henry-Fauske correlation (subcooled liquid). Blowdown flow rate
| is obtained from the following equation per ANSI /ANS-56.10: |
|

W = C AG where: W = mass flow rateo c
Co = discharge coefficient

,
A = break area
Ge = critical mass flux

The break fluid enthalpy is set equal to the stagnation enthalpy
of the fluid in the ruptured pipe. A flow discharge coefficient
of 1.0 is used unless a lower value is justified as required by
ANSI /ANS-56.10. |

|
For complex systems and where less conservative release rates are
needed, computer analysis is employed. Initial conditions (e.g. ,
fluid pressure, fluid temperature) are chosen within normal
operating limits such that the set which will result in the
largest release rates are used. A system model of appropriate

| complexity is generated and computer programs of the RELAP4 type
are used. To calculate the pipe break response, the fluid system
is divided into discrete volumes (control volumes or nodes) which

.
re connected to other volumes by a junction. The equations of

| conservation of mass and energy are solved in the nodes, and the

|
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one-dimensional momentum equation is solved in the flow paths.
A time history of system conditions is output by the code.

j CEFLASH-4A (Section 3.9.1.2.1.21), RELAP4/ MOD 5, and RELAP5/ MOD 3 I

(Reference 15) are computer codes applicable to the generation of
mass and energy releases. Also, SGNIII (Section 6.2.1.4.4) may
be used in the case of main steam line breaks.

3.6.2.5.3 Compartment Pressurization Analysis and
Environmental Pressure and Temperature Analysis

Compartment pressurization analysis is performed to determine
pressure loadings on building structures. Environmental pressure
and temperature response analysis defines pressure and
temperature conditions for qualification of mechanical and
electrical equipment.

Computer codes are generally used in some phase of this analysis.
Typically the model includes a network of volumes and junctions.
volumes represent rooms, corridors, pipe chases, and other
portions of buildings outside Containment. When appropriate,
volumes also are used to simulate the HVAC system and outside
atmosphere. Junctions represent flow paths between the volumes.
Multinode analysis may be required within a compartment. The
computer codes addressed below provide acceptable results for
both compartment pressurization and environmental pressure and
temperature analyses, with appropriate assumptions and models
changed to obtain conservative results.

The DDIFF-1 computer code (Reference 19) is used to predict
subcompartment conditions following incident initiation during
which the maximum pressure differentials on structures or
components would occur. The transient calculations include
determination of mass flow rates, mass and energy inventories,
absolute and differential pressures, and temperatures in the
subcompartment system. The subcompartment system is a control
volume-flow path spatial network created based upon the geometry
of the plant regions being analyzed.

RELAP4/ MODS, RELAPS/ MOD 3, and COMPARE may be used for these
analyses. Another computer code which may be applied here is the
multicompartment containment system analysis code CONTEMPT 4/ MOD 4
(Reference 17). It is used to predict the long-term thermal-
hydraulic behavior of a series of standard compartments. The
code calculates the time variation of compartment thermodynamic
p'roperties, temperature distributions in heat conducting
structures, mass and energy inventories in compartments, and mass
and energy transfer due to intercompartment junction flow by
solving the mass and energy balance equations.

The GOTHIC computer code (Reference 18) is a state-of-the-art
program for modeling multiphase flow. It solves the conservation
equations for mass, momentum and energy for multicomponent, two-
phase flow. The code contains a flexible noding scheme that
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allows lumped parameter, one , two, or three-dimensional analysis
or any combination of these to be conducted. Conservation
equations are solved for three fields: (1) steam-gas mixture (2)
continuous liquid, and (3) liquid droplet. It calculates the
relative velocities between these fields, including the effects
of two-phase slip on pressure drop and heat transfer between
phases and between surfaces and the fluid.

3.6.3 LEAK-BEFORE-BREAK EVALUATION PROCEDURE

This section describes Leak-Before-Break (LBB) analysis for all |
applicable piping. LBB analysis is used to eliminate from the
structural design bases the dynamic effects of double-ended
guillotine breaks and equivalent longitudinal breaks for an
applicable piping system.

!

LBB is demonstrated for the following System 80+ piping systems: |

| 1. Main Coolant Loop (MCL) piping, hot and cold legs
2. Surge Line (SL)'

3. Direct Vessel Injection (DVI) Line (main run inside
containment)

4. Shutdown Cooling Line (SC) (main run inside containment)
5. Main Steam Line (MSL) (main run inside containment)

1
Supplemental information on LBB methodology and on - design of
piping systems to LBB criteria is given in Appendix 3.9A.

3.6.3.1 Applicability of LBB

!
Piping systems for which LBB is demonstrated are first shown to
meet the applicability requirements for NUREG-1061, Volume 3. |

Specifically, the points considered for applicability for LBB '

are:

( (1) Regulatory requirements - level of susceptibility of failure
i from erosion, erosion / corrosion, erosion /cuvitation,
I waterhammer, creep fatigue, corrosion resistance, indirect
j causes, cleavage type failure, and fatigue cracking.

(2) Technical requirements - pipe properties, normal operation,
seismic load levels, and stratified flow, where applicable.

3.6.3.1.1 Design Basis Loads
|

The LBB evaluations are based on design basis loads using the
design configuration. Piping analyses of final detailed designs

i

| will confirm that LBB criteria is met for each piping system
i listed above.

|b
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3.6.3.1.2 Busceptibility of Failure from Erosion,
Erosion / Corrosion, Erosion / Cavitation

Systems susceptible to erosion / corrosion pipe wall thinning are
those with wet steam, flashing liquids, or liquid flow with high
localized velocities. These factors are considered along with
water chemistry and usage time to determine susceptibility and

.
appropriate preventative methods.

!

! 3.6.3.1.2.1 . Erosion / Corrosion Minimization
|

| For systems susceptible to erosion / corrosion, the following
methods are used to minimize degradation:i

( A. Proper material selection is essential for the prevention of
. excessive pipe wall thinning. Carbon steel piping is not
i susceptible to erosion / corrosion under dry steam conditions.
| Low alloy steel is significantly more resistant to wall
j thinning than carbon steel in wet steam or under conditions
| of two phase flow. Stainless steel is essentially immune to

erosion / corrosion and is used in the most susceptible areas
such as in wet steam or flow conditions where it is
difficult to maintain tight control of water chemistry.

B. Additional wall thickness is sometimes specified to
accommodate a limited amount of wall thinning without
violating code requirements.

C. The bulk fluid velocity is limited to prevent excessive
| erosion of the pipe wall. The following velocity guidelines

are used for carbon steel piping:

| Recommended Bulk Velocity Guidelines

Service Velocity

Steam Piping 150 ft/sec

| Water 15 ft/sec

Recirculatior Lines (Infrequent Use) 20 - 25 ft/sec

Velocity guidelines may be increased on a case by case basis
through the utilization of engineering evaluations which
address the erasion / corrosion aspects and piping material
selected in the design. The engineering evaluation will be
performed utilizing industry accepted tools and methods such 1

as EPRI Checkmate. I
|

D. Pipe routing is utilized to lower susceptibility to pipe
| wall thinning caused by adverse hydrodynamic conditions. |
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( 3.6.3.1.2.2 Applicability to Piping for LBB

Use of high quality steels, stainless steel or stainless steel
liners in the MCL, SL, DVI, and SC piping . prevents erosion,
erosion / corrosion, and erosion / cavitation. Additionally, water
chemistry for the reactor coolant system is closely controlled
and monitored. There is no evidence of unusual wall thinning in
these pipes due. to erosion, erosion / corrosion, or erosion /
cavitation in pressurized water reactor plants. Therefore, these
pipes have a very low level of susceptibility of failure from
these failure mechanisms.

Carbon steel is used in MSL piping. There is no evidence of wall
thinning due to erosion or erosion / corrosion for MSL piping
inside containment, because dry steam and the operating
temperature prevents erosion and erosion / corrosion degradation.
Therefore, MSL piping inside containment has a very low level of
susceptibility of failure from these failure mechanisms.

3.6.3.1.3 Susceptibility of Failure-from Water Hammer

3.6.3.1.3.1 Main Coolant Loop (MCL) and Surge Line (SL)

There is a very low potential for water hammer in the sub-cooledc

V) water solid portions of the reactor coolant system since these(
portions of the reactor coolant system are designed to preclude<

void formation. Safety valve discharge loads associated with the
pressurizer have been specifically identified and included in the
component design basis. Therefore,.the McL and'SL piping have a
very low level of susceptibility of failure from water hammer.

3.6.3.1.3.2 Direct Vessel Injection (DVI) Line

NUREG/CR-2781 (Reference 10) identified four water hammer events
from the NUREG/CR-2059 (Reference 20) database involving the |
safety injection system. EPRI research on water hammer events
included these four events and included two more related to the
Safety Injection System as reported in EPRI NP-6766 (Reference

. 21). Five of these six events occurred in piping. upstream of the
| injection check valves due to steam pocket collapse (3 events),
! filling of a voided line (1 event), and unknown (1 event). The
! sixth event occurred in the low-head safety injection ; suction
' pump piping due to an unknown cause.

The most likely root cause for most.of these water hammer events
is the leaking of the check valves, allowing hot water to enter
a low pressure region and then flash into steam bubbles. The
steam pocket thus formed would permit a steam pocket collapse
type water hammer to occur if it were suddenly pressurized by the
addition of water to the low pressure piping. The prevention of
this type of water hammer is procedurally assured for the System
80+ design during initial system fill and plant operation.
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Procedures for initial fill and venting ensure that voids will
not occur initially in the System 80+ DVI piping. High point
vents provide for the proper venting of lines and pumps. If this
piping is then pressurized (above the calculated leakage induced
temperatures / saturation pressures) , that pressure coupled with
the generally low temperature of the DVI system ensures that the
lines would remain full and that steam bubbles would not develop
near the check valves. However, further protection against this
type of water hammer is provided administratively by monitoring
the pressure in the injection line and flushing upon high
pressure. Pressure indication and alarms are provided to alert
the operator of an increase in pressure to 1000 psig (from normal
of about 620 psig). This is an indication of high temperature
RCS leakage past the DVI check valve. Upon alarm, the operator
opens the injection line drain valve (SI-618, 628, 638 or 648 see
Figure 6.3.2-1C). This depressurizes the injection line to the
SIT pressure while replenishing the volume with subcooled water
at containment ambient temperature. This replenishment is
performed slowly so as not to exceed the makeup
capability,therefore minimizing the potential for collapse of any
steam pockets that may have formed.

Normal valve operation, pump startup and pump trip will create
negligible fluid transient loads for the DVI system. The " sixth
event" as reported in EPRI NP-6766, is not a concern to System

| 80+ because the Safety Injection System does not have a low-head
Safety Injection Pump. All results of all design bases events
are mitigated with the use of four high pressure pumps.

Based on system operating procedures which require venting of DVI
lines, and the low number and low severity of events reported for
safety injection type systems in PWR's, the susceptibility of
water hammer induced failures in the System 80+ DVI system is
very low. Thus, the DVI system meets the screening criterion for
water hammer.

3.6.3.1.3.3 Shutdown Cooling (SC) Line

NUREG/CR-2781 (Reference 10) identified only one water hammer
| event from the NUREG/CR-2059 (Reference 20) database involving
the PWR residual heat removal (RHR) system. EPRI research on
water hammer events included this event and included six more
related to the RHR system as reported in EPRI NP-6766 (Reference
21). These events occurred in five areas including piping i

| adjacent to the reactor coolant isolation valves (1 event), the I

high point piping of the RHR heat exchanger (1 event), RHR pump |
discharge piping (2 events), branch piping to the chemical and

'

volume control system (2 events), and piping adjacent to the
reactor coolant system cold leg isolation valves (1 event).
These lines are only susceptible to a small number of the generic
causes of water hammer - rapid valve opening or cleaning and |
steam bubble collapse.
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O There is little potential for water hammer loading due to the
first cause because there are no fast-acting valves in the
System 80+ SC system, and it is very unlikely for a steam bubble
to form in the line. Under normal power operation, the valves in
the line are closed and the fluid in the line is at ambient
temperature. Thus, the vapor pressure is low and steam bubble
formation will not occur. During shutdown cooling operation, the
system is open-to the RCS and will have the same vapor pressure
as the RCS, which will be subcooled due to.the hydrostatic head
formed by the water and steam in the pressurizer. Therefore,
steam bubble formation is precluded by the characteristics
inherent to the system.

Even though there have been water hammer events reported in parts )
of the PWR RHR system, severe water hammer events are not i

expected for the shutdown cooling line. Based on the low
severity for the types of events to which the SC system is

,

subject, the SC system meets the screening criterion for water ;

hammer. '

3.6.3.1.3.4 Main Steam Line (MSL)

NUREG/CR-2781 (Reference 10) identified six water hammer events
from the NUREG/CR-2059 (Reference 20) database involving the PWR '|[ main steam system. EPRI research on water hammer events included
these six events and included two more related to the main steam
system as reported in EPRI NP-6766 (Reference 21). Six of these
eight events occurred in piping adjacent to main steam isolation |
valves due to valve operation (3 events), and steam propelled.
water slug (3 events), one unknown event in piping downstream of

| the turbine bypass valve, and one unknown event in the main steam
! relief line. None of the events caused damage to MSL piping.
|
, The System 80+ main steam supply system (including MSL pipe
| support system components) is designed to accommodate steam

hammer dynamic loads and relief valve discharge loads resulting
from rapid closure of system valves and safety / relief valve

i operation without compromising safety functions. The number of
90-degree elbows and miters is minimized in the MSL piping layout
to reduce the effects of steam and water hammer. Valves in the
main steam supply system are designed to withstand loads
developed from the various operating and design basis events,

i described in Section 3.9.3. Transients due to steam-propelled
water slugs are prevented by proper procedures and operation of
the MSL to avoid pockets and water slugs in the piping.

Based on the low severity of the water hammer events described in
NUREG/CR-2781 and the design considerations of the System 80+
main steam supply system, the MSL piping has a very low level of

! A susceptibility of failure from water hammer.

!U
|

|

|
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3.6.3.1.4 Susceptibility of Failure from Creep Fatigue

Creep fatigue is a concern for ferritic steel piping at operating
temperatures above 700*F and for austenitic stainless steel
piping at operating temperatures above 800*F. Operating
temperatures of the System 80+ piping systems are below these
limits, and therefore not susceptible to creep fatigue failure.

3.6.3.1.5 Susceptibility of Failure from Corrosion
Materials used in the MCL, SL, DVI, SC and MSL piping are highly
resistant to corrosion. Material selection, fabrication
controls, and water chemistry ensure resistance to corrosion.

The MSL carbon steel piping material is exposed to a dry steam
environment. Under these service conditions carbon steel forms
a protective oxide film which inhibits further corrosion.
Therefore, the general corrosion rate of carbon steel in dry
steam is very low. Carbon steel is also resistant to the effects
of erosion-corrosion under dry steam service conditions.

To prevent intergranular stress corrosion attack of the
austenitic stainless steel surge line, fabrication and operation
controls are implemented. Primary water chemistry is controlled
to minimize contaminants, and the dissolved oxygen is at a level
that would normally preclude intergranular stress corrosion
cracking (IGSCC).

Therefore, through material selection, chemistry control and
fabrication control, these pipes have a very low level of
susceptibility of failure from corrosion.

See Sections 5.2.3.2, 5.2.3.3 and 5.2.3.4 for water chemistry
controls and fabrication of reactor coolant boundary components.

3.6.3.1.6 Susceptibility of Failure from Indirect Causes

Pipe degradation or failure from indirect causes such as fires,
missiles and component support failure is prevented by designing,
fabricating and inspecting to criteria that ensures low

~ probability of the event or its impact on safety related
structures. As an example, the overhead polar crane is designed
to Seismic Category II to prevent it from becoming a missile and
impacting these piping systems or other safety-related equipment.

Therefore, the MCL, SL, DVI, SC and MSL piping have a very low
level of susceptibility to failure from indirect causes.

3.6.3.1.7 Cleavage Type Failure

Cleavage type failures are generally not a concern for the system
operating temperatures and materials used for the MCL, SL, DVI,
SC and MSL piping. In addition, material tests (ASME Section III
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' Code required toughness tests and J-R tests) show the materials

for these pipelines to be highly ductile and highly resistant to
cleavage type failures at operating temperature.

3.6.3.1.8 Susceptibility of Failure from Fatigue Cracking

3.6.3.1.8.1 Class 1 Piping

The MCL, SL, DVI, and SC piping.are designed to meet the ASME
Section III subsection NB fatigue criteria. All design basis
transients identified in Section 3.9.1 are included in the detail
stress analyses. Therefore, these pipes have a very low
susceptibility of. failure from fatigue cracking.

3.6.3.1.8.2 Class 2 Piping

Safety Class 2 piping is designed to meet ASME Section III
Subsection NC fatigue criteria. All design basis transients
identified in Section 3.9.1 are included in establishing the
allowable stress. limits in accordance with NC 3611.2. That is,
the allowable stress range for expansion stress is reduced for
cyclic conditions based on the number of equivalent full
temperature cycles. All design basis transients are included in
determining the number of equivalent full temperature cycles and
the stress range reduction factors for cyclic conditions.

3

The main steam line piping is not subjected to severe Level A or
B thermal or pressure transients other than heatup and cooldown.
Thermal transient heatup and cooldown rates are on the order of
normal heatup and cooldown and temperature variations for
transients other than heatup and cooldown are generally less than
50*F. Level A and B pressure variations for transients other
than heatup and cooldown are generally less than 20% of the
design pressure.

The impact of gross bending on the fatigue life of the piping is
conservatively considered in the Class 2 design. A comparison of
allowable thermal stress range from Subsection NC of the code to
the allowable alternating stress from Subsection NB demonstrates
that the Class 2 allowable is less than the class 1 allowable
through the range.of expected equivalent full temperature cycles
in the steam line. Additionally, there are no significant
temperature or pressure variations which would' result in
significant local or through wall stresses. If a detailed
-fatigue evaluation were to be performed, a very low usage factor
would be expected. Therefore it is concluded that the steam line
has a very low susceptibility of failure from fatigue cracking.

3.6.3.2 Leakace Crack Location

A survey of the piping is performed to determine the locations of
highest stress loading and coincident poorest material
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properties. All base metal, weld materials, heat affected zones
in the vicinity of the terminal ends, and all intermediate elbow
locations are considered.

3.6.3.3 Leak Detection

h ere are two mejor aspects to leak rate based on crack detection
in addition to the crack opening size; leak detection capability,
and flow rate correlation for leakage through a crack.

3.6.3.3.1 Leak Detection System

A leak detection system is recommended by Regulatory Guide 1.45,
Reference 8, capable of detecting a leakage rate of 1.0 gpm or
less to the primary reactor containment. NUREG-1061, Volume 3,
recommends a safety margin of ten on the leak detection system
capability. Diverse measurement means are provided for System
80+ for leakage detection, including RCS inventory monitoring,
sump level and flow monitoring, and measurement of airborne
radioactive particulates and gases (see Section 5.2.5). The RCS
primary water inventory balance method is used to detect leakage
rates of 1 gpm or less.

Leak detection system requirements to support the LBB analysis
for main steam line piping are met by a combination of humidity
detectors, air cooler condensate flow monitors, radioactive
airborne activity sensors, sump flow and level meters, and the
RCS inventory balance instrumentation. Total plant leakage
inside containment is continuously monitored via the containment
floor drain (HVT) sump, reactor cavity sump, and containment
cooler condensate tank instruments described in Section 5.2.5.1.
If the total unidentified plant leakage inside containment
exceeds 1.0 gpm, an RCS inventory balance is performed to
quantify RCS unidentified leakage. Increases in containment
cooler condensate flow are attributable to containment humidity
increases due to high energy leaks inside containment, and/or
containment cooler tube leakage. Therefore, subtracting RCS
unidentified leakage and any known high energy leaks inside
containment (e.g., RCS, main steam, and feedwater leaks) from the
plant leak rate determined by containment cooler condensate tank
monitoring provides a conservative estimate of main steam line
leakage.

3.6.3.3.2 Flow Rate Correlation

The other major aspect of crack detection based on the leak rate,
namely the flow rate correlation for leakage through a given
crack size, cannot be predicted precisely. Variables such as
surf ace roughness of the side walls of the crack, the nonparallel
relationship of the side walls due to the elongated crack shape,
and possibly zigzag tearing of the material during crack
formation all introduce uncertainties in defining an exact flow
rate correlation.
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The leakage rate required to be detectable is 1.0 gpm or less.
The licensing guidelines (NUREG-1061, Volume 3) recommend a
factor of 10 on that leakage rate for conservatism unless
otherwise justified. The LBB evaluations of System 80+ primary
side piping systems listed in Section 3.6.3 are based on a leak
detection capability of 1.0 gpm, with a safety margin of 10. The
LBB evaluation of the System 80+ main steam line inside
containment is based on a leak detection capability of 1.0 gpm
and a safety margin of 10.

See Appendix 3.9A for further discussion of flow rate
correlation.

3.6.3.4 Material Properties.

For the main coolant loop, the hot and cold leg piping material
is SA516 Gr70 or SA508 CL1A. All hot- and cold-leg pipe-to pipe
welds and the pipe-to-reactor vessel, steam generator and reactor
coolant pump welds are carbon steel. All main loop component
nozzles are SA508 CL 1A, 2 or 3 or SA541 CL 1, 2 or 3. The surge
line is SA312 Type 347 or Type 316 stainless steel, resulting in
bimetallic safe end welds. The shutdown cooling line and the
direct vessel safety injection line are Type 304 or 316 stainless
steel. The main steam line is SA516 Gr70.

The stainless steel piping fabricated for the surge, shutdown
cooling and direct vessel injection lines are seamless pipes.
The detailed analysis of cracks in pipe welds requires
consideration of the properties of the pipe and the weld
materials. Previous work by C-E has shown that a conservative
bounding analysis results when the material stress-strain
properties of the base metal (lower yield) and the fracture
properties of the weld (lower toughness)-are used for the entire
structure, (Reference 11). This material representation is
applicable to all LBB analyses discussed in Section 1.9 of
Appendix 3.9A. For both the final design and as-built
configurations, the COL applicant will review material properties
for piping systems subject to LBB, which are listed in Section
3.6.3. If either the base metal or the weld is found to have
lower fracture toughness properties than those given in Appendix l

3.9A, the COL applicant will perform a LBB reanalysis using the
material with the lower fracture toughness properties as the
basis for the J-R curve. Tht tensile (stress-strain) curves and
the Jo vs. Aa curves are required for each material type.
Additional COL applicant commitments with respect to review of
final design and as-built configurations for piping systems
subject to LBB are given in Section 1.9 of Appendix 3.9A.
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3.6.3.5 Leakage Crack Lenath Determination

It is necessary that hypothesized through-wall cracks open
significantly to allow detection by normal leakage monitoring
under normal full power loadings.

The method for determining the appropriate leakage crack length
is described in Section 1.9.6.2 of Appendix 3.9A.

3.6.3.6 Computation of J-Intecral Values

3.6.3.6.1 Range of Crack Bizes

The range of crack lengths are calculated using a detailed
stability analysis of the through-wall cracks in the piping
evaluated. The finite-element analysis is performed for the
leakage crack size and twice that length. This procedure,
therefore, considers the stability of a range of crack lengths
for all locations selected for the analysis.

3.6.3.6.2 J-Integral

The stability of through-wall cracks is evaluated using the
J-integral technique. The J-integral is determined in the
finite-element analysis for pressure, normal operation, and '

maximum design load, which is the largest of the dynamic loads
(due to safe shutdown earthquake, thermal stratified flow, rapid
valve closure, or other) included in the crack stability
analysis. The J-integral is determined for two different crack

,

lengths for each geometric model. For the margin on loads
evaluation, the J-integral for the leakage crack size is

evaluated for [2 x (Pressure +NOP+ Maximum Design) loads. For the
margin on crack length evaluation, the J-integral for 2 times the
leakage crack size is evaluated for Pressure +NOP+ Maximum Design

| loads.
3.6.3.7 Stability Evaluation

The stability of the cracked pipes is assessed by comparing the
J-integral value due to the applied loads on the pipe to the
material crack resistance. The stability criterion for ductile
crack extension employed is:

| if J-applied < J material, and
IC

applied < material

then crack stability is assured.

O
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O The change in J-integral with crack length "a" is determined by
analyzing several crack lengths in the region of interest. For
a leakage crack of length "a", crack lengths "a", a-6, and a+6
are analyzed. Similarly, the change in J-integral with crack
length in the region of length "2a" is determined by analyzing
cracks with lengths 2a, 2a-6, and 2a+6. This method.provides the
derivative information in the two regions of interest. The
variation of J With crack length in the region of "a" and "2a" is
plotted along with the material curve. Evaluation of the plots
allows for direct verification of the stability criteria.

The evaluations are performed for the locations chosen to envelop
all limiting cases. The pipes with the leakage crack length
subject to loads of 4 x (P+NOP+ Maximum Design Load) and the
pipes with crack length twice the leakage crack length with loads.
of (P+NOP+ Maximum Design Load) are demonstrated to have
significant margin between the material curve and the loading
curve, indicating that all pipe locations satisfy the LBB crack
stability criteria.

See Appendix 3.9A, Sections 1.1.9.5.4 and 1.1.9.6 for a
discussion of LBB design criteria development and a further
discussion of analytical methods.

3.6.3.8 Results

The piping listed in Section 3.6.3 and evaluated by the methods
described above are shown to meet all the criteria for
application of the leak-before-break according to NUREG 1061,
Volume 3. Specifically, these criteria require that:

A. Cracks which are assumed to grow through the pipe wall leak
significantly while remaining stable. The amount of leakage
is detectable with a safety margin of at least a factor of
10 unless otherwise justified.

1
'B. Cracks of the length that leak at the rate in A. can

withstand normal operation plus maximum design load loads
with a safety factor of at least 4

C. Cracks twice as long as those. addressed in B. Will remain
stable when subjected to normal operation plus maximum
design load.

The COL applicant will confirm that the bases for the LBB
acceptance criteria are satisfied by the final as-built design
and materials of the piping systems listed in Section 3.6.3 and
will be documented in a LBB evaluation report.

(
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O evaluation, the local stiffness of the pipe wall is considered
and the contact area on the pipe is sufficiently large to
minimize these local shell deformations.

1.2 RESTRAINT CHARACTERIZATION
.

Rupture restraints consist of two parts: the supporting
structure and the energy absorbing component.

I

Restraint support. structures which.do'not also function as pipe ,

supports are designed to the requirements of .the AISC- Steel
Construction ' Manual (Reference 4.3), with' the additional i

requirement that they be seismically rigid. In all applications.
involving the support of energy absorbing restraints, the support
deflection is comparatively'small and does not affect the impact

'

load. Thus, in simplified analysis, the support structures are
not explicitly included in the dynamic analysis. They ' are
designed to a static load equal'to the peak load in the energy
absorbing member times a dynamic. load factor (DLF) of 2. For ,

detailed dynamic analysis, the support structures are modeled in 1

sufficient detail to reflect their distributed mass and stiffness- |

properties. The effective DLF varies throughout the support. |

The energy absorbing characteristics of a pipe crush bumper are |

O based on the interpolation of test data (Reference' 4.4 ) with
consideration of the loading rate (Reference 4.5). . While the
curve may be used directly in energy balance analysis, for
dynamic analyses it is represented as a multi-linear curve. In
its simplest form, this may be a bilinear curve 'which gives a
good fit to the force and energy absorption near the design
point.

Laminated strap restraints are modeled as an equivalent member
having the same force-deflection properties and effective length |
as the restraint. The. procedure for establishing the properties
has been checked against test results and considers the following |
parameters:

the restraint dimensions and geometry,especially the lengtho

and area of the reduced cross-section.
The diameter of the arch of the outside of the pipe.*

* the stress-strain characteristics of the stainless steel
strap; a 10% increase in force to account for strain rate |
effects may be used (Reference 4.2);.and

.. .

the initial clearance gap to the hot pipe and the additional*

effective gap due to slack take-up, and
The effects of off-axis impact.*

The force-deflection curve is idealized as a bilinear relation
which, like the analytical model for the. pipe crush bumper,
accurately represents the force and dissipated energy near the
design point.
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O'2.0 PIPE RUPTURE EVALUATION

2.1 GENERAL APPROACH

| The approach used for evaluating the effects of pipe rupture is
based on Reference 4.9. The specific method employed for pipe
whip evaluation is generally determined by the nature of the
problem and the size and pressure of the line being restrained:

Energy balance analysis is the simplest form of analysis.*

Its use is confined to conceptual design and to the
evaluation of restraints for small or relatively low
pressure lines, especially the qualification of standard
small line restraints.

Simplified dynamic analyses are used to evaluate restraints*

for small and moderate size lines and to evaluate
situations, such as concrete barrier impact, which are
evaluated primarily by empirical relationships and which do
not lend themselves to more detailed analysis.

Detailed dynamic analyses are performed for all large line*

restraints and for the evaluation of containment penetration
areas in any size line.

2.2 PROCEDURE FOR ENERGY BALANCE ANALYSIS

Energy balance analysis equates the work done by the blowdown
thrust force to the energy absorbed in the restraint. This
permits a designer to readily size the energy absorbing component
and this approach is often used for initial restraint sizing.
The work done is based on a quasi-steady-state fluid force times
the distance traveled, including the deflection of the restraint.
Energy absorbed by the pipe, as at a plastic hinge, is
conservatively ignored. The steady-state fluid forcing function
is derived in accordance with Section III.2.c(4) of Reference
4.2. If the approach is used for final design, typically for
small lines, the approach follows the requirements of Reference
4.2 and includes an amplification factor of 1.1 on the fluid
forcing function to account for a possible maximum reaction
beyond the first quarter cycle of response.

2.3 PROCEDURE FOR DYNAMIC ANALYSIS WITH BIMPLIFIED MODELS

! Simplified dynamic analysis models involve closed-form solutions
I for the pipe whip event, as detailed in Reference 4.9. Two forms

of analysis are used, both being enhancements of the energy
balance approach in which the time domain is explicitly
considered. As in energy balance analysis, an amplification
factor of 1.1 is applied to the fluid forcing function.
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} 3.7 SEISMIC DESIGN
t

3.7.1 SEIBMIC INPUT

This section discusses the seismic design parameters and
methodologies being used for the design of those systems and i

subsystems important to safety and classified as Seismic Category i

I in Section 3.2.

3.7.1.1 Desian Response Spectra
i

The System 80+ Standard Design as defined by CESSAR-DC is not I

based on a specific site. The design response spectra which |
define the free' field design ground motion or control motion ,

specified either at the site soil surface or on a hypothetical !
rock outcrop.are shown in Figure 2.5-5. Generic site conditions |

were selected to cover a range of possible conditions for the
System 80+ sites. For the Nuclear Island, sets.of representative i
cases from each of four generic site categories were evaluated.
Ground surface and foundation-level spectra which correspond to
the design response spectra 'of control motions CMS 1, CMS 2 and
CMS 3 for rock and soil cases are shown in Section 2.5. Out of 12
soil cases analyzed in Section 2.5.2, ten are.used in the soil
structure interaction (SSI) analyses. The two cases eliminated

~

O in the SSI analysis (B3 and D1) were non-governing cases whose
! soil response levels were enveloped by other cases. See Section

2.5.2 for details of this analysis phase. Two rock cases were
| analyzed, one with no backfill (fixed base at bottom of basemat)
| and one with concrete backfill (fixed base at all subsurface
' elevations). The ten soil cases and the two rock cases were

analyzed for all three control motions (CMS 1, CMS 2, and CMS 3).

A sensitivity study was performed to demonstrate that the
selected motions and the soil profiles provide a conservative
design envelope for the System 80+ structures. In this study, a
simplified analytical model of the 3D NI structure was developed
and analyzed with five soil profiles and the CMS 2 control motion.
Three of the soil profiles were part of the 12 profiles selected

j for the System 80+ 3D SSI analyses (B-1, B-1.5, B-2). The
remaining two soil profiles were developed to' serve as " test"
profiles. The two new profiles were chosen such that they have
low strain soil properties that are in-between 'the soil
properties of cases B-1, B-1.5 and B-2. Hence, they were named
B-1.25 and B-1.75. Response parameters such as maximum
in-structure acceleration, maximum base shear and maximum base
overturning moment were used as the key parameters that determine
the adequacy of the soil profile selection. The sensitivity
analyses showed that structural response corresponding to the
" test" soil cases B-1.25 and B-1. 75 was under the envelope of
structural response from the three generic cases B-1, B-1.5 and
B-2. Therefore, it is concluded that the 12 generic soil

( profiles provide a conservative envelope of structural response
| and they cover a broad range of sites.
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The effect of differential seismic displacement on the equipment
and supports is included in the analysis as described in Section

i 3.7.3.1.

3.7.1.2 Design Time History

| Since the System 80+ Standard Design is designed for generic site
| conditions, for the time history method of analysis, the generic

free-field ground surface time histories are used as control
motions in the analyses. In the soil-structure interaction
analyses, for each generic site, the corresponding two horizontalj
and one vertical time histories at the free-field ground surface'

are used with the SSI model of that site. For the fixed-base
onalyses, the rock outcrop time histories are directly used as
the control time histories.

The response spectra at 2, 5 and 7% damping of control motion
CMS 1, and 1, 2, 5 and 7% damping of control motions CMS 2 and CMS 3
and the corresponding spectral ordinates of the matching time
histories are shown in Figures 3.7-1 to 3.7-12. The Power
Spectral Densities of all time histories are included in Section
2.5.

Each time history that is used in the SSI and rock analyses
contains 20.48 seconds. For the SSI analyses, a time step of
0.005 sec is used. For the Nuclear Island rock analyses, a time
step of 0.0025 sec is used.

For Category I structures not on the Nuclear Island a time step
of 0.005 sec. is used for both SSI and rock analyses.

3.7.1.3 Critical Damping Values

Damping values used for various nuclear safety-related structures
systems and components are based upon Regulatory Guide 1.61 or
ASME Code Case N-411-1 (See Figure 3.7-32). These values are
expressed in percent of critical damping and are given in Table
3.7-1. When the response spectra method of analysis is used for
piping, damping values are based on Code Case N-411-1.

3.7.1.4 Supporting Media for Seismic Category I Structures

Category I structures are founded directly on rock or competent
soil. For the Nuclear Island the foundation embedment depth for

| System 80+ standard plant is approximately 51 feet (Reference 7).
The rock properties and the layering characteristics, including
shear wave velocity, shear modulus, and density, are given in
Section 2.5. The System 80+ Nuclear Island is designed for the
range of soil conditions discussed in Section 2.5 and shown in
Appendix 3.7B.

3.7.1.4.1 Soil Structure Interaction (SSI)

Two different types of analysis methodologies are used for the
seismic analyses for the Nuclear Island. For the fixed-base
cases, modal superposition time history analyses are performed

Amendment V
3.7-2 April 29, 1994

. -__- ___ - - _ -_ _



,
. . - -. . . - . _ - . .

:

CESSAR !!nha

|

| \
The damping factors given in Table 3.7-1 include those
recommended in Regulatory Guide 1.61. The results of the dynamic
analyses of the major components of the reactor coolant system, |

which are performed to confirm the adequacy of the seismic ,

design, are contained in Appendix 3.7A. I
l

3.7.2.1.2.2 Mathematical Models ;

In the descriptions of the mathematical models that follow, the
spatial orientations are defined by the set of orthogonal axes
for which Z represents the vertical direction and X and Y are in
the horizontal plane in the directions indicated on - the
appropriate figure. The mathematical representation of the
section properties of the structural elements employs a 12 x 12
stiffness matrix for the three-dimensional space frame models,
and employs a 6 x 6 stiffness matrix for the two-dimensional
plane frame model.

.

Elbows in piping runs include the
in-plane /out-of-plane bending flexibility factors as specified in
the ASME Code, Section III.

A schematic diagram of the composite mathematical models used in |
the analyses of the dynamically coupled components of the reactor
coolant system is presented in Figures 3.7-23 and 3.7-24. These
models include 36 mass points with a total of 96 dynamic degrees
of freedom to represent the RCS, including the pressurizer.
Additional mass points and dynamic degrees of freedom, not shown
in the figures, are used to represent the containment and
interior structures in the coupled seismic model. The surge line
is very flexible relative to the rest of the structure, and is
not considered in the coupled model analysis. The pressurizer is;

| mathematically coupled to the remainder of the RCS by way of the
building structure represented in the coupled seismic model. Thei

! mass points and corresponding dynamic degrees of freedom are
i distributed to provide appropriate representations of the dynamic
| characteristics of the components, as follows:

A. The reactor vessel, with internals, is represented by 4 mass
| points with a total of 11 dynamic degrees of freedom.

B. Each of the two steam generators is represented by 4 mass
points with a total of 10 dynamic degrees.of freedom,.each

| of the four reactor coolant pumps is represented by 2 points
I with a total of 6 dynamic degrees of freedom.

C. The pressurizer is represented by 6 mass points with a total
| of 13 dynamic degrees of freedom; each branch of cold leg

piping is represented by a mass point with 3 dynamic degrees
of freedom.

D. Each branch of hot leg piping is represented by a single
mass point with 2 dynamic degrees of freedom. The
representation of the reactor vessel internals is formulated
in conjunction with the analysis of the reactor vessel
internals discussed in Section 3.7.3.14, and is designed to
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O
| simulate the dynamic characteristics of the models used in j

that analysis. ,

1

|

The mathematical model provides a three-dimensional
,

| representation of the dynamic response of the coupled components I

! to seismic excitations in both the horizontal and vertical 1
'

directions. The mass is distributed at the selected mass points
!and corresponding translational degrees of freedom are retained

to include rotary inertial effects of the components. The total
mass of the entire coupled system is dynamically active in each
of the three coordinate directions.

Surae LlILe

A lumped parameter, multimass mathematical model is employed in
the analysis of the surge line. A representative model is shown

| schematically in Figure 3.7-25. The surge line is modeled as a
| three-dimensional piping run with end points anchored at the
| attachments to the pressurizer and the reactor vessel outlet
! piping. All supports defined for the surge line assembly are
! included in the mathematical model. The total mass of the surge

line is dynamically active in each of the three coordinate
directions. The surge line is analyzed as uncoupled from the
reactor coolant system, using the motions of the hot leg,

|
pressurizer and supports as input.

3.7.2.1.2.3 Analysis

Modeling and analysis of the coupled components of the reactor
coolant system and the pressurizer are performed using ANSYS. A

| description of ANSYS is given in Section 3.9.1.2.1.13. Modeling
and analysis of the surge line is performed using the SUPERPIPE
code, a description of which is given in Section 3.9.1.2.1.4.

Time history data for all six possible components of motion are
applied simultaneously to the coupled building model to analyze
the coupled components of the reactor coolant system.

The responses to seismic excitation for the coupled components of i
the reactor coolant system are computed using the transient |

analysis capability of ANSYS. In the analysis of the coupled j

components of the RCS, excitations are input at selected points 1

i in the reactor building. For the coupled components of the RCS, ); the relative support displacements are inherently accounted for
during the coupled analysis. The building motions derived from
the soil-structure interaction analysis consist of six time 1

histories at each location per soil case, three linear and three
rotational. For each soil case all six time history motions are
applied at each selected point of the coupled building model to
analyze the coupled components of the RCS. The calculated
motions for input to subsequent subsystem analyses therefore
include the motions caused by the foundation torsion and rocking.
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Od The spectra are generated for. appropriate critical damping for
SSE. The peaks of the response spectra are broadened as i

described in Section 3.7.2.9.

3.7.2.6 Three Components of Earthadake Motion
|

3.7.2.6.1 Seismic Category I Structures, Systems, and |
Components Other Than NSSB |

For the Nuclear Island the three statistically independent
orthogonal components of earthquake motion (2 horizontal and 1
vertical) are applied to the structural models as separate
loading cases. The models are analyzed using either the
time-history or response spectrum method of dynamic analysis as
appropriate. For time-history analysis, the total response is
obtained by algebraically summing the response parameters in the
time domain. For response spectrum analysis, the total response
of the structure due to the three input seismic motions is
obtained by combining the directional responses using the square
root sum of the squares (SRSS) method.

For other Category I structures all three components of input
excitation are applied simultaneously.

N
i 3.7.2.6.2 Nuclear Steam Supply Systemi

! M
| The procedures for considering the effects of three components of
| earthquake motion in determining the seismic response of NSSS
! systems, components and supports are in accordance with

Regulatory Guide 1.92. They are discussed in Section
3.7.2.1.2.3.

3.7.2.7 Combination of Modal Responses

3.7.2.7.1 Seismic Category I Structures, Systems, and
Components Other Than NSSS'

The total seismic response of a structure to an input response
spectrum loading is obtained by combining the response of each
individual mode of the structure in accordance with the
requirements of Regulatory Guide 1.92. If the modes are not
closely spaced (i.e. no two consecutive modes have frequencies
which differ from each other by 10 percent or less) then the

|- significant modes are combined using the square root sum of the
| squares (SRSS) of the corresponding maximum values of the

|
response of each element of the structure. This is expressed
mathematically as:

; p R= ( R )
k=1

.
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Where R is the maximum response of a given element, Ry is the peak
response of the element due to the K" mode, and N is the number
of significant modes.

If some of the modes are closely spaced the response of the
individual modes is combined using the Ten Percent Method from
Regulatory Guide 1.92. This can be expressed as:

N
2R= ( Z R + 2E |R Rg $| ) ifj

k=1

Where R, Rx and N are as previously defined. The second summation
is performed on all i and j modes whose frequencies are c)'3ely
spaced to one another. Alternative summation methods gis en in
Regulatory Guide 1.92, such as the Double Sum Method, are
acceptable substitutes for the method described above.

3.7.2.7.2 Nuclear Steam Supply System

The SRSS method is the procedure normally used to combine the
modal responses when the modal analysis response spectrum method
of analysis is employed. The procedure, in accordance with
Regulatory Guide 1.92, is modified in two cases:

A. In the analysis of simple systems where three or less
dynamic degrees of freedom are involved, the modal responses
are combined by the summation of the absolute values method;

B. In the analysis of complex systems where closely spaced
modal frequencies are encountered, the responses of the
closely spaced modes are combined by the summation of the
absolute values method and, in turn, combined with the
responses of the remaining significant modes by the SRSS
method. Modal frequencies are considered closely spaced
when their difference is less than 10 percent of the lower
frequency.

3.7.2.8 Interaction of Non-Seismic Category I Structures 2 |
Systems and Components with Beismic Catecory I

|Structures, Systems and components
i

The interfaces between Seismic Category I and non-Seismic
Category I structures, systems and components are designed for
the dynamic loads and displacements produced by both the Seismic
Category I and non-Seismic Category I structures, systems and i

components. ;
,

To ensure that the failure of a non-Seismic Category I structure,
I system or component under the effect of a seismic event does not

impair the integrity of an adjacent Seismic Category I structure,
system or component, the following procedures are used:

A. Sufficient separation between non-Seismic Category I

| structures, system and components and Seismic Category I
structures, system and components is maintained, or

Amendment V
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B. The non-Seismic Category structures, systems and components |
are analyzed and designed to prevent their failure under SSE
conditions in a manner such that the margin of safety of
these structures, systems and components is equivalent to
that of Seismic Category I structures, systems and
components.

C. The Seismic Category I structure, system or component is |
designed to withstand loads due to collapse of the adjacent
non-Seismic Category I structure, system or component should
sufficient spatial separation ~not be achieved.

The COL applicant will describe the process for the design of
plant specific and non-Seismic category I structures, systems and
components to reduce the potential for non-Seismic Category I to
Seismic Category I (II/I) interactions and propose procedures for
an evaluation of the as-built plant for II/I interactions.

3.7.2.9 Effects of Parameter Variations on Floor Response
spectra

To account for the expected variation in structural properties,
dampings and other parameter variations, the peaks of floor
response spectrum curves are broadened by 15% and smoothed in

g-~g accordance with Regulatory Guide 1.122.

Soil property related spectrum peaks are further broadened, wherew-

required, to conservatively account for all potential variations;

| of soil properties within the envelope of site conditions.

3.7.2.10 Use of Constant Vertical Static Factors

A constant seismic vertical load factor is not used for the
seismic design of Seismic Category I structures, systems,
components and equipment.

| The safety-related structures, systems, and components are
analyzed in the vertical-direction using the methods described in
Section 3.7.2.1. Based on the vertical seismic analysis, a
vertical static factor is determined to design columns and shear l
walls. The vertical floor flexibilities are accounted for in the i
response spectra at each individual floor elevation of the

| building structures. The floor beams are designed statically for
! the acceleration value obtained per Reference 1.

3.7.2.11 Methods Used To Account for Torsional Effects

The mathematical models used in analysis of Seismic Category I
systems, components, and piping systems include sufficient mass
points and corresponding dynamic degrees-of-freedom to provide a
three-dimensional representation of the dynamic characteristics%

I of the system. The distribution of mass and the selected
location of mass points account for torsional effects of valves
and other eccentric masses.

t

| Amendment V
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The structural models used for Seismic Category I systems are
constructed with elements containing 6 degrees of freedom per
node, incorporating torsional ef fects into the models. Torsional
effects are also accounted for in the building models used to
generate floor response spectra. An additional eccentricity of
5% of the maximum building dimension, which results in an
accidental torque, is applied to the static finite element
structural model to calculate element forces due to accidental
torsion. Accidental torsion is considered in both the E-W and
N-S directions.

3.7.2.12 Comparison of Responses

With the exception of the surge line, the time-history method is
used for structural analysis of the NGSS and the associated
building structures. Therefore, responses obtained from the
response spectrum and time-history methods are not compared.

3.7.2.13 Methods for Beismic Analysis of Dams

If applicable for the site, analyses of safety-related dams will
be performed. The methods to be employed for seismic analysis of
safety related dams will be detailed in the site specific SAR.

3.7.2.14 Determination of Safety-Related Structure
Overturning Moments

The overturning moments and base shears due to seismic forces for
Category I structures are determined using the time history
method of analysis. The seismic motion is input to the ,

| structural models in three independent orthogonal directions. |

The overturning moments for shell structures are automatically
included in the analysis of this type of structure, l

3.7.2.15 Analysis Procedure for Damping

For modal superposition method, composite modal damping values
are used for structures with components of different damping
characteristics. The composite modal damping values are based on
weighting the damping factors according to the mass or the
stiffness of each element. For the mass proportional damping,
formulation is as follows:

N

O {M }{$ }E {&g} i i $,

1"1g, =

{@j} [M) {$j}
where:

total number of components,n =

Amendment O
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composite modal damping for mode j,$ =
3

critical modal damping associated with component$1 =

1,

$3 mode shape vector,=

subregion of mass matrix associated with component{M } =
i,

| 'i, and

the mass matrix of the system.(M] =

For direct integration method, viscous damping proportional to
the mass and stiffness matrix is used; thus

|

| [C] = a[K] + $[M]
|

where [C] is the damping matrix, (K] is the stiffness matrix and
[M] is the mass matrix. The values of a and # are selected such
that the damping in the range of frequency of interest is
approximately equal to the damping of the structure.

Where composite modal damping is used for piping, the input
damping for piping elements is in accordance with Table'3.7-1.
That is, for the Safe Shutdown Earthquake, the damping is 2.0
percent of critical damping for piping of diameter s 12 inches
and is 3.0 percent of critical damping for piping of diameter

O > 12 inches.

3.7.3 SEISMIC SUBSYSTEM ANALYSIS

3.7.3.1 Seismic Analysis Methods

The seismic analysis of the Seismic Category I structures,
subsystems, and components other than piping is performed by
either the response spectrum or time history method as described
in Section 3.7.2.1.1 or an equivalent static method described in
Section 3.7.3.5.

When analyzed using the response spectrum method, four options
are available for the choice of response spectra. These are'

described in Appendix 3.9A, Section 1.4.3.2.1.2. Appendix 3.7D
-shows sample spectra for use in the three options not related to

! plant specific analysis.
|
' For Seismic Category I piping, each piping system is idealized as

a mathematical model consisting of lumped masses connected by
elastic members. The stiffness matrix for the piping subsystem
is determined using the elastic properties'of the pipe. This
includes the effects of torsional, bending, shear, and axial
deformations as well as changes in stiffness due to curved
members. Generally, a response spectrum analysis is performed
using the envelope of all applicable spectra to account for

O inertia effects. The effects of rocking and torsion -are

Q implicitly included because the spectra at the support points

|
!

j' Amendment V
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include motions due to rocking and torsion. The total seismic
response of the piping is then calculated by absolute sumr the
results of the response spectrum analysis and a static analysis
which accounts for the relative displacement effects between
support locations. Since the displacement effects are self-
limiting, it is justified to place them in the secondary stress
category.

As an alternative to the modal response method, a time history
method of analysis may be used. This method is also used for
other types of dynamic analyses such as LOCA and hydraulic
transients. Either a direct integration method or a modal
superposition method is used to solve the equations of motion.

3.7.3.2 Determination of Number of Earthquake Cycles

The procedure used to account for the fatigue effect of cyclic
motion associated with seismic excitation recognizes that the
actual motion experienced during a seismic event consists of a
single maximum or peak motion, and some number of cycles of
lesser magnitude. The total or cumulative usage factor can also

| be specified in terms of a finite number af cycles of the maximum
or peak motion. Based on this consideration, Seismic Category I

| subsystems, components, and equipment are designed for a total of
two SSE events with 10 maximum stress cycles per event (20 full

l cycles of the maximum SSE stress range). Alternatively, an
|

equivalent number of fractional vibratory cycles to that of 20
full SSE vibratory cycles may be used (but with an amplitude not
less than one-third (1/3) of the maximum SSE amplitude) when

| derived in accordance with Appendix D of IEEE Standard 344-1987.
.

3.7.3.3 Procedure Used for Modeling

The modeling techniques incorporate either a single or
multidegree of freedom subsystem consisting of discrete masses
connected by spring elements. The associated damping
coefficients are consistent with Table 3.7-1. The degree of
complexity of each model is sufficient to accurately evaluate the
dynamic behavior of the component. For additional details on ,

pipe modeling, see the section below. l

Valves (i.e. , with natural frequencies greater than the frequency
corresponding to the zero period acceleration (ZPA)) are included
in the piping syste: model as lumped masses on rigid extended
structures. If it i:, shown by test or analysis that a valve has i
a frequency less than a frequency corresponding to the ZPA, then )
a multimass, dynamic model of the valve, including the
appropriate stiffnesses, is developed for use in the piping j

system model.

O1
Amendment R
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1.O INTRODUCTION

'

This Appendix describes the Soil-Structure Interaction (SSI)
analyses that are performed for the System 80+ Nuclear Island
(NI) structures. The SSI analyses utilize the control motions |
and soil profiles described in Section 2.5 and the structural
models described in Section 3.7. The description of the SSI
methodology, the~ analysis process and the results follow below.

1.1 SASSI METHODOLOGY

For the SSI analyses of the NI structures, the methodology of the |
computer program SASSI is used. SASSI (System for Analysis of
'goil-Structure Interaction) uses a general substructuring method,
which is formulated in the frequency domain using the complex
response method and the finite element technique. In a
substructuring method, the soil strata and half space are analyzed
first in the frequency domain. From this analysis the impedances
at the soil-structure interface are established. Subsequently,
these properties are used as boundary conditions in a dynamic
analysis of the structure with a loading that. depends on the
free-field motions.

For the System 80+ analyses, a modified SASSI methodology is
| used, which reduces the solution of the SSI problem to three
! steps:

A. Solution of the site response problem to determine the free-
field motions within the embedded part'of the structure.

B. Evaluation of the foundation impedances.

C. Solution of the structural problem. This involves forming
the complex stiffness matrices and load vector and solving
the equations of motion for the final displacements.

SASSI is structured in a modular form. The code is segmented
into independent subprograms (modules) which are executed
sequentially. Each of these modules performs one of the tasks
required in the sequence of the analysis of SSI. It is not
necessary to execute all modules for a given SSI analysis. The
modules that are executed depend on the type of problem (seismic
analysis or forced vibration analysis), the type of model (2-D,
3-D or axisymmetric) and the kind of results desired (transfer
functions, accelerations, velocities, displacements). For this
analysis the following modules are utilized:

o SITE
o POINT
o HOUSE

\
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o ANALYS
o RIMP
o COMBIN
o MOTION

In the general SASSI approach, the most time-consuming step is
the inversion of the impedance matrix of the foundation-soil
interface points. The impedance matrix is computed from the
flexibility matrix as:

[X] = [F]'l
where [X] and [F) denote the impedance and the flexibility
matrices of the foundation / soil interface points, respectively.

This method involves the complete inversion of the flexibility
matrix [F]. Since the soil cases considered cover a wide
variation of soil stiffnesses, the vertical mesh discretization,
especially for sof t soils, has to be suf ficiently fine to capture
the response at the frequency range of interest. This, coupled
with the large size of the System 80+ foundation (380' x 322' x
51.75', shown in Figure 3.7B-1) results in a foundation model
which is very large. The finite element discretization of such
a model, vertically and horizontally, in order to capture the
embedded soil profile and the frequency range of interest, would
require such a large number of interaction nodes that it would be
impractical to solve the problem by the general SASSI
methodology. An alternate method described below is used.

By taking advantage of the foundation rigidity, the method of the
SASSI module RIMP can be used. This method greatly reduces the
computational effort required. In RIMP, the foundation is
assumed to be rigid. Therefore, the complete flexibility matrix
[F) of all interaction nodes can be transformed into the
flexibility matrix of a single point, by rigid body
transformation. The transformation is performed based on the
geometry of the foundation. The foundation stiffness is not
required because of the inherent rigid body assumption. To
compute the impedance matrix, the inversion of the flexibility |
matrix (size 6x6) of only a single point, (say, the center of the I
foundation) is required, as shown in Figure 3.7B-2. The SASSI

'

module RIMP is used in all the analyses by choosing the impedance
to be computed at a single point located at the center of the
foundation.

In all subsequent sections, X direction corresponds to the plant
EW direction, Y direction corresponds to the plant NS direction
and Z direction corresponds to the plant Vertical direction.

|

! O
1
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1.4 STRUCTURAL ANALYSIS AND GENERATION OF TRANSFER
FUNCTIONS

Generation of transfer functions at key locations of the
structures is the next step after the impedance and scattering
matrix computations. This is accomplished through the following |

| process. |

The stiffness and mass information of the general 3-D
superstructures (NI structures) are generated using the module |
HOUSE.- The solution of the combined system (soil, foundation and
superstructures) is carried out in the. module ANALYS.

ANALYS (Mode 6) is executed to generate the transfer functions at
all superstructure nodes for control motions applied in the X, Y

| and Z directions using the impedance matrices from RIMP and the
superstructure data from HOUSE (superstructure) . The appropriate
data corresponding to the superstructure models are used for each

| motion direction. The transfer functions are computed at the
i specified frequencies for each of the directions X, Y and Z. The
i frequencies need not be identical in the three directions.

Because the analyses are performed in the' frequency domain, the
| transfer functions are generated up to a maximum " cutoff"

frequency. Cutoff frequencies are the maximum frequencies that| [s\- the soil media can transmit without loss of accuracy in the|

| V solution. In the present analyses, cutoff frequencies are
'

computed based on the dimensions of the soil discretization. The
maximum frequency that a soil layer can transmit corresponds to
a wavelength equal to h/5, where, h is the layer thickness. If
the maximum frequency is found to be higher than 40 Hz, a cutoff
frequency of 40 Hz is selected. This is consistent with the fact
that the rock outcrop input motion has no frequency content Ibeyond 40 Hz. Cutoff frequencies vary according to the soil !

profiles used in the analyses. Table 3.7B-1 summarizes the
cutoff frequencies for all analysis cases.

|

The same frequencies as in the impedance computation are
analyzed.,

;

i

Amendment U
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1.5 SSI ANALYSIS CASES

A summary of all SSI analysis cases is presented in Table 3.7B-1.
Ten SSI analyses are performed using all generic soil profiles
described in CESSAR Section 2.5.

All analyses are three-dimensional with input excitation provided
in three directions simultaneously. The generic soil sites
differ from each other with respect to soil properties and depth
of soil over bedrock. As described in Section 2.5, there is one
case with embedment depth to bedrock, five cases with depth of
soil to bedrock of 100 ft. and four cases with soil depth to
bedrock of 200 ft. The embedment depth of the RB is the same,
approximately 51 feet, in all cases.

The soil layers used in the SSI models and their associated
properties are shown in Tables 3.7B-2 to 3.7B-11 for all soil
cases respectively.

O

1

|
|

|
|

|

|

|

O
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(,,v) 1.7 COMPUTATION OF ELEMENT FORCES

Maximum forces (axial, shear, moments and torsion), at all the
sticks are computed in SASSI using the STRESS module. The
maximum forces are obtained separately for the horizontal and the !

vertical models when subjected to the three input motions CMS 1,
CMS 2 and CMS 3 described in Section 2.5.

i

The maximum forces of the sticks across each major elevation are |
subsequently summed and plotted in Figures 3.7B-85 to 3.7B-90 as | !
a function of elevation. j

1.8 OUTPUT LOCATIONS

Output acceleration time histories are obtained at the following
building elevations. Results are obtained at the mass points
nearest to the building elevation:

Building Elevation Nearest Mass Elev. of Mass
(ft) Point Point (ft)

Interior 50.0 501 50.0
Structure

" 91.75 506 88.09g~s
" 210.0 529 208.122

Shield 263.5 644 263.5
Building

Steel Cont. 250.97 460 250.97
Vessel

Fuel building 70.0 3 69.527

" 104.0 9 103.688

" 146.0 18 145.386

" 170.0 21 169.092

CVCS/Maint. 70.0 103 68.067
Area

" 115.5 112 113.762

" 170.0 121 168.613

Diesel Gen. 91.75 205 91.696
Area 1

Diesel Gen. 91.75 305 91.696
Area 2

V EFW1 70.0 703 69.773

Amendment S
3.7B-11 September 30, 1993
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Building Elevation Nearest Mass Elev. of Mass
(ft) Point Point (ft)

" 130.5 715(H-Model) 131.561
713 (V-Model)

" 156.0 721(H-Model) 154.255
719(V-Model)

EFW2 70.0 803 69.773

" 130.5 815(H-Model) 131.561
813 (V-Model)

" 156.0 821(H-Model) 154.255
8 9(V-Model)

Control Room 70.0 903 69.574
Area 1

" 115.5 909 112.028

" 130.5 912 129.595

Control Room 70.0 1003 69.574
Area 2

" 115.5 1009 112.028

" 130.5 1012 129.595

1.9 ANALYSIS RESULTS

Representative plots of envelope SSE response spectra are

presented in Figures 3.7B-7 to 3.7D-42. The corresponding
locations are at the center of the basemat (Elevation +50'), the
top of the IS (Elevation +210'), the top of the SCV (Elevation
+251'), the top of the SB (Elevation +263'), the top story of the
FB (Elevation +170') and the top of the CAA (Elevation +130').
The spectra are raw spectra, i.e. without broadening and
smoothening. Damping ratios are 2 and 5% of critical. Responses
from all motions (CMS 1, CMS 2 and CMS 3) are superimposed on the j
same plot for each location and each direction (X, Y, Z). The
fixed-base spectra are also superimposed on those plots for
completeness of the envelope.

At the foundation, the horizontal and vertical spectra show a
wide scatter of the maximum peaks which are mostly accounted by
the variations in the free-field motion at the foundation level.
At the top of the SCV, most horizontal spectra have maximum

O\
|

Amendment R
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ALL SOIL CASES, ALL MOTIONS,
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O LIST OF FIGURES (Cont'd) 1

APPENDIX 3.7D

.i

Eiqure subiect

3.7D-34 In-Structure Raw Response Spectrum, Peak Shifted
15%, CMS 2 Motion, Soil Case B-2, Interior Structure

Elevation +91.75 ft., E-W Direction, 5% Damping I

3.7D-35 In-Structure Raw Response Spectrum, Peak Shifted
15%, CMS 2 Motion, Soil Case B-3.5, Interior

Structure Elevation +91.75 ft., E-W Direction, 5%
Damping

3.7D-36 In-Structure Raw Response Spectrum, Peak Shifted
il5%, CMS 2 Motion, Soil Case B-4, Interior Structure
Elevation +91.75 ft., E-W Direction, 5% Damping

3.7D-37 In-Structure Raw Response Spectrum, Peak Shifted
il5%, CMS 2 Motion, Soil Case C-1, Interior Structure
Elevation +91.75 ft., E-W Direction, 5% Damping

/''T 3.7D-38 In-Structure Raw Response Spectrum, Peak Shifted

( ) il5%, CMS 2 Motion, Soil Case C-1.5, Interior
Structure Elevation +91.75 ft., E-W Direction, 5%
Damping

3.7D-39 In-Structure Raw Response Spectrum, Peak Shifted
15%, CMS 2 Motion, Soil Case C-2, Interior Structure

Elevation +91.75 ft., E-W Direction, 5% Damping

3.7D-40 In-Structure Raw Response Spectrum, Peak Shifted
15%, CMS 2 Motion, Soil Case C-3, Interior Structure

Elevation +91.75 ft., E-W Direction,'5% Damping

3.7D-41 In-Structure Raw Response Spectrum, Peak Shifted
15%, CMS 2 Motion, Fixed Base Case, Interior

Structure Elevation +91.75 ft., E-W Direction, 5%
Damping

3.7D-42 Broadened Response Spectrum at Elevation 91.75' of
CCWHEB, All Soil Cases, All Motions, E-W Direction,
5% Damping

3.7D-43 Broadened Response Spectrum at Elevation 91.75' of
CCWHEB, All Soil Cases, All Motions, N-S Direction,

,

5% Damping '

N
3.7D-44 Broadened Response Spectrum at Elevation 91.75' of

CCWHEB, All Soil Cases, All Motions, Vertical
Direction, 5% Damping

Amendment V
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LIST OF FIGURES (Cont'd)

APPENDIX 3.7D

3.7D-45 Broadened Response Spectrum at Elevation 78.25' of
DFSS, All Soil Cases, All Motions, E-W Direction,
5% Damping

3.7D-46 Broadened Response Spectrum at Elevation 78.25' of
DFSS, All Soil Cases, All Motions, N-S Direction,
5% Damping

3.7D-47 Broadened Response Spectrum at Elevation 78.25' of
DFSS, All Soil Cases, All Motions, Vertical
Direction, 5% Damping
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V B. Thermal Loads

The containment vessel is subject to thermal loads during
normal operation of the unit. The maximum operating
temperature can reach 110aF.

C. Seismic Loads

The containment vessel is loaded by simultaneous seismic
events in two orthogonal horizontal directions and the
vertical direction. Seismic loads are described in Section
3.7.

D. External Pressure

A vacuum load can be imposed on the Containment Vessel by an
inadvertent actuation of the Containment Spray System during
normal unit operation. The design vacuum pressure is'2.0
psig.

E. Design Basis Accident

The Design Basis Accident - Loads are based on the peak
pressure and temperature developed inside containment as a

O result of a rupture in the primary. coolant system up to and
including a double-ended rupture of the largest pipe (a
Loss-of-Coolant-Accident or LOCA) or a -main steam line
break. The containment vessel design pressure is 53 psig
and the design temperature is 290 F. See Chapter 6 for
details of the Containment Design Basis Accident.

F. Combustible Gas Loads

The containment vessel is subject to the consequences of
uncontrolled hydrogen-oxygen recombination as specified in
the Code of Federal Regulations, 10 CFR 50.44.

G. Localized Loads

Penetration loads, piping loads and jet impingement loads
are all localized loads applied to the containment vessel.
Penetration and piping loads are due to the reactions at
penetrations, pipe supports / restraints and other attachments
welded to the shell. Jet impingement loads are due to fluid-
jets caused by the rupture of small diameter piping adjacent
to the containment vessel.

3.8.2.4 Analyses and Results

| The steel containment vessel (SCV), including its
penetrations, is designed and analyzed to satisfy the
requirements of ASME Code Section III, Division I,
Subsection NE, Class MC Components.i

Amendment U
3.8-7 December 31, 1993
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O1|The containment vessel is analyzed to determine the stress
levels and stability factors of safety resulting from the i

application of specified loads. The vessel is analyzed |

using thin shell finite element methodology. The ANSYS |
computer code (Reference 2) is used to generate the geometry (
of the shell, determine stress levels in the shell, and I

evaluate shell stability. ]

3.8.2.4.1 Description of Finite Element Models

3.8.2.4.1.1 3-D Finite Element Model

A pictorial presentation of the containment vessel 3-D
finite element model is given in Figure 3.8-3. An eight
node isoparametric thin shell element is used. Fixed
boundary conditions are applied in the model at the 90'+3"
elevation.

The weight of the personnel airlocks and the equipment hatch
penetrations is included in the model by increasing the
density of the shell in the region of the penetration. Live
load is included in the weight of the penetrations. The
penetrations themselves are not modelled explicitly. The
thickness of the shell in the region of the personnel
airlocks and the equipment hatch is increased using the area
replacement rules in the ASME Code. The containment spray
mass is included in the upper region of the model by
distributing additional mass at the appropriate locations in
the dome. The mass of the piping and the electrical
penetrations in the lower region of the sphere is accounted
for by increasing the density of the shell elements in that
region. The stiffness of the compressible material at the
base of the containment vessel is modeled as a two-
directional spring.

Although the transition region of the SCV is 2 inches thick,
the 3-D finite element model has a uniform shell thickness
of 1-3/4 inches. The additional 1/4 inch of material in the
transition region is for corrosion allowance only and credit ;

for this additional thickness is not included in the 3-D ;

analysis. The axisymmetric model described in Section '

3.8.2.4.1.2 is used to evaluate the effects of the change in
material thickness in the transition region. I

I
|3.8.2.4.1.2 Axisymmetric Finite Element Model

The containment vessel is modelled with thin shell
axisymmetric finite elements. The model is fixed at the |

| base, elevation 90'+3", with two-directional spring elements
to represent the compressible material at the base of the
containment vessel. The meridian modeled is the one |

corresponding to the equipment hatch since it has the j

|

Amendment V !
3.8-8 April 29, 1994 |
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largest mass. The mass of the equipment hatch, which

,

| includes live load, piping and electrical-penetrations and
the containment spray system, are included in the model.by
adjusting the density of the elements in the appropriate
regions.

The axisymmetric model is used for the ' Service Level A
stress analysis and to determine the. effects of' thickening
the transition. region of the containment vessel from
1.75 inches to 2 inches. The 2 inch thickness is to provide
additional material for corrosion allowance.

3.8.2.4.2 Reduced Load Combinations

The load combinations in Table 3.8-2 include loads identified in
the NRC Standard Review Plan. Not all loads are applicable to
the System 80+ design. The following is a listing of the reduced
load combinations with an explanation of why certain loads are
not considered in the combinations.

A. Test Condition

All loads in the combination given in Table 3.8-2 are I

| applicable to the System 80+ design.

B. Desicjn Condition

The T, load is not included in the combination because
thermal loads are considered as secondary stresses. The
ASME Code does not require an analysis of secondary stresses
for the Design condition.

The pipe reaction R. loads on the steel containment are
eliminated in the system 80+ design by the use of bellows
and/or guard pipes at the containment penetrations where
pipe reactions would exist.

The reduced load combination is:
D+L+P.

C. Service Conditions

Service Level A:

Pipe reactions R, and R are eliminated as described in theo
Design combination.

The stresses resulting from the operating temperature and
pressure loads, T and P, are enveloped by the accidento o

es temperature and pressure loads and therefore are not
( analyzed separately.

Amendment U
3.8-9 December 31, 1993
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The primary membrane stress evaluation for Service Level A
is the same as the Design Condition.

! When evaluating secondary stress effects, the reduced load
combination is:
D + L + T, + P.

Service Level C:

| Pipe reactions R, and Ro are eliminated as described in the
Design combination.

The stresses resulting from the operating pressure loads, P ,o
are enveloped by the accident pressure loads and therefore
are not analyzed separately.

The T, and T loads are not included in the combinationo
because thermal loads are considered as secondary stresses
as described in the Design combination. The ASME code does
not require an analysis of secondary stresses for Service
Level C.

The reduced Service Level C loads are the same as the
reduced Service Level D loads. The ASME Service Level D
allowable stresses are lower than the Service Level C
allowable stresses; therefore, the analysis is performed for
the reduced Service Level D loading combination and compared
with the lower allowable stresses of Service Level D.

Service Level D:

Pipe reactions, operating loads, and thermal loads are
eliminated as described in the Service Level C combination.

The pipe rupture loads, Y,, are eliminated in the design by
the use of rupture restraints and guard pipes in the System
80+ design. The jet impingement loads, Y, are eliminated

3

by the use of guard pipes and, where necessary, jet
impingement protection devices. The containment shell is
protected from the missile loads, Y,, by the crane wall
inside the containment vessel and the head area cable tray
system.

The reduced load combination is:
D + L + P, + E '

D. Construction Loads

All loads in the combination given in Table 3.8-2 are
applicable to the System 80+ design.

Amendment U
3.8-10 December 31, 1993
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O
applied to the modulus of elasticity to determine a reduced
tangent modulus for a given stress level.

Service Level A Stability: ( D + L + T + P,)

For the Service Level A stability analysis the following
nominal loads are applied:

a) Design basis accident pressure (P.) = 53 psi.

b) Design basis accident temperature (T ) = 290 'F.

c) Dead weight and live loads (D + L)

These loads are applied simultaneously to the model. The
combined dead and live loads (D + L) are applied by
specifying the acceleration due to gravity in the vertical
direction. The accident pressure (P.) is applied on the
inside surface of each element. -The accident thermal load
(T,) is applied as a uniform elemental temperature.

The Service Level A stability analysis is completed for a
full sine wave with a half-wavelength = 8 feet and a peak to

p peak amplitude of 1.75 inches. The stability safety factor
f for Service Level A conditions is 3.0.

Service Level C and D Stability: (D + L + P + E')

For the Service Level C and D stability analysis the
following nominal loads are applied:

a) External pressure due to containment spray actuation (P )
= 2 psi.

c) Dead weight and live loads (D + L)

b) SSE loads (E')

These loads are applied simultaneously.to the model. Thel combined dead and live loads (D + L) are applied by
, specifying the acceleration due to gravity in the vertical
| direction. The external pressure (P ) is applied on the
j outside surface of each element.

The seismic loads (E') are applied statically as nodalforces -determined by multiplying 'the zero period
accelerations (ZPAs) from the Soil Structure InteractionAnalyses by the mass attributed to each node. Inertialforces due to SSE excitation ar$ applied to all nodes of the
model as horizontal and vertica! forces.v

|
! Amendment U

3.8-15 December 31, 1993
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O'The Service Level C and D stability analyses are completed
for two types of imperfections:

1) A full sine wave with a half-wavelength = 8 feet and a
peak to peak amplitude of 1.75 inches.

2) A half sine wave with a half-wavelength = 16 feet and a
peak amplitude of 1.75 inches.

The resulting Service Level C stability safety factors for
these two types of imperfections are 2.70 and 2.74,

respectively.

F. Ultimate Load Considerations (D + L + P )u

The Ultimate Capacity is determined using an elastic ,

analysis with the axisymmetric model. All loads are applied
simultaneously in a static manner. The dead and live load
is applied as an increase in the density in the appropriate
regions. The internal pressure load, which is applied to
the inside face of each element, is increased until the
maximum stress intensity reaches the Service Level C
allowable membrane stress intensity for the given
temperature. The ASME Service Level C allowable stress
intensity value is the nominal yield stress value for the
temperature given. Temperature values of 150aF, 290 F
(Design Basis Accident Temperature), 350*F, and 450"F are
evaluated. The material properties associated with the
temperatures are used. The internal pressure value which
results in a maximum stress intensity equal to the Service
Level C allowable membrane stress intensity is the ultimate
pressure capacity, P. The results are summarized inu

Table 3.8-3D.

G. Combustible Gas Load Considerations ( D + L + P, + P,)

The Combustible Gas Loading is evaluated using an elastic
analysis with the axisymmetric model. The dead and live
load is applied as an increase in the density in the
appropriate regions. The peak ' pressure from hydrogen
combustion and the design basis pressure is added together
and applied as an internal pressure to the inside face of
each element. All loads are applied simultaneously in a
static manner to determine the maximum membrane stress
intensity. The results are summarized in Table 3.8-3A.

H. Containment Overturning and Sliding (D + L + E')

The containment is analyzed for sliding and overturning of
the interior structures against the steel containment and

|
I the interior structures and steel containment against the

lower concrete dish structure outside of containment. The

interior structures and the steel containment are modelled

Amendment U
3.8-16 December 31, 1993
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C. Construction Loads
t

Maximum stress results from construction load combinations
are required to be less than 0.9 times the yield stress (S )y

| established in the ASME Code. Construction load stress
results are compared to the allowable stress in Table
3.8-3E.

I

D. Ultimate Capacity

! The ultimate capacity is defined as the pressure which when
combined with dead load results in stresses equal to the |

ASME Service Level C stress intensity limit. Ultimate
| capacity analyses results are summarized and compared to the
j allowable stress intensities in Table 3.8-3D.

E. Combustible Gas Loads

| Maximum stress results from the combustible gas load
combination are required to satisfy the ASME Service Level
C stress intensity limits. Combustible gas load analyses
results are compared to the allowaole stress intensities in
Table 3.8-3E.

|g) F. Overturning and Sliding
LI

A safety factor of 1.1 must be demonstrated in analyses
which considers the sliding of the interior structure
against the steel containment vessel and the sliding of the
interior structure and steel containment vessel against the
containment support structure. Analyses results are
included in Section 3.8.2.4.3.H. A safety factor of at
least 1.1 is demonstrated in all analyses.

1

G. Structural Analysis Report

A structural analysis report will be prepared for
Containment as required by ASME Section III. This report

'

will document that the containment structure meets the
requirements specified in Section 3.8.2 and that design
changes and identified construction deviations which could
potentially affect the structural capability of the

; containment structure, have been incorporated into the
structural analysis.

. The following records will be reviewed, as applicable:
1

1. Construction records stating material properties for
| containment materials;

p
( i 2. As-built structure dimensions and arrangements;
V)1

3. Design documents for the structure.

Amendment U
3.8-19 December 31, 1993
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Deviations from the design are acceptable provided the
following acceptance criteria are met:

1. An evaluation is performed (depending on the extent of
the deviations, the evaluation may range from the
documenting of an engineering judgement to performance 1

of a revised analysis and design), and |

2. The structural design meets the requirements specified
in Section 3.8.2.

The COL applicant will prepare an as-built structural analysis
report for the steel containment vessel.

3.8.2.5.1 Welding and Weld Acceptance Criteria

Welding activities shall be in accordance with the requirements!

of Section III, Subsection NE of the ASME Code.

| Radiographic examinations will be accepted by the COL applicant's
nondestructive examination (NDE) Level III examiner prior to
final acceptance.

Confirmation that facility welding activities are in compliance
with the certified design commitments shall include verifications
of the following by individuals other than those who performed
the activity:

1. Facility welding specifications and procedures meet the
,

applicable ASME Code requirements.!

2. Facility welding activities are performed in accordance with
the applicable ASME Code requirements.

3. Welding activities related records are prepared, evaluated
|

| and maintained in accordance with the ASME requirements.

4. Welding processes used to weld dissimilar base metal and
welding filler metal combinations are compatible for the

: intended applications.

5. The facility has established procedures for qualifications
of welders and welding operators in accordance with the
applicable ASME Code requirements.

6. Approved procedures are available and are used for
pre-heating and post-heating of welds, and those procedures
meet the applicable requirements of the ASME Code.

7. Completed welds are examined in accordance with the
applicable examination method required by the ASME Code.

Amendment V
3.8-20 April 29, 1994
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3.8.2.6 M_aterials, Ouality Control, and Special

Construction Techniques

3.8.2.6.1 Materials

The containment vessel materials are in accordance with Article
NE-2000 of Subsection NE, " Class MC Components," of the ASME
Boiler and Pressure Vessel Code, Section III, " Nuclear Power
Plant Components."

The containment plate material is ASME SA537 Class 2. This
material is exempt from post-weld heat treatment requirements

| when plate thickness is less'than or equal to 1.75 inches in
accordance with Table NE-4622.7(b)-1 of the ASME Boiler and
Pressure Vessel Code, Section III. When plate thickness exceeds
1.75 inches, post weld. heat treatment shall be performed. .The
material-will be. impact tested in accordance with Article NE-2300
of Section III of the ASME Code.

Fabrication and erection of the containment vessel are in
accordance' lith Article NE-4000 of Section III of the ASME Code.
This includes welding procedures, procedure and operator
performance qualifications, post weld heat treatment and
tolerances.

h Nondestructive examination of welds and materials is in
accordance with Article NE-5000 of Section III of the ASME Code.

3.8.2.6.2 Quality Control

The general provisions of the overall Quality Assurance program
are outlined in Chapter 17. These are supplemented by the

,

special provisions of the ASME Code for quality control asi

applicable to Class MC Components. The containment vessel is

l

|
|

r\
U

|
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ASME Code stamped. Therefore, the ASME Code requirements for
. qual ty control have pr or ty over those outl ned in Chapter 17i i i i

in case of any conflict.

3.8.2.6.3 Special Construction Techniques

The steel containment vessel may be assembled in sections in an
area of the construction yard and.then lifted and moved into
place with a walker crane. This procedure allows the assembly of
the' containment to begin when the plates forming the lower
hemisphere are delivered to the site. In this manner the
containment assembly can proceed on a parallel path with the
construction of the concrete subsphere region. The following
options are two of several techniques that can be employed.for
placing the concrete -for the dish pedestal supporting the
containment:

A. The concrete dish except for the top six inches can be |
placed. The containment vessel then would be placed on.the
support heads and pressure grouted.

|

B. The containment vessel can be placed on the support heads
and used as formwork for placing the concrete.

With either option care must be taken to prevent the floating of
,

the containment. This is accomplished by filling the containment
with water as the grout / concrete is placed. After the lower
containment ~,ection has been placed, the construction of the
interior stracture can begin. The assembly of the containment
sections will continue in the yard. As the work on the interior
structure continues additional sections of the containment can be
lifted into place.' After the major equipment is placed in the
interior structure the top section of the containment vessel can
be set. The completed containment will then be used to support
the scaffolding for the concrete dome of the shield building.

3.8.2.6.4 Corrosion Prevention

The Steel Containment Vessel (SCV) plate nominal thickness is )
1.75 inches except in the transition region between the SCV and
the lower concrete dish where a 2 inch thickness is used.
Between the SCV and concrete at elevation 91+9 is a gap in which
a compressible material is placed. The transition area is at a
45 degree slope from the floor elevation which allows
inspectability.

The following are steps taken against corrosion.

The non-embedded SCV is coated inside and outside (including
the transition region) to minimize corrosion and tos

facilitate decontamination efforts.

i

I.
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The concrete is sealed to preclude moisture. A visual
inspection of coatings is performed.

Visual inspecticna of containment base metal and welds are
performed in accordance with ASME Section XI, Subsection IWE
and 10CFR50 Appendix J. These are formal inservice
inspection requirements. The portions of containment
embedded in the concrete are exempt from these inspection
requiremEats while the welds around the embedded
penetrations are required to be inspected.

Collection of moisture in the transition region is prevented
by use of sloped floors and drains.

The compressible material which is placed in the transition
region between the steel and concrete is removable. Once

| removed the material and SCV is inspected.

No equipment or ductwork is located such that it inhibits a
visual inspection at the steel concrete interface for
corrosion.

For further precautionary measures and conservatism, the SCV
is 2 inch in thickness in the transition region. This
thickness is beyond design requirements and allows for a
corrdsion allowance of approximately 4 mils per year over a
60 year life. With an inspection program and maintenance of
the coatings, corrosion is minimized in this region.

3.8.2.7 Testina and In-service Surveillance Reauirements

The containment vessel, personnel airlocks and equipment hatch
are inspected and tested in accordance with the ASME Boiler and
Pressure Vessel Code, Section III, Subsection NE. Penetrations
are pressure tested as required for Subsection NC of the ASME
Code.

Periodic leakage rate tests of the containment are conducted in
accordance with 10CFR50, Appendix J to verify leak tightness and
integrity. These tests and other in-service inspection
requirements are described in Section 6.2. Periodic in-service
inspections are conducted in accordance with the ASME Boiler and
Pressure Vessel Code, Section XI, Subsection IWE.

3.8.3 CONCRETE AND STRUCTURAL STEEL INTERNAL STRUCTURES

3.8.3.1 Description of the Internal Structures

The internal structure is a group of reinforced concrete ;

structures that enclose the reactor vessel and primary system. l

The internal structure provides biological shielding for the
containment interior. The internal structure concrete base rests
inside the lower portion of the containment vessel sphere. A

'
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tN description of various structures that constitute the internal'

structure is given in the following paragraphs. The details of |

the internal structure are shown in Figures 1.2-2, 1.2-3, 1.2-6,
1.2-7 and 1.2-9.

The internal structures are Seismic Category I structures with
the exception of platforms that do not support Seismic Category
I equipment and miscellaneous steel. |

These structures will be Seismic Category II structures. Seismic I
Category II structures are designed for the SSE using Seismic
Category I criteria to prevent adverse interaction with other
Seismic Category I structures, systems, and components.

The arrangement of the Nuclear Island structures, which includes
the internal structure and defines critical dimensions, flood
barriers, and fire barriers, is shown in Figure 3.8-5.

The primary shield wall encloses the reactor vessel and provides
protection for the vessel from internal missiles. The primary
shield wall provides biological shielding and is designed to
withstand the temperatures and pressures following LOCA. In
addition, the primary shield wall provides structural support for
the reactor vessel. The primary shield wall is a minimum of six

( ]/[ feet thick.

The secondary shield wall (crane wall) provides supports for the
polar crane and protects the steel containment vessel from
internal missiles. In addition to providing biological shielding :

for the coolant loop and equipment, the crane wall also provides I

structural support for pipe supports / restraints and platforms at
various levels. The crane wall is a right cylinder with an
inside diameter of 130 feet and a height of 118 feet from its
base. The crane wall is a minimum of four feet thick.

The refueling cavity, when filled with borated water, facilitates
the fuel handling operation without exceeding the acceptable
level of radiation inside the containment. The refueling cavity
has the following sub-compartments:

A. Storage area for upper guide structure.

B. Storage area for core support barrel.

C. Refueling cavity.

The refueling cavity, when filled with borated water, forms a
pool above the reactor vessel. The reactor vessel flange is
sealed to the bottom of the refueling cavity to prevent leakage

n of refueling water into the reactor cavity as described in
i 1 Section 9.1.4.2.2.13. The fuel transfer tube connects theV refueling cavity to the refueling canal. The refueling cavity is

filled with borated water to a depth that limits the radiation at
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the surface of the water to acceptable levels during the period
.

when a fuel assembly is being transferred to the Spent Fuel Pool.|

The shield walls that form the refueling cavity are a minimum of
six feet thick.

The In-containment Refueling Water Storage Tank (IRWST) provides
storage of refueling water, a single source of water for the
safety injection and containment spray pumps and a heat sink for
the Safety Depressurization System. The IRWST is dishlike in
shape and utilizes the lower section of the Internal Structure as
its outer boundary. The IRWST is provided with a stainless steel
liner to prevent leakage. Design of the IRWST considers
pressurization as a result of the containment systems Design
Basis Accident. A full description of the IRWST is provided in
Section 6.8.

The operating floor provides access for operating personnel
functions and provides biological shielding. Inside the crane
wall, the operating floor is a reinforced concrete slab with a
covered hatch that is aligned with hatches in the two lower
floors. Outside the crane wall, the operating floor consists of
steel grating. There are also reinforced concrete floor slabs at
elevation 115+6 and elevation 91+9 that connect the crane wall
and the primary shield wall.

The support systems for the reactor vessel, steam generators,
reactor coolant pumps and primary loop piping are completely
described in Section 5.4.14.

The locations of the missile shield, hatch covers, and other
removable structures are shown in Figures 1.2-2, 1.2-3, 1.2-6,
1.2-7 and 1.2-9. The removable slabs and hatch covers are
provided with suitable tiedown devices to eliminate any
possibility of these items becoming missiles in case of a seismic
event or other loading conditions.

3.8.3.2 Applicable Codes, Standards, and Specifications

Category I structures are designed as described in Appendix 3.8A
using the codes and criteria listed in Table 3.8-4.

3.8.3.3 Loads and Loadinci Combinations ;

The loads and loading combinations used for the internal )
| structures are shown in Section 5.0 of Appendix 3.8A. )

1

The internal structures are designed for the following loads: |
|

A. Dead load |
|

B. Equipment operating loads and other live loads

C. Pipe reactions

Amendment V |
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Dd C. Design Basis Accident Loads

The Design Basis Accident. Loads are those associated.with
the pressure increase in the reactor building annulus due to
a. temperature rise as a result of the energy release inside
the containment vessel due to a loss-of-coolant accident or
secondary side pipe break inside containment. Additionally,
they include any jet impingement load, missile impact load,.
and. pipe reaction loads due to the postulated-pipe break.

D. Wind Loads-

The wind load is based upon ANSI /ASME 7-88 (Reference 5)'and
ASCE Papers 3269.and 4933 (References 6 and 7) as defined in
Section 3.3.1.

The normal and tornado wind loads considered.in.the design-
of the containment shield building are nonaxisymmetric.
loads. The wind loads.are analyzed'by approximating the
wind distribution on the containment shield ' building as
defined in ASCE Paper 4933 by a' Fourier Series. The wind
distribution curves used in the design-are given in Section
3.3.1. Individual harmonics are analyzed and combined to
produce the -force and moment resultants for the total

[ series.

( -

The wind loads on the seismic category I structures other |
than the shield building 'are analyzed . using the methods
defined in ASCE Paper 3269.

E. Tornado Loadings

The tornado loadings are described in Section 3.3.2.

F. Rain, Snow and Ice Loads

The Seismic Category I structures are designed for' rain, |
snow and ice loads.

G. Soil and Water Pressure

The Seismic Category I structures are designed for the earth
pressure and groundwater pressure defined in Section 2.4.
Dynamic earth pressure loads are described in Appendix 3.7.B-
for the Nuclear Island.

H. Seismic Loads

See Section 3.7, " Seismic Design," for the ceismic inertia
loadings.

i

'
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I. Pressure and Temperature Loads

The Seismic Category I structures are designed for global
effects of pressure, if any, and temperature gradients, in
addition to accident temperature gradients as a result of
postulated pipe ruptures described in Section 3.6.1.
Exterior walls and roofs above plant finished yard grade are
designed for the 1 percent exceedance ambient temperature
values in Table 2.0-1.

The potential for global temperature and pressure loads in
the Nuclear Annex is minimized by the selected routing of
high pressure lines as described in Section 3.6.1.1.

Nuclear Annex subcompartments susceptible to potential
global pressure and temperature and the design basis for
these effects are as follows:

a. The Main Steam Valve House (MSVH) is designed for a 10
psi differential pressure across the walls as a result
of a Main Steam line break. The MSVH temperature is
300'F. The short duration of this temperature results
in a negligible thermal load across the MSVH wall,

b. The pipe chase containing the Chemical and Volume
Control System (CVCS) 2 inch letdown line is designed
for compartmental pressure and temperature resulting
from a postulated rupture of this line.

The Shield Building annulus global temperature and pressure
loads from postulated events are described in Section
6.2.1.8. The values identified are 9.3 inches of water and
212'F which are applied for an extended period of time. The
Shield Building annulus wall pressure design is governed by
a tornado event which results in a differential pressure

| across the Shield Building wall of approximately 2.4 psi.

Access doors and penetrations are designed for the subcompartment
pressures when there is a potential to affect safety-related
equipment if the door or penetration fails to retain the pressure
boundary.

Loading combinations used for the design of Seismic Category I
| structures are shown in Section 5.0 of Appendix 3.8A.

3.8.4.4 Design and Analysis Procedureg

Seismic Category I and II concrete and steel structures, with
exception of the steel containment vessel, are designed in
accordance with the criteria in Appendix 3.8A.
The Seismic Category I structures are designed to prevent
possible overturning, sliding and flotation. The forces and
moments acting on the building which could cause these events are
determined for the different loads and load combinations and are
then compared to the corresponding forces and moments which
resist overturning, sliding or flotation. Safety factors for the
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\\>/ possible events are determined for comparison with the allowable
safety factors listed in Table .8-5 Section 5.0 of Appendix'

3.8A.

All Seisnic Ca'egory I removable walls and hatch plugs are
positively anchored to withstand the design pressures and inertia
loads.

Design and analysis results for selected areas of the Nuclear
Annex are presented in Appendix 3.88.

3.8.4.5 Structural Acceptance Criteria

3.8.4.5.1 Concrete Structures

Analysis and design of Seismic Category I concrete structures use
the ultimate strength design method in accordance with ACI 349
when supplemented by the following provisions:

1. Special consideration is given to anchorage pull-out
capacity (i.e. - reduced concrete failure cone) especially
when;

a) the anchor is near the free edge of the concrete,
,G and/or,
( ) b) the anchors are closely spaced, and/or
'L/ c) the anchor (s) are placed in the tension zone of the

slab

2. Baseplate flexibility is accounted for when calculating
anchor bolt loads.

3. The failure cone angle used is consistent with recent test
data for the specific application.

4. The embedment length of ductile anchors is chosen such that j

the ratio of the anchor pull-out capacity (concrete) to the '

anchor minimum tensile capacity (steel) is greater than or i

equal to 1.50. |

5. Expansion anchor bolts are designed to have the following
minimum ractor of safety between the bolt design load and
the bolt ultimate capacity determined from static tests. |

a) Four (4.0) for wedge and sleeve anchor bolts.

b) Three (3.0) for undercut anchors.
The ultimate capacity of the anchor bolt accounts for shear-

,

| tension interaction, minimum edge distance, and proper bolt
spacing.,

,

6 3 ,

(./ 6. The energy absorption capability (deformation capability '

I

| after yield) is considered for the anchor material.
1
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7. The effects of cyclic loading are considered in the anchor
bolt design.

ACI 349 is used to determine the required quantity of shear,
tension, and compression reinforcing in Seismic Category I

structures. In addition ACI 318, Chapter 21 is used to determine
the required anchorage and splicing of reinforcing to assure
ductility at the structural connections. ACI 318, Chapter 21 is
also used to determine the configuration of reinforcing in the
structural joints, and regions where reinforcing is spliced, and
required placement of stirrups and hoop steel. Typical connection
details are provided in Appendix 3.8B, Section 6.0.

Masonry block walls are not used in Seismic Category I or II
structures.

3.8.4.5.2 Steel Structures

Seismic Category I structural steel analysis and design are in
accordance with ANSI /AISC N690 when supplemented by the following
provisions:

1. In Section Q1.0.2, the definition of secondary stress
applies to stresses developed by temperature loading only.

2. The following notes are added to Section Q1.3:

"When any load reduces the effects of other loads, the
corresponding coefficient for that load shall be taken as
0.9, if it can be demonstrated that the load is always
present or occurs simultaneously with other loads.
Otherwise, the coefficient for that load shall be taken as
zero."

"Where the structural ef fects of dif ferential settlement are
present, they should be included with the dead load 'D'."

"For structures or structural components subjected to

hydrodynamic loads resulting from LOCA and/or SRV actuation,
the consideration of such loads should be as indicated in
the Appendix to the SRP Section 3.8.1. Any fluid-structure
interaction associated with those hydrodynamic loads and
those from postulated earthquake (s) should be taken into
account."

3. The stress limit coefficients (SLC) for compression in Table

| Q1.5.7.1 are as follows:

1.3 instead of 1.5 [ stated in footnote (c)] in load
combinations 2, 5, and 6.

1.4 instead of 1.6 in load combinations 7, 8, and 9.
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\M 1.6 instead of 1.7 in load combination 11. 3

i

The following note is added to Section Q1.5.8: )
4. !

"For constrained (rotation and/or displacement) members

supporting safety related structures, systems, or

components, the stresses under load combinations 9, 10, and

11 should be limited to those allowed in Table Q1.5.7.1 as
modified by provision 3 above. Ductility factors of Table

Q1.5.8.1 (or provision 5 below) should not be used in these ;
J

cases."

5. For ductility factors 'p' in Sections Q1.5.7.2 and Q1.5.8,
are substituted provisions of Appendix A, II.2 of SRP

Section 3.5.3 in lieu of Table Q1.5.8.1.

6. In load combination 9 of Section Q2.1, the load factor
applied to load P is 1.5/1.1 = 1.37, instead of 1.25.

7. Sections Q1.24 and Q1.25.10 is supplemented with the

following requirements regarding painting of structural
steel:

a) Shop painting shall be in accordance with Section M3 of
Reference 17.j j

V
b) All exposed areas after installation shall be field

painted (or coated) in accordance with the applicable
portion of Section M3 of Reference 17.

c) The quality assurance requirements for painting (or
coating) of structural steel shall be in accordance
with Reference 18 as endorsed by Regulatory Guide 1.54,
" Quality Assurance Requirements for Protective Coatings
Applied to Water Cooled Nuclear Power Plants".

Welding activities associated with Seismic Category I structural
steel components and their connections shall be accomplished in
accordance with written procedures and shall meet the
requirements of AWS D1.1 (Reference 25). The visual acceptance |
criteria shall be as defined in NCIG-01 (Reference 24).

3.8.4.5.3 Concrete and Steel Structures

In addition to satisfying the load combinations for structural
adequacy against the design loadings, the load combinations to
ensure safety factors against overturning, sliding, and flotation
are checked to ensure overall stability of Seismic Category I
structures. The following events are checked as a minimum:

(mr i A. The overturning about the toe of the foundation supported on
C/ soil.
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B. The foundation sliding on soil.

C. Floating of the foundation base mat.

D. The containment vessel slipping in the lower concrete
support dish.

E. The containment vessel overturning about the edge of the
lower concrete support dish.

F. The interior structure concrete slipping inside the
containment vessel.

i

The safety factors which must be satisfied during any of these
| events are shown in Appendix 3.8A, Section 5.2.4.

No increase in allowable stresses under service load conditions
due to normal or severe load combinations is permitted due to
wind loadings as identified in NUREG-0800, NRC Standard Review
Plan, Section 3.8.4, Part II.S.

Welding activities associated with the Holdup Volume Tank, In-
Containment Refueling Water Storage Tank (IRWST), Emergency
Feedwater Tank, Refueling Cavity and Spent Fuel Pool liners shall
be accomplished in accordance with the requirements of the
American W'elding Society (AWS) Structural Welding Code, D1.1
(Reference 25). The welded seams of the liner plates shall be
spot radiographed where accessible, liquid penetrant and vacuum
box examined after fabrication to ensure the liners do not leak.
The acceptance criteria shall meet the acceptance criteria stated
in Article NE-5200, Section III, Division I of the ASME Code.

| 3.8.4.5.4 Structural Analysis Report

A structural analysis report will be prepared for Seismic
Category I structures. This report will document that the

| structures meet the acceptance criteria specified in Section 3.8
and design changes and identified construction deviations, which
could potentially affect the structural capability of the
structure, have been incorporated into the structural analysis,
consistent with the methods and procedures of Section 3.8.

The following records will be reviewed, as applicable:

1. Construction records stating material properties for
concrete, reinforcing steel, and structural steel;

2. As-built structure dimensions and arrangements, including
spatial separation of buildings;

3. As-built load requirements including those for
subcompartment global pressure / temperature effects and for
anchor and pipe whip restraints; and
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4. Design documents for the structure.

Deviations from the design are acceptable provided the following
acceptance criteria are met:

1. An evaluation consistent with the methods and procedures of
Sections 3.7 and 3.8 is performed (depending on the extent.

of the deviations, the evaluation may range from the
documenting of an engineering judgement to performance of a
revised analysis and design), and

2. The structural design meets the acceptance criteria |
specified in Section 3.8, and

3. The seismic floor response spectra of the as-built structure
does not exceed the design basis floor response spectra by
more than 10%.

The structural analysis report will summarize the results of the
reviews, evaluations, and corrective actions, as applicable, and
conclude that the as-built structure is in accordance with the
design.

3.8.4.6 Material, Ouality Control, and Special Construction
T_echniques

The Category I structures are poured-in-place reinforced concretep

( structures. The major materials that will be used in the
N construction are concrete, reinforcing bars and structural steel.

A brief description of these materials is given below.

3.8.4.6.1 Material

3.8.4.6.1.1 Concrete

The basic ingredients of concrete are cement, fine aggregates,
coarse aggregates, and mixing water. Admixtures will be used if
needed.
Cement will be Type I or Type II conforming to " Standard
Specification for Portland Cement," ASTM C150. For special
circumstances, other approved cements will be used.

Aggregates will conform to " Standard Specification for Concrete
Aggregate," ASTM C33.

Water used in mixing concrete will be clean and free from
injurious amounts of oils, acids, alkalis, salts, organic
materials or other substances that may be deleterious to concrete
or steel. A comparison of the proposed mixing water properties
will be made with distilled water by performing the following
tests:

A. Soundness, in accordance with " Standard Test Method for
p Autoclave Expansion of Portland Cement," ASTM C151. The
t y results obtained for the proposed mixing water will not
V exceed those obtained for distilled water by more than ten

percent.
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B. Time of setting, in accordance with " Standard Test Method
for Time of Setting of Hydraulic Cement by Vicat Needle,"
ASTM C191. The results obtained for the proposed mixing
water will be within ten minutes for initial setting time
and one hour for final setting time of those obtained for
distilled water.

C. Compressive strength, in accordance with " Standard Test
Method for Compressive Strength of Hydraulic Cement Mortars
(using 2 in. cube specimens)," ASTM C109. The results
obtained for the proposed mixing water will not be lower by
more than five percent of those obtained for distilled
water.

The water used to make ice for concrete pours in hot weather will
conform to the requirements for mixing water described above.

Admixtures, if used and as determined by detailed mix design,
will conform with the applicable ASTM standard:

A. Air-entraining admixturee. " Standard Specification for
Air-Entraining Admixtures for Concrete," ASTM C260.

B. Water reducing, retarding, and accelerating admixtures.
" Standard Specification for Chemical Admixtures for
Concrete," ASTM C494.

C. Pozzolanic admixtures. " Standard Specification for Fly Ash
and Raw or Calcined Natural Pozzolan for use as a Mineral
Admixture in Portland Cement Concrete," ASTM C618.

D. Slag cement. " Standard Specification for Blended Hydraulic
Cements," ASTM C595.

E. Plasticizing admixtures. " Standard Specification for
Chemical Admixtures for Use in Producing Flowing Concrete,"
ASTM C1017.

The combined chloride content of the admixtures and mixing water
will not exceed 250 ppm.

The ingredient materials will be stored in accordance with the
detailed recommendations presented in ACI 304 (Reference 10).

Concrete mixes will be designed in accordance with ACI 301
(Reference 9). The batching, mixing and transporting of concrete
will conform to ACI 301. The placement of concrete, consisting
of preparation before placing, conveying, depositing, protection
and bonding will be in accordance with ACI 301.

O
I

|
,
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3.8.4.6.1.2 Reinforcing Steel

Reinforcing steel will consist of deformed reinforcing bars
conforming to " Standard Specification for Deformed and Plain
Billet - Steel Bars for Concrete Reinforcement," ASTM A615, Grade
60 or " Specifications for Low-alloy Steel Deformed Bars for
Concrete Reinforcing," ASTM A706, Grade 60. The fabrication of
reinforcing bars, including fabrication tolerances, will be in 1

accordance with CRSI " Manual of Standard Practice" MSP-1. The
placing of reinforcing ~ bars, including spacing of bars, concrete
protection of reinforcement, splicing of bars and field
tolerances will-be in accordance with ACI 349. Epoxy coated
reinforcing steel is used for areas where a corrosive environment
is encountered.

3.8.4.6.1.3 Structural Steel

The structural steel will essentially consist of low carbon steel
shapes, plates and bars conforming to " Standard Specification for
Structural Steel," ASTM A36. Other structural steels' listed in
ANSI /AISC N690 may also be used.

Fabrication and erection of . structural steel 'in Seismic
Category I structures will be in accordance with.the requirementsb of ANSI /AISC N690. The structural connections will be either
welded of bolted. Welding activities associated with Seismic
Category I structural steel components and their connections
shall meet the requirements in Section 3.8.4.5.2.

;

,

All bolted connections will. be made with high strength bolts |
conforming to one of the following specifications: '

A. " Specification for High-Strength Bolts for Structural Steel
Joints," ASTM A325.

B. " Specification for Heat Treated Steel Structural Bolts, 150 I

KSI Tensile Strength," ASTM A490. I

Other bolts listed in ANSI /AISC N690 may also be used.

3.8.4.6.2 Quality Control

The quality of materials will be controlled by requiring the
suppliers to furnish appropriate mill test. reports as required
under relevant ASTM Specifications as described in Subsection
3.8.4.6.1. These mill test reports will be reviewed and approved
in accordance with the general provisions of the overall Quality
Assurance Program outlined in Chapter 17 and supplemented by the
special provisions of the appropriate codes and specifications
for design listed in Table 3.8-4.
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! Erection tolerances, in general, will be in accordance with the I
| referenced design code. Where special tolerances that influence

'

| the erection of equipment, etc., are required, they will be
| indicated on the drawings by the Engineer.

|
3.8.4.6.3 Special Construction Techniques j

No unique or untried construction techniques are contemplated.
Both the cylindrical and the dome portions of the shield building
will be constructed using standard construction techniques.

3.8.4.7 Testing and In-service Surveillance Recuirements

There will be no testing or in-service surveillance beyond those
quality control tests performed during construction, which will
be in accordance with ACI 349, ACI 301, ANSI /AISC N690 or ANSI
N45.2.5 (Reference 8) as applicable.

3.8.5 FOUNDATIONS

3.8.5.1 Description of the Foundations

The foundations of the Category I structures are reinforced
| concrete mats. The foundation of the Nuclear Island is
approximately 10 feet thick, has a flat bottom and rests on soil
or rock. The top of the Nuclear Island basemat is located 40.75
feet 1 foot below the finished grade elevation. The minimum
foundation mat thicknesses for the Diesel Generator Fuel Oil
structure and Component Cooling Water Heat Exchanger structure
are approximately 2 feet and 4 feet, respectively.

The COL applicant will submit the site-specific foundation mat
construction procedures in accordance with SRP 3.8.5.

3.8.5.2 Applicable Codes, Standards, and Specifications

Reinforced concrete foundations and supports of Category I
structures are designed as described in Appendix 3.8A using the
codes and criteria shown in Table 3.8-4.

3.8.5.3 Loads and Loadina Combinations

The design loads and loading combinations are described in
| Section 3.8.4.3 and Appendix 3.8A.

| 3.8.5.4 DesiQn and Analysis Procedures

The reinforced concrete foundations of Category I structures are
analyzed and designed for the reactions due to static, seismic
and all other significant loads at the base of the
superstructures supported by the foundation in accordance with

I the criteria in Appendix 3.8A. The foundation mat is modeled as
a three dimensional finite element structure as an integral part

Amendment U
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TABLE 3.8-3C

STABILITY EVALUATION FOR THE STEEL CONTAINMENT VESSEL

l

i

Reduced Load Calculated |Requir d SafetyLoad Categories Combination Safety pac 9p
Equation Factor

Level A 0+ L + P,+T, 3.0 3.0 |

Level C D+ L+ P,+ E ' 2.7 2.5 |

|

O
V

O
Amendment U
December 31, 1993



CESSAR !!nincoia

TABLE 3.8-5

LOAD COMBINATIONS FOR CATEGORY I STRUCTURES

Loads and load combinations for Seismic Category I structures are
defined in Appendix 3.8A, Section 5.0.
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l.0 INTRODUCTION

This appendix provides the criteria for the analysis and design of structures that comprise the System ,

80+ Standard Plant. l

The information presented in this appendix shall be used in the analysis and design of Seismic
Category I and 11 structural components comprising the System 80+ Standard Plant structures
included in the certified design. Design requirements for individual structures are based upon their
seismic category and safety classifications listed in Table 3.2-1. The criteria for the Steel ;

Containment Vessel are provided in Section 3.8.2 and are excluded from this appendix. The dike i

surrounding the Station Service Water Pond is site specific and is not addressed within this appendix.

All structures required to shut down and maintain the reactor in a safe and orderly condition or j
'

prevent the uncontrolled release of excessive amounts of radioactivity following a Safe Shutdown
Earthquake have a classification of Seismic Category I. These structures shall be designed to

)
withstand, without loss of function, the most severe postulated plant accident or natural phenomena ;

for the site.

Safety classifications are defined in Section 3.2.2. Structural components required as part of the
primary containment pressure boundary or for its support and under the scope of the ASME Boiler
and Pressure Vessel Code are Safety Class 2. All other structural components required to perform
safety related functions are Safety Class 3. Safety Chss 1 applies to the NSSS primary system
components. Safety Classes 1 & 2 are not applicable within this appendix.,

Those non-Seismic Category I structures capable of impairing the functioning of any Seismic
Category I structures or component in the event of failure are classified as Seismic Category II. |
Seismic Category 11 structures are designed to prevent failure in the direction of a Seismic Category I !
structure or component under extreme environmental or accident conditions. 'Ihe seismic design .
requirements for Category II structures under these conditions is equivalent to that of Seismic j

'

Category I structures.

Seismic Category I and II, Non-Nuclear Island structures covered by this appendix include the |
Turbine Building, Diesel Fuel Storage Structure, Component Cooling Water (CCW) Heat Exchanger

| Structure, CCW Pipe Tunnel, Radwaste Facility, Service Water Pumphouse & Intake Structure and
buried cable tunnels and conduit banks. Also included is the concrete dike surrounding the outside
CVCS Boric Acid Storage Tank, Holdup Tank, and Reactor Makeup Tank.

! Primary structural components consist of concrete floors, roof slabs, foundation basemats, walls,.

| beams, and columns. Steel beams and columns will be included within this appendix if their primary

i function is to provide support to walls, floors, or roof slabs. Component support building structures
will meet the code requirements of this appendix. Specific load and functional requirements are
addressed in Section 3.9.3.4 and Appendix 3.9A and under specific design criteria / specifications.

Information presented in this appendix is sufficiently comprehensive in nature to:

_ [] a. provide the criteria necessary to perform an analysis and translate that analysis into a final

Q design, and
|

|
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b. provide a correlation of analysis, design, and construction requirements with those in Sections

3.8.3, 3.8.4, and 3.8.5.

Miscellaneous components, while not primary structural components, must be considered in the
design of primary components as to their loads and method of attachment. Design of these
components is based upon the allowable loads and design requirements found in the ACI, ANSI,
ASME and/or other specialized codes.

Design parameters or information indicated "(by COL)" are delegated to the Combined Operating
License Applicant for completion as part of the site specific final design. Design parameters in
Table 3.8A-1 marked "(TBD)" are also delegated to the COL applicant for completion.

2.0 DEFINITIONS AND ABBREVIATIONS

2.1 DEFINITIONS

Combined Operating License Combined Construction Permit and Operating License with
conditions for a nuclear power facility issued in accordance
10CFR part 52 Subpart C.

Design Engineer For this criteria, the person given responsibility by the Plant
Designer to provide final approval for any structural design
activity.

Exceedance Value A value for a design parameter based upon a selected
probability that the identified value will not be exceeded.

Plant Designer A team of Architect Engineers and NSSS vendors who have
the responsibility to develop and complete the System 80+
Standard Plant design.

Quality Class QA program classifications as identified by ABB-CE and
included in CESSAk-DC Table 3.2-1. Safety related
Category I & II structures will be Quality Class 1.

Safety Class Relative importance of fluid system components and related
equipment as classified in ANSI ANS 51.1 (reference
CESSAR-DC Section 3.2.2) Safety Classes 1, 2, 3, and
NNS.

Seismic Category Classification of structures (Category I, II, or NS) with
respect to requirement to withstand effects of SSE without
loss of functional requirements. (Reg Guide 1.29).

O
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Zero Period Acceleration The ZPA is the response spectrum acceleration associated
with the " rigid" range frequencies of the response spectrum
for a structure or component. The ZPA is the acceleration
value corresponding to the peak acceleration of the seismic

| input upon which the response spectra is based. The " rigid"

! or ZPA frequency is the lowest frequency at which the

|
acceleration due to the structural response approaches and is
approximately equal to 1.0 times the ZPA.

2.2 ABBREVIATIONS
,

!

AASHO American Association of State Highway Officials
ABB-CE Asea Brown Boveri-Combustion Engineering
ABS Auxiliary Boiler Structure
ACI American Concrete Institute
ADB Administration Building
AICE American Institute of Chemical Engineers
AISC American Institute of Steel Construction
ALWR Advanced Light Water Reactor
ANSI American National Standards Institute
ASCE American Society of Civil Engineers
ASME (BPVC) American Society of Mechanical Engineers (Boiler & Pressurep)

Vessel Code)i
V ASTM American Society for Testing and Materials

| AWS American Welding Society
BGSA Bulk Gas Storage Area
CC Control Complex
CCW Component Cooling Water

CESSAR-DC Combustion Engineering Standard Safety Analysis Report-Design
Certification

CFR Code of Federal Regulations
COL Combined License / Construction Operating License (per 10CFR Part

52 Subpart C)
cpi Condensate Polishing Area
CS Containment Spray System
CT Cooling Tower
CTF Combustion Turbine Facility
CTFS Combustion Turbine Fuel Storage

| CVCS Chemical Volume Control System
CWPS Circulation Water Pump Storage
DBA Design Basis Accident
DF Diesel Fuel
DGA Diesel Generator Area
DS Discharge Structure

['T EFW Emergency Feedwater

( ,/ EPRI Electric Power Research Institute
FHA Fuel Handling Area

Amendment V
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FPH Fire Pump House
FSAR Final Safety Analysis Report
GDC General Design Criteria / Criterion
HIC High Integrity Container
HVAC Heating Ventilation and Air Conditioning
HVT Holdup Volume Tank
I&C(s) Instrumentation & Control (s)
ICI In-core Instrumentation
IRWST In-Containment Refueling Water Storage Tank
IS Intake Structure
ITAAC Inspections, Tests, Analyses and Acceptance Criteria
LBB Leak-Before-Break
MB CVCS & Maintenance Area
MS Main Steam Valve House
MX Miscellaneous Buildings
NA Nuclear Annex
NFPA National Fire Protection Association
NI Nuclear Island
NRC Nuclear Regulatory Commission
NSSS Nuclear Steam Supply System
NUREG NRC Technical Report Designation
PAP Personnel Access Portal
PMF Probable Maximum Flood
PMP Probable Maximum Precipitation
PRT Pressurizer Relief Tank
PRZ Pressurizer
QA Quality Assurance
RA Reactor Shield Building Annulus
RB/RXB Reactor Building
RC Reactor Building Steel Containment Vessel
RCP Reactor Coolant Pump
RDT Reactor Drain Tank
RFAI Relay House
RS Reactor Building Subsphere
RW Radwaste Facility
SAR Safety Analysis Report
SB Station Service Building
SCS Shutdown Cooling System

.

SD Station Service Water Discharge Structure |
SER Safety Evaluatio'n Report (NUREG-1462) '

SF Spent Fuel Storage Area
SG Switch Gear Building
SI Station Service Water Pump Structure
SIS Safety Injection System
SP Station Service Water Pump Structure
SR Station Service Water Reservoir
SRP Standard Review Plan (NUREG-0800) i
SRSS Square Root of the Sum of the Square.s
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SSC Structure, System, and Component
SSE Safety Shutdown Earthquake
SSI Soil Structure Interaction
ST Sewage Treatment Facilities

,

i SY Switchyard
TB Turbine Building

I' TBD To Be Determined
UBC Uniform Building Code
VA Vehicle Access Portal |

WH Warehouse i

WT Water Treatment Area !1

XY Transformer Yard |

YA Yard. above ground !

ZPA Zero Period Acceleration |

10CFR50 Chapter 10, Code of Federal Regulations, Part 50 i

I3.0 PLANT DESCRIPTION

3.1 NUCLEAR ISLAND CATEGORY I STRUCTURES

The term " Nuclear Island" refers to the Basemat, the Reactor Building, and the surrounding Nuclear

] Annex. The Reactor Building consists of the Containment Shield Building, the Reactor Building

[Q Subsphere, Containment Vessel, and Containment Internal Structures. The Nuclear Annex is
comprised of all other structures on the Nuclear Island basemat and surrounding the Containment
Shield Building. The Nuclear Island, except for electrical and mechanical system tie-ins, is
structurally isolated from adjacent structures. Refer to Section 1.2 for details of these structures.

|3.1.1 NUCLEAR ISLAND FOUNDATION BASEMAT

De Nuclear Island foundation is a 10 foot thick reinforced concrete basemat (see Section 10.1 of this
appendix) that provides a common foundation for all of the Nuclear Island structures. The top
elevation of the basemat is at El. 50'+0".

The basemat provides a barrier against release of plant fluids to the soil underlying the basemat.
Drains are located at the top of the basemat and piped to strategically located sumps. Recessed pump
pits are provided in tM Containment Subsphere area for the CS, SCS, and SIS pumps that are
connected to adjacen* qs.

3.1.2 REACTOR BUILDING

The Reactor Building consists of the Containment Shield Building, Reactor Building Subsphere,
Containment Internal Structures, and the Containment Vessel.

3.1.2.1 Containment Shield Building

O The Containment Shield Building (see Section 10.2 of this appendix) is the concrete structure that

h surrounds the steel Containment Vessel and Reactor Building Subsphere and provides protection from
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postulated external missiles and other environmental effects. The Containment Shield Building
provides an additional barrier against the release of fission products.

1

The Shield Building has a 105' inside radius,4 feet thick, cylindrical reinforced concrete shell
extending from the foundation basemat at El. 50'-0" to El.146'-0". The cylindrical wall extends
upward from El.146' with a 3 ft thickness to the spring line at El.157'-0". The Shield Building is
topped by a 3 feet thick reinforced concrete hemispherical roof. The outside apex of the dome is at
elevation 265'-0".

3.1.2.2 Reactor Building Subsphere

The Reactor Building Subsphere (see Section 10.3 of this appendix) is located inside the Shield
Building and external to the Containment Vessel. The Subsphere consists of reinforced concrete
walls and slabs and the Containment Support Pedestal. The purpose of the subsphere structures is to
support the containment vessel and the Internal Structures and isolate safety related equipment.

3.1.2.3 Containment Internal Structures

The Containment Internal Structures (see Section 10.4 of this appendix) are located inside the
spherical steel containment vessel. The purpose of these internal structures is to provide structural
support, radiation and missile shielding, and space for the IRWST. These structures are constructed
of reinforced concrete and structural steel. These structures are described in Section 3.8.3.1.

3.1.3 NUCLEAR ANNEX

The Nuclear Annex (see Section 10.5 of this appendix) is a multi-level reinforced concrete structure
surrounding the Reactor Building. The Nuclear Annex is integral with the Containment Shield
Building and provides lateral bracing while providing partial tornado wind and missile protection.
The Nuclear Annex provides protected areas (Control Complex, Diesel Generator Area, Fuel
Handling Area, CVCS Area, and Main Steam Valve House) for safety related equipment. Structural
components provide biological shielding required as a result of handling nuclear fuel or processing
radioactive wastes.

|3.2 NON-NUCLEAR ISLAND SEISMIC CATEGORY I AND II STRUCTURES

Refer to Section 11.0 for detailed descriptions of the following:

Diesel Fuel Storage Structure - Category 1,*

Component Cooling Water Heat Exchanger Structure - Category I,*

Radwaste Facility - Category II,o

Service Water Pumphouse and Intake Structure - Category I,*

Turbine Building - Category II,*

Dike for Outdoor Tanks - Category II,*

Component Cooling Water Tunnel - Category I,*

Buried Cable Tunnels, and Conduit Banks - Category I.*

O|
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4.0 OUALITY ASSURANCE REOUIREMENTS

4.1 GENERAL

The requiretr nts for a QA program are established in 10CFR50, Appendix B. These requirements
are identified in Reg Guides 1.28, and 1.94 by reference to ANSI Standard N45.2.5. The ANSI
Standard has been replaced by the ASME QA Program NQA-1. The QA Program is based upon
three quality designations as identified in Table 3.2-1 and the two seismic classifications, Category
I and II, identified in Section 3.2. The QA Program fulfills the requirements of ACI-349 Section
1.5.

4.2 OUALITY ASSURANCE CLASSIFICATIONS

The following Quality Class (QC) designations are applicable to the QA program;

QC-1 is the highest level quality class and embodies all necessary controls for items and/or*

services which are required to meet 10 CFR 50 Appendix requirements.

QC-2 is an intermediate level quality class which is used for items or services which require*

a moderate level of control of activities affecting quality, but which are neither Nuclear Safety-
Related not required to meet the requirements of 10 CFR 50 Appendix B. Circumstances

O appropriate for QC-2 designation include non-standard complex items, or those which must
\ perform reliably, in a harsh environment or with less than normal operator attention or |

maintenance.

QC-3 is the quality class which applies to all items or services which are not assigned to*

another quality class. Quality requirements may be specified in quality plans, procurement
documents and/or special procedures if deemed necessary. )

4.3 DOCUMENTATION

All structures and components addressed by this appendix are subject to the documentation
requirements defined in an approved Quality Assurance Program.

4.4 h1ATERIAIS

QA requirements for materials assure that those materials, specified, received, and used meet the
requirements in Section 9.0 of this appendix or the applicable design document. The quality of
materials is assured by requiring suppliers to furnish certification as required by applicable codes or
specifications. For fabricated materials, design / procurement specifications shall include acceptance
criteria that assure, with the proper QA inspections, materials received match the requirements
considered ir the design qualification as well as those shown on design drawings.

A
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4.5 CONSTRUCTION

<

4.5.1 INSPECTIONS

Quality Control inspections for Seismic Category I structures are addressed in the ACI 349 concrete
and the ANSI N690 steel codes. Procedures shall be prepared by the COL applicant to assure that
the inspections are conducted. The Plant Designer shall be responsible for having procedures
prepared to assure that the requirements of ACI 349, Section 1.3 are met. Inspections procedures
should include the more detailed provisions of ACI 318 Section 1.3.

Inspections of structural steel shall be conducted to assure compliance with Sections Q1.23 thru
Ql.27 of ANSI N690 and AWS Dl.1 Chapters 3 & 4.

5.0 STRUCTURAL DESIGN LOADS AND LOAD COMBINATIONS

| Design loads on Category I structural components for System 80+ are identified in this section. The
loads used for the System 80+ Standard Plant envelop expected loads over a broad range of site
conditions. These loads are separated into four (4) categories: normal loads, severe environmental
loads, extreme environmental loads, and abnormal loads. For each site location, specific loads must
be shown to lie within the standard envelope or additional analyses must be performed to verify
structural adequacy.

The loads identified below are applicable to all structures. The specific loads for which e.ach
structure, or part thereof, should be designed shall depend on the conditions to which that particular
structure could be subjected.-

5.1 DESIGN LOADS

General design loads applicable to all structures are identified below. Design loads applicable to
individual Seismic Category I and II structures are identified in sections 10.0 and 11.0 of this
appendix. Design loads may be either local or global in application.

5.1.1 NORMAL LOADS

Normal loads are those loads encountered during normal plant operation and shutdown. They
include: Dead loads (D), Live loads (L), Hydrostatic fluid pressure loads (F), Soil prcssure loads
(H), Thermal loads (TO), and Pipe reactions (Ro).

5.1.1.1 D - Dead Load

Dead load refers to loads which are constant in magnitude and point of application. Dead loads are
the mass of the structure plus any permanent equipment loads. Equipment designated as a permanent
dead load need not be physically attached provided its size and location are expected to remain |

constant. "D" may also refer to the internal forces and moments due to dead loads. The effects of
differential settlement shall be considered with dead loads. Hydrostatic loads from constant fluid
levels shall be considered with dead loads.
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! Uniform dead loads represent the structural mass, miscellaneous equipment, and distribution system i

(electrical cable trays and mechanical piping or HVAC) loads. Specific loads for designated I

equipment are represented by concentrated loads at the point of application.

5.1.1.2 L - Live Loads

i Live load, also referred to as operating load, refers to any normal load that may vary.with intensity
1 and/or location of occurrence. Variable loads include movable equipment or equipment that is likely
j to be moved. "L" may also refer to the internal forces and moments due to live loads. j

!
. l

Live loads are applied to the structure as either concentrated or uniform loads. For equipment ;

supports, live loads shodd also consider contributory loads due to the effects of vibration and any J,

; support movement. | 1

Design drawings prepared by the COL applicant should show allowable loads for the designated
.

laydown areas.
i

'

5.1.1.2.1 Precipitation

i

The minimum design live load due to precipitation (rain, snow, or ice) for Seismic Category 1 )
buildings shall be taken as 50 psf. This live load, equivalent to approximately 9%" of water, will

i
'

be sufficient for the design peak rainfall of 19.4 in/hr or 6.2 in/5 min given in Table 2.0-1. The
; design load for rain shall also include the additional load that may result from ponding due to the,

deflection of the supporting roof or the blockage of the primary roof drains.,

|

5.1.1.2.2 Compartmental Pressure Leads

k Compartments shall be evaluated for the potential for internal pressurization. Pressure loads I
associated with tornadoes, LOCAs, or other explosive type loads shall be classified as extreme

; environmental or abnormal loads. See Sections 5.1.3.2.1 and 5.1.4.1.

5.1.1.2.3 Truck Loads

i Loads due to vehicular traffic in designated truck bays is in accordance with standard AASHO truck
; loading or identified special loads. Special loads may consist of construction or maintenance loads
; or routine shipments of fuel casks or other high level radioactive waste.

#

5.1.1.2.4 Rail IAads

Design of the rail / truck bays is controlled by anticipated shipping weights.

'
5.1.1.2.5 Cranes, Elevators, and Other lloists

This criteria is applicable to structural members and components required for the support of4

permanently installed cranes and hoists required for station operation and maintenance as well as
structural members and components required for the support of temporary construction cranes and

i O hoists. The structural design shall consider the placement of construction hoists on floors, walls, and
,

,
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columns. Design loads shall include the full rated capacity of the hoists plus impact loads as well
as test load requirements.

Test loads shall be evaluated as 125% of the crane rated capacity. The test loads shall be increased
by an additional 25% to account for impact. Test loads shall be checked in Service Load
combinations with a factor of 1.1 applied instead of the 1.7 factor normally applied to live loads.-

The factor is reduced because the test loads are known and the tests are performed under controlled
conditions.

For construction cranes located adjacent to the structure, the structural design shall include soil
surcharge loads produced by the full load of the crane. Cranes permanently mounted to structures
shall be identified on general arrangement drawings.

Pendant operated traveling cranes and trolley hoists shall be designed for 110% of the rated load
capacity, to account for impact as required by ANSI N690 Section Ql.3.2. Design loads for motor
operated trolleys and cab operated traveling cranes shall be increased by 25% of the rated load
capacity to account for impact in Service and Factored load combinations.

Minimum lateral design loads on crane runways shall be 20% of the sum of the rated hoist capacity
plus the weight of the crane trolley to account for the effects of the moving trolley. Load shall be
applied at the top of the rail in either direction and distributed according to the relative stiffnesses
of the end supports.

Minimum longitudinalload on each crane rail shall be 10% of the maximum crane wheel loads.

Elevators live loads shall be increased by 100% for design of supports.

5.1.1.2.6 Load Allowances for Cable Trays

Loads to be applied in areas where multiple cable tray runs are identified include:

7 kips at mid-span on steel beams and columns.*

7 kips at a spacing of 8 ft on center for slabs.*

Acceptability of these design loads will be determined through review of the final electrical layout
drawings prepared by the COL applicant.

| 5.1.1.2.7 Miscellaneous Equipment and Large Bore Piping

| The following load allowances shall be considered where multiple large bore piping nms are located
or where large temporary loads are identified.

l,
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In addition to major equipment located on general* g g
arrangement drawings, a point load of 20 kips

should be applied at the midpoint of each concrete Q
floor slab and concrete beams (Case A). 30g co3, c

""

A point load of 40 kips shall be applied at the $20xcase02*

midpoint of steel collector beams providing primary 3cg ces, c 3g
framing (Case B). " dDK cose B

e
30Kcase01A point load of 30 kips shall be applied to the*

midpoint of other steel collector beams or beams .

provided for support framing (Case C). hl 0
30K Case c ==

A point load of 30 kips at midspan on primary steel*

filler beams framing into steel collector beams (Case DI) and 20 kips on other steel filler
beams or stringers (Case D2). (Note: These loads are for added design margin on the beams
and slabs and are not to be carried beyond the beam support connection to the supporting beam

or column.)

A contingency load of 80 kips should be applied to the top of each steel column.*

p Acceptability of these design loads will be verified through review of the final plant configuration. |

V
5.1.1.2.8 Miscellaneous Equipment, Small Bore Piping, Cable Tray, and IIVAC

Ductwork

The following load allowances should be included for areas with multiple runs of small bore piping,
cable tray, or HVAC ducts.

A load of 15 kips on steel collector beams*

A load of 5 kips on other steel beams*

A load of 50 kips on steel columns*

Acceptability of these design loads will be verified through review of the final plant configuration. |

5.1.1.2.9 Alternate lead Allowances for Piping, Cable Trays, Conduit, IIVAC
Ductwork and Miscellaneous Equipment

The following alternate load criteria may be used in lieu of Sections 5.1.12.6, 5.1.1.2.7 and
5.1.1.2.8.

- For piping, cable trays, conduits and HVAC ducts, conservative estimated loads shall be used
with a minimum value of 50 psf.

U - For major equipment, actual loads shall be used. |

|
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- In addition to the above loads,5 kips concentrated load on beams, girders and slabs shall be

used to maximize moment and shear. This load is not carried beyond the beam support
connection to the supporting beam, girder or column.

Actual loads shall be tracked during the design process, reconciled with the load allowances
; established and documented in the structural analysis report described in the structural acceptance
! criteria, Section 3.8.4.5.4.
|

| 5.1.1.3 II - Soil Load
!

Lateral soil pressure shall be based upon the soil density and shall include the effects of ground water
in accordance with Section 5.1.1.4 of this appendix. Normal soil loads shall consider a ground water

,

I level up to El. 88'-9",2'-0" below plant fmished yard grade elevation (El. 90'-9").
!

145 pcf (pounds / cubic foot)
'

Soil Density (y): Saturated Soil* =

Moist Soil 125 pcf=

80 pcfDry Soil =

Angle of Internal Friction: 4 = 30'=

Coefficient of friction: p = tan 4 (i.e.,0.57) assuming the concrete is poured directly on*

competent structural backfill without any intervening material, such as waterproofing;
y = % tan 4 if concrete is not poured directly onto the soil.

The friction coefGeient shall be further reduced when intervening materials are used.

At-rest lateral soil pressure coefficient: Ko = 0.5*

(Used in Service Load Combinations)
,

2Active lateral soil pressure coefficient: K4 = tan (45' - 4/2)*

2Passive lateral soil pressure coefficient: Kp = tan (45' + 4/2)*

i
'

Active lateral earthquake soil pressure coefficient: Ks*
3

i

*I" 0 * 0 ~b
KAE =

sb @+6) sh @-0'-a) 2cos (0') sin (p) sin (p-O'-6) [1+
% sin (p-6-0) sin (a+p) 3

i
t

O
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Passive lateral earthquake soil pressure coefficient: Kps*

ssin (p +0'-4)
Kpa = . ~ . - -

2 ($+6) & ($+a-0S 2
cos (0) sin (p) cos (6 +p +0'-90) [1-$sin (p +8 +0) sin (a +p) 3

where:

k*O' = tan ~l
(1 - k)

h averace horizontal earthquake acceleration componentk =

acceleration due to gravity, g

k, averace vertical earthouake acceleration component=

acceleration due to gravity, g

(m
the slope or angle of the backfill surface as measured from the horizontala =

$ (1) The angle formed by the exterior face of the wall and the horizontal. (2) The=
;

angle shall be measured as 180' minus the angle formed by the exterior wall
surface and the horizontal direction extending out under the backfill. (3) This i

value will be 90' for vertical walls.

6 the angle of wall friction is a quantitative value, expressed in degrees, used to=

define the level of friction between soil backfill and the retaining structure

The total lateral earth pressure is calculated as:

2At-rest lateral soil pressure: Po %Ko)H* =

2Active lateral soil pressure: P %KyH* =4 A

2Passive lateral soil pressure: Pp %KpyH* =

2Active lateral earthquake soil pressure: Ps3 %KxsyH (lik )* =
y

2Passive lateral earthquake soil pressure: Pps %KpsyH (lik,)* =

where: y= soil density (pcf)
>

\ H = height of soil-wall interface (ft)

|
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The effects of buildings, vehicles, cranes, material stockpiles, etc. acting as surcharge loads on the
soil adjacent to exterior building walls shall also be considered.

For factored load combinations, the lateral soil load shall be based upon saturated soil associated with
flooding and a ground water level l'-0" below the finished plant yard.

Reference: Das, B.M., Princioles of Foundation Encineering, second ed., PWS-Kent Publishing
Co., Boston,1990.

5.1.1.4 F - Ilydrostatic Loads

| Hydrostatic loads are due to ground water, exterior flood waters, or fluid with fluctuating levels in
internal compartments, including internal flooding.

Maximum flood level is specified to be l'-0" below finished plant grade. Site specific flood
elevations greater than this will be addressed by the COL applicant.

5.1.1.5 To - Thermal Loads

Thermal effects consist of thermally induced forces and moments resulting from plant operation or
environmental conditions. Thermal loads and their effects are based on the critical transient or steady
state condition. Thermal expansion loads due to axial restraint as well as loads resulting from
thermal gradients shall be considered.

The following ambient temperature values during normal conditions shall be used as a basis for
design. Site specific provisions may be taken to minimize the effects of the structural temperature
gradients produced by these conditions.

,

| O
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External ambient conditions, reference Table 2.0-1.

Outside air temperatures - 100'F max.
,

-10*F uin. i

Ground Temperature- 50'F
,

Internal ambient conditions, reference Appendix 3.ll A and Sections 10 and 11 of this appendix.

I Thermal analysis may be performed to determine concrete surface temperatures.

5.1.1.6 Ro - Pipe Reactions

Pipe reactions are those loads applied by piping distribution system supports during normal operating
or shutdown conditions based on the critical transien. ar steady state condition. The dead weight of, .

I the piping and its contents are included. Appropriate dynamic load factors shall be used when
applying transient loads, such as water hammers.

5.1.2 SEVERE ENVIRONMENTAL LOADS

Severe environmental loads are those loads that could infrequently be encountered during the life of
the plant. Included in this category are Wind loads (W).

5.1.2.1 W - Wind Loads

Wind loads are forces generated by the " Design Wind" of 110 mph at 33 ft above nominal ground
elevation (Section 3.3.1.1). " Wind" does not include tornado force winds. Wind Loads are
determined in accordance with ANSI /ASCE 7-88 or ASCE Papers 3269 and 4933 as specified in
Section 3.8.4.3.D.

Loads calculated using ANSI /ASCE 7-88 shall be based upon a 0.01% annual probability of |
occurrence in an assumed 100 year recurrence period for Category I and 11 structures. Other
non-safety related structures use the same wind speed but with a 0.02% annual probability of |
occurrence during an assumed recurrence period of 50 years. For safety related structures use an
"importance factor" (1) of 1.11 with an exposure category of "C" as dermed in ANSI /ASCE 7-88,
Section 6.5.3. An "importance factor" of 1.0 should apply to non-safety related structures.
" Recurrence interval" and "importance factors" are discussed in ANSI /ASCE 7-88 Commentary
Section 6.5.2.

Design wind pressure, p (psf), shall be calculated by the formula p = q G, C , (Reference jp

( ANSI /ASCE 7-88, Sections 6.4 and 6.5) where: )
|

velocity pressure, (= 0.00256K,(IV)2, for V = 110 mph design wind speed),q =

gust response factor, ANSI /ASCE 7-88, Table 8 (dependent upon height, z,G =
3

above ground),
p C, external pressure coef0cient, dependent on shape of the structure, negative=

pressure is suction,
velocity pressure exposure coef0cient from ANSI /ASCE 7-88, Table 6.K, =

Amendment U

3.8A-15 December 31,1993

_ _ _ _ _ _ _ _ ._ _



CESSARE!'Enem

O
5.1.3 EXTREME ENVIRONMENTAL LOADS

Extreme environmental loads are those which are credible but are highly improbable.

5.1.3.1 E' - Safe Shutdown Earthquake (SSE)

SSE loads are loads generated by an earthquake with a peak horizontal ground acceleration of 0.30g.

| Refer to Section 2.5.2.5.1.

Total loads for E' shall consider simultaneous seismic accelerations acting in three orthogonal
directions (two horizontal and one vertical). Each of the three directional components of the
earthquakes will produce responses in all three directions. Colinear responses due to each of the 3
individual earthquakes may be combined using the " Square Root of the Sum of the Squares" (SRSS)
method. The resultant nodal loads are applied simultaneously to the structure. The seismic forces
and moments may also be combined simultaneously using directional combination participation factors
of 100%/40%/40% applied to the individualloads produced as a result of each earthquake to produce
the design SSE loads. The critical load combination would use 100% of the loads due to one
earthquake and 40% due to the other 2 earthquakes, i.e., E of F, due to i100%E', i40%E'y
i40 % E',.

SSE loads are obtained by multiplying the dead load and 25 % of the design live load by the stractural
acceleration obtained from the seismic analysis of the structure. The full potentiallive load shall be
used for local analyses of structural members. Amplification of these accelerations due to flexibility
of structural members should be considered. Constructionloads are not required to be included when
determining seismic loads. Other temporary loads must be evaluated for applicability on a case by
case basis.

| Seismic soil loads shall be used in combination with E'.

SSE damping values used in design (Reference NRC Reg Guide 1,61 and Table 3.7-1) shall be as
follows:

Structure Type % of Critical Damobg
Welded Steel 4

Bolted Steel 7

Reinforced Concrete 7

Prestressed Concrete 5

Equipment (steel assembly) 3

Fluid sloshing loads in the IRWST, Spent Fuel Pool, and all other fluid reservoirs due to the SSE
shall be considered in accordance with ASCE 4-86.

5.1.3.2 W,- Tornado Loads

Loads generated by the design tornado are as identified in Section 3.3.2. Tornado loads include loads
due to the tornado wind pressure (W,), the tornado created differential pressure (W ), andp

tornado-generated missiles (W,). Twenty-five percent of the design live load shall be considered

Amendment V
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with tornado load combinations. The full potential live load shall be used for local analyses of
structural members.

The following paraineters from Section 3.3.2.1 and Table 2.0-1 shall be used for the design basis
tornado:

Maximum wind speed = 330 mph i*

Maximum rotational speed = 260 mph l*

* - Maximum translational speed = 70 mph |

Radius of maximum rotational speed = 150 ft |*

Maximum pressure drop = 2.4 psi*

Rate of pressure drop = 1.7 psi /sec*

i

Tornado winds loads shall be converted to wind pressure loads in accordance with ASCE 7-88. The
tornado velocity pressure is to be considered constant with height, therefore Kz = 1.0. In

,

determining tornado wind loadings, the importance factor (I) and the gust factor (G ) for tornadoes j3

shall be taken as being unity. Therefore, tornado wind pressure loads shall be computed by the !

formula; .

p = 0.00256K,(VI)2G C, = 0.00256V2C !
3 p

- The external pressure shape coefficient is determined in accordance with ASCE 7-88, Figure 2.
|

The tornado induced pressure for interior wall dcsign shall be taken as - 0.5 psi unless a lower value
can be justified.

|

Tornado missiles shall be considered in accordance with SRP Section 3.5.1.4 Spectrum II, Region I,
and Table 3.5-2.

Design for missile impacts shall be in accordance with Section 3.5.3 and ACI 349, Appendix C. |

Minimum concrete wall and roof thicknesses shall be in accordance with Standard Review Plan 3.5.3 I

Table 1. Non-Category I structures shall not be assumed to shield seismic Category I structures from
tornado wind, differential pressure, or missile loads.

5.1.4 ABNORMAL LOADS

Abnormal loads are those loads generated by a postulated high-energy pipe break accident. This |

| event is classified as a " Design Basis Accident". Included in this category are: Pressure loads (P,),
! Thermal loads (T ), Pipe reactions (R,), Load on the structure generated by the reaction on the pipe

(Y,), Jet impingement loads (Y), and Missile impact loads (Y,). These loads are defined by:

P, - Pressure equivalent static load within or across a compartment and/or building, generated*

by the postulated break, and including an appropriate dynamic load factor to account for the
dynamic nature of the load.

T, - Thermal loads generated by the postulated break and including T,.*

R, - Pipe reactions generated by the postulated break and including R .
'

*
o
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Y,- Equivalent static load on the structure generated by reaction of the broken high-energy j*

pipe during the postulated break, and including an appropriate dynamic load factor to account l
for the dynamic nature of the load. I

|
Y) - Jet impingement equivalent static load on a structure generated by the postulated break,*

and including an appropriate dynamic load factor to account for the dynamic nature of the |
load. 1

1

Y, - Missile impact equivalent static load on the structure generated by or during the*

postulated break, such as pipe whipping, and including an appropriate dynamic load factor to
account for the dynamic nature of the load.

5.2 DESIGN LOAD COMBINATIONS

5.2.1 GENERAL

| The following loading combinations shall be used for analysis and design of Category I structures and
their components.

Live loads shall be applied (fully or partially), removed, or shifted in location and pattern as
necessary to obtain the worst case loading conditions for maximizing internal moments and forces
for all load combinations. Impact forces due to moving loads shall be applied where appropriate.

Where any load is determined to have a mitigating effect on the overall loading for a steel or concrete
structural member, a load coefficient of 0.9 should be applied to that load component. The reducing
coefficient should be used only for that load which can be demonstrated to be always present or
occurring simultaneously with other loads. For loads which cannot be shown to be always present,
the coefficient for the counteracting load is set to zero. The 0.9 coefficient should be used in lieu
of the calculated concrete and steel coefficients;

for concrete replace 0.75*1.4D or 0.75*l.7L with 0.9D or 0.9L, ACI 349 Section 9.2.3, and*

for steel 1.7*l.0D with 0.9*D.*

No increase in allowable loads due to wind in service load combinations is permitted for steel or
concrete components.

5.2.2 LOADING COMBINATIONS FOR SEISMIC CATEGORY I CONCRETE
STRUCTURES

The following set of load combinations define design limits for all Seismic Category I concrete
structures:

5.2.2.1 Service Load Combinations represent normal operating conditions or combinations
of normal loads with severe environmental conditions. I

6|a) U = 1.4D + 1.7L
b) U = 1.2D + 1.7W l
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c) U = 1.4D + 1.7F + 1.7L + 1.7H + 1.7W |

| If the thermal stresses due to R, and T are present, the following combinations shall be satisfied.o

|

| d) U = (.75)(1.4D + 1.7F + 1.7L + 1.7H + 1.7T + 1.7R,)o

| e) U = (.75)(1.4D + 1.7F + 1.7L + 1.7H + 1.7T, + 1.7R, + 1.7W

For concrete structures, U is the section strength required to resist design loads based upon the
ultimate strength design methods described in ACI 349.

,

|

| 5.2.2.2 Factored Load Combinations represent combinations of normal operating loads

with (either or both) extreme environmental loads or abnormal loads.

a) U = D + F + L + H + T + R, + E'o

b) U = D + F + L + H + T + R, + W,o

for W, use: W., W , or W, individually and in combination,.

(W, + 0.5W,), , + W,), or (W, + 0.5 W, + W,)

c) U = D + F + L + H + T, + R, + 1.5P,
d) U = D + F + L + H + T, + R, + 1.0P, + 1.0(Y,+ Y)+ Y,) + E'

For load combinations 5.2.2.2 c) & d) above, the maximum values of P , T , R., Y , Y,, and Y ,j
,

including an appropriate dynamic load factor, are used unless a time-history analysis is performed'

to justify otherwise.

| Ductility ratios determined from ACI 349 Appendix C should be used. Deflections shall be evaluated
| for potential loss of function for safety related systems.

|
| Load combination 5.2.2.2 b) shall first be satisfied without the tornado missile load. Load
| combination,5.2.2.2 d) shall first be satisfied without the Y loads. When including these loads
i however, local section strength capacities may be exceeded under the effect of these concentrated

loads, provided there will be no loss of function of any safety related system.

Structural effects of differential settlement, creep, or shrinkage shall be included with the dead load.

5.2.3 LOADING COMBINATIONS FOR SEISMIC CATEGORY I STEEL
STRUCTURES

The following set of load combinations define design requirements used for all Seismic Category I
steel structures.

5.2.3.1 Service Imad Conditions

5.2.3.1.1 If elastic allowable strength design methods are used:

O a) S=D+F+L+H
V b) S=D+F+L+H+W

I Amendment U
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If thermal stresses due to T, and R, are present, the following combinations are also satisfied:

c) 1.5 S = D + F + L + H + R, + T (tension members)
1.3 S = D + F + L + H + R, + T (compression members)

d) 1.5 S = D + F + L + H + R, + T + W (tension members)o

1.3 S = D + F + L + H + R, + T + W (compression members)o

For steel members, S is the required section strength based on the clastic design methods and the
allowable stresses defined in Part 1 of ANSI /AISC N690

5.2.3.1.2 If plastic design methods are used:

a) Y = 1.7 (D + F + L + H)
b) Y = 1.7 (D + F + L + H + W)
c) Y = 1.3 (D + F + L + H + T, + R,)
d) Y = 1.3 (D + F + L + H + T, + R, + W)

For steel members Y is the section strength required to resist design loads based on the plastic design
methods described in Part 2 of ANSI /AISC N690.

5.2.3.2 Factored lead Conditions

5.2.3.2.1 If elastic allowable strength design methods are used:

a) 1.6 S = D + F + L + H + R, + T, + E' (tension members)
1.4 S = D + F + L + H + R, + T + E' (compression members)o

b) 1.6 S = D + F + L + H + R, + T + W (tension members)
1.4 S = D + F + L + H + R, + T + W, (compression members)o

(refer to item 5.2.2.2 b) for components of W,)
c) 1.6 S = D + F + L + H + R, + T, + P (tension members)

1.4 S = D + F + L + H + R, + T, + P (compression members)
d) 1.7 S = D + F + L + H + R, + T, + (Y,+Y +Y,) + E' + P (tension members)j

1.6 S = D + F + L + H + R, + T, + (Y,+Y)+ Y,) + E' + P. (compression members)
(The plastic section modulus for steel shapes may be used for this load combination.)

5.2.3.2.2 If plastic design methods are used;

a) Y* = 1.0 (D + F + L + H + Ro + To + E')
b) Y* = 1.0 (D + F + L + H + R, + T + W )o

(refer to item 5.2.2.2 b) for components of W) '

i
c) Y* = 1.0 (D + F + L + H + R, + T, + 1.5 P )
d) Y* = 1.0 (D + F + L + H + R, + T, + Y, + Y + Y, + E' + P,)j

I*

use 0.9Y for Internal Structures and 1.0 for all other Category I structures. - (Reference j
SRP 3.8.3.!!.5) !

O\
Amendment V |

3.8A-20 April 29,1994 j



1
i

|

CESSARM5incua '

O |
\J

5.2.4 LOADING COMBINATIONS FOR SLIDING, OVERTURNING, AND
FLOTATION

|

Minimum Factors of Safety

Load Combination Overturning Sliding Flotation

| D+H+W 1.5 1.5 -

| D -F H + W 1.1 1.1 -

i

D + H + E' 1.1 1.1 -

1.1D+F - -

|
5.2.5 CONSTRUCTION LOAD COMBINATIONS

Service load combinations shall be used to evaluate construction methods and sequence and determine
structural integrity of the partially erected structures.

| 5.2.6 APPLICABILITY OF LOADS
|

|
Lateral loads due to soil bearing pressure shall apply to all exterior walls up to El. 90'-9".

ITornado loads shall be applied to roofs and all exterior walls of all safety-related Category i
Structures. Where required tornado pressure boundaries are not established at the exterior walls, j

appropriate interior walls shall be designed as tornado pressure boundaries,,

i

External hydrostatic forces are applicable to the basemat and to all exterior walls up to elevation
89 '-9 " .

| 6.0 STRUCTURAL ANALYSIS AND DESIGN. REOUIREMENTS AND PROCEDURES
|

6.1 ANALYSIS

The Seismic Category I and Il structures are analyzed to account for both global and local effects of
design basis loads described in Sections 3.8.3 through 3.8.5.

6.1.1 GENERAL
:

The major structures that make up the Nuclear Island are described in Section 3.1 of this appendix.
Other structures are described in Section 10.0. The supplemental design criteria for the Nuclear
Island and the Non-Nuclear Island structures are identified in Sections 10.0 and 11.0.

A detailed three dimensional finite element model of the Nuclear Island is developed to distribute the
global loads to all structural components. This model is shown in Figure 3.8A-2. The model

/'~N includes all walls, floor slabs, and major structural beams and columns as well as the foundation mat

!
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and a spring representation of the underlying soil media. Shell elements are used to model all wallsr

i and slabs. Beam elements are used to model all structural beams and columns. Three dimensional

| solid elements are used to model the basemat and thick walls.
|

Two different versions of the model are created, one corresponding to the rock site conditions and
one for the soft soil conditions, in order to adequately capture the bounding spectrum of the load
distribution within the superstructure from different soil stiffnesses. The superstructure is identical
in both models. The only difference in the two models is the stiffness of the spring elements
representing the soil.

| Equivalent static global loading conditions are applied to the models and results are combined using
the loading combinations identified in Section 5.2 of this appendix. The global results from the three
<limensional finite element model are added to local loading results to develop input for the designl

| of tbs walls, columns and slabs. The results are used to design for in-plane forces and moments
l cay.

| Design out-of-plane forces and moments are determined by hand calculations or local area models.
Local model end conditions such as displacements and forces are compared to equivalent in-plane
results from the three dimensional global static model to ensure compatibility with global loading
results.

6.1.2 SEISMIC ANALYSIS

The seismic inertia loads are determined from the three dimensional model results in the following
manner. The Zero Period of Acceleration (ZPA) values are extracted for each area from the Soil
Structure Interaction (SSI) analyses described in Section 3.78. For each elevation these ZPA values
are enveloped from the values of each stick in the SSI model at the corresponding elevation. This
enveloping of ZPA values at each elevation is repeated for all control motions and all soil cases, and
a final envelope of ZPA values for each elevation is determined. The ZPA values are further
amplified where necessary to account for floor slab flexibility. Figures 3.8A-3 through 3.8A-5 show
this envelope profile for the NS, EW and vertical directions respectively. This envelope of ZPA
values is applied as a uniform factor to the floor mass and contributing portions of the wall masses
at each elevation within the structure as the applied seismic loading.

For the soft soil model this envelope loading is obtained from an envelope of soil cases B-2, C-2,
C-3 and C-1.5. These soil cases represent the soft soil site category. Applying the envelope of the
soft soil ZPA values is compatible with the soil stiffness modeled for the soft soils.

The enveloping ZPAs are used in the local analyses to determine the forces and moments from the
inertia loads. The masses in the local models are accelerated by the appropriate ZPA value for the
elevation being analyzed and the forces are applied as static point loads, static body forces, or static

| uniformly distributed loads.

For each load the response from all three directional earthquakes are combined simultaneously. The
independent directional responses are combined using the square root of the sum of the squares
(SRSS) method or the 100-40-40 Percent Rule described in ASCh 4-86. De 100-40-40 Rule is based
on the observation that the maximum increase in the resultant for two orthogonal forces occurs when
these forces are equal. The maximum value is 1.4 times one component. All possible combinations
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of the three orthogonal responses are considered. The 100-40-40 combination is expressed
mathematically as:

R= ( l.0Rx i 0.4Ry i 0.4Rz)
or,

R= (i0.4Rx i 1.0Ry i 0.4Rz)
or,

i

R= (i0.4Rx i 0.4Ry i 1.0Rz) |

The 10040-40 Percent Rule may also be applied for combining responses in the same dire; tion due ;

to different components of motion.
1

Additional seismic loads due to accidental torsion is accomted for as regared by SRP
Section 3.7.2.11.11. 'Ihis accounts for variations in material de.n %, member sizes, architectural j

variations, equipment loads, etc., from design assumptions. Due to these potential variations, an ;

additional eccentricity of the mass at each floor equivalent to 5% of the maximum building dimension
is included. The accidental torsion load is an additional shear force at each floor elevation
determined based on a percentage of total accumulated shear at each elevation.

The dynamic increment for horizontal soil loads on the exterior walls of the Nuclear Island, CCW
heat exchanger structure and diesel fuel storage structure is determined from the 2D SSI analyses as |

described in Section 3.7. For other structures, the elastic solution method in ASCE 4-86 is used. |p!
t

The dynamic increment for the surcharge loads on the exterior walls is determined by multiplying
the surcharge static load by the maximum vertical ZPA at the ground surface determined in the
seismic analyses in Section 3.7.

The basemat forces and moments are obtained from static analyses using the three dimensional finite
element model of the Nuclear Island as shown in Figure 3.8A-2. Two bounding analyses are
performed corresponding to the rock and soft soil conditions. Where potential uplift in the basemat
corners due to superposition of seismic loads, dead loads, and potential maximum buoyancy force
is indicated in the two dimensional dynamic SSI analyses described in Section 3.7, the soil springs
in the affected area in the three dimensional finite element model are released and the static analysis
is repeated. The envelope of basemat moments and forces from all analysis cases are used in the
design.

Inertial loads from sloshing fluids are determined by the method identified in standard ASCE 4-86
or ASCE Manual No. 58.

6.1.3 TIIERMAL ANALYSIS |

ACI 349 Appendix A, ACI report ACI 349.lR or thermal analysis computer programs are used to
evaluate thermally induced forces and moments. Thermal analyses may be performed to determine

, actual concrete surface temperatures. Ambient temperature values are provided in Section 5.1.1.5.

O
i ! )

,1
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6.1.4 OTIIER ANALYSES !

All other loads described in Section 5.1 are analyzed as static point loads, static body forces, or static
uniformly distributed loads.

6.2 STRUCTURAL DESIGN

6.2.1 GENERAL REQUIREMENTS

6.2.1.1 Coacrete
|

| The requirements for the design and construction of Seismic Category I concrete structures shall
conform to all requirements of ACI 349 and NRC Regulatory Guide 1.142, except as modified by
thir appendix.

| The 3eismic Category I concrete members are designed as if they were parts of ordinary moment
!

frames. These frames shall be designed for strength based on the Strength Design Method as defined
in ACI 349. Deformations are assumed to be restricted with energy dissipation occurring due to
elastic deformation.

|

| | ACI 318 Chapter 21 is incorporated into the design cinfiguration of Seismic Category I member3

connections as if they were parts of special moment frames. Special moment frames assume larger|

deformations which could lead to the formation of hinges in areas of maximum moments. ACI 318,
Chapter 21 shall be used for Seismic Category I structures to determine the required anchorage and

| splicing of connections, and to determine the condguration of reinforcing in the structuraljoints, and
regions where reinforcing is spliced, and required placement of stirrups and hoop steel.

Exceptions to use of ACI 349 Appendix B for the design of embedments and expansion anchors are
! denned in Section 6.2.1.1.2.

| Design provisions for impulsive and impactive effects in Seismic Category I structures shall be in
I accordance with ACI 349-90, Appendix C.
l

ACI Specification ACI 349 Appendix A, ACI Report ACI 349.lR or computer analysis programs
are used to evaluate therr . ally induced forces and moments in Seismic Category I structural members.

| Mason hk'. walls shall not be used in Seismic Category I or II structures.

6.2.1.1.1 Reinforcing

Required reinforcing for Seismic Category I concrete members shall be determined in accordance
with ACI 349.

3Reference of Appendix A of 318 referenced in Reg Guide 1.142 and ACI 349-85 are now
included in ACI 318-89 with limited revisions.
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Concrete joints in Seismic Category I structures shall be detailed for ductility in accordance with
Chapter 21 of ACI 318,1989 edition,1991 printing. Supplemental reinforcing requirements based
upon ACI 318 are:

Mechanical or welded splices are permitted subject to a 50% limit at a given location with*
;

! splices on remaining bars staggered at least 24" between centerline of adjacent splices,
Paragraph 21.3.2.4

Lap splices in beam and columns shall have hoop reinforcement over the length of the splice.! *

Hoop reinforcement will be sized per Paragraphs 21.3.2.3 and 7.10.5.1

Hoop reinforcing for beams and columns shall be installed as required by*

Pr.ragraphs 21.3.3.l(1) and 21.3.3.2 and Section 7.10.5

Spacing (<4" or <d/4) of hoop reinforcing will be according to Paragraph 21.4.4.2 with*

crossties or legs spaced no more 14" per Paragraph 21.4.4.3 distributed over a length specified
in Paragraph 21.4.4.4

Reinforcing at terminating ends of beam, walls and columns shall be in accordance with*

Paragraphs 21.4.4.5 and 21.5.3.5, as appropriate

/S Transverse reinforcing at the edges of wall panels shall be anchored in accordance with*

v) Paragraphs 21.5.3.5 and 21.5.3.6i

Longitudinal reinforcing for beams shall be anchored according to Paragraph 21.6.1.3 with*

hoop reinforcement per Paragraph 21.6.2.1

Development lengths for reinforcing will be according to Paragraph 21.6.4.*

Unless the ground water level is below the foundation level, due to either natural site conditions or
provision of a permanent dewatering system by the COL applicant, epoxy coated reinforcing shall
be used for exterior walls and slabs when the existing groundwater is determined to be sufficiently
corrosive so as to adversely affect the long term durability of the concrete structure. When epoxy
coated reinforcing is used, the required splice length given in ACI 349 Section 12.2.2 shall be
increased using factors provided in ACI 318 Section 12.2.4.3.

When feasible, uniform reinforcement patterns should be used for sections with similar requirements,
thickness and loading.

6.2.1.1.2 Concrete Expansion Anchors

Concrete expansion anchors shall meet the requirements of Section 3.8.4.5.1. |

A specification for the design, installation, and use of expansion anchors should be developed by the
COL Applicant and include;

C \
\ / expansion anchor allowable loads,*

expansion anchor minimum spacing,*
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spacing requirements for expansion anchors,*

procedures for addressing baseplate flexibility's in calculating design loads on expansiona

anchors,
procedures for addressing shear tension interaction, and*

required load reductions for cyclic loadings.*

When high capacity concrete anchors are specified, they should be of the direct bearing or " undercut"
type. Load transfer for these anchors is achieved by bearing of the expanded embedded tip against
the undercut concrete ho!e produced by a special flaring tool. Undercutting of the concrete is
required for the anchor to provide the concrete shear capacity to match the high strength bolts.

For smaller safe:y related or non-safety related applications expansion anchors referred to as
| " Sleeves" or " Wedges" may be used, subject to the safety factors given in Section 3.8.4.5.1.

6.2.1.2 Steel

The design of Category I steel structures and/or components shall use Allowable Strength Design
methods in accordance with ANSI /AISC N690 as amended by Section 3.8.4.5.2.

Uniform depths of steel beams and connections should be maintained.

Bolted connections should be used for field erection of structural steel beams and columns. Load
indicator bolts are recommended. The design of bolted connections shall be in accordance with ANSI
N690 Section Ql.16 and the " Specification for Structural Joints Using ASTM A325 or A490 Bolts".
Bolted connestions shall be designed to be " slip critical" unless justified otherwise.

| The requirements for welded connections are defined in Section 7.2.3 of this appendix.

Maximum utilization of shop fabricated connections should be considered to avoid welding in
hazardous environments.

Transverse welds across the flanges of rolled Sections of Seismic Category I or Il steel members are
prohibited without approval of the design engineer. All transverse welds on Category I or II
members shall be shown on approved drawings. l

I
Structural members with restrained end conditions and thermal loads shall be evaluated for potential i

buckling. |
i

6.2.1.3 Missile Protection |
|
|

Exterior walls and roof slabs of Seismic Category I structures are required to function as missile
barriers for tornado generated missiles. Design of missile barriers shall assure that the structure will
not collapse under the missile load nor will there be penetration through the barrier. Safety related
structures, systems and components shall be protected from secondary missiles as a result of backface

; scabbing. Where it is evaluated to be necessary, interior walls and floors shall be designed to
| function as missile barriers.

|

j- Amendment V

3.8A-26 April 29,1994



- . _ . --- . _ _

CESSAR !!nincui:,.
t

v
6.2.1.4 Mre Protection

Fire protection is provided in the form of fire rated walls and barriers as identified in Figure 3.8-5. |
lIn addition to passive fire protection offered by fire rated structural barriers, the structural design

shall offer protection to the active fire suppression system to assure that they will not be made
inoperable due to the failure of any structural member.

6.2.1.5 Flooding

Flooding is addressed in Section 3.4.4. Flood barriers are identified in Figure 3.8-5.

Protection of the Seismic Category I structures against flooding shall be insured by; | ;

allowing no access openings in the exterior walls lower than I foot above plant grade*

having no unsealed exterior wall or floor penetrations below plant flood level (El. 89'-9",*

I foot below finished yard grade)
having water stops in all below grade exterior constructionjoints*

* providing floor drainage

6.2.1.6 Construction Support

Cost saving may be achieved by reducing the duration of the construction schedule. Durations may
,

\ be reduced by standardizing details and using modular designs that will allow offsite fabrication and -

|
assembly. Modular designs must ~ consider transportability to the point of installation.

| Connections / fit-ups with previously erected components must be considered.

6.2.1.7 Security :

|
10CFR Chapter I Part 73 provides the regulatory requirements for physical protection of the. plant
against sabotage as a result of unauthorized access. Plant designs shall prevent use of unauthorized
access routes. In accordance with Part 73 Section 45(f)(1)(i), barriers shall be provided to channel
access through protected area entry control points or delay any unauthorized penetration attempt
sufficiently to allow detection by security personnel.

6.2.2 SPECIA.L DESIGN CRITERIA

6.2.2.1 Radiation / Contamination Control

The design of structural elements shall provide surface futures to prevent the spread of contamination
and facilitate plant cleanup. Sumps for drain lines that may collect potentially contaminated liquids i

will be lined with stainless steel over the potentially wetted surface. Concrete surfaces should be i

protected by a smooth surface epoxy coating where the potential exists for contamination.

Walls or curbs shall be included around locations of potential leaks of contaminated fluids.
Penetrations in walls or floors shall be fitted with appropriate seals to prevent the spread of

f contaminated fluids.
N
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I 3.8A-27 December 31,1993.
,

_ _ _. ._ _ _ _ .. _



CESSAR E!5'rau,2

O
6.2.2.2 Grout

Grout shall be selected based upon required bearing strength and exposure conditions. A field
specification should be prepared by the COL Applicant to provide instructions in selecting site
approved grouts. The grout specification should also include instructions for concrete repairs.

6.2.2.3 Roof Drains
;

Primary and secondary roof drains shall be provided on all structures with parapets to assure that the
load resulting from rainfall will be less than the design load of 50 psf. Roof drains shall be located
to diminate ponding where the potential for excessive roof deflections may exist. A minimum roof
slope of %" per foot is recommended to further reduce the potential for ponding. Scuppers may be
used as secondary roof drains.

6.2.2.4 Adjacent Structures

Non-Seismic Category I Structures shall be designed or located to prevent any adverse interaction
with Seismic Category I Structures.

6.2.2.5 Wall / Floor Penetrations Requirements

All openings in walls and slabs of Seismic Category I and II structures shall be shown on construction
drawings. Openings shall be acceptable without analysis if they meet the criteria identified in
ACI 349 Section 13.5.2. Penetrations shall not be added to an erected safety related Seismic
Category I or 11 concrete wall or slab without prior evaluation by the Design Engineer.

Round pipe sleeves shall be used in lieu of rectangular penetrations except where required by other
design criteria.

Each corner of rectangular openings in walls or slabs should be provided with diagor.al reinforcing
to reduce cracking due to stress concentration at these locations ir, reconiance with ACI 349
Section 14.3.4.

6.2.2.6 Miscellaneous Components

6.2.2.6.1 Platforms, Ladders, and Manways

Seismic Category I safety related platforms shall be designed and installed in accordance with
Sections 6.2.1.2 and 7.2.1 of this appendix.

Access structures not supporting Safety Class equipment shall be designed as Seismic Category II.

| 6.2.2.6.2 Electrical Cable Tray and IIVAC Ductwork

| Design of building structures for support of cable trays and HVAC ductwork shall meet the
i

requirements of Appendix 3.9A.

|

Amendment V
3.8A-28 April 29,1994 i

;

1



- --. . . . . .

| CESSARn.h m
|

I O!d
6.? 2 " 3 Support / Restraints for Piping and Its Components

Des.;n of building structures for support of piping and its components shall meet the requirements |
of Appendix 3.9A.

6.2.2.6.4 Fabricated Embedments

| The walls and floors of Seismic Category I Structures shall be provided with embedments for the
| mounting or attachment of structures and components. Additional typical embedments should be
'

provided for welding structural attachments which will reduce the number of attachments utilizing
expansion anchors. Tolerances for fabrication and installation of embedments shall be provided on
design drawings or in specifications issued by the COL Applicant.

The anchorage for structural embedments shall be designed based upon ACI 349, Appendix B with
the following exception. The assumed concrete failure cone projects out at an angle of 35" instead
of 45*. The angle shall be measured from the plane normal to the axis of the embedment. This
exception applies to structural embedments and headed anchors, such as " NELSON Studs", and
expansion anchors. The exception is to prevent an overlapping of the concrete shear cones when
anchors are spaced at a "2d" spacing (reference Section 3.8.4.5) and to avoid a less than required
minimum edge distance.

A reduction in load capacity for embedments shall be applied for placement of anchors in the tension
zone of concrete members.

7.0 CONSTRUCTION: FORMING. FABRICATION. AND ERECTION-

7.1 CONCRETE

Concrete work for Seismic Category I structures shall conform to all requirements of ACI 349 and
ACI 301 except as modified by this appendix.

7.1.1 CONCRETE MIX DESIGN

Ccncrete mix design for Seismic Category I structures, see Section 9.2 of this appendix, shall be
determinee based upon field testing of trial mixtures with the materials to be used. Testing shall
evaluate,

i

1.
ultimate concrete strength as well as early strength in support of an aggressive construction*

schedule, j
concrete workability and consistency,*

required concrete admixtures,a

heat of hydration and required temperature control for large or thick concrete pours, and*

special exposure requirements when identified on design drawings.*

O
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7.1.2 CONCRETE PLACEMENT

Requirements and/or limitations on concrete placement will be determined in conjunction with the
construction schedule. A site specific construction specification should be prepared by the COL
Applicant to address requirements and procedures for concrete placement.

The concrete specification should address;

desired volume of concrete pours and rate of deposition,| *

' special forming requirements,*

maximum height of pours,*
,

temperature limitations; weather conditions and concrete mix, including approved methods for*

temperature control, and
curing requirements and procedures.*

7.1.3 REINFORCINC-

Fabrication and placing of reinforcing bars for concrete in Seismic Category I structures shall
conform to the requirements and tolerances specified in ACI 349 Section 7.5 and in ACI 301 Sections
5.5, 5.6, and 5.7.

Consideration shall be given for modular assemblies of reinforcing. Such assemblies shall be
designed to be moved without changing their alignment.

Lap splices shall be prohibited for locations with tension stresses normal to the plane for the splice
and for bar sizes greater than #11, except as provide by ACI 349 Section 12.14.2.1.

Welding of reinforcing shall be prohibited except ts provided for in approved splice details. Welding
shall conform to the requirements of AWS DI.4, " Structural Welding Code - Reinforcing Steel."
Welded reinforcing shall be shown on reinforcing drawing details.

7.1.4 CONSTRUCTION SEQUENCING

Construction sequence will be determined by the COL Applicant. Additional design requirements
due to the construction sequence will be determined by the COL Applicant during the final design.

Advanced construction methods, such as modular construction or forming concrete slabs using metal
deck, steel beams and columns which may be used to facilitate the construction sequence, which will
affect design details must be justified by as-built analyses and results documented in the structural
analysis report described in the structural acceptance criteria, Section 3.8.4.5.4.

7.2 STRUCTURAL STEEL

7.2.1 STRUCTURAL STEEL; FABRICATION AND ERECTION

Fabrication and erection of safety related steel members shall be in accordance with AISC N690,
Sections Ql.23 and Ql.25. Additional requirements are applicable as provided for in this appendix.
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7.2.2 IIIGII STRENGTH BOLTED CONNECTIONS

Bolts shall be installed and tightened in accordance with Section 8(d) of " Specification for Structural
Joints Using ASTM A325 or A490 Bolts." The use of " load indicator" bolts or washers should be
used where possible. " Snug tight" installation of bolts in " slip critical" connections shall not be -
permitted.

7.2.3 WELDED CONNECTIONS ,

!

Welding activities associated with Seismic Category I structural steel and their connections shall_be |
accomplished in accordance with written procedures and shall meet the requirements of the l

'
AWS DI.1 Structural Welding Code. The visual acceptance criteria shall be as defined in NCIG-01,
" Visual Acceptance Criteria for Structural Welding of Nuclear Power Plants," Revision 2, EPRI |

| NP-5380. )
8.0 STRUCTURAL ACCElrrANCE CRITERIA

j Structural Acceptance Criteria are specified in Section 3.8.4.5. I

i
Separation Criteria for Seismic Category I and non-Seismic Category structures and components shall
be verified.

9.0 MATERIALS

9.I GENERAL

Material shall conform to requirements for Section 3.8.4.6.1 and this appendix.

Materials used should be selected based upon a proven record of service in other nuclear facilities.
Materials shall be specified based upon approved codes and standards. Additional material
restrictions or requirements may be added by the design engineer to meet anticipated design or field
conditions.

With suitable qualification and no applicable material restrictions, substitute materials may be used.

Materials used shall be qualified to withstand environmental conditions for normal and accident
conditions. Site specific design specifications prepared by the COL Applicant should identify
required qualifying environmental conditions.

9.2 SPECIFICATIONS

The materials identified below and in Section 3.8.4.6.1 shall be considered acceptable for the analysis
and design of System 80+ Standard Plant structures.

Additional materials may be added to this criteria when qualified by appropriate codes and standards.

Amendment V
3.8 A-31 April 29,1994

-- .. -. -



CESSARE!Ence

O
9.2.1 CONCRETE

Normal weight with a density of 135 to 160 pcf.

Compressive strength = 4000 psi

Nuclear Island basemat-

Non-Nuclear Island structures-

Compressive strength = 5000 psi

- Nuclear Island superstructure
(A concrete strength of 4000 psi may be used when justified by as-built analyses and design
details with results documented in the structural analysis report described in the structural
acceptance criteria, Section 3.8.4.5.4.)

Cement - material shall conform to ASTM C 150 per ACI 349 par. 3.2. Cement shall conform to
Type I or Type 11 designations except where additional qualifications are conducted for special
applications.

Aggregates - material shall conform to ASTM C 33 per ACI 349 par. 3.3. ASTM specification C
637 may apply where deemed necessary for radiation shielding. Limestone based aggregates should
be considered foi use in the floor of the reactor cavity for core concrete interaction concerns.

Admixtures - Admixtures conforming to applicable ASTM standards are acceptable when qualified
by testing to verify required mix design.

Water shall coriform to requirements of ACI 349 Section 3.4 and Section 3.8.4.6.1.1. Use of
non-potable water shall be restricted in accordance with ACI 349 Section 3.4.3.

Reinforcing Steel- ASTM A615 Grade 60, Fy = 60,000 psi
or - ASTM A706 Fy = 60,000 psi

The use of welded splices and mechanical connections is addressed under Paragraph 12.14.3 of
ACI 349. Mechanical reinforcing coupler devices may be used.

Epoxy coating of reinforcing shall be in accordance with ASTM A775 (ACI 318 paragraph 3.5.3.7).

9.2.2 STEEL

9.2.2.1 Structural Steel

Structural Shapes - ASTM-A36, Fy = 36,000 psi
additional material per ANSI /AISC N690 Section Ql.4.1
(excluding round & tubular shapes)

Structural Tubing - ASTM-A500 Grade B, Fy = 42,000 psi
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Steel Plates - ASTM A240 Type 304L Stainless Steel !

ASTM A36

9.2.2.2 Structural Bolts

Structural Bolts shall comply with ASTM material specifications identified in Section Q1.4.3 of the
ANSI /AISC Standard N690 or other materials identified in the " Specification for Structural Bolting
Using ASTM A325 or A490 Bolts". Bolts shall have nuts and washers as identified below:

Bolts - A193, A320, A325, A490, A354, or A449*

Nuts, for A325 and A449 - A194 Grade 2 or 2H nuts or A563 Grade C, C3, D, DH, or DH3*

Nuts for A193, A3'20, A354, and A490 - A194 Grade 24 or A563 Grade DH or DH3*

Washers - F436 hardened steel washers.*

High strength threaded rods such as A193 Grade B7 or A320 Grade L43 may be used in lieu of A325

j bolts with qualifying documentation identifying the installation.

9.2.2.3 Welding

I Welding materials shall conform to the requirements of the Structural Welding Code (AWS-DI.1).
AWS D1.1 Table 4.1.1 shows the compatibility of filler metal with base metal. ANSI /AISC N690
provides supplemental information on weld materials for stainless steel.

9.3 RESTRICTED MATERIAI

The use of the restricted materials should be based upon a proven need and avoided where possible.
|Materials that are restricted include;
|

Use of teflon based low friction sliding bearing plates such as "Flurogold" or neoprene based*

gaskets, seals, or bearings shall be kept to a minimum due to presence of fluoride or chloride
ions and the increased potential for stress corrosion cracking.

Low melting point metals (lead, zinc, etc.) have been identified for their deleterious effect on*

corrosion resistance and ductility of metallic components. Restrictions on zine will also mean
a restriction on galvanized materials. This restriction is particularly applicable inside
Containment where the zine in the galvanized coating can result in chemical reactions
producing additional hydrogen.

10.0 SUPPLEMENTAL DESIGN CRITERI A FOR NUCLEAR ISLAND. CATEGORY I AND
II STRUCTURFS

All structures located on the Nuclear Island are Seismic Category I, Safety Class 3, and Quality
Class 1. Refer to Figure 3.8A-1 of this appendix for location of structures addressed in this section.

O
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10.1 STRUCTURAL FOUNDATION /BASEMAT

'

10.1.1 DESCRIIrrION

The Basemat is a 10 foot thick reinforced concrete slab that supports the Nuclear Island structures.
The Basemat measures 334 feet by 442 feet, which includes an extension of four feet beyond the
Nuclear Island perimeter along all four sides to allow for one method for detailing of reinforcing at
the edge of the basemat.

The four foot extension of the basemat is not credited in any analyses. Alternate design details that
meet the ACI Code requirements may be used provided that the as-built design details are
documented in the structural' analysis report described in the structural acceptance criteria,
Section 3.8.4.5.4.

Typical reinforcing details for alternate designs are shown in Appendix 3.8B, Figures 3.8B-3 and
3.8B-4.

10.1.2 DESIGN REQUIREMENTS

The basemat is designed for the envelope of reactions considering all soil cases. The basemat
analyr.' provides support reactions assuming a homogeneous foundation subgrade. These reactions
are used to determine an effective soil bearing pressure under the basemat. Reactions are represented
by vertical soil springs. Spring constants are calculated based upon contributory areas and the
underlying soil stiffness.

The basemat shall use a symmetrical reinforcing configuration based on the maximum required
reinforcing, either top or bottom of the basemat to account for differential settlement.

Design of the basemat shall consider stresses due to pouring sequence of the mat as well as the
erection sequence for components located above the mat. Pour layouts should minimize skewed
intersection of construction joints with walls due to conflicts in placement of wall dowels.

Concrete pours shall require engineered construction joints detailed on concrete and reinforcing
design drawings. Details shall allow for proper spacing and stagger of individual rebar splices and
shear reinforcing required by ACI 349 Sections 12.14 through 12.17. Design of the construction
joint shall consider the requirements for additional shear reinforcing identified in ACI 349
Section 11.7.

| Shrinkage cracks in the exposed vertical faces of concrete pours shall be controlled by minimum
| reinforcing as specified in ACI 349 Section 7.12. This reinforcing shall apply to temporarily exposed
'

faces of interior construction joints.

Design of the basemat includes blockouts needed for equipment sumps. At these sump locations,
basemat thickness is reduced. Additional horizontal reinforcing shall be added in the sump sidewalls

| to accommodate basemat design moments.

O
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The basemat shall be founded on competent structural backfill. The backfill material shall meet the
requirements of the Unified Soil Classification System for SP, SM, GP, or GW soils, except that the
maximum percentage of soil passing through No. 200 sieve shall be no greater than 12 percent. The
soil shall be compacted to be a maximum of 95 percent as determined by ASTM D1557.

10.1.3 DESIGN LOADS

Refer to Table 3.8A-1 of this appendix for additional Basemat design loads.

10.2 CONTAINMENT SIIIELD BUILDING

10.2.1 DESCRIPTION

The Containment Shield Building is the concrete structure that surrounds the steel Containment Vessel j

and Containment Subsphere and provides protection from postulated external missiles and
environmental effects. The Containment Shield Building provides an additional barrier against the
release of fission products.

The Shield Building consists of a cylindrical 4 feet thick reinforced concrete shell wall with a 105' ;
_

inside radius extending from the foundation basemat at El. 50'-0" to El.146'-0". The cylindrical
wall extends upward from El.146'-0" with a 3 ft thickness to the spring line at El.157'-0". The
Shield Building is topped by a 3 ft thick reinforced concrete hemispherical roof. The outside apex
of the dome.is at elevation 265'-0".(
The Unit Vent is a Seismic Category 11 structure attached to the exterior of the Containment Shield
Building. The Unit Vent is designed for the SSE using Seismic Category I criteria.

10.2.2 DESIGN REQUIREMENTS

The Containment Shield Building penetrations shall be sealed to maintain the annulus ventilation
boundary.

10.2.3 Design Loads (Reference Section 3.8.4.3)

ASCE Paper 4933 applies to wind loads on the Cortainment Shield Building. For tornado winds,
the external pressure shape coefficient (C ) used in the formula in Section 5.1.3.2.2 of this appendixp

is taken from the tables in ASCE 7-88. The wind load distribution curves for the Containment Shield
Building are on in Section 3.3.

Refer to Table 3.8A-1 for additional design loads applicable to the Containment Shield Building.

10.3 REACTOR BUILDING SUBSPIIERE

The Reactor Building Subsphere, located inside the Shield Building and external to the Containment
Vessel, consists of reinforced concrete walls and slabs and the Containment Support Pedestal. The

f purpose of the subsphere structures is to support the Containtnent Vessel and the Internal Structures
\ and isolate safety related equipment.
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Refer to Table 3.8A-1 for Reactor Building Subsphere general design loads. !

i

10.3.1 CONTAINMENT SUPPORT PEDESTAL |

10.3.1.1 Description

The Containment Support Pedestal is the intermediate concrete support between the Containment
Vessel and the Nuclear Island Foundation Basemat. The containment support pedestal has no
pressure retaining function and therefore is not designed per ASME Code.

The pedestal is comprised of a circular columnar support 66 feet in diameter, with an additional area
extending out 8'-7" under the Upper Guide Structure Laydown Area, and a 3 ft thick curved dish
pedestal. The center column extends from El. 50'-0" to the Containment Vessel invert at El. 57'-0".
The Dish Pedestal extends around the containment vessel from the center column upward to
El. 91'-9" .

10.3.1.2 Design Requirements

Resistance for the Containment Vessel against sliding and overturning on the Containment support
pedestal is provided by shear connectors welded to the Containment Vessel.

Compressible material is provided around the upper edge of the dish pedestal dish to reduce bearing
stresses between the dish and the Containment Vessel at El. 91'-9". Design details shall allow for
insertion of the compressible material and containment inspectability.

Preventive measures are required in this bearing area to reduce or prevent containment corrosion.
These measures include;

Sealing of the concrete to keep out moisture*

Use of sloped floors and drains to prevent collection of suiface water in the transition area*

Containment penetrations that pass through the support pedestal concrete must allow for inspection
and testing at the Containment Vessel in compliance with General Design Criterion 53. Provisions
for inspection and testing must be included in the design.

10.3.1.3 Design Loads (Reference Section 3.8.4.3)

! Refer to Table 3.8A-1 for additional design loads applicable to the Containment Support Pedestal.
;

!

| 10.4 CONTAIN51ENT INTERNAL STRUCTURES

The Containment Internal Structures are located inside the spherical steel containment vessel. The
purpose of these internal structures is to provide structural support, radiation and missile shielding,
and space for the IRWST. These structures are constructed of reinforced concrete and structural
steel. These structures are described in Section 3.8.3.1.

! Refer to Table 3.8A-1 for general design loads for the Containment Internal Structures.
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10.4.1 REACTOR VESSEL PRIMARY SillELD WALL

:

10.4.1.1 Description

The Primary Shield Wall (PSW) is a reinforced concrete enclosure that surrounds the Reactor Vessel. |
The Primary Shield Wall is a minimum of six feet thick.

10.4.1.2 Design Requirements

The Primary Shield Wall (PSW) provides protection for the vessel from internal missiles. The |.

Primary Shield Wall provides biological shielding and is designed to withstand the temperatures and
pressures following LOCA. In addition, the primary shield wall provides structural support for the
Reactor Vessel (Reference Section 3.8.3.1).

10.4.1.3 Design Loads (Reference Section 3.8.3.3)

| The Primary Shield Wall shall be designed for normal dead loads as well as equipment live loads and
j related seismic forces. In addition the PSW shall resist the dynamic loads due to the NSSS

| components.
|

| The inner face of the lower Primary Shield Wall will be provided with projecting reinforced concrete |
'

corbels to be used as the support bases for the Reactor Vessel steel support Columns. Corbels shall || p)
(" have symmetrical reinforcing in the top and bottom to resist the upward loads resulting from a'

potential ex-vessel steam explosion (Section 3.8.3.3.H).

Refer to Table 3.8A-1 for additional design loads that are applicable to the Primary Shield Wall.

10.4.2 CRANE WALL (SECONDARY SIIIELD WALL)

10.4.2.1 Description

! The Crane Wall is a reinforced concrete right cylinder with an inside diameter of 130 feet and height
i of 118'-3" from its base. The top elevation is at El 210'-0". The Crane Wall is a minimum of four

feet thick.
-

,

| 10.4.2.2 Design Requirements
|

| The Crane Wall provides suppons for the polar crane and protects the steel containment vessel from

j internal missiles. In addition to providing biological shielding for the coolant loop and equipment,
the Crane Wall also provides structural support for pipe suppons/ restraints and platforms at various
levels.

The design shall address the vertical alignment of the Crane Wall with the corresponding structure
below the Containment Vessel and provides special construction tolerances, as necessary, to ensure
potential misalignment is appropriately considered. The design also considers potential differential
basemat settlement and the effect on the Crane Wall alignment.

v,

|
:
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10.4.2.3 Design IAads (Reference Section 3.8.3.3)

Refer to Table 3.8A-1 for additional loads that are applicable to the Crane Wall.

10.4.3 REFUELING CAVITY

10.4.3.1 Description

The Refueling Cavity is the reinforced concrete enclosure that provides a pool filled with borated
water above the reactor vessel to facilitate the fuel handling operation without exceeding the
acceptable level of radiation inside the Containment Vessel. The Refueling Cavity has the following
sub-compartments.

Storage Area for Upper Guide Structure*

Storage area for Core Support Barrel*

Refueling Canal*

| The Reactor Vessel flange is sealed to the bottom of the Refueling Cavity to prevent leakage of
refueling water into the reactor cavity. The Fuel Transfer Tube connects the Refueling Cavity to the
Spent Fuel Pool. The shield walls that form the Refueling Cavity are a minimum of six feet thick.

10.4.3.2 Design Requirements
i

The Refueling Cavity walls and floor shall be covered with stainless steel plate for leak tightness and
for contamination and corrosion control.

10.4.3.3 Design Loads (Reference Section 3.8.3.3)

Refer to Table 3.8A-1 for additional design loads that are applicable to the Crane Wall.

10.4.4 OPERATING FLOOR

10.4.4.1 Description

The Operating Floor at El.146'-0" provides access for operating personnel functions and provides
biological shielding. Inside the Crane Wall, the operating floor is a reinforced concrete slab with a
covered hatch that is aligned with hatches in the two lower floors. Outside the Crane Wall, the
Operating Floor consists of steel grating.

10.4.4.2 Design Loads (Reference Section 3.8.3.3)

Refer to Table 3.8A-1 for additional design loads that are applicable to the Operating Floor.

O\
l

!
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10.4.5 IN-CONTAINMENT REFUELING WATER STORAGE TANK

10.4.5.1 Description !
,

The IRWST provides storage of refueling water, a single source of water for the Safety injection and |

Containment Spray pumps and a heat sink for the Safety Depressurization System. The IRWST is
dishlike in shape and utilizes the lower section of the Internal Structures as its outer boundary.

,

! |

| 10.4.5.2 Design Requirements
|

| The IRWST is provided with a stainless steel liner to prevent leakage.

Design of the IRWST considers pressurization as a result of the containment systems Design . Basis
Accident.

!
! 10.4.5.3 Design Loads (Reference Section 3.8.3.3) l

Refer to Table 3.8A-1 for additional design loads applicable to the IRWST. <

!
'

10.4.6 LOWER CONCRETE DISII

A 10.4.6.1 Description
(,

| The lower concrete dish, or the Containment concrete base is the base support for all of the Reactor
Building internal structures and NSSS components. The dish is comprised of a segment of a sphere

'

from the containment invert up to the reactor cavity floor at elevation 62'-0", and a three feet thick
inner liner to the Containment up to El. 91'-9". The reactor cavity floor is provided with a sump |

within the lower dish concrete. The lower concrete dish transfers loads via direct bearing and shear
,

1connectors to the Containment Vessel through to the containment support pedestal.

10.4.6.2 Design Requirements

Resistance for the lower concrete dish against sliding and overturning is provided by shear connectors
welded to the Containment Vessel.

10.4.6.3 Design leads (Reference Section 3.8.3.3)

Refer to Table 3.8A-1 for additional design loads applicable to the Lower Concrete Dish.

10.5 NUCLEAR ANNE _X

The Nuclear Annex is composed of the Control Complex, Diesel Generator Areas, Main Steam Valve
House Areas, CVCS and Maintenance Areas, and Fuel Handling Area.

(
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The Nuclear Annex is a reinforced concrete structure composed of rectangular walls, columns,
beams, and floor slabs. The Nuclear Annex shares common walls and foundation basemat with and

,

j is monolithically connected to the Containment Shield Building. In addition to these structural
| components, there are components designed to provide biological shielding and protection against
'

tornado and turbine missiles. Structural components, as well as members serving as shielding
components, vary in thickness from approximately one foot to five feet.

| 10.5.1 GENERAL DESIGN REQUIREMENTS

Exterior walls shall be designed to withstand the soil loads due to the normal finished yard grade.
In addition the walls shall be designed for surcharge loads due to adjacent structures and/or temporary

| construction or maintenance loads. Dynamic loads due to seismic soil structure interaction shall be
j included with applicable factored load combinations.

The exterior walls and roof slabs provide protection for the interior of the Nuclear Annex against
environmental loads. Refer to Table 3.8A-1 for general design loads applicable to the Nuclear
Annex.

10.5.2 DIESEL GENERATOR AREAS

10.5.2.1 Description

The Diesel Generator Areas provide protection to two diesel generators installed in separate
compartments located on opposite sides of the Nuclear Annex.

10.5.2.2 Design Loads (Reference Section 3.8.4.3)

These components shall be designed for the general requirements given in Section 10.5.1 of this
appendix and the additional loads given Table 3.8A-1.

10.5.3 CONTROL COMPLEX

10.5.3.1 Description

The Control Complex consists of the Vital Instrument & Equipment Rooms at El. 50'+0" and those
areas located above them. The Control Complex provides two physically separate divisions for
electrical distribution, control, and instrumentation systems leading to the Control Room.

10.5.3.2 Design Requirements

'The upper floor of the Control Complex contains the Control Room which shall be designed to
provide security, fire, and environmental protection to the control equipment and the Control Room |
operators.

10CFR Chapter I Part 73 Section 55(c)(6) specifies that walls, doors, ceiling, and floor of the Control
Room shall be bullet-resisting.

Amendment T
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10.5.3.3 Design Loads (Reference Section 3.8.4.3)
!

Refer to Table 3.8A-1 for additional design loads applicable to the Control Complex.

10.5.4 MAIN STEAM VALVE HOUSE

10.5.4.1 Description

The Main Steam Valve is a compartment located above the EFW Tank Areas on the north and south
sides of the Nuclear Annex. The compartment floor elevation is El.106'-0". The Nuclear Annex

| roof at El.156'-0" is the top of the computment.

10.5.4.2 Design Requirements

The Main Steam Valve House shall be designed to provide environmental protection, primarily
missile protection, for the Main Steam and Feedwater Line safety related valves and piping. The
Valve House also provides protection to the Nuclear Annex penetrations through the inside walls of
the Valve House.

10.5.4.3 Design Loads (Reference Section 3.8.4.3)
1

( ]//' In addition to the applicable design loads given in Table 3.8A-1, the walls of the Valve House shall |

be design to resist loads due to potential pipe rupture loads from the Main Steam and Feedwater I"
Lines. I

! 10.5.5 FUEL IIANDLING AREA
!

| 10.5.5.1 Description
|

The Fuel Handling Area includes the Spent Fuel Pool, Refueling Canal, Cask Laydown and )
Washdown Areas, truck / rail shipping bay, and New Fuel Storage Area. |

The spent fuel pool is an open stainless steel lined reinforced concrete vessel used for submerged
storage of radioactive spent fuel assemblies. The pool is approximately 32'-6" by 43' with a depth
of 42'. The walls and floor of the spent fuel pool are a minimum of 6' thick.

Fuel assemblies are transferred from the Fuel Pool to the Refueling Cavity via the Refueling Canal

( at the end of the Fuel Pool and the Fuel Transfer Tube through the Shield Building and the Steel

| Containment. The Refueling Canal measures 6 feet wide by 49'-5" long. The minimum wall

| thickness, on the fuel pool side, is 6'. An opening in the fuel pool wall allows for passage of fuel
i between the Fuel Pool and the Refueling Canal. A steel divider is provided for the opening.
i

10.5.5.2 Design Requirements

Seals are incorporated to allow draining of the refueling canal while maintaining the water level in
7
( the spent fuel pool.

| Amendment T

| 3.8A-41 November 15,1993



i

CESSAR EPfince,.

O
The fuel pool liner plate is designed for impact loads due to dropped fuel assemblies.

10.5.5.3 Design IAads (Reference Section 3.8.4.3)

An overhead bridge crane with a capacity of 150 tons must be provided over the shipping bay and
extending over the fuel pool and refueling canal.

The maximum water depth in the Spent Fuel Pool is 40'.

Refer to Table 3.8A-1 for additional design loads applicable to the Fuel Handling Area.

10.5.6 EFW TANK A'REAS

10.5.6.1 Description

The two EFW tanks consist of paired stainless steel lined reinforced concrete rooms. Each pair of
rooms comprise a single tank adjacent to each Diesel Generator Area. The tanks extend from
EL. 70'-0" to the underside of the floor slab at El.106'-0".

10.5.6.2 Design IAads

Refer to Table 3.8A-1 for additional design loads applicable to the EFW Tank Areas.

10.5.7 CVCS AND MAINTENANCE AREAS

10.5.7.1 Description

The CVCS Area consists of a number of smaller rooms used to isolate components for water
treatment required by operating systems. Individual rooms are required for radiation shielding. An
underground pipe chase through the wall along Column Line "W" is provided to tie in components
in the CVCS Area to the Radwaste Building. Other areas at El. 91'-9" are designated for equipment
decontamination and El 146'-0" for personnel decontamination. A rail / truck shipping bay is provided
for material deliveries for the CVCS area and shipments involving access to the Reactor Building
Equipment Hatch.

10.5.7.2 Design Imads (Reference Section 3.8.4.3)

A 225 ton overhead bridge crane must be provided over the shipping bay.
|

Refer to Table 3.8A-1 for additional design loads applicable to the CVCS Area.
|
|
|

|

O|
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11.0 SUPPLEMENTAL DESIGN CRITERIA FOR NON-NUCLEAR ISLAND. SEISMIC
CATEGORY I AND II STRUCTURES I

!

11.1 DIESEL FUEL STORAGE STRUCTURE

'

11.1.1 BUILDING CLASSIFICATION

Quality Class 1*

Safety Class 3*

Seismic Category I! *

11.1.2 DESCRII" TION
t

There are two Diesel Fuel Storage Structures; one on each side of the Nuclear Island.

The main reinforced concrete structure is approximately 25 ft high,63 ft long and 44 ft wide founded
! on a 2' - 3" thick reinforced concrete mat located 12'-6" below the grade elevation of 90'-9". The

walls and the roof are 2' - 3" thick. There is a two foot thick center reinforced concrete wall that
divides the structure into two separate bays. Each bay encloses a diesel fuel oil tank, a tank vent,
a sump with a sump pump, and necessary piping. The bays are separated from each other and from
the equipment room by three-hour rated fire barriers (i.e., 2 ft thick walls). A steel platform at
elevation 89'-3" surrounds each of the fuel tanks. He outside doors are protected against tornado

(Av) missiles by a concrete missile barrier.
.

!

There is also an attached outside Seismic Category 11 equipment room that is approximately 10 ft
high,12 ft long and 28 ft wide founded on a 15" reinforced concrete mat. He equipment room is ;

a steel framed structure with insulated metal siding and a metal deck roof. ;

The Diesel Fuel Storage Structure shall be located a minimum of 50 feet from any hydrogen storage
area to preclude loading to the structure from a potential hydrogen burn.

11.1.3 ELEVATIONS

El. 78'-3" Bottom of base mat for the main structure|
*

El. 91'-9" Top of base mat for the equipment room structure*

El. 91'-9" Top of steel platform*

| El.103'-3" Top of roof*

;

11.1.4 CODES AND STANDARDS

, The codes and standards applicable to Seismic Category I buildings shall be met for the Diesel Fuel
| Storage Structure including the equipment room.

11.1.5 IAADS

/7 In addition to the minimum design loads requirements of Section 5.1 of this appendix, the following
additional specific load requirements shall be met. Should conflicting values occur between this
section and Section 5.1 of this appendix, the values specified in this section apply.

j Amendment V
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11.1.5.1 Dead lead (D)

| The foundation slab shall be designed to include the reactions imparted by the steel fuel tank support
frames. The weight of each tank and oil is approximately 402 kips. (The site specific SAR shall

,

| verify the tank volume is adeiuate for the diesel generators purchased, such that they meet theirl
! design criteria.) The tank support frame is not covered by this criteria and shall be designed in

accordance with the rules of Reference ASME Section III, Division I, Subsection NF.

11.1.5.2 Live Load (L)

The Diesel Fuel Storage Structure shall be designed for the following floor live load.

IRm Live Load
* Basemat Floor 250 psf

Steel Platform 150 psf*

* Roof 100 psf

11.1.5.3 Temperature leads (T )

The normal concrete surface operating temperature within the building ranges from 60'F to 90*F.
The ambient temperature range outside of the building shall be -10*F to 100*F (See Section 5.1.1.5
of this appendix). Site specific provisions may be taken to minimize the effects of the structural
temperature gradient produced by these conditions.

11.1.5.4 Seismic Loads (E')

The seismic accelerations shall be as specified in Table 3.8A-2,

11.1.5.5 Oil Leakage

All building walls shall be designed to contain the contents of the 45,000 gallon oil tanks in the event
one tank fails.

11.1.5.6 Other Imads

IAll abnormal loads (i.e., P,, T , R., Y;, Y, and Y,) are zero.

11.1.6 LOADING COMBINATIONS AND ACCEPTANCE CRITERIA

11.1.6.1 Concrete

The requirements of Section 5.2.2 of this appendix shall be met. I

11.1.6.2 Stability

The requirements of Section 5.2.4 of this appendix shall be met.

Amendment U
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11.1.7 OTIIER REQUIREMENTS

i

The building is to be founded on competent structural backfill as defined in Section 10.1 of this I
appendix. The bearing pressure shall not exceed the allowable value given in Table 2.0-1. l

|! 11.2 COMPONENT COOLING WATER HEAT EXCIIANGER STRUCTURE

11.2.1 BUILDING CLASSIFICATION

l Quality Class 1*

Safety Class 3*

Seismic Category I*

i 11.2.2 DESCRIITION

I There are two Component Cooling Water (CCW) Heat Exchanger Structures, each structure houses
two heat exchangers. The CCW system is a redundant system with only two heat exchangers
required for plant operation. The first floor houses the heat exchanger, while the basemat lev'els
contains piping and equipment.

Each structure is a two story reinforced concrete structure approximately 34 ft high, from the top of

|(q the mat,110 ft long, and 44 ft wide founded on a four foot thick reinforced concrete mat located
! j 17' - 0" below grade. The walls are 2' - 3" thick and the roof is two foot thick. The first floor of |
| the structure is three floor thick and is supported by three rows columns approximately twenty two

fcet on center with the two outer rows located directly under the two heat exchangers. The center
'

row of these columns is continued through the first floor to provide additional support for the roof.

The roof supports two fan rooms on one end of the building and two air inlet rooms on the opposite
end of the building. Both of these rooms extend the width of the building and are approximately 23

i feet wide with a partially open face covered with a bird screen. A concrete overhang is provided and
serves as a missile barrier for the open face.

The outside doors are protected against tornado missiles by concrete missile barriers.

CCW heat exchanger maintenance sumps are located in the basemat at one end of the structure. The
sump has a capacity equal to the fluid contents of the shell inside of one heat exchanger. There are

.

floor drain sumps located at the opposite end of the structure. I

ne CCW Heat Exchanger Structures shall be located a minimum of 50 feet away from any hydrogen
storage area to preclude loading to the structure from a potential hydrogen burn.

,

1
An underground tunnel is connected to each CCW Heat Exchanger Structure from the Nuclear Annex

;

for the CCW piping. The top of the tunnels basemat is at the same elevation as the top of the CCW
Heat Exchanger Structure basemat.

m

(v)

( Amendment V
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11.2.3 ELEVATIONS

El.121'-9" Top of roof of fan / air filter room*

El. I11'-9" Top of Roof*

El. 91'-9" Top of the first floor (1 foot above grade)*

El. 73'-9" Bottom of basemat*

11.2.4 CODES AND STAhTARDS

The codes and standards applicable to Seismic Category I buildings shall be met.

11.2.5 LOADS

In addition to the minimum design loads requirements of Section 5.1 of this appendix, the following
additional specific load requirements shall be met. Should conflicting values occur between this
section and Section 5.1 of this appendix, the values specified in this section apply.

11.2.5.1 Dead Load (D)

The weight of each heat exchanger when full of water is approximately 250 Kips excluding the heat
exchanger saddle and leg supports. The heat exchanger support is not covered by this criteria and
shall be designed in accordance with the rules of ASME Boiler and Pressure Vessel Code, Section
III, Division I, Subsection NF.

11.2.5.2 Live Load (L)

The CCW Heat Exchanger Structure shall be designed for the following live loads.

112m Live Load
Fan and Air Inlet Room 150 psf*

* koof 100 psf
First floor 150 psf*

* Basemat 250 psf i

11.2.5.3 Temperature Loads (T,)

The normal concrete surface operating temperature within the building ranges from 60*F to 90 F. |
The ambient temperature range outside of the building shall be assumed to range from -10*F to

'

100"F (See Section 5.1.1.5 of this appendix). Site specific provisions may be taken to minimize the
effects of the structural te.mperature gradient produced by these conditions.

11.2.5.4 Seismic leads (E') 4

The seismic accelerations shall be as specified in the Table 3.8A-3.

O
Amendment V
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11.2.5.5 Internal Flooding

i
'

The structure sump is designed to collect water due to flooding resulting from a potential rupture of |
the CCW or Station Service Water (SSW) piping.

11.2.5.6 Other Loads

i All abnormal loads (i.e., P., T , R., Y;. Y,, and Y,) are zero.
1
'

11.2.6 LOADING COMBINATIONS AND ACCEI"TANCE CRITERIA

11.2.6.1 Concrete

| The requirements of Section 5.2.2 and 8.0 of this appendix shall be met.
l

11.2.6.2 Structural Steel

The requirements of Section 5.2.3 and 8.0 of this appendix shall be met,

l 11.2.6.3 Stability

. The requirements of Section 5.2.4 of this appendix shall be met.

(
11.2.7 OTIIER REQUIREMENTS

'

The building is to be founded on competent structural backfill as defined in Section 10.1 of ths
appendix. The bearing pressure shall not exceed the allowable value given in Table 2.0-1.

11.3 RADWASTE FACILITY
.

11.3.1 BUILDING CLASSIFICATION

Quality Class 2*

Safety Class NNS*

Seismic Category II*

11.3.2 DESCRIPTION

The Radwaste Facility is a non-safety related reinforced concrete building located adjacent to and on
the west side of the Nuclear Annex. The building houses the liquid and solid radioactive waste
management systems.

The building is a four story L shaped reinforced concrete structure with a thick stepped mat
foundation with the major dimensions of the L being approximately 167 ft long and 153 ft wide. The
major floors are at elevations 115'-6", 91'-9", 70'4" and 50'4". The elevations at the top of the

(7 stepped mat are 50'4" and 34'-0".

Amendment U
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The basement and the first two floors are a labyrinth of walls that create numerous compartments

!utilized for radwaste management system components. There is a truck bay located at elevation
91'-9" A bridge crane, supported just below the roof, on the west end of the building traverses the
entire width of the building in the north-south direction. The area serviced by the crane is open to
elevation 91'-9".

11.3.3 ELEVATIONS

El.135'-6" Top of roof*

El.115'4" Top of the third floor*

El. 91'-9" Top of the second floor (Grade is at El. 90'-9")*

El. 70'-0" Top of the first floor*

* El. 50'-0" Top of the basemat on the North side
El. 34'-0" Top of the basemat on the South side*

11.3.4 CODES AND STANDARDS

The codes and standards applicable to Seismic Category II buildings shall be met.

11.3.5 LOADS

In addition to the minimum design loads requirements of Section 5.1 of this appendix, the following
additional specific load requirements shall be met. Should conflicting values occur between this
sect;a and Section 5.1 of this appendix, the values specified in this section apply.

11.3.5.2 Dead Load (D)

The weights for major equipment are listed in Table 3.8A-4.

11.3.5.2 Live Load (L)

The live loads are listed in Table 3.8A-5.

11.3.5.3 Temperature Loads (T,)

The normal concrete surface operating temperature within the building ranges from 60*F to 90'F.
The ambient temperature range outside of the building shall be -10*F to 100*F (Section 5.1.1.5 of
this appendix). Site specific provisions may be taken to minimize the effects of the structural
temperature gradient produced by these conditions.

11.3.5.4 Seismic Loads (E')

The seismic accelerations shall be as specified in the Table 3.8A-6.

11.3.5.5 Internal Flooding

The foundation and walls shall be designed to include the containment of the maximum inventory of
the solid and liquid waste management systems.

Amendment V
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:O 11.3.5.6 Crane leads

: The main bridge crane at grade shall be designed for 15 tons. A bridge crane above the HIC storage
resin dewatering area shall be designed for 5 tons. All monorails shall be designed for 5 tons. The ;.

crane haunches shall be designed in accordance with Section 5.1.1.2.5 of this appendix.

"

11.3.5.7 Other Loads
1

All abnormal loads (i.e., P,, T., R , Y;, Y, and Y,) are zero..

.

11.3.6 LOADING COMBINATIONS AND ACCEPTANCE CRITERIA
i

11.3.6.1 Concrete

The building shall be designed for the SSE using Seismic Category I criteria. The requirements ofi

i Section 5.2.2 and 8.0 of this appendix shall be met.

$ 11.3.6.2 Structural Steel
;

r The building shall be designed for the SSE using Seismic Category I criteria. The requiremems of
Section 5.2.3 and 8.0 of this appendix shall be met.

-

f 11.3.6.3 Stability
(

The requirements of Section 5.2.4 of this appendix shall be met. j

11.3.7 OTIIER REQUIREMENTS

There shall be a minimum space of six inches between the Radwaste facility and the Nuclear Island |
to prevent seismic interaction.

The building is to be founded on competent structural backfill as defined in Section 10.1 of this
appendix. The bearing pressure shall not exceed the allowable value given in Table 2.0-1.

11.4 SERVICE WATER PUMPIIOUSE AND INTAKE STRUCTURE

11.4.1 BUILDING CLASSIFICATION

Quality Class 1*

Safety Class 3*

Seismic Category I*

11.4.2 DESCRIPTION

The Service Water Pump Structure is classified Category I and is not included in the scope of design
certification due to its specific site design requirements. The building includes a mat type foundation
and a reinforced concrete superstructure with rigid walls. The service water pump room and its
supporting elements will be protected against flooding.

Amendment V
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11.4.3 ELEVATIONS

| Service water pump structure elevations are site specific.

11.4.4 CODES AND STANDARDS

The codes and standards applicable to Seismic Category I buildings shall be met.

11.4.5 LOADS

In addition to the minimum design loads requirements of Section 5.1 of this appendix, the following
specific additional load requirements shall be met. Should conflicting values occur between this
section and Section 5.1 of this appendix, the values specified in this section apply.

11.4.5.1 Dead Load (D)

The weight of each Station Service Water (SSW) pump is dependent on site specific considerations.

11.4.5.2 Live Load (L)

The SSW pump supports are designed for thrust loads per vendor drawings.

Iltn.l Live Load
Concrete Floors (by COL) psf
Roof (by COL) psf

Operating Conditions:
Normal water level El. (Note 1)*

* Extreme low water level El. (Note 1)
Maximum water level (flood) El. (Note 1)*

|

Note 1: These elevations will be established based on site specific data.

|11.4.5.3 Temperature Loads (T,)

The normal concrete surface operating temperature within the building is site specific. The ambient
temperature range outside of the building shall be -10 F to +100*F (Section 5.1.1.5 of this
appendix). Site specific provisions may be taken to minimize the effects of the structural temperature

! gradient produced by these conditions.

| 11.4.5.4 Seismic Loads (E')

The 3eismic response of the structure is site specific.

|

Amendment U
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11.4.5.5 Flooding

Flood loads on the Service Water Pump Structure shall include internal flooding and hurricane |
induced wave forces.
fae
11.4.5.6 Other Loads

1

All abnormal loads (i.e., P , T,, R., Yj, Y, and Y,) are zero.

11.4.6 LOADING COMBINATIONS AND ACCEPTANCE CRITERIA

11.4.6.1 Concrete

The requirements of Section 5.2.2 and 8.0 of this appendix shall be met.

11.4.6.2 Stability

The requirements of Section 5.2.4 of this appendix shall be met.

11.4.7 OTIIER REQUIREMENTS

Site Specific

11.5 TURBINE BUILDIISG'

11.5.1 BUILDING CLASSIFICATION

Quality Class 2*

Safety Class NNS*

Seismic Category 11*

11.5.2 DESCRIFilON

The Turbine Building is located adjacent to and on the east side of the Nuclear Annex. The Turbine
Building is approximately 200 ft by 370 ft, has a ground floor, a mezzanine floor, an eperating floor
and a roof that has several different elevations.

| The ground floor is a reinforced concrete slab. In the area of the condensers the foundation is I

comprised of a stepped mat. The three turbines are founial on a reinforced concrete slab that is
supported by pedestals that extend down to the basemat.

N outside wall above grade is a steel framed superstructure with metal siding. The major portion
of the roof spans approximately 135' and is comprised of prefabricated trusses with built-up roofing
consisting of metal decking.

/ There is a 125 ton main crane and a 25 ton auxiliary crane that traverses the length of the building.
, (y The cranes are supported by the outside steel columns.

|
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Railroad service is provided at the east end of the building with the track running through the inside
of the building in the north-south direction.

11.5.5 ELEVATIONS

| Turbine Building elevations are reference elevations only.

11.5.4 CODES AND STANDARDS

The codes and standards applicable to Seismic Category II buildings shall be met.

11.5.5 LOADS

In addition to the minimum design loads requirements of Section 5.1 of this appendix, the following
additional specific load requirements shall be met. Should conflicting values occur between this
section and Section 5.1 of this appendix, the values specified in this section apply.

11.5.5.1 Dead IAad (D)

The estimated weights for major equipment are listed in Table 3.8A-7.

11.5.5.2 Live Load (L)

The live loads are specified in Table 3.8A-8,

11.5.5.3 Temperature Imads (T,)

The normal operating temperature within the building ranges from 40'F to 100*F. The ambient
temperature range outside of the building shall be -10"F to 100*F (Section 5.1.1.5 of this appendix).

11.5.5.4 Seismic IAads (E')

The seismic accelerations shall be as specified in the Table 3.8A-9.

11.5.5.5 Pipe Loads

Where the piping loads are not known at the time of design, beams and girders are designed for a
concentrated load applied at midspan as indicated below.

1. In areas where the main steam and steam generator feedwater lines are located, use the weight
of the lines full of water.

2. In areas where large bore piping is heavily concentrated:

Girders (column to column) 55 kips
Primary beams (column to column) 45 kips
Secondary beams 30 kips

Amendment V
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For the design of the columns, a load of 110 kips applied at the operating floor level.

!
l

3. For all other areas not included above:

Girders (column to column) 30 kips
Primary beams (column to column) 20 kips

|
Secondary beams 10 kips

( 11.5.5.6 Trip-out and Thermal Loading

|

! Trip-out and thermal loadings are provided by the turbine vendor.
|
'

11.5.5.7 Equipment Laydown Imads

All floor laydown areas are designed for equipment laydown loads obtained from the equipment
manufacturer.

Dismantling and equipment laydown areas designed to carry the above loads are indicated on the
drawings.

11.5.5.8 Pedestal Design

( h.
| t Since the pedestals will vibrate at the forcing function, namely the RPM of the turbine, due

consideration shall be given to the pedestal frequency to avoid a resonance condition. Criteria for
the relative displacement for the turbine and generator shaft supports are provide by the turbine
manufact -

11.5.5.9 Transmission Line

Provision is made on the east wall of the building for pulling transmission lines.

11.5.5.10 Rail Loads

|
Design of the rail bay and foundation shall include loads from trains with the heaviest equipment

' transported by rail.

11.5.5.11 Other IAads
|

Other loads to be considered include reactions due to the circulating water lines, machine unbalance
load, thermal expansion of the equipment, normal unbalance of the rotating equipment, condenser
vacuum and emergency loads such as short circuit torque, broken rotor blade, and bowing of the
rotor. This data is provided by the turbine manufacturer.

|

)
.)
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11.5.6 LOADING COMBINATIONS AND ACCEITANCE CRITERIA

11.5.6.1 Concrete

! The concrete portion of the building shall be designed using Seismic Category I criteria. The
requirements of Sections 5.2.2 and 8.0 of this appendix shall be met.

11.5.6.2 Structural Steel

The Turbine Building lateral resisting steel frame shall be designed for the SSE using Seismic
Category I criteria. The requirements of Sections 5.2.3 and 8.0 of this appendix shall be met.

11.5.6.3 Stability

The requirements of Section 5.2.4 of this appendix shall be met.

11.5.7 OTIIER REQUIREMENTS

| There shall be a minimum space of six inches between the Turbine Building and the Nuclear Island
to prevent seismic interaction.

Only one emergency load shall be assumed to act at one given time. Emergency load factors and
additional load combinations are to be considered. The building is founded on competent structural
backfill as defined in Section 10.1 of this appendix. The bearing pressure shall not exceed'the
allowable value in Table 2.0-1.

11.6 DIKE FOR OUTDOOR TANKS

11.6.1 BUILDING CLASSIFICATION

Quality Class 3*

Safety Class NNS*

Seismic Category 11*

11.6.2 DESCRIPTION

Two foot reinforced conm.m will surround the CVCS outdoor tanks and the Condensate
Storage Tank. The wall height of the dike will be approximately six feet and the plan dimensions
will be determined from the amount ofliquid the dike must contain.

11.6.3 ELEVATIONS

Site Specific

11.6.4 CODES AND STANDARDS

The applicable codes and standards applicable to Seismic Category I buildings shall be met.

Amendment V
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11.6.5 LOADS

In addition to the minimum design loads requirements of Section 5.1 ot'this tppendix, the following
specific additional load requirements shall be met. Should conflicting values occur between this

| Section and Section 5.1 of this appendix, the values specified in this Section apply.
1

11.6.5.1 Temperature Loads (T,)
!

The ambient outside temperature range shall be -10*F to 100'F (Section 5.1.1.5 of this appendix).

| 11.6.5.2 Seismic Loads (E')
|

| The seismic accelerations shall be as specified in the Table 3.8A-10.

|
| 11.6.5.3 Water Slosh

The affects of water slosh loads, including the wall flexibility shall be considered in accordance with
Section 5.1.3.1 of this appendix.

| 11.6.5.4 Other Loads

All abnormal loads (i.e., P , T , R., Y;, Y, and Y,) are zero.

i \
11.6.6 LOADING COMBINATIONS AND ACCEL"rANCE CRITERIA

11.6.6.1 Concrete |

i The dikes shall be designed using Seismic Category I criteria. The requirements of Sections 5.2.2

|
and 8.0 of this appendix shall be met.

|-

| 11.6.6.2 Stability
;

| fhe requ.tements of Section 5.2.4 of this appendix shall be met. |

| \

11.6.7 OTIIER REQUIREMENTS

The dike is to be founded on competent structural backfill as defined in Section 10.1 of this appendix.
,

The bearing pressure shall not exceed the allowable value in Table 2.0-1.

11.7 COMPONENT COOLING WATER TUNNEla
|
'

11.7.1 BUILDING CLASSIFICATION

Quality Class 1*

Safety Class 3*

O Seismic Category I+

|
Amendment T
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11.7.2 DESCRIPTION

There are two component cooling water tunnels that connect the CCW Heat Exchanger Structure with
the Nuclear Annex. Both ends of the tunnel shall have a separation of 4 inches from the adjoining
structure. A watertight rubber seal shall be used at each end of the tunnel. The inside clear span
dimensions are eleven feet by eight feet. The roof, walls and mat are constructed of reinforced
concrete. The roof and walls are two feet thick and the mat is three feet thick.

11.7.3 ELEVATIONS
|

The component cooling water tunnel configuration is site specific.

11.7.4 CODES AND STANDARDS

The codes and standards applicable to Seismic Category I buildings shall be met.

11.7.5 LOADS

In addition to the minimum design loads requirements of Section 5.1 of this appendix, the following
specific additional load requirements shall be met. Should conflicting values occur between this
Section and Section 5.1 of this appendix, the values specified in this Section apply.

11.7.5.1 Live Load (L)
|

The tunnel floor shall be designed for a live load of 100 psf. The roof shall be designed for soil
overburden pressure, AASHO H2044 truck loading and construction equipment loading as applicable
to the specific site.

11.7.5.2 Temperature Loads (T) '

The normal concrete surfcce operating temperature and ambient ground temperature is site specific.

11.7.5.3 Seismic Loads (E')

The seismic accelerations shall be as specified in the Table 3.8A-11. |

The tunnel shall be seismically designed to sustain soil movement during earthquake ground motions.
The structural integrity of the tunnel is evaluated by accounting for the two primary effects of
es rthquake motion, namely;

1. Strains and associated stresses induced in the tunnel by the free-field vibration resulting from
motions of the surrounding soil mass (seismic wave passage), and

2. Seismically induced differential movements of the ends of the tunnel (i.e., the Nuclear Island
and the CCW Heat Exchanger Structure).

Equivalent static analysis shall be performed considering the tunnel as a beam on an clastic
foundation. Axial stress caused by seismic waves, soil friction, thermal expansion and differential

Amendment V
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movement shall be considered. Friction between the tunnel and the surrounding soil shall be
considered using conservative estimates of the associated frictional forces.

11.7.5.4 Other IAads

All abnormal loads (i.e., P., T,, R., Y), Y, and Y,) are zero. |

|11.7.6 LOADING COMBINATIONS AND ACCEPTANCE CRITERIA
1

| |
!

| 11.7.6.1 Concrete

The tunnel shall be designed using Seismic Category I criteria. He requirements of Sections 5.2.2
; and 8.0 of this appendix shall be met.

|
| 11.7.6.2 Stability
|

The requirements of Section 5.2.4 of this appendix shall be met.

11.7.7 OTIIER REQUIREMENTS

| The building is to be founded on competent structural backfill as defined in Section 10.1 of this

( appendix. The bearing pressure shall not exceed the value given in Table 2.0-1.

|
| The Component Cooling Water Heat Exchanger Piping tunnel shall be sealed against the introduction

of exterior water sources into the tunnel and shall be sealed at the interface with safety related

'

structures to prevent flooding effects. The water seals are designed for the static pressure of water;

at the flood elevation. Water seals at the interface with the Nuclear Island and Component Cooling
Water Heat Exchanger structure are designed to maintain integrity in the event of a Safe Shutdown
Earthquake. In the event of seal failure, the leakage is limited to the capacity of the sump pumps in 1

the safety related structure. |

11.8 BURIED CABLE TUNNELS. AND CONDUlT BANKS

11.8.1 CONDUIT CLASSIFICATION

Quality Class 1*

'

Safety Class 3*

Seismic Category I*

l

11.8.2 DESCRII"f1ON j

|

Buried cable tunnels and conduit banks are reinforced concrete box type structures, generally
rectangular in cross-section that house conduit for electrical distribution.

11.8.3 CODES AND STANDARDS| g

C)'

The codes and standards applicable to Seismic Category I buildings shall be met.

t
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! 11.8.4 LOADS I

i In addition to the minimum design loads requirements of Section 5.1 of this appendix, the following
'

specific additional load requirements shall be met. Should conflicting values occur between this
Section and Section 5.1 of this appendix, the values specified in this Section apply.

11.8.4.1 Dead Load (D)
|

The weight of the contents of the cable tunnel and/or conduit bank.

11.8.4.2 Live Load (L)

The structure shall be. designed for soil overburden pressure, AASHO H20-44 truck loading and
construction equipment loading as applicable to the specific site.

11.8.4.3 Seismic Loads (E') |

The reinforced concrete buried cable tunnels and/or conduit banks shall be seismically designed to
sustain soil movement during earthquake ground motions. The structural integrity of the cable tunnel
and/or conduit bank is evaluated by accounting for the two primary effects of earthquake motion,
namely;

1. Strains and associated stresses induced in the tunnel by the free-field vibration resulting from
motions of the surrounding soil mass (seismic wave passage), and

2. Seismically induced differential movements of the ends of the tunnel (i.e., the Nuclear Island |

and the CCW Heat Exchanger Structure).

Equivalent static analysis shall be performed considering the conduit tunnel as a beam on an elastic j
foundation. Axial stress caused by seismic waves, soil friction, thermal expansion and differential ;
movement shall be comidered. Friction between the tunnel and the surrounding soil shall be !
considered using conservative estimates of the associated frictional forces.

11.8.4.4 Other Loads

All abnormal loads (i.e., P , T,, R., Y;, Y, and Y,) are zero.

11.8.5 LOADING COMBINATIONS AND ACCElTANCE CRITERIA

11.8.5.1 Concrete

The cable tunnels and conduit banks shall be designed using Seismic Category I criteria.

11.8.5.2 Stability

The requirements of Section 5.2.4 of this appendix snall be met.

Amendment T
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11.8.6 OTIIER REQUIREMENTS
i

|

The cable tunnels and conduit banks are to be founded on competent structural backfill as defined in
'

Section 10.1 of this appendix. The bearing pressure shall not exceed the value given in Table 2.0-1.

Cable tunnels and conduit banks shall be sealed against the introduction of exterior water sources into
the tunnel or bank and shall be sealed at the interface with safety related structures to prevent ;

flooding effects. The water seals are designed for the static pressure of water at the flood elevation.
Water seals at the interface with safety related structures are designed to maintain integrity in the
event of a Safe Shutdown Earthquake. In the event of seal failure, the leakage is limited to the
capacity of the sump pumps in the safety related structure.

T

| \

!
!

|
1

1

!

i

!

|

!

!O
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TABLE 3.8A-3

, COMPONENT COOLING WATER HEAT EXCHANGER STRUCTURE

SSE ACCELERATIONS IN Gs ,

1
|
'

Elevation Long Direction Short Direction Vertical

Roof 0.727 1.218 0.690 |

First Floor 0.574 0.892 0.685 |

Basemat 0.513 0.819 0.676 |

O
i

-

1

Amendment V
April 29,1994
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TABLE 3.8A-4

DEAD WEIGIIT LOADS FOR h1A.IOR RADWASTE FACILITY EOUIPMENT

Weight
Location Item Quantity (Kips)

Basemat North Demineralizer 15 15 |

Basemat North Chemical Waste Tanks 2 90 |

Basemat North Chemical Sample Tanks 2 90 |

Basemat North Detergent Sample Tanks 2 64 |

Basemat North Laundry & Hot Shower Tanks 2 64 |

Basemat North Waste Monitor Tanks 4 305 |

Basemat North Floor Drain Tanks 2 305 |

Basemat North Equipment Waste Tanks 2 306 |

Basemat South Low Activity Spent Resin Tank 2 35 |

Basemat South High Activity Spent Resin Tank 1 35 |

Second Floor Low Act. Spent Resin Surge Tank 1 18 |

Second Floor High Act. Spent Resin Surge Tank i 18 |

The above weights are the operating weights of each item and includes the weight of contained
fluids.

O
Amendment T
November 15,1993
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1,0 OBJECTIVE AND SCOPE

This Appendix presents analysis results and typical main reinforcing design for thirteen selected areas
of the System 80+ Seismic Category i Nuclear Island structure, the Diesel Fuel Storage Structure,
Component Cooling Water 11 eat Exchanger Structure, and Component Cooling Water Tunnel using
the criteria in Appendix 3.8A. Based on the general arrangement of major structural elements and
components, the thirteen Nuclear Island areas are selected to provide representative design details for
structural elements having both typical and unique design requirements. Design details for the steel
containment are included in Section 3.8.2.

In addition to the evaluation of the thirteen areas, shear requirements have been calculated and

( capacities demonstrated for all major shear walls of the Nuclear Island.

The resulting design forces and moments presented in this Appendix are from use of a conservative
envelope of design loads ' Reinforcing details presented are typical details to develop the capacity
required to envelope these forces and moments. Ductility reinforcing requirements for concrete
sections are provided in Section 6.0 of this appendix. The design review demonstrates that it is
feasible to design and construct the structures as configured in the general arrangements presentedI

in Chapter 1. The structural analysis report prepared by the COL Applicant, Section 3.8.4.5.3, will
document that the final design details for the Nuclear Island structure meet the analysis and design
criteria of Section 3.8.

Design and analysis details of the Diesel Fuel Storage Structure, Component Cooling Water lieat
Exchanger Structure and Component Cooling Water Tunnel are provided in Section 7.0 of this

|
appendix'. '

2.0 DESCRIPTION OF TIIE NUCLEAR ISLAND CRITICAL AREAS

The location and description of the thirteen areas are identified in Table 3.8B-1. The areas are shown
in Figure 3.8B-1, Sheets 1-5.

3.0 ANALYSIS METIIODS

The Nuclear Island is analyzed to account for both global and local effects of design basis loads
described in Appendix 3.8A.

The complete Nuclear Island is founded on a cornmon basemat and is analyzed as a monolithic
structure. A three dimensional finite element model of the Nuclear Island is developed and equivalent

static glut >al leading conditions are applied to the structure. These results a combined using the
loading combinations identified in Section 5.2 of Appendix 3.8A. The global results from the three
dimensional finite element model are combined with local analysis results to determine forces and
moments for the design of the walls, columns and slabs.

The analysis methods are described in further detail in Appendix 3.8A, Section 6.1.
;

4.0 LOADS AND LOAD COMBINATIONS

d The loads evaluated for the Nuclear Island are addressed in Appendix 3.8A, Section 5.1.

3.8B-1 Amendment V - 04/29/94
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The following loading combinations from Table 3.8-5 and Appendix 3.8A are used for analysis and.,

design of Category I structures and their components. See Appendix 3.8A, Section 5.0 for
definitions.

4.1 LOADING COA 1BINATIONS FOR SEIS51IC CATEGORY I CONCRETE
STRUCTURES

4.1.1 SERVICE LOAD CO5IBINATIONS

a) U = 1.4D + 1.7L
b) U = 1.2D + 1.7W
c) U = 1.4D + 1.7F + 1.7L + 1.7H + 1.7W
d) U = (.75)(1.4D + 1.7F + 1.7L + 1.7H + 1.7T + 1.7R )o o

e) U = (.75)(1.4D + 1.7F + 1.7L + 1.7H + 1.7W + 1.7T 1.7R )o o

4.1.2 FACTORED LOAD COSIBINATIONS

a) U = D + F + L + H + T + R + E'o o

b) U = D + F + L + H + T + R + W,o o

c) U = D + F + L + H + T + R, + 1.5 P.
d) U = D + F + L + H + T, + R, + 1.0P, + 1.0(Y,+ Y + Y ) + E'j m

4.2 LOADING CO.TIBINATIONS FOR SEIS$11C CATEGORY I STEEL STRUCTURES

4.2.1 SERVICE LOAD CONDITIONS

4.2.1.1 Elastic Allowable Strength Design

a) S=D+F+L+11
b) S = D + F + L + 11 + W
c) 1.3 S = D + F + L + H + R + To o

d) 1.3 S = D + F + L + H + W + R + T Io o

4.2.1.2 Plastic Design

a) Y = 1.7 (D + F + L + H) {
b) Y = 1.7 (D + F + L + H + W)
c) Y = 1.3 (D + F + L + 11 + T + R )o o

d) Y = 1.3 (D + F + L + 11 + W + T + R )o o

4.2.2 FACTORED LOAD CONDITIONS

4.2.2.1 Elastic Allowable Strength Design

a) 1.4 S = D + F + L + 11 + R + T + E'o o

b) 1.4 S = D + F + L + 11 + R + T + W,o o

c) 1.4 S = D + F + L + 11 + R, + T, + P,
d) 1.6 S = D + F + L + H + R, + T, '- (Y, + Y + Y ) + E' + P,j m

3.8B-2 Amendment U - 12/31/93
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' Area 1B
:

Shear (in-plane) 235 kips /ft>

(out-of-plane) 24 kips /ft

Moment 130 ft-kips /ft

; Axial (tension) 50 kips /ft
(compression) 205 kips /ft

,

The in-plane loads on area IC are predominantly shear loads from the SSE. The in-plane forces are;

i obtained from output computed by the application of these loads to the static three dimensional finite
j element model. The out-of-plane loads on the wall are predominantly from the accident temperature
i differential from a postulated Annulus Ventilation System failure. The out-of plane resultant forces .

j and moments are determined by hand calculation.

:

j The design forces and moments for Area IC are:

I Shear (in-plane) 200 kips /ft
(out-of-plane) 86 kips /ft'

! Moment (2 way bending) 402 ft-kips /ft
118 ft-kips /ft

,

: Axial (tension) 140 kips /ft
''

(compression) 250 kips /ft
3s

j 5.1.5 TYPICAL REINFORCING DETAILS

Area 1 A Wall Thickness 4 feet<

:

#18 at 12" vertical steel each face4

j #18 at 12" horizontal steel each face ]
; Shear ties not required

i Additional ductility reinforcing shall be provided as described in Section 6.0 of this appendix. |.
:

Area IB Wall Thickness 4 feetj
; #14 at 12" vertical steel each face

#14 at 12" horizontal steel each face
,

Shear ties not required

Additional ductility reinforcing shall be provided as described in Section 6.0 of this appendix. |_

Area IC Wall Thickness 4 feet

#18 at 12" vertical steel each face4

#14 at 12" horizontal steel each face
I Shear ties - #5 horizontal ties at 12" x 12"

A

;' Additional ductility reinforcing shall be provided as described in Section 6.0 of this appendix. |
'

,

j 3.8B-5 Amendment V - 04/29/94
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5.1.6 CONCLUSION

The Area 1 concrete section strengths determined from the criteria in Appendix 3.8A are sufficient
to resist the design basis loads.

5.2 AREA 2 - EAST END WALL ADJACENT TO TURHINE HUILDING

5.2.1 DESCRIPTION OF AREA

Area 2 is a segment of the exterior wall at the East end of the Nuclear Island adjacent to the Turbine
Building. The wall extends fram the top of the basemat at elevation 50'+0" to the top of the roof
at elevation 146'+0". The walls in this area are four feet thick. Out-of-plane lateral support is
provided to the walls by the floor slabs on the interior of the structure. The wall is arranged and
designed to function as a major structural shear wall in addition to providing protection for the safety
related equipment.

5.2.2 GENERAL LOADS

The loads applicable to Area 2 are summarized in Appendix 3.8A, Table 3.8A-1. The out-of-plane
passive soil pressure loads are the predominant loads. The Nuclear Island evaluation credits the
passive soil pressure loads to resist sliding.

5.2.3 GOVERNING LOAD CONIBINATIONS

Area 2

Shear (in-plane) 4.1.2(a)
(out-of-plane) 4.1.2(a)

Bending 4.1.2(a)

Axial (tension) 4.1.2(a)
(compression) 4.1.2(a)

5.2.4 ANALYSIS AIETIIODS AND RESULTS

The Area 2 wall is analyzed as a structural shear wall. The in-plane forces are obtained from output
computed by the application of these loads to the static three-dimensional finite element model. The
out-of-plane loads on the wall are predominantly soil pressure loads with the effect of the SSE. The
put-of plane resultant forces and moments are determined by local two dimensional frame models.

The design forces and moments for Area 2 are:

| Shear (in-plane) 219 kips /ft
(out-of-plane) 273 kips /ft

O
3.80-6 Amendment V - 04/29/94
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Moment 910 ft-kips /ft

Axial (tension) 50 kips /ft
(compression) 277 kips /ft

5.2.5 TYPICAL REINFORCING DETAILS

Area 2 Wall Thickness 4 feet

#18 at 12" vertical steel,2 layers each face (below elevation 90'+3")
#14 at 12" vertical steel,2 layers each face (above elevation 90'+3")
#11 at 12" horizontal steel,2 layers each face
Shear ties - #6 horizontal ties at 12" x 12"

Additional ductility reinforcing shall be provided as described in Section 6.0 of this appendix.

5.2.6 CONCLUSION

The Area 2 concrete section strengths determined from the criteria in Appendix 3.8A are sufficient
to resist the design basis loads.

5.3 AREAS 3A AND 3B - EMERGENCY DIESEL ROOM INTERIOR AND EXTERIOR

O% WALLS

5.3.1 DESCRIPTION OF AREA

|
Diesel generator areas exist on the north and south side of the Nuclear Annex. The interior wall is

| Area 3A and exterior wall is Area 3B.

Area 3A, the interior wall, extends from the top of the basemat at elevation 50'+0" to the top of the
.

roof slab at elevation 91'+9". This four feet wall continues upward ending at the top of the roof
I slab at elevation 191'+0". The wall at Area 3A functions as an east-west structural shear wall.

| Area 3B, the exterior wall, extends from the top to the basemat at elevation 50'+0" to the top of the
| roof slab at elevation 91'+9". This five feet exterior wall spans between the basemat and the roof |

slab. This wall also functions as an East-West shear wall.

|
5.3.2 GENERAL LOADS

The loads applicable to Area 3 are summarized in Appendix 3.8A, Table 3.8A-1. The predominant
loads on the exterior wall are from the out-of-plane soil pressure loads. Passive soil pressure was
considered in the design of the exterior walls. The Nuclear Island evaluation credits the passive soil
pressure loads to resist sliding.

Construction crane loads are also considered on the exterior wall. Lateral bracing of the exterior wall

O is considered during construction due to the vertical span of the wall.

U
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5.3.3 GOVERNING LOAD COMBINATIONS

.

A[ea 3A
.

Shear (in-plane) 4.1.2(a)
(out-of-plane) 4.1.2(d)

Bending 4.1.2(a)
f

Axial (tension) 4.1.2(d)
(compression) 4.1.2(a)

Area 3B

Shear (in-plane) 4.1.2(d)
(out-of-plane) 4.1.2(d);

Bending 4.1.2(d)

Axial (tension) 4.1.2(d)
(compression) 4.1.2(a)

5.3.4 ANALYSIS METIIODS AND RESULTS

The in-plane loads on Area 3A are predominantly shear loads from the SSE. The in-plane forces are
obtained from output computed by the application of these loads to the static three-dimensional finite
element model. The out-of-plane loads on the wall are predominantly SSE seismic loads. The
out-of-plane resultants and moments are determined by hand calculations.,

The design forces and moments for Area 3A are:

Shear (in-plane) 208 kips /ft
1 (out-of-plane) 14 kips /ft

Moment 70 ft-kips /ft
|

Axial (tension) 40 kips /ft :
(compression) 550 kips /ft !

I

The in-plane loads on Area 3B are predominantly shear loads from the SSE. The in-plane forces are
obtained from output computed by the application of these loads to the static three-dimensional finite
element model. The out-of-plane response of the wall is predominantly bending from soil pressure
loads. The out-of-plane resultants and moments are determined by hand calculations and by local
two-dimensional frame analysis models.

O
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The design forces and moments for Area 3B are:

Shear (in-plane) 253 kips /ft
(out-of-plane) 218 kips /ft

Moment 1756 ft-kips /ft

Axial (tension) 40 kips /ft
(compression) 230 kips /ft

1

5.3.5 TYPICAL REINFORCING DETAILS

Area 3A Wall Thickness 4 feet

#14 at 12" vertical steel each face
#14 at 12" horizontal steel each face
Shear ties not required

Additional ductility reinforcing shall be provided as described in Section 6.0 of this appendix. |

| Area 3B Wall Thickness 5 feet

#18 at 12" vertical steel,3 layers each face
j f9 #18 at 12" horizontal steel each face

j V Shear ties - #5 horizontal ties at 4" x 12"

Additional ductility reinforcing shall be provided as described in Section 6.0 of this appendix. |

5.3.6 CONCLUSION
!

| The Area 3 concrete section strengths determined from the criteria in Appendix 3.8A are sufficient
| to resist the design basis loads.

The exterior wall requires lateral shoring during construction to withstand the potential overburden
pressure loads from construction cranes.

5.4 AREAS 4. 6 AND 7 - CONTAINMENT PEDESTAL DISII AND SUPPORT

5.4.1 DESCRIPTION OF AREA

l This area comprises the primary structural components supporting the Steel Containment Vessel
(SCV) and its internal structures. The SCV is supported by the pedestal and outer dish. The outer
dish is supported by the lower crane wall, the pedestal, the floor slab at elevation 91'+9", and the
radial walls.

This section addresses the design of these structural components, specifically described as follows:

| p Area 7 Pedestal - Solid mass of concrete below the SCV, above the basemat, centered under the
! Q SCV, nominally 66 feet in diameter.

|

t

| 3.8B-9 Amendment V - 04/29/94

-- - - -



CESSAR in' ma

O
Area 6 and 7 Outer Dish - Concrete shell(3 feet thick) directly outside the SCV, below the floor slab
at elevation 91'+9", above the pedestal.

Area 6 Lower Crane Wall - Circular wall (4 feet thick) at radius 67 feet, below outer dish, above
the basemat.

Area 4 Radial Walls - Walls radiating from the pedestal at 45 degree intervals, below the outer dish,
above the basemat.

Area 6 91'+9" Slab - Floor slab at elevation 91'+9", specifically that section between the top of the
outer dish and the first supporting wall at radius 84 feet.

5.4.2 GENERAL LOADS

Loads to be resisted by the outer dish and its supporting structure include local loads and global
loads. Global loads are obtained from the static three-dimensional finite element model results and
are considered, as appropriate, in conjunction with local loads such as self weight and inertial forces.
Loads from inside the SCV are distributed to the outer structure through the inner dish and the
internal structure,

in determining the loads to be resisted by the outer dish, it is assumed that there is no transfer of
longitudinal shear between the inner and outer dishes, thus there is no composite action between the
two 3 feet thick members. The inner dish supports loads such as self weight, water in the IRWST,
and inertial forces associated with each. The outer dish supports loads such as its self weight and
inertial forces.

Included in the loads for the inner and outer dishes is a reaction force between them. Determining
the magnitude of this reaction requires a consideration of relative displacements of the inner and outer
dishes for each applicable load case. This is accomplished by modeling a typical section of the outer
dish and the corresponding section of the inner dish, applying the appropriate loads to each, and
determining deflections. The reaction (equal and opposite for the two models for a given load case)
is determined as that force necessary to cause equal midspan deflections of the two models, when
combined with other applicable loads.

There is no seal between the SCV and the inner dish. Therefore, it is assumed that expansion of the
SCV due to internal pressure is resisted directly by the outer dish. As pressure is applied, membrane i

stresses develop in the SCV, along with an external force from the outer dish. The magnitude of this
external force is calculated as the force required to restrain the SCV in the shape of the deflected
concrete under all other loads, for each applicable load case. This force is inversely proportional to,

'

the deflection at a given pomt on the dish.
1,

Since the top of the SCV is free to expand vertically, the outer dish will only resist the horizontal|

| component of the pressure. The tangential component of this horizontal force is relieved by
|

movement of the SCV along the dish due to meridional strain, ihus, only the normal component of
the horizontal force contributes to the load on the outer dish.

O
| 3.8B-10 Amendment U - 12/31/93
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The design forces and moments for Area SC are:

|
Shear (in-plane) 400 kips /ft

(out-of-plane) 45 kips /ft

Moment 528 ft-kips /ftj-

| Axial (tension) 107 kips /ft
'

(compression) 334 kips /ft

5.5.5 TYPICAL REINFORCING DETAILS

Area SA Wall Thickness 4 feet

(MSVH area)

#18 at 12" vertical steel,2 layers each face;

I #18 at 12" horizontal steel, 2 layers each face
Shear ties - #5 horizontal ties at 4" x 12"

Additional ductility reinforcing shall be provided as described in Section 6.0 of this appendix. |

Area SB Wall Thickness 4 feet

#18 at 12" vertical steel each face

f~ #18 at 12" horizontal steel each face
Shear ties - #4 horizontal ties at 4" x 12" |

|

| Additional ductility reinforcing shall be provided as described in Section 6.0 of this appendix. |
t 1

Area SC Wall Thickness 6 feet (Inside Shield Building from top of basemat to bottom of slab at
elevation 70'+0")

| #18 at 12" vertical steel,2 layers each face l
i#18 at 12" horizontal steel, 2 layers each face

Shear ties - #4 horizontal ties at 4" x 12"

Additional ductility reinforcing shall be provided as described in Section 6.0 of this appendix. |

5.5.6 CONCLUSION

|- The Area 5 concrete section strengths determined from the criteria in Appendix 3.8A are sufficient
! to resist the design basis loads. It is feasible to design and construct the structural components
| considered. The assumptions envelope the given parameters so that the design presented is adequate
i for any specific site conditions, within those parameters.

The main steam line piping is assumed to be 32 inches in diameter. The main steam line anchor is
assumed to have an 80 inch diameter bearing plate. A minimum separation of 6' 6" from the
centerline of the main steam line to any other discontinuity such as a wall, slab, opening or other
possible failure plane should be maintained.

( Any separations less than 6'6" shall be analyzed and designed on a case by case basis. The 6'6"
distance is the radius of the shear failure cone with the bearing plate assumed.*

|
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5.6 AREA 8 - STEAM GENERATOR ENCLOSURE RADIAL WAIA

5.6.1 DESCRIPTION OF AREA

| Area 8 includes the Steam Generator Compartment wing wall inside the In-containment Refueling
Water Storage Tank (IRWST) below elevation 91'+9" This wall is 3 feet thick and is supported
on three sides by the floor slab at elevation 91'+9", the dish structure which forms the bottom of
the IRWST, and the vertical side wall of the IRWST. The wing wall is skewed 45 degrees from the
East-West and North-South direction.

5.6.2 GENERAL LOADS

The loads applicable to Area 8 are summarized in Appendix 3.8A, Table 3.8A-1. These loads
include hydrodynamic effects in the IRWST.

5.6.3 GOVERNING LOAD COMBINATIONS<

Area 8

Shear (in-plane) 4.1.2(d)
(out-of-plane) 4.1.2(d)

Bending 4.1.2(d)

Axial (tension) 4.1.2(d)
(compression) 4.1.2(d)

5.6.4 ANALYSIS METIlODS AND RESULTS.

! The in-plane loads on Area 8 are predominantly shear loads from the SSE. The in-plane forces are
obtained from output computed by the application of these loads to the static three-dimensional finite
element model. The out-of-plane loads on the wall are predominantly bending loads from the SSE
and IRWST pressure transients. The out-of-plane forces and moments are determined by hand
calculations.

The design forces and moments for Area 8 are:

Shear (in-plane) 228 kips /ft
(out-of-plane) 63 kips /ft

Moment 320 ft-kips /ft

Axial (tension) 29 kips /ft
(compression) 201 kips /ft

O
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5.6.5 TYPICAL REINFORCING DETAILS

i Area 8 Wall Thickness 3 feet

#18 at 12" vertical steel,2 layers each face
#18 at 12" horizontal steel each face
Shear ties - #4 horizontal ties at 4" x 12"

Additional ductility reinforcing shall be provided as described in Section 6.0 of this appendix. |

5.6.6 CONCLUSION

The Area 8 concrete section strengths determined from the criteria in Appendix 3.8A are sufficient ~
to resist the design basis loads. It is feasible to design and construct the structural components

i considered. The assumptions envelops the given parameters so that the design presented is adequate
for any specific site conditions, within trase parameters.

5.7 AREA 9 - SPENT FUEL POOL WALL

| 5.7.1 DESCRII"FION OF AREA
i
| Area 9 is the wall between the spent fuel pool and the refueling canal, at Elevation 104'+0" to

| 146'+0", Column line 17-18 @ Column line T. The wall provides a barrier to isolate the spent fuel(p) pool from the fuel transfer canal to allow maintenance on the fuel transfer system. A weir gate in|
v the wall is removed to transfer fuel between the spent fuel pool and the refueling canal.

5.7.2 GENERAL LOADS

The loads applicable to Area 9 are summarized in Appendix 3.8A, Ta')le 3.8A-1. These loads
include hydrodynamic and thermal loads from the spent fuel pool.

5.7.3 GOVERNING LOAD COMBINATIONS

Area 9

Shear (in-plane) 4.1.2(d)
(out-of-plane) 4.1.2(d)

Bending 4.1.2(d)
|

Axial (tension) 4.1.2(d)
(compression) 4.1.2(d)

5.7.4 ANALYSIS METIIODS AND RESULTS

The in-plane loads on Area 9 are predominantly shear loads from the SSE. The in-plane forces and,

moments are obtained from the global static three-dimensional finite element model results.

- o
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Out-of-plane forces and moments are obtained by applying the out-of-plane loads to a local static
three-dimensional finite element model of the wall. These forces are then considered in conjunction
with the loads from the global finite element model results to determine design forces and moments
for the wall.

Horizontal reinforcing is designed for the maximum out-of-plana bending about a vertical axis, due 1

to local loads. Vertical reinforcing is designed for the maximum out-of-plane bending about a |

horizontal axis, due to local loads, combined with the maximum tencion produced by global loads. l
1

Out-of-plane shear is determined by local analysis.

The predominant forces are out-of-plane shear and bending forces from the bydrostatic and inertial
forces associated with the water in the spent fuel pool, including sloshing effects. Also significant
are the thermal effects from the heat generated by spent fuel.

The design force; nd nwments for Area 9 are:

Shear (in-plane) 282 kips /ft
(cut-of-plane) 179 kips /ft

Moment (2 way bending) 2704 ft-kips /ft
4807 ft-kips /ft

Axial (tension) 80 kips /ft

5.7.5 TYPICAL REINFORCING DETAILS

Area around weir gate notch in wall controls.

Area 9 Wall Thickness 6 feet

#18 at 8" vertical steel,2 layers each face
#18 at 6" horizontal steel, 3 layers each face
Shear ties - #5 horizontal ties at 18.5" x 6"

| Additional ductility reinforcing shall be provided as described in Section 6.0 of this appendix.

5.7.6 CONCLUSIONS
i

The Area 9 concrete section strengths determined from the criteria in Appendix 3.8A are sufficient
to resist the design basis loads. It is feasible to design and construct the structural components
considered. The assumptions envelope the given parameters so that the design presented is adequate
for any specific site conditions, within those parameters.

l

O
I
|

| |
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5.8 AREA 10

| 5.8.1 DESCRIPTION OF AREA
| ;

Area 10 includes the Main Steam Valve llouse exterior wall along column line H between column !i

lines 23 and 25 and elevations 106'+0" and 130'+0" on the North side of the building. This wall
is 5 feet thick and includes piping penetrations / anchors for the Main Steam and Main Feedwater
Systems.

5.8.2 GENERAL LOADS

| The loads applicable to the Area 10 wall are given in Table 3.8A-1 of Appendix 3.8A. These loads
-|

include Main Steam and Feedwater piping anchor loads including pipe rupture loads, short duration '

temperature effects of 300'F from main steam line rupture, and internal compartment pressurization |

due to a potential Main Steam line rupture. |

5.8.3 GOVERNING LOAD COMBINATIONS

'

Area 10

Shear (in-plane) 4.1.2(d) ;

j (out-of-plane) 4.1.2(d) !

Bending 4.1.2(d)
'

Axial (tension) 4.1.2(d)
(compression) 4.1.2(a)

5.8.4 ANALYSIS METIlODS AND RESULTS

| The in-plane loads on Area 10 are predominantly shear loads from the SSE. The in-plane forces are
obtained from output computed by the application of these loads to the static three-dimensional finite
element model. The out-of-plane load on the wall is predominantly bending from SSE loads and pipe,

'

reaction loads from potential Main Steam line ruptures. The out-of plane resultant forces and
moments are determined by hand calculation.

| The design forces and moments for Area 10 are:

Shear (in-plane) 319 kips /ft
j (out-of-plane) 358 kips /ft
I

| Moment 1591 ft-kips /ft

Axial (tension) 187 kips /ft
(compression) 246 kips /ft

n

U
!
r

3.8B-27 Amendment U - 12/31/93
i-

_ _ . , _ _ _ _ _ . . . .



CESSAR Enfinmtu.
I

! 5.8.5 TYPICAL REINFORCING DETAILS

Area 10 Wall Thickness 5 feet
!

| #18 at 12" vertical steel,2 layers each face i

! #18 at 12" horizontal steel, 3 layers each face |

' Mar ties - 2 #5 horizontal ties at 4" x 12"

| Additional ductility reinforcing shall be provided as described in Section 6.0 of this appendix.

| 5.8.6 CONCLUSION

The Area 10 concrete section strengths determined from the criteria in Appendix 3.8A are sufficient

| to resist the design basis loads. It is feasible to design and construci Ae structural cornponents
I considered. The assumptions envelope the given parameters so that the design presented is adequate

for any specific site conditions, within those parameters. To accommodate punching shear
requirements, the anchor embed.nent design must incorporate excess panching thear, or alternately
rupture loads may be reduced by more detailed analysis.

The main steam line piping is assumed to be 32 inches in diameter. The mair. Wam line anchor is
assumed to have an 80 inch diameter bearing plate. A minimum separation of 7'6" from the
centerline of the main steam line to any other discontinuity such as a wall, slab, opening or other
possible failure plane should be maintained. The main feedwater line located in this area is assumed
to be 24 inches in diameter and contains a 72 inch diameter bearing pkte. The minimum separation
of the main feedwater centerline to the edge of any other discontinuity is 7 0"

Any separation less than 7'6" for the main steam lines and 7'0" for the main feedwater line is
analyzed and designed on t. case by case basis. These distances are the radii of the shear failure
cones of the main steam line and main feedwater line with the b ring rings assumed.

5.9 AREA 11 - NORTH-WEST END WALL i
!

5.9.1 DESCRIPTDN OF AREA !
1

Area 11 is the northern part of the west side end wall adjacent to the Radwaste Building. The wall i

extends from the top of the basemat at elevation 50'+0", to the top of the roof in the Fuel Handling
ares < elevation 191'+0" The walls in this area are four feet thick. Out-of-plane lateral support
is pr ded to the walls by the floor slabs on the interior of the structure. The wall is arranged and
desiped to function as a major structural shear wall in addition to providing protection for the safety
related equipment.

5.9.2 GENERAL LOADS

The loads applicable to Area 11 are summarized in Appendix 3.8A, Table 3.8A-1. The out-of-plane
passive soil pressure loads are the predcminant loads in the Ywer elevations of the wal!. The
Nuclear Island evaluation credits the passive soil pressure loads to resist sliding. Local loads
resulting from the wall mounted supports for the spent fuel pool bridge crane are also included.

O
3.8B-28 Amendment V - 04/29/94



. -.

n

CESSAR 2Ericuia'

O.

')
-5.9.3 GOVERNING LOAD COMBINATIONS<

Area 11

: Shear (in-plane) 4.1.2(a)
(out-of-plane) 4.1.2(a)

Bending 4.1.2(a)

Axial (tension) 4.1.2(a)
(compression)- 4.1.2(a)

'

5.9.4 ANALYSIS METIIODS AND RESULTS

The Area 1I wall is analyzed as a structural shear wall. The in-plane forces are obtained from output
computed by the application of these loads to the static three-dimensional finite element model. The

: out-of-plane loads on the wall are predominantly soil pressure loads with the effect of the SSE in the
lower elevations. The effects of the spent fuel pool bridge crane loads in combinatior 'ith thermal*

loads are predominant in the upper portion of the wall. The out-of plane resultant forces and
;

moments are determined by local two dimensional frame models.

The wall is analyzed and designed to resist the spent fuel pool bridge crane bending and axial loads. ,

4
The bending effects dissipate below elevation 91'+9".

The design forces and moments, excluding the spent fuel pool bridge crane loads, for Area 11 are:

Shear (in-plane? 274 kips /ft
(out-of-plane) 183 kips /ft |

} Moment 938 ft-kips /ft

I
Axial (tension) 240 kips /ft

(compression) 512 kips /ft
,

,

5.9.5 TYPICAL REINFORCING DETAILS

Area 11 Main Steel

,

Wall Thickness 4 feet
4

i #b s 12" vertical steel 2 layers each face (above elevation 90'+3")
#18 at 12" vertical steel 2 layers each face (below elevation 90'+3")
#11 at 12" horizontal steel 2 layers each ' face

Shear ties - #5 horizontal ties at 12" x 12"

Additional ductility reinforcing shall be provided e .iescribed in Section 6.0 of this appendix. |

v
1
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5.9.6 CONCLUSION j

The Area 11 concrete section strengths determined from the criteria in Appendix 3.8A are sufficient
to resist the design basis loads.

5.10 AREA 12 -INTERIOR STRUCTURE STEEL COLUMN

5.10.1 DESCRIPTION OF AREA

Area 12 includes a total of 43 steel columns which are arranged in a circular pattern within the steel
containment vessel outside the polar crane wall. These columns are supported by a floor slab at
elevation 91'+9" and in turn support the slab at 115'+6" The top of each column is located
15.5 feet farther out on a radius than the bottom of the column placing the column at an angle. This
arrangement results in a compression load on the bottom slab and a tension load in the top slab from
the column. The edge of the elevation 115'+6" slab where the top of the column is attached is close
to the steel containment vessel making the integrity of the slab and column c-i ical,t

5.10.2 GENERAL LOADSi

'
The loads applicable to the Area 12 columns are given in Table 3.8A-1 of Appendix 3.8A. These
loads include operating and accident thermal loads.

5.10.3 GOVERNING LOAD COMBINATIONS

Area 12

Bending 4.2.2(d)
,

Axial (compression) 4.2.2(d)

5.10.4 ANALYSIS METIlODS AND RESULTS

The columns have pinned end connections. The end forces are obtained from the static
three-dimensional finite element model results with the exception of the thermal reactions which are
calculated by hand methods and superimposed in the appropriate load combinations. The moments
in the colunm resulting from seismic and dead load are also calculated by hand methods.

O
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| Due to the flexibility of the column, the peak accelerations from instructure response spectra are used
i for the inertia response from the SSE loads.

The design forces and moments for Area 12 are:

Moment (Biaxial) 68 ft-kips
46 ft-kips

Axial (compression) 1119 kips
[

5.10.5 DESIGN DETAILS

A W14x257 A36 steel column is determined to be adequate for the potential forces and moments in
the colunms. Both end connections are pinned connections which allow rotation in a vertical plane

j' coincident with the axis of the column and a containment radial through the column.

L The connections at' the slab are loaded with horizontal tension and compression forces of
approximately 664 kips. The compression load is transferred into the lower slab, at elevation 91' + 9"

t with an embedded kicker plate assembly. The tension load is transferred into the upper slab, at
elevation 115'+6" with an embedded tie back assembly.

.

5.10.6 CONCLUSION

O. The Area 12 W14x257 A36 columns designed from the criteria in Appendix 3.8A are sufficient to
resist the design basis Icads. The connections details can be designed spch that the load can be

! transferred into the slabs effectively without exceeding the' design capacity of the slabs.

5.11 AREA 13 - NUCLEAR ISLAND BASEMAT

5.11.1 DESCRIPTION OF AREA

This area is the foundation basemat. It is ten feet thick. and supports the entire Nuclear Island. The
top of the basemat is at elevation is 50'-0".

5.11.2 GENERAL LOADS

The loads applicable to the Area 13 basemat are given in Table 3.8A-1 of Appendix 3.8A.

5.11.3 GOVERNING LOAD COMBINATIONS

Area 13

Shear 4.1.2(d)

Bending 4.1.2(d)

(
(--
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5.11.4 ANALYSIS METHODS AND RESULTS

The Area 13 basemat responds in bending and shear loads from the SSE and dead load. The forces
and moments are obtained from application of these loads to the static three-dimensional finite
element model. The moment evaluated is the maximum moment experienced by the basemat. The
shear evaluated is from a representative area under a primary shear wall. Most of the basemat will
not require any shear reinforcing.

The design forces and moments for Area 13 are:

Moment: 3545 ft-kips /ft
Shear: 68.3 kips /ft

The basemat is symmetrically reinforced to resist the potential moments as a result of differential
settlement of the foundation. The capacity of the basemat to withstand differential settlement is
determined by calculating the deflection at the edge of the mat that would occur if the maximum
moment were developed in the center. The maximum deflection in the basemat relative to the vnter
of the Nuclear Island at the four exterior walls is:

Wall Delta
North 20 in
South 20 in
East 25 in
West 49 in

5.11.5 TYPICAL REINFORCING DETAILS

Basemat Thickness 10 feet

#18 at 12" horizontal steel,2 layers each face each direction

Shear ties - (When required)

| #10 vertical ties at 12" x 12"

Most of the basemat will not require any shear reinforcing.

| Additional ductility reinforcing shall be provided as described in Section 6.0 of this appendix.

5.11.6 CONCLUSIONS

The Area 13 concrete basemat strength determined from the criteria in Appendix 3.8A is sufficient
to resist tt e design basis loads. It is feasible to design and construct the nuclear island foundation
basemat. The design envelopes the given parameters so that the design presented is adequate for any
specific site conditions, within those parameters. Stress concentrations exist in the areas around
sumps that require additional detailed analyses and design.

O
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The maximum differential settlements that can be tolerated by the basemat are calculated based on
the moment capacity. Any settlements less than those shown are acceptable from the standpoint of i

istress in the basemat. A settlement monitoring program ensures that proper consideration is given
to actual settlements during and after construction.

6.0 TYPICAL ACI-318 CHAPTER 21 DUCTILITY CONNECTION DETAILS

The System 80+ design incorporates ACI-318 Chapter 21 ductility requirements as identified in
Appendix 3.8A, Section 6.2.1.1.

Figure 3.8B-2 is provided as a supplement to illustrate the ductility steel requirements in
Appendix 3.8A. Typical details are shown with a description and a reference to the ACI-318 Code
section associated with the detail. The actual spacing, dimensions, reinforcing bar sizes, bend angles,
etc., are obtained from the ACI-318 Code sections. The details provided are for illustration purposes
only.

7.0 NON-NUCLEAR ISLAND STRUCTURES

7.1 DIESEL FUEL STORAGE STRUCTURE

7.1.1 DESCRIPTION OF STRUCTURE

] The Diesel Fuel Storage Structure is a two bay, partially embedded, single-story reinforced concrete
building; symmetrical about its north-south axis. Each bay houses a single diesel fuel oil tank.

The specified concrete compression strength is 4,000 psi and the specified minimum yield strength
of the reinforcing steel is 60,000 psi.

!

7.1.2 ANALYSIS METIIODS

The Diesel Fuel Storage Structure is analyzed for the design loads described in Appendix 3.8A to
determine the global and localized member forces for which the structure must be designed.

|

The structure is analyzed using a linear elastic three-dimensional finite element flat plate type model l

supported on elastic soil springs. Thermal and equivalent static loads corresponding to the various
j individual loading conditions identified in Sections 3.8A.S.1 and 3.8A.11.1.5 are applied to the

structure model and the resulting member forces and moments computed. The resulting member'

forces are combined in accordance with the load combinations, specified in Section 5.2.2 of
Appendix 3.8A, to determine the design loads for the critical sections.

| 7.1.3 LOADS AND LOAD COMBINATIONS

The Diesel Fuel Storage Structure is evaluated for the loads and load combinations specified in
| Sections 3.8A.5.1 and 3.8A.S.2, respectively, for Seismic Category I concrete structures.

J

I

! 1

1 1

N.)
| |
|

|

|
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! The major loadings affecting the design of the structure are dead loads (i.e., self weight and

equipment weight from the diesel fuel storage tanks), temperature, static and dynamic lateral soil and
ground water pressures, wind loads, earthquake loads, and tornado loads.

The critical load combinations are equations 5.2.2.l(a), 5.2.2.l(d), and 5.2.2.2(a) of
Section 3.8A.5.2, i.e.,

U = 1.4D + 1.7L

U = 0.75 (1.4D + 1.7F + 1.7L ' l.7H + 1.7T + 1.7R )o o

U = D + F + L + H + T + R + E'o o

7.1.4 ANALYSES AND RESULTS

The reinforced concrete members of Seismic Category I structures are designed to the criteria
specified in ACI 349 and NRC Regulatory Guide 1.142, except as modified by Appendix 3.8A (see
3.8 A.6.2). In general, symmetrical reinforcing steel (i.e., the same area and configuration on
opposite faces of members), is provided except in local areas. Concrete joints shall be detailed in
accordance with the criteria specified in ACI 318. Chapter 21 (see Section 3.8A.6.2.1.1.1 and
Section 6.0 of this appendix).

Foundation Mat:

The primary flexural reinforcing for the 2' - 3" thick foundation mat consists of a rectangular grid
2of #11 at 12 inches each way/each face, [i.e.,1.56 in /ft].

No transverse shear reinforcing is required.

East and West Walls:

| The primary flexural reinforcing for these 2' - 3" thick walls consists of a rectangular grid of #11
2at 8 inches each way/each face, [i.e.,2.34 in /ft].

No transverse shear reinforcing is required.

North and South Walls:

| The primary flexural reinforcing for these 2' - 3" thick walls consists of a rectangular grid of #11
2at 6 inches each way/each face, [i.e., 3.12 in /ft].

Transverse shear reinforcing consisting of #6 at 12 inches is required in both 6 .ections for the entire
| wall area. The shear steel extends 9 feet down from the top of the roof.

O
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_C_tnter Wall:

The primary flexural reinforcing for this two-foot thick wall consists of a rectangular grid of #11 at j
26 inches each way/each face, [i.e.,3.12 in /ft]. Compression ties are required for the top half of the

wall.

No transverse shear reinforcing is required.

Roof:

The primary flexural reinforcing for these 2' - 3" thick walls consists of a rectangular grid of #11 |
zat 6 inches each way/each face [i.e., 3.12 in /ft].

No transverse shear reinforcing is required.

7.1.5 CONCLUSION

The concrete and reinforcing steel section strengths of the Diesel Fuel Storage Structure are sufficient
to resist the design basis load and load combination criteria specified in Sections 3.8A.11.1 and
3.8A.5.0. Typical reinforcing details are shown in Figures 3.88-5 and 3.8B-6. |

7.2 COMPONENT COOLING WATER HEAT EXCIIANGER STRUCTURE

7.2.1 DESCRIPTION OF STRUCTURE

The Component Cooling Water Heat Exchanger Structure is a single bay, partially embedded, !

two-story reinforced concrete building. The top floor houses two heat exchangers supported on
saddles which spread the loadings to the supporting floor and column system.

The specified concrete compression strength is 4,000 psi and the specified minimum yield strength
of the reinforcing steel is 60,000 psi.

I
7.2.2 ANALYSIS METIIODS

The Component Cooling Water Heat Exchanger Structure is analyzed for the design loads described
in Appendix 5.8A to determine the global and localized member forces for which the structure must
be designed.

The structure is analyzed using manual computations which consider the structure to be comprised
oflinear elastic one-way wall and slab panels. Thermal and equivalent static loads corresponding to
the various individualloading conditions identified in Sections 3.8A.5.1 and 3.8A.11.2.5 are applied
to the one-way panel models and resulting member forces and moments computed. The resulting
member forces are combined in accordance with the load combinations, specified in Section 5.2.2
of Appendix 3.8A, to determine.the design loads for the critical sections.
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7.2.3 LOADS AND LOAD CONIBINATIONS

The Component Cooling Water Heat Exchanger Structure is evaluated for the loads and load
combinations specified in Sections 3.8A.5.1 and 3.8A.5.2, respectively, for Seismic Category I
concrete structures.

The major loadings affecting the design of the structure are dead loads (i.e., self weight and
equipment weight from the CCW heat exchangers), temperature, static and dynamic lateral soil and
ground water pressures, wind loads, earthquake loads, and tornado loads.

The critical load combinations are equations 5.2.2.1(a), 5.2.2.1(d), and 5.2.2.2(a) of
Section 3.8A.S.2, i.e.,

U = 1.4D + 1.7L

U = 0.75 (1.4D + 1.7F + 1.7L + 1.7H + 1.7T + 1.7R )o o

U = D + F + L + H + T + R + E'o o

7.2.4 ANALYSES AND RESULTS

The reinforced concrete members of Seismic Category I structures are designed to the criteria
specified in ACI 349 and NRC Regulatory Guide 1.142, except as modified by Appendix 3.8A (see
3.8A.6.2). In general, symmetrical reinforcing steel (i.e., the same area and configuration on
opposite faces of members), is provided except in local areas. Concrete joints shall be detailed in
accordance with the criteria specified in ACI 318, Chapter 21 (see Section 3.8A.6.2.1.1.1 and
Section 6.0 of this appendix).

Foundation Mat:

The primary reinforcing for the four-foot thick foundation mat consists of a rectangular grid of #9
2at 10 inches each face, [i.e.,1.20 in /ft] in the long direction and #11 at 6 inches each face, [i.e.,

23.12 in /ft.] in the short direction.

No transverse shear reinforcing is required.

| East and West Walls (Short Direction):

The primary reinforcing for these 2' - 3" thick walls consists of a rectangular grid of #11 at 6 inches
2each face, [i.e.,3.12 in /ft] vertically and #11 at 10 inches each face, [i.e.,1.87 in /ft.] horizontally.

No transverse shear reinforcing is required.

| North and South Walls (Lona Direction):

| The primary reinforcing for these 2' - 3" thick walls consists of a rectangular grid of #11 at 6 inches
2 2vertically each face and #11 at 10 inches horizon: ally, [i.e.,3.12 in /ft and 1.87 in /ft, respectively).

O
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No transverse shear reinforcing is required.

Floor Slab at Elevation 90'-9"-

The primary reinforcing for the 3'-0" floor slab consists of a rectangular grid of #10 at 10 inches each
2 2face, [i.e.,1.52 in /ft] in the long direction and #11 at 10 inches each face, [i.e.,1.87 in /ft.] in the

short direction.

No transverse shear reinforcing is required.

Roof Slab at Elevation 110'-9":

The primary reinforcing for the 2' - 3" two-foot thick roof consists of a rectangular grid of #11 at |
210 inches each way/each face, (i.e.,1.87 in /ft].

! No transverse shear reinforcing is required. ,

,

f 7.2.5 CONCLUSION

The concrete and reinforcing steel section strengths of the Component Cooling Water lieat Exchanger
Structure are sufficient to resist the design basis load and load combination criteria specified in Sections
3.8A.ll.2 and 3.8A.5.0. Typical reinforcing details are shown in Figures 3.8B-7 through 3.8B-9. |-

|

i

! 7.3 COMPONENT COOLING WATER TUNNELs
%

7.3.1 DESCRIPTION OF STRUCTURE

The Component Cooling Water Tunnel is a single compartment, fully embedded, one-story reinforced
,

'

concrete structure. The tunnel houses and protects the Component Cooling Water piping which is routed
from the corres>;onding Nuclear Island pipe chase to the basement of the Component Cooling Water Heat
Exchanger Structure. The tunnel is attached at one end to the Nuclear Island Pipe Chase and the
Component Cooling Water Heat Exchanger Structure at the other end via flexible connections. The
flexible connections allow differential movement between the three structures without transferring
loadings.

! The specified concrete compression strength is 4,000 psi and the specified minimum yield strength of
the reinforcing steel is 60,000 psi.

; 7.3.2 ANALYSIS METIIODS
!
| The Component Cooling Water Tunnel is analyzed for the design loads described in Appendix 3.8A to
! determine the global and localized member forces for which the structure must be designed.
!
'

The structure is analyzed using manual computations which consider the structure to be comprised of
linear elastic one-way wall and slab panels. The lateral loads on the tunnel were evaluated using a linear
elastic frame model with a unit width. Thermal and equivalent static loads corresponding to the various
individual loading conditions identified in Sections 3.8A.5.1 and '3.8A.11.7.5 are applied to the |

; equivalent frame model and resulting member forces and moments computed. The resulting

'V

|
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member forces are combined in accordance with the load combinations, specified in Section 5.2.2 of
Appendix 3.8A, to determine the design loads for the critical sections.

7.3.3 LOADS AND LOAD COMBINATIONS

The Component Cooling Water Tunnel is evaluated for the loads and load combinations specified in
Sections 3.8A.5.1 and 3.8A.5.2, respectively, for Seismic Category I concrete structures.

The major loadings affecting the design of the structure are dead loade (i.e., self weight and equipment
weight from the piping systems), AASHO H20-44 truck overburden pressure, temperature, static and
dynamic lateral soil and ground water pressures, tornado loads, and earthquake loads (including seismic
inertia and wave passage). Seismically induced forces due to differential movements are eliminated by
providing flexible connections, at each end of the tunnel, which are capable of accommodating the
movements without transferring loads.

The critical load combinations are equations 5.2.2.l(a),5.2.2.l(d), and 5.2.2.2(a) of Section 3.8A.5.2,
i.e.,

U = 1.4D + 1.7L

U = 0.75 (1.4D + 1.7F + 1.7L + 1.7H + 1.7T + 1.7R )o o

U = D + F + L + H + T + R + E'o o

7.3.4 ANALYSES AND RESULTS

The reinforced concrete members of Seismic Category I structures are designed to the criteria specified
in ACI 349 and NRC Regulatory Guide 1.142, except as modified by Appendix 3.8A (see 3.8A.6.2).
In general, symmetrical reinforcing steel (i.e., the same area and configuration on opposite faces of
members), is provided except in local areas. Concrete joints shall be detailed in accordance with the
criteria specified in ACI 31S, Chapter 21 (see Section 3.8A.6.2.1.1.1 and Section 6.0 of this appendix).

Foundation Mat:

The primary reinforcing for the three-foot thick foundstion mat consists of a rectangular grid of #9 at
212 inches each way/each face, [i.e,1.00 in /ft].

No transverse shear reinforcing is required.

| Walls:

The primary reinforcing for these two-foot thick walls consists of a rectangular grid of #9 at 12 inches
2each way/each face, [i.e.,1.00 in /ft].

No transverse shear reinforcing is required.

O
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|' Roof: |
i

|- The primary reinforcing for these two-foot thick roof slabs consist of a rectangular grid of #11 at
z

; 10 inches each way/each face, [i.e.,1.87 in /ft). .,.

|

| No transycae shear reinforcing is required.
;-
W

j 7.3.5 CONCLUSION .
;

} The concrete and reinforcing' steel section strengths of the Component' Coolir.g Water Tunnel are
sufficient to resist the design basis load and load combination criteria specified in Sections 3.8A.11.7] '

j and 3.8A.S.O. Typical reinforcing details are shown in Figures 3.8B-10 and 3.8B-11. -|~
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TABLE 3.8B-1
|
i

AREAS IDENTIFIED FOR DETAILED DESIGN

Area Description Section Elevation Col. Line/ Azimuth-

1 Shear & Shield Building Wall IA 50 to 115+6 D-F @ 17 |

IB 50 to 91 +9 - E17 |

IC 50 to 146 16-18, E-F |

2 East Wall @ Turb Building 2 50 to 146 B14 | j

3 Diesel Gen. Room Ext. & Int. 3A 50 to 93- N23 -|

3B 50 to 93 N25 |

4 Subsphere Radial Wall 4 50 to 80+9 225*, R33-R65 | ;

5 Shear Wall and S!ab @ 5A 50 to 156 K12 |
Emerg. FDW Pump Room

5B 50 to 130+6 Kil |and CCW Pump Room

[ -SC 50 to 106 K10-K13 |

6 SCV Anchorage Region 6 70 to 91 +9 R76.5 |

7 SCV Support Pedestal 7 50 to 62 K17 & R33 |

8 S/G Wing Wall @ IRWST 8 70 to 91+9 L15 |

9 Spent Fuel Refueling Canal 9 104 to 146 T17-18 |
Wall

10 Main Steam Valve House 10 106 to 130 H23-25
Wall

11 Nuclear Annex Wall @ 11 50 to 191 U19-20 |
Radwaste Building

12 Interior Structure Steel 12 91+9 to 112 N/A |
Columns

| 13 Basemat 13 40 to 50 N/A

h' )'u
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influence coefficients are calculated for each dynamic'

degree-of-freedom of each mass point and for each degree-of-
freedom of each support point. The ANSYS computer code (Section
3.9.1.2.1.13) is also used as an alternate to MDC-STRUDL for |
defining the dynamic characteristics of the reactor coolant
system and seismically analyzing it.

The program can perform either time-history analysis or spectrum
analysis using the modal super position technique. Support
reactions, member loads and joint acceleration are computed by
back substituting from the modal coordinates to physical
coordinates through the applicable transformation matrices and
then combining modal contributions from each individual mode
included in the response analysis.

MDC STRUDL is a program which is commercially available and has
had sufficient use to justify its applicability and validity.
Extensive verification of the C-E version has been performed to
supplement the public documentation. The version of the program
in use at C-E was developed by the McDonnell Automation
Company / Engineering Computer International and is run on the IBM
computer system. MDC STRUDL is described in more detail in
Reference 1.

gw v m_

i ) 3.9.1.2.1.2 C-E MARC
'

,

--

The C-E MARC program is a general purpose nonlinear finite
element program with structural and heat transfer capabilities.
It is described in detail in Reference 2.

C-E MARC is used for stress analysis of regions of vessels,
piping or supports which may deform plastically under prescribed
loadings. It is also used for elastic analyses of complex
geometries where the graphics capability enables a well defined
solution. The thermal capabilities of C-E MARC are used for
complex geometries where simplification of input and graphical
output are preferred.

C-E MARC is the C-E modified version of the MARC program, which
is commercially available and has had sufficient use to justify
its applicability and validity. Extensive verification of the
C-E version has been performed to supplement the public
documentation.

3.9.1.2.1.3 PICEP

The PICEP program calculates the flow through a crack in a pipe.
PICEP uses the simplified engineering approach for elastic-
plastic fracture analysis for finding the crack opening

[7., displacement and area. Fluid calculation options include single
! ) and two-phase flow as well as allowance for friction. PICEP was !"' developed by EPRI.
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3.9.1.2.1.4 SUPERPIPE

SUPERPIPE is a linear finite element program for the static and
dynamic analysis of piping systems. These systems may include
such components as bends, elbows, tees, reducers, socket or butt
welds, flexible couplings, and flanges, with the appropriate
flexibility factors and stress indices accounted for. Support
types may include rigid, spring, constant-force, snubber, anchor,
or user-specified, and may have any desired orientation.

Analyses performed include thermal, weight, applied load,
frequency and mode shape, response spectrum, and time-history.
Following the static and dynamic analysis phase, the program
performs a complete ASME B&PV Code, Section III Class 1 stress
check, combining analysis results in any manner specified by the '

user to create the appropriate loading cases applicable for each
of the ASME code stress equations. The user also supplies the
number of occurrences of each steady-state and transient load
state, with which the program performs a complete fatigue damage
calculation.

SUPERPIPE, which is commercially available software, was
developed by ABB-Impell and is described in detail in Reference
20. SUPERPIPE was verified in accordance with ABB-Impell's
Quality Assurance Manual.

3.9.1.2.1.5 DFORCE

The computer code program DFORCE calculates the internal forces
and moments at designated locations in a piecewise linear
structural system, at each time step, due to the time history of
relative displacements of the system mass points and boundary
points. The program also selects the maximum value of each
component of force or moment at each designated location, and the
times at which they occur, over the entire duration of the
specified dynamic event.

The program forms appropriate linear combinations of the relative
displacements at each time step and performs a complete loads
analysis of the deformed shape of the structure at each time step
over the entire duration of the specified dynamic event.

The program is used to calculate the time dependent reactions in
structural models subjected to dynamic excitation which are
analyzed by the CEDAGS program.

To demonstrate the validity of the DFORCE program, results for
test cases were obtained and shown to be substantially identical

| to those obtained for an equivalent analysis using MDC STRUDL.

O
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3.9.1.2.1.6 SG LINK

SG LINK determines steam generator and snubber stroke and
building interface boundaries for the steam generator snubber
lever system. The program verifies the kinematics of the snubber
lever linkage systems based on input motions of the steam
generator lug and detailed snubber lever system geometry.

3.9.1.2.1.7 CEDAGS

The computer program CEDAGS (C-E Dynamic Analysis of Gapped
Structure) performs a piecewise linear direct integration
solution of the coupled equations of motion of a three
dimensional structure which may have clearances or gaps between
the structure and any of its supports or restraints (boundary
gaps) or between points within the structure (internal gaps).
The contacted boundary points may be oriented in any selected
direction and may respond rigidly, elastically, or plastically.
The structure may be subjected to applied dynamic loads or
boundary motions.

The CEDAGS program is used to calculate the dynamic response of
piecewise linear structural systems subjected to time varying
load forcing functions resulting from postulated pipe break

h conditions.

To demonstrate the applicability and validity of the CEDAGS
program, the solutions to an extensive series of test problems
were obtained and shown to be substantially identical to results
obtained by hand calculations or alternate computer solutions.
3.9.1.2.1.8 CE177, Head Penetration Reinforcement Program

This program calculates reinforcement available and reinforcement
required for penetrations in hemispherical heads. The technique
described in paragraph NB-3332 of the ASME Code, Section III is
used.

This program is used to perforn preliminary sizing and
reinforcement calculations for hemispherical heads in the reactor
vessel. The program was verified by comparisons of program |
results and hand calculated solutions of classical problems.

3.9.1.2.1.9 CE102, Flange Fatigue Program *

This program computes the redundant reactions, forces, moments,
stresses, and fatigue usage factors in a reactor vessel head,
head flange, closure studs, vessel flange, and upper vessel wall
for pressure and thermal loadings. Classical shell equations are
used in the interaction analysis.

This program is used to perform the fatigue analysis of the
reactor vessel closure head and vessel flange assembly. The |
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program was verified by comparisons of program results and hand-
calculated solutions of classical problems.

3.9.1.2.1.10 CE105, Nozzle Fatigue Program

This program computes the redundant reactions forces, moments,
and fatigue usage factors for nozzles in cylindrical shells.

This program is used to perform the fatigue analysis of reactor
vessel nozzles and steam generator feedwater nozzle. The program
was verified by comparisons of program results and hand-
calculated solutions of classical problems.

3.9.1.2.1.11 CEC 26, Edge Coefficients Program

This code calculates the coefficients for edge deformations of
conical cylinders and tapered cylinders when subjected to
axisymmetric unit shears and moments applied at the edges.

This program is used to perform the fatigue analysis of reactor
vessel wall transition. The program was verified by comparisons
of program results and hand-calculated solutions of classical
problems.

3.9.1.2.1.12 CE124, Generalized 4 x 4 Program

This program computes the redundant reactions, forces, Loments,
stresses, and fatigue usage factors for the reactor vessel wall
at the transition from a thick to thinner section and at the
bottom head juncture.

This program is used to perform fatigue analysis of reactor
vessel bottom head juncture. The program was verified by
comparisons of program results and hand-calculated solutions of
classical problems.

|
3.9.1.2.1.13 ANSYS

ANSYS is a large-scale, general-purpose, finite element program
for linear and nonlinear structural and thermal analysis. This
program is commercially available. Additional descriptive
information on this code is provided in Section 3.9.1.2.2.2.
This program is used for numerous applications for all components
in the areas of structural, fatigue, thermal and eigenvalue
analysis. The program was verified by comparisons of program
results and hand-calculated solutions of classical problems.

O
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C'i 3.9.1.2.1.14 CE301, The Structural Analysis for Partial
Penetration Nozzles, Heater Tube Plug Welds,
and the Water Level Boundary of the
Pressurizer Shell Program

This program computes various analytical parameters, primary plus
secondary stresses and stress intensities, peak stresses and
stress intensities, and the cyclic fatigue analysis with usage
factors at cuts of interest. This program is utilized to satisfy
the requirements of Section III, of the ASME B&PV Code.

This program is used in the fatigue analysis of partial
penetration nozzles in the pressurizer and piping. The program |
was verified by comparisons of program results and hand-
calculated solutions of classical problems.

3.9.1.2.1.15 CE223, Primary Structure Interaction Program

This code calculates redundant loads, stresses, and fatigue usage
factors in the primary head, tubesheet, secondary shell, and stay
cylinder for pressure and thermal loadings.

This program is used in the fatigue analysis of the steam
generator primary structure. The program was verified by |b. comparisons of program results and hand-calculated solutions of

\ classical problems.

3.9.1.2.1.16 CE362, Tube-To-Tubesheet Wald Program

This code performs a three body interaction analysis of the
tube-to-tubesheet weld juncture. The code calculates primary,
secondary, and peak stresses and computes range of stress and
fatigue usage factors.

This program is used in the fatigue analysis of steam generator
tube-to-tubesheet weld. The program was verified by comparisons |
of program results and hand-calculated solutions of classical
problems.

3.9.1.2.1.17 CE286, Support Skirt Loading Program

This code calculates the stresses in the conical support skirt of
the steam generator for external loads.

This program is used in the structural analysis of steam
generator support skirt. The program was verified by comparisons |of program results and hand-calculated solutions of classical
problems.

(
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3.9.1.2.1.18 CE210, Principal Stress Program

This code sums stresses for three load conditions and computes
principal stress intensity, stress intensity range, and fatigue
usage factor.

This program is used in the fatigue analysis of steam generator
| components. The program was verified by comparisons of program
results and hand-calculated solutions of classical problems.

3.9.1.2.1.19 CE211, Nozzle Load Resolution Program

This is a special purpose code, used to calculate stresses in
nozzles produced by piping loads in combination with internal
pressure.

This program is used in the fatigue analysis of steam generator
| nozzles. The program was verified by comparisons of program
results and hand-calculated solutions of classical problems.-

3.9.1.2.1.20 KINI2100 Program

This is a general purpose finite difference heat transfer
program. This program is used for steady-state and transient
thermal analysis.

This program is used in numerous thermal relaxation analyses for
| all components. The program was verified by comparisons of q

'

program results and hand-calculated solutions of classical I

problems.

3.9.1.2.1.21 CEFLASH-4A

This is a code used to calculate transient conditions resulting
from a flow line rupture in a water / steam flow system. The
program is used to calculate steam generator internal loadings
following a postulated main steam line break.

This program is used in a steam line break accident structural
| analysis. The program was verified by comparisons of program
results and hand-calculated solutions of classical problems.

3.9.1.2.1.22 CRIBE

This is a one-dimensional, two-phase thermal hydraulic code,
utilizing a momentum integral model of the secondary flow. This
code was used to establish the recirculation ratio and fluid mass
inventories as a function of power level. The code is
commercially available and has had sufficient use to justify its
applicability and validity. This program is used for determining

| steam generator performance. The program was verified by
comparisons of program results and hand-calculated solutions of
classical problems.

Amendment S
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3.9.1.2.1.23 FAST 2

FAST 2 is a computer code originated by Shelltech Associates for
the analysis of vessel-nozzle intersections. It uses closed form
asymptotic results for the solutions of the thin shell equations.
FAST 2 calculates stress and deflections of a cylindrical vessel
or spherical head with a cylindrical pipe intersecting the vessel
wall.

. Vessel geometries are idealized as a horizontal cylinder on two
saddle supports, a horizontal cantilevered cylinder fixed on the
left end, or a horizontal cantilevered spherical head. Spherical
heads are simply supported at their base such that all points at |
the base remain in a vertical plane. Radial expansion and local
rotation is a function of the head stiffness and the stiffness of
an attached cylindrical vessel which may be included in the model
at the user's option.

The loading conditions available in FAST 2 are nozzle loads,
vessel end loads, internal pressure, and thermal loads. Nozzle
loads are applied at the nozzle / vessel intersection. Shear loads
are not considered. Vessel end loads are external landings
applied at the right end of the vessel. Internal pressure can be
applied to any combination of vessel and pipe. Thermal loads are
uniform thermal expansion parameters for each portion of the

( defined model.

The code has the capability of modeling stiffening rings at
either or both ends of a cylindrical vessel, and at thevessel / head junction for a spherical head. End caps or vessel
heads on a cylindrical vessel may be modeled by stiffening rings
representing the equivalent stiffness of the head or cap.

FAST 2 has been used by Shelltech Associates in the development of
WRC Bulletin No. 297.

3.9.1.2.3.24 PC-PREPS

The evaluation and design of pipe support frames and baseplate is
performed using PC-PREPS. PC-PREPS is a personal computer based,
integrated pipe support analysis software package. It is
interactive, menu-driven, with built-in structural analysis and
graphics capability. The package is totally self-contained,
except for a word processor used for the final calculation
document production. All operations, including the finite
element analysis. are performed on the personal computer.

PC-PREPS allows a pipe support analyst to prepare data, view
associated graphics, and execute frame and baseplate analyses.
It can automatically perform load combinations and convert loads
computed with pipe stress software to the pipe support frame, and

Amendment S
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from the frame to any of the defined baseplate. The
post-processing capabilities of PREPS include AISC and NF Code
checks, maximum displacement checks, weld stress check, and local
stress check.

PC-PREPS has been qualified by comparison to other software
performing similar calculations and to manual calculations.

3.9.1.2.1.25 LIDOP

The LIDOP program computes the local crush characteristics of a
pipe section for use in the analysis of pipe motion and
subsequent impact on structural targets or pipe rupture restraint
structures.

The program will generate crush rigidities and deformation
energies for pressurized or unpressurized piping in the following
geometries:

A. Ring crush against flat rigid surface.

B. Indent c: straight pipe against rigid cylinder.

C. 1.5D pipe elbow (extrados) against a flat rigid surface.

D. Pipe bend (extrados) against a flat rigid surface.

E. Indent of straight pipe against a rectangular block.

Both dynamic effects and material properties are considered in
generation of the crush characteristics.

Unpressurized force-displacement and energy-displacement
characteristics of pipe and elbows are generated from empirical
equations which are based on experimental data. Pressurization
effects, based on fluid displacement during deformation, are
superimposed on the unpressurized characteristics. The overall
dimensions of the contact area, where applicable, are generated
by empirically corrected geometric relationships. Dynamic
effects of elbows are empirically determined from an experimental
comparison of static and dynamic impact of spheres. Dynamic
effects of all other geometries and elbows in certain cases are
based on the results of finite element computer simulations of
rings impacting flat, rigid surfaces. The effects of material
properties are determined from empirical relationships based on
computer predictions.

3.9.1.2.1.26 TIMHIS6

The TIMHIS6 program performs modal superposition time history
analysis for lumped mass / stick models and response spectra
calculations.

Amendment R
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\nV) 3.9.1.2.1.27 RELAPS

RELAPS is used to perform transient analysis of thermal-hydraulic
systems with water as the fluid. RELAPS uses a five equation
two-phase flow continuity equations, two phasic momentum
equations and an overall energy equation augmented by the
requirement that one of the phases is assumed saturated. In this
model, only two interphase constitutive relations are required,
those for interphase drag and interphase mass exchange. Models
are included for abrupt area changes, choking, mass transfer
interphase drag, wall friction and branching.

The program requires numerical input data that completely
describes the initial fluid conditions and geometry of the system
being analyzed. The output consists of variables necessary to
describe the transient state of the system being analyzed.
3.9.1.2.1.28 REPIPE

REPIPE computes the loading time histories on a piping network
based upon the results from computer program RELAPS hydrodynamic
analysis of the contained fluid. The RELAP5 time-varying >

pressure, momentum flux and energy states throughout a fluid
system containing water, steam, and/or a two phase mixture are

[m] used as in input to the REPIPE program to produce time histories
\j for input *to the piping stress analysis program.

REPIPE distributes the RELAPS control volume forces to the
structural network nodes by a process based upon fluid momentum
balance principle and newtons third law of motion. The output
from REPIPE consists of dynamic loads on the pipe, organized into
force vs time tables.

3.9.1.2.1.29 CCN-318

CCN-318 is a computer program used to evaluate the design of
rectangular cross section attachments on ASME Class 2 and 3
Piping following the requirements of ASME Code Case N-318. The
program checks for Code Case limitations, calculates the required
coefficients and then checks local stress in the pipe wall. In
addition, it also evaluates the adequacy of fillet and partial
penetration welds. The results of the analysis are compared to
ASME Code Allowables.

3.9.1.2.1.30 CCN-392

CCN-392 is a computer program used to evaluate the design of
circular cross section attachments on ASME Class 2 and 3 piping
following the requirements of ASME Code Case N-392. The program

,o checks for code case limitations, calculates the required

(V) coefficients and then checks the local stress in the pipe wall.
In addition, it also evaluates the adequacy of fillet and partial
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penetration welds. The results of the analysis are compared to
ASME Code Allowables.

3.9.1.2.1.31 TRANS2A

TRANS2A is a computer program which determines radial temperaturei

distributions and gradients in a pipe wall experiencing fluid
temperature excursions. TRANS2A determines these temperature
distributions by solution of the unsteady one-dimensional
axisymmetric heat transfer equation. For aid in Class 1 piping
analysis values of the thermal gradients AT and AT and the

1 2

average temperatures (K and/or K) are calculated (and printed)
| in accordance with ASME BPVC Section III Article NB-3650. To be
of more aid to the analyst in choosing values of the average and
temperature gradient data to be input to the combined stress
analysis, TRANS2A evaluates the actual histories of the thermal
stress terms according to the equations of Section III, Article
NB-3650 with as many as ten sets of stress indices and summarizes
them in a table by extreme and time of occurrence.

T

3.9.1.2.2 Code Class CS Internals, Fuel and CEDMs

The following computer programs are used in the static and
dynamic analyses of reactor internals, fuel, and CEDMs.

3.9.1.2.2.1 MRI/STARDYNE

The MRI/STARDYNE program uses the finite element method for the
static and dynamic analysis of two- and three-dimensional solid
structures subjected to any arbitrary static or dynamic loading
or base acceleration. In addition, initial displacements and
velocities may be considered. The physical structure to be
analyzed is modeled with finite elements that are interconnected
by nodes. Each element is constrained to deform in accordance
with an assumed displacement field that is required to satisfy
continuity across element interfaces. The displacement shapes
are evaluated at nodal points. The equations relating the nodal

| point displacements and their associated forces are the element
stiffness relations and are a function of the element geometry
and its mechanical properties. The stiffness relations for an
element are developed on the basis of the theorem of minimum
potential energy. Masses and external forces are assigned to the
nodes. The general solution procedure of the program is to
formulate the total following equations:

{6} = {P} (1)[K] *

2w [m]{q} - [K] fq} =0 (2) i

l

O'
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i/" where:

{6} = the nodal displacement vector

{P} = the applied nodal forces

[m] = the mass matrix
e = the natural frequencies

{q} = the normal modes

Equation (1) applies during a static analysis which yields the
nodal displacements and finite elements internal forces.
Equation (2) applies during an eigenvalue/ eigenvector analysis,
which yields the natural frequencies and normal modes of the
structural system. Using the natural frequencies and normal
modes together with related mass and stiffness characteristics of
the structure, appropriate equations of motion may be evaluated
to determine structural response to a predescribed dynamic load.

The finite elements used to date in C-E analyses are the elastic
beam, plate and ground support spring members. The assumptions

n governing their use are as follows: small deformation,
\(b linear-elastic behavior, plane sections remain plane, no coupling

of axial, torque and bending, geometric and elastic properties
constant along length of element.

Further description is provided in Reference 4.

The MRI/STARDYNE code is used in the analysis of reactor
internals. The ANSYS code (3.9.1.2.2.2) and the COSMOS code
(3.9.1.2.2.9) are also used as alternatives to STARDYNE. The |
program is used to obtain the mode shapes, frequencies and
response of the internals to predescribed static and dynamic
loading. The structural components are modeled with beam and
plate elements. Ground support spring elements are used, at
times, to represent the effects of surrounding structures. The I

geometric and elastic properties of these elements are calculated :

such that they are dynamically equivalent to the original
structures. The response analysis is then conducted using both
modal response spectra and modal time history techniques. Both
methods are compatible with the program.

The program is also used to perform a static finite element
analysis of the lower support structure to determine its
structural stiffness.

MRI/STARDYNE is commercially available software and has had
[''N sufficient use to justify its applicability and validity.

(#) Extensive verification of the C-E version has been performed to
' supplement the public documentation.
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3.9.1.2.2.2 ANSYS

ANSYS is a general purpose nonlinear finite element program with
structural and heat transfer capabilities. It is described in
Reference 5. ANSYS is used to perform detailed stress analyses
of the fuel as sembly due to combined lateral and vertical dynamic

i

loads resulting from postulated seismic and loss-of-coolant- |
accident conditions. Static finite element analyses of reactor I

internal structures, such as flanges, expansion compensating ring I

and core shroud, are performed with ANSYS to determine vertical
and lateral stiffnesses and thermal stresses.

ANSYS is a proprietary code and commercially available. The
developers, Swanson Analysis Systems, Incorporated have published
an ANSYS verification manual with numerous examples of its usage.

3.9.1.2.2.3 ASHSD

The ASHSD program uses a finite element technique for the dynamic
analysis of complex axisymmetric structures subjected to any
arbitrary static or dynamic loading or base acceleration. The
three-dimensional axisymmetric continuum is represented as an
axisymmetric thin shell. The axisymmetric shell is discretized
as a series of frustums of cones.

Hamilton's variational principle is used to derive the equations
of motion for these discrete structures. This leads to a mass
matrix, stiffness matrix, and load vectors which are all
consistent with the assumed displacement field. To minimize
computer storage and execution time, the nondiagonal " consistent"
mass matrix is diagonalized by adding off-diagonal terms to the
appropriate diagonal terms. These equations of motion are solved
numerically in the time by a direct step-by-step integration
procedure.

The assumptions governing the axisymmetric thin shell finite
element representation of the structure are those consistent with
linear orthotropic thin elastic shell theory. Further
description is prcvided in Reference 6.

ASHSD is used to obtain the dynamic response of the core support ,

barrel under normal ;,perating conditions and due to a LOCA. An I

axisymmetric thin shell model of the structure is developed. The |
spatial Fourier series components of the time varying normal I
operating hydraulic pressure or LOCA loads are applied to the
modeled structure. The program yields the dynamic shell and beam
mode response of the structural system.

ASHSD has been verified by demonstration that its solutions are
substantially identical to those obtained by hand calculations or

i

from accepted experimental tests or analytical results. The |
details of these comparisons may be found in References 6 and 7. I

1

i
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3.9.1.2.2.4 CESHOCK

The computer program CESHOCK solves for the response of
structures which can be represented by lumped-mass and spring
systems and are subjected to a variety of arbitrary type
loadings. This is done by numerically solving the differential
equations of motion of an n degree of freedom system using theth

Runge-Kutta-Gill technique. The equations of motion can
represent an axially responding system or a latertily responding
system (i.e., an axial motion, or a coupled lateral and
rotational motion). The program is designed to handle a large
number of options for describing load environments and includes
such transient conditions as time-dependent forces and moments,
initial displacements and rotations, and initial velocities.
Options are also available for describing steady-state loads,
preloads, accelerations, gaps, nonlinear elements, hydrodynamic
mass, friction, and hysteresis.

The output from the code consists of minimum and maximum values
of translational and angular accelerations, forces, shears, and
moments for the problem time range. In addition, the above
quantities are presented for all printout times requested. Plots
can also be obtained for displacements, velocities and
accelerations as desired. Further description is provided ing) Reference 8.

:V
The CESHOCK program is used to obtain the transient response of
the reactor vessel internals and fuel assemblies due to LOCA and
seismic loads.

Lateral and vertical lumped-mass and spring models of the
internals are formulated. Various types of springs (linear,
compression only, tension only, or nonlinear springs) are used to
represent the structural components. Thus, judicious use of i

load-deflection characteristics enables effects of components
impacting to be predicted. Transient loading appropriate to the
horizontal and vertical directions is applied at mass points and
a dynamic response (displacements and internals forces) is
obtained.

CESHOCK has been verified by demonstration that its solutions are
substantially identical to those obtained by hand calculations or
from accepted analytical results via an independent computer
code. The details of these comparisons may be found in iReferences 7 and 8.

3.9.1.2.2.5 MODSK

MODSK is a C-E computer program which solves for the natural
(' frequencies and mode shapes of a structural system. The natural
( frequencies and mode shapes are extracted from the system of
b equations:
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(K-W* M) &n = 0o

where:

model stiffness matrixK =

model mass matrixM =

natural circular frequency for the n'h modeW =
n

thnormal mode shape matrix for the n mode$n =

i
The solution to the general eigenvalue problem is obtained using

| the dual Jacobi rotation method.

The MODSK code is used in the analyses of reactor internals to
obtain frequencies and mode shapes, and damping parameters. The
results of these analyses are incorporated into overall reactor
vessel internals models, which calculates dynamic response due to

, seismic and LOCA conditions.i

The MODSK program was developed by C-E. To demonstrate the
validity of the MODSK program, results from lateral and vertical
test problems were obtained and shown to be substantially
identical to those obtained from an equivalent analysis using the

| commercially available ANSYS program (Refer to Section
3.9.1.2.2.2).

| 3.9.1.2.2.6 SAPIV

The SAPIV computer code is a structural analysis program capable
of analyzing two and three-dimensional linear complex structures

|
subjected to any arbitrary static and dynamic loading or base

' acceleration. The analysis technique is based on the finite
element displacement method. The structure to be analyzed can be
represented using bars, beams, plates, membranes and three-
dimensional finite elements.

Structural stiffness and load vectors are assembled from the
| element matrices which are derived assuming various displacement
i functions within each element whereas lumped mass matrices are

used to represent inertia characteristics of the structure. In
the static analysis, the assembled equations of equilibrium are
solved by using a linear equation solver. Dynamic analysis
capabilities include modal analysis, modal superposition and
direct integration methods of computing dynamic response and
response spectrum techniques.

O
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SAPIV has been applied to the eigenvalue and response spectra
analyses of spent fuel storage racks and lifting rig structures.

'

The SAPIV code is used in the computation of dynamic response of
control element drive mechanisms under mechanical and seismic
loads.. Both modal analysis and response spectrum capabilities of
the code are used to find the natural frequencies and mode shapes
and the dynamic loads in CEDM components. ~ANSYS (3.9.1.2.2.2) is i

also used as an alternative to SAPIV.

SAPIV is commercially available software and has had sufficient
'

use to justify its applicability and validity. Extensive
verification of the C-E version has been performed to supplement
the public documentation.

3.9.1.2.2.7 CEFLASH-4B |
1

The CEFLASH-4B computer code (Reference 14) predicts the reactor
pressure vessel pressure and flow distribution .during the ;

subcooled and saturated portion of the blowdown period of _ a
Loss-of-Coolant-Accident (LOCA). The equations for conservation .

of mass, energy and momentum along with a representation of the !
equation of state are solved simultaneously in a node and flow i

path network representation of the primary reactor coolant
system.

CEFLASH-4B provides transient pressures, flow rates and densities
throughout the primary system following a postulated pipe break
in the reactor coolant system.

The CEFLASH-4B computer code is a modified version of the
CEFLASH-4A code (References 15 through 17). The CEFLASH-4A
computer code has been approved by the NRC (References 18 and
19). The capability of CEFLASH-4B to predict experimental
blowdown data is presented in Reference 14.

3.9.1.2.2.8 LOAD |

LOAD calculates the applied forces of the axial internals model
which is contained within water control volumes using results
from the CEFLASH-4B blowdown loads analysis as input. The fluid
momentum equation is applied to each volume and a resultant force
is calculated. Each force is then apportioned to the various
structural nodes contained within the volume. Use of the fluid
momentum equation takes into account pressure forces, fluid
friction, water weight, and momentum changes within each volume.
The resultant forces are combined with the reactor vessel motions
obtained from the reactor coolant system analysis before the
structural responses are determined. The LOAD code has been
verified by demonstrating that its solutions are substantially
identical to those obtained from hand calculations.
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| 3.9.1.2.2.9 COSMOS

COSMOS is a general purpose program, commercially available,

| which can be used to perform finite element, dynamic, eigenvalue,
'

response spectra, random vibration, and other structural
evaluations. The program has advanced features which include
complex geometry mesh generation, color graphics and
postprocessing. COSMOS can solve problems using models with up
to 5000 nodes and 8000 degrees of freedom. It has a library of
60 element types which can be represented with linear, isotropic,
orthotropic, non-linear and composite material.

Some of the non-linear capabilities include non-linear buckling,
large strains, stress stiffening, kinematic hardening, gaps and

,

| friction.
!

Some of the postprocessing features include node and element
plots, color stress contour plots, various view capabilities,
zoom features, shade and animation.

The COSMOS program can also communicate with ANSYS (Section
3.9.1.2.2.2).

3.9.1.3 Experimental Stress Analyses

When experimental stress analysis is used, it is performed in
accordance with Appendix II of ASME Boiler and Pressure Vessel

|
! Code, Section III, Division I.

3.9.1.4 Considerations for the Evaluation of the Faulted
Condition o

3.9.1.4.1 Seismic Category I RCS Items

The major components of the reactor coolant system (RCS) are
designed to withstand the forces associated with the design basis
pipe breaks discussed in Section 3.6, in combination with the
forces associated with the Safe Shutdown Earthquake and normal
operating conditions. For structural evaluation, the design
basis pipe breaks are those breaks for which leak-before-break
cannot be demonstrated. Since the dynamic effects of breaks in
piping systems listed in Section 3.6.2.2.1 are eliminated by
leak-before-break, the pipe break loads analysis procedure
considers only those branch line pipe breaks not eliminated by
leak-before-break.

See Section 3.9.3 for discussion of loading combinations.

Analyses are performed to generate component loads and motions
due to the forces associated with branch line pipe breaks. The
analyses account for the reactor vessel and supports, major
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connected piping and components and the reactor internals. The
results of the analyses include loads on major component supports
and RCS piping loads.

The analyses performed for branch line breaks use the MDC STRUDL
(Section 3.9.1.2.1.1) or ANSYS (Section 3.9.1.2.1.13) code. |

The resultant component and support reactions are specified, in
combination with the appropriate normal operating and seismic I

reactions, for design verification by the methods discussed below
and in Section 3.9.3.

The system or subsystem analysis used to establish, or confirm,
loads which are specified for the design of components and
supports is performed on an elastic basis.

When an elastic system analysis . is employed to establish the
loads which act on components and supports, elastic stress
analysis methods are also used in the design calculations to
evaluate the effects of the loads on the components and supports.
In particular, inelastic methods such as plastic instability and
limit analysis methods, as defined in Section III of the ASME
Code, are not used in conjunction with an elastic system
analysis. The RCS and its supports, which are analyzed using
elastic methods, are shown in diagram form in Figure 3.9-1.

Inelastic methods of analysis are used in cases where it is
deemed desirable and appropriate to permit significant local
inelastic response. In these cases, if any, the system or
subsystem analysis performed to establish the loads which act on
components and component supports are modified to include the
inelastic strain compatibility in the local regions of the
components and component supports at which significant local
inelastic response is permitted.

,

Inelastic methods defined in Section III of the ASME Code as
plastic instability or limit analysis methods are not used.

3.9.1.4.1.1 Reactor Internals and CEDMs

See Sections 3.7.3.14 and 3.9.2.5.
3.9.1.4.1.2 Non-Code Items

The components not covered by the ASME Code but which are related
to plant safety include:

A. Reactor Internal Structures (Class IS).
B. Fuel.

e# C. Control element drive mechanisms (CEDMs).
D. Control element assemblies (CEAs).
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Each of these components is designed in accordance with specific
criteria to ensure their operability as it relates to safety.
The fuel assembly and control element assembly design is
discussed in Section 4.2. The non-code components of the control
element drive mechanisms (CEDMs) are proven by testing as
described in Section 3.9.4.4.

3.9.1.4.2 Seismic Category I Non-NSSS Items

The analytical method for evaluating the faulted condition uses
a linear elastic model as described in Section 3.7.3. The ASME
Section III allowable stress limits will be met for faulted
loads, including the safe shutdown earthquake and system !

transient loads described in Section 3.9.1. Pipe rupture
restraint energy absorbing members are an exception to the use of
linear elastic models. The methods for the dynamic analysis of
pipe whip are given in Section 3.6.2.2.2.2. For allowable
stresses and design criteria, see Sections 3.6.2.3.2.4 and |

3.6.2.3.2.5, respectively.

3.9.2 DYNAMIC SYSTEM ANALYSIS AND TESTING

3.9.2.1 Piping Vibrations, Thermal Expansion, and Dynamic
Effects

safety-related piping systems are designed in accordance with the
ASME B&PV Code, Section III. The preoperational test program

| will be conducted in accordance with ASME OM-S/G Part 3 Standard
and Part 7 Guide and is applicable to the following systems:

A. All ASME Code Class 1, 2, and 3 systems.

B. Other high-energy piping systems inside Seismic Category I
Structures.

C. High-energy portions of systems whose failure could reduce
the functioning of any Seismic Category I plant feature to
an unacceptable safety level.

D. Seismic Category I portions of moderate-energy piping
systems located outside containment.

The supports and restraints necessary for operation during the
. life of the plant are considered to be parts of the piping
| system. The preoperational tests confirm that these piping
! systems, restraints, components, and supports have been

adequately designed to withstand flow-induced dynamic loadings'

under the steady-state and operational transient conditions
' anticipated during service, to confirm that normal thermal motion

is not restrained, and to demonstrate that piping vibrations are
within acceptable levels.

3.9.2.1.1 Steady-State Vibration

Essential systems and systems with the potential to experience
significant vibration are monitored for steady-state vibration.
The piping is monitored during normal operating and test modes
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along with operating modes expected to result in the most severe )
vibration. The piping is visually inspected and vibration l

movements will be taken using portable instrumentation at j
locations where the vibration is judged to be the most severe. J

When necessary, the piping will be instrumented and monitored
remotely.

The measured piping displacements are compared with allowable
displacement limits that are based on the allowable stress
amplitudes, S S is calculated in accordance with ANSI /ASMEgt. gt

,

OM-S/G Part 3 Standard.|

2Set is limited to
a

60.8 times the alternating stress (Sa) at 10Where: Sa =

cycles from Figure I-9.1 or at 10" cycles from
Fig. I-9.2.2 of the ASME section III Code.

a = allowable stress reduction factor:
1.3 for materials covered by Fig. I-9.1; or
1.0 for material covered by Fig. I-9.2.1 or
I-9.2.2 of the ASME Section III Code.

The stress reduction factor ensures that the allowable stress
amplitude s is based on an allowable Section III CodeetO alternating stress intensity at a number of cycles consistent
with a 60 year design life. Adequate design margin is ensured by'

employing 80% of the minimum allowable Section III Code
alternating stress.

If the measured piping displacements exceed allowable limits, one
or more of the following actions are taken so that the vibration
can be qualified.

A. Analyses are performed to show that the measured
displacements are acceptable.

B. Additional testing is performed to show that the peak
stresses due to the vibration are acceptable. |

|

C. The source of the excessive vibrations is eliminated. I

D. The pipe supporting arrangement is modified to reduce the |
vibration to acceptable levels.

3.9.2.1.2 Transient Vibration

Vibration monitoring is performed for systems expected to
experience significant transients. The piping is instrumented to
measure the system response during the transient events.

The measured response is compared with analytically predicted
values from the piping stress report. If the predicted values
are exceeded, the measured response is shown to be acceptable by

pI additional analyses or testing; or the source of the transient is
eliminated or modified to reduce the transient loadings orgA) modifications to the pipe supporting arrangement will be made to
reduce the system response to acceptable levels.
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3.9.2.1.3 Thermal Expansion

Safety-related systems that are expected to experience
significant thermal movements are monitored for thermal

i expansion. A preheatup walkdown is performed so that locations
of potential thermal interferences can be identified and
appropriate corrective action taken prior to heatup. One

,

complete thermal cycle, i.e., cold position to hot position to'

cold position, is monitored. The piping and components are
visually inspected and piping displacements are monitored at
predetermined locations. The measurement locations are based on
the locations of snubbers, hangers, and expected large

| displacements. When necessary, the piping is instrumented and
| monitored remotely.

Acceptable limits of pipe displacement, based on analytically
predicted movements from the piping stress reports, are
determined prior to testing. The measured displacements are

| compared to the acceptance limits to determine whether the piping
| systems are free to expand as expected. If the measured
'

displacements are not within the acceptance limits, then analyses
are performed or corrective action is taken, as appropriate, to
ensure that pipe stress and support and equipment allowables are
not exceeded.

3.9.2.2 . Seismic Qualification of Mechanical Ecruipment

This section describes the seismic qualification methods and
,

' procedures for NSSS and non-NSSS mechanical equipment which is
safety related (Seismic Category I) or non-safety related
mechanical equipment whose failure can prevent the satisfactory
accomplishment of safety function (Seismic Category II). The
procedures described herein are consistent with U.S. Nuclear
Regulatory Guide 1.100, Rev. 02. Mechanical equipment which is
designed to ASME Code requirements satisfy the procedures of RG
1.100.

3.9.2.2.1 Nuclear Steam Supply System I

The operability of all active and passive safety-related
mechanical equipment (Seismic Category I) related to the NSSS is
demonstrated by analysis and/or testing. The structural
integrity of non-safety related mechanical equipment (seismic
Category II) is demonstrated by analysis and/or testing. The
methods and procedures used and the results of tests and analyses
that confirm implementation of the design criteria for
safety-related mechanical equipment, including supports, are
provided in Section 3.9.3, 3.9.4 and 3.9.5.

3.9.2.2.2 Non-NSSB Items

The following dynamic analysis and testing procedures are used
for Seismic Category I and II mechanical equipment and equipment
supports.
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O .9.2.2.2.13 Seismic Testing and Analysis

The ability of Seismic Category I equipment to perform its
functions during and after an earthquake is demonstrated by tests
and/or analysis. Loadings due to plant normal operation, seismic
and non-seismic vibrations shall be considered. Prior to SSE
qualification, it is demonstrated that the equipment can
withstand the 1/2 SSE excitation without loss of function.
Damping values for equipment being qualified are taken from
Regulatory Guide 1.61 and IEEE Std. 344-1987 or from other
documented test data. The selection of testing and/or analysis
for a particular piece of equipment is based on practical
considerations. When practical, the Seismic Category I
operations are activated and tested during the vibratory testing.
When this is not practical, these operations are simulated by a
combination of tests and analysis.

The structural integrity of Seismic Category II mechanical
equipment is damonstrated during and after an earthquake by
analysis and/or tests. Loadings due to plant normal operation,
seismic and non-seismic vibrations shall be considered. Prior to
SSE qualification, it is demonstrated that the equipment can
withstand the 1/2 SSE excitation without loss of structural
integrity.

, Dynamic coupling between the equipment and related systems is
'

! - considered.. Damping values for equipment being qualified are
taken from Regulatory Guide 1.61 and IEEE Std. 344-1987 or frcm

) other documented test data.

3.9.2.2.2.2 Seismic Analysis

Seismic Category I equipment that is large, simple (e.g., panels,
pumps and valves) , and/or consumes large amounts of power and
whose functional operability is assured by its structural
integrity is qualified by an analysis to show that the loads,
stresses, and deflections are less than the values which give

j assurance of proper operation. Analysis is also used to show
'

that there are no natural frequencies below the frequency range
of a test facility.

3.9.2.2.2.3 Basis for Test Input Motion

When equipment is qualified by test, the response spectrum or the
time history at the point of attachment to the supporting
structure is the basis for determining the test input motion.
3.9.2.2.2.4 Random Vibration Input

When random vibration input is used, the actual input motion
envelopes the appropriate floor input motion at the individual
modes. However, single frequency input, such as sine beats, is
used provided one of the following conditions are met:s

A. The characteristics of the required input motion aredominated by one frequency.

!
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B. The anticipated response of the equipment is adequately
represented by one mode.

C. The input has sufficient intensity and duration to excite
all modes to the required magnitude, such that the testing
response spectra will envelope the corresponding response
spectra of the individual modes.

3.9.2.2.2.5 Input Motion

The input motion is applied to the vertical and one horizontal
axis simultaneously. However, if the equipment response along

,
' the vertical direction is not sensitive to the vibratory motion

along the horizontal direction, and vice versa, then the input
motion is applied to one direction at a time. In case of single
frequency input, the time phasing of the inputs in the vertical
and horizontal directions is such that a purely rectilinear
resultant input is avoided.

3.9.2.2.2.6 Fixture Design

The fixture design simulates the actual service mounting and
causes no extraneous dynamic coupling to the equipment.

3.9.2.2.2.7 Equipment Testing

Equipment testing is on the prototype basis. Similarity between
the equipment being tested and the installed equipment is
assured. This is usually done by the vendor who supplies the
equipment.

3.9.2.3 Dynamic System Analysis Methods for Reactor
Vessel Core Support and Internal Structures

3.9.2.3.1 Introduction

The flow-induced vibration of the reactor internals components
during normal operation can be characterized as a forced response
to both deterministic (periodic and transient) and random
pressure fluctuations in the coolant. Methods have been
developed to predict the various components of the hydraulic
forcing function and the response of the reactor internals to
such excitation.

This analytical methodology is summarized in Figure 3.9-2. The
method separates the response calculations into two groups in
accordance with the physical nature of the loading i.e.,

deterministic or random. Methods for developing the
deterministic component of the hydraulic forcing function are
discussed in Section 3.9.2.3.2, while those relating to the
random component are discussed in Section 3.9.2.3.3. Where
complex flow path configurations or wide variations in pressure
distribution are involved, the hydraulic forcing functions are
formulated using a test-analysis combination method utilizing
data obtained from plant tests and/or scaled model tests.
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The response of the reactor vessel core support and internal )
structures (to include Core Support Barrel Assembly, Upper Guide 1

Structure Assembly and Lower Support Structure Assembly) to the j
normal operating hydraulic loads are calculated by finite element
techniques. The mathematical models used in these response
analyses are described in Section 3.9.2.3.4. The methods used in
calculating the structural responses are discussed in Section
3.9.2.3.5.

|

| 3.9.2.3.2 Periodic Forcing Function

3.9.2.3.2.1 Core Support Barrel Assembly

An analysis based on an idealized hydrodynamic model is employed
to obtain the relationship between reactor co:lant pump
pulsations in the inlet ducts and the periodic pressure
fluctuations on the core support barrel. A detailed description

,

of this model and subsequent solution are given in References 21
! through 27. The model represents the annulus of coolant between
| the core support barrel and the reactor vessel. In deriving the

governing hydrodynamic differential equation for the above model,
the fluid is taken to be compressible and inviscid. Linearized
versions of the equations of motion and continuity are used. The

,

excitation on the hydraulic model is harmonic with the i

frequencies of excitation corresponding to pump rotational speeds
and blade passing frequencies. The result of the hydraulic

O analysis is a system of equations which define the forced
response, natural frequencies and natural modes of the
hydrodynamic model. The forced response equations define the
spatial distributions of pressure on the core support barrel
system as a function of time.

3.9.2.3.2.2 Upper Guide Structure

The dynamic force on the upper guide structure assembly is due to
flow induced forces on the tube bank. The periodic components of
these forces are caused by pressure pulsations at harmonics of
the pump rotor and blade passing frequencies, and vortex shedding
due to crossflow over the tubes.

A series of tests on full size tubes at reactor pressure and
temperature indicated no evidence of periodic vortex shedding at
the Reynolds Number and turbulence levels expected in the tube
bank (Reference 28). Thus, the only significant periodic force
is that due to pump pulsations. Data from this same test series
was utilized to determine the magnitude of these pulsations at
the pump rotor, twice the rotor, blade passing, and twice blade
passing frequencies.

3.9.2.3.2.3 Lower Support Structure Assembly

The ICI nozzles and the skewed beam supports for the ICI support
plate are excited by periodic and/or random, flow induced forces.

The periodic component of this loading is due to pump relatedg
pressure fluctuations and vortex shedding due to crossflow. High
turbulence intensity caused by jetting through the flow skirt

3.9-27
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' makes it unlikely that regular vortex shedding will occur
(References 29 and 30). If it were assumed to occur, the maximum

# shedding frequency would be well below the lowest structural
frequency for both the ICI support nozzles and skewed beams. Thei

'

magnitude and frequency of this periodic force are accounted for
based on data in the literature for crossflow over both vertical
(References 31 and 32) and skewed (Reference 33) isolated tubes.
Derivation of pump frequency related loads is accomplished by
assuming that these periodic pressure variations are propagated
undiminished through the flow skirt from the lower portion of the
core barrel - reactor vessel annulus. The magnitude of these
pulsations is based on a combination of analytical predictions,

| based on Reference 21, and data from previous precritical
programs (References 23 and 24).,

3.9.2.3.3 Random Forcing Function

3.9.2.3.3.1 Core Support Barrel Assembly

The random hydraulic forcing function is developed by analytical
and experimental methods. An analytical expression is developed
to define the turbulent pressure fluctuation for fully developed
flow (Reference 34). This expression is modified, based upon the
result of scale model testing (References 35 and 36), to account
for the fact that flow in the downcomer is not fully developed.
Based upon tests results, an expression is developed to define
the spatial dependency of the turbulent pressure fluctuations.
In addition, experimentally adjusted analytical expressions are
developed to define the peak value of the pressure spectral
density associated with the turbulence and the maximum area of
coherence, in terms of the boundary layer displacement, across
which the random pressure fluctuations are in phase (References
25, 26 and 27). The transient behavior of the random
fluctuations during loop startup and shutdown is assumed to be
identical to that of the periodic excitations.

3.9.2.3.3.2 Upper Guide Structure

Results of the full size tube tests (Reference 28) showed that at'

normal operating conditions the shroud tubes are excited by
upstream and wake produced turbulent buffeting (References 28, 37
and 38). The forcing function for this type of loading can be
represented as a band limited white noise power spectrum
(Reference 28). The magnitude of this spectrum is computed based
on data from these tests. The resultant velocity dependent force
is combined with static drag loads to compute the amplitude
response and stress levels.

3.9.2.3.3.3 Lower Support Structure Assembly

The ICI nozzles and ICI support plate support beams are both
subject to turbulent buffeting by the flow skirt jets. The
outermost ICI nozzles and beams receive full impact of the jets
before the jets decay due to fluid entrainment and the presence
of inner tube rows. The force spectrum of these jets is assumed
to be represented as wide band white noise. The magnitude of
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this spectrum is based on data in the literature for impingement
of turbulent jets (Reference 39 and 40) . This velocity dependent
magnitude is applied to each tube, assuming no change in jet
characteristics, between the outermost and inner tubes. The
approach velocity for each tube is calculated from an analytical
expression based on experimental data on the velocity
distribution in the lower portion of the reactor vessel-core
barrel annulus and the flow skirt.
3.9.2.3.4 Mathematical Models

A finite element analysis is performed on each of the reactor
internals components using mathematical models. These models aredesigned to provide the most efficient analysis under the most
significant loading condition to which each structure is exposed.
The core support barrel assembly is modeled as a shell using the
ASHSD computer code (Reference 6) (Figure 3.9-3). The structureis fixed at the upper flange to determine the beam modes and
frequencies. The shell modes and frequencies are found by
considering the upper flange fixed and the lower flange pinned.
These analyses include hydrodynamic mass effects. Allsignificant mode shapes and frequencies are used in combination
to perform the normal operating deterministic response analysis.
A simplified finite element model of the barrel assembly is
generated on the STARDYNE computer code (Reference 4), ANSYS
(Reference 5), or COSMOS (Section 3.9.1.2.2.9) for use in the |p) random response analysis.(
The control element shroud tubes in the upper guide structure
assembly are modeled as beams supported at the ends by plateelements. The end plates are in turn supported by spring
elements which represent the stiffness of addition;l surrounding
structure. A typical model of this configuration is shown in
Figure 3.9-4. The STARDYNE computer code (Reference 4), ANSYS
(Reference 5), or COSMOS is employed to allow the same models to
be utilized for modal analysis as well as deterministic and
random response analysis.

The lower support structure assembly is modeled in several ways.
Beam and plate elements are assembled in a comparatively coarse
mesh to model the entire Instrument Nozzle Assembly (Figure
3.9-5). This representation of the structure is used on the
STARDYNE computer code (Reference 4), ANSYS (Reference 5), or
COSMOS to determine the modes, frequencies and response actions
of the assembly as a system.

The reaction points in this model are taken at the bottom platelevel of the LSS Assembly. Typical ICI nozzles (Figure 3.9-6)
and Skewed Beams (Figure 3.9-7) are modeled as fine mesh beam,

elements reacted at the support points by spring elementsrepresenting the surrounding structure flexibility. Thesecomponent models are used on the STARDYNE computer codep (Reference 4), ANSYS (Reference 5), or COSMOS to provide the
( individual structural modes, frequencies and responses within the
s system. The results of both individual and system analysis are

combined to provide the total response.
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3.9.2.3.5 Response Analysis

3.9.2.3.5.1 Deterministic Response

The normal mode method (Reference 41) is used to obtain the |

! structural response of the reactor internals to the deterministic j
forcing functions developed in Section 3.9.2.3.2. The method is |

applied to the appropriate finite element models described in |
ISection 3.9.2.3.4. Generalized masses based on mode shapes and

| the mass matrices from the finite element computer programs are
| calculated for each component's modes of vibration. Modal force
| participation factors are based on the mode shapes and the
i predicted periodic forcing functions are calculated for each mode

and forcing function. The generalized coordinate response for
each mode is then obtained through solution of the corresponding

| set of independent second order single-degree of freedom
equations. Utilizing displacement and stress mode shapes from!

the finite element computer programs, the modal responses of the
reactor internals are obtained by means of the appropriate
coordinate transformations. Response to any specific forcing
function is obtained through summation of the component modes for
that forcing function.

;

3.9.2.3.5.2 Random Response'

;

( The normal mode method (Reference 41) is used to obtain the
| structural response of the reactor internals subjected to random

forcing functions. The random forcing functions are assumed to'

be of both the band limited and wide band white noise varieties
as described in Section 3.9.2.3.3. Experimental and analytical
expressions are used to define the force power spectral density
associated with flow related turbulence and jet impact. The
appropriate mathematical models described in Section 3.9.2.3.4

| are used in the STARDYNE computer code (Reference 4), ANSYS
(Reference 5), or COSMOS. These codes compute the response RMS
displacements, loads and stresses in a multi-degree-of-freedom
linear elastic structural model subjected to stationary random
dynamic loadings, such as those described in Section 3.9.2.3.3.

A value of 3 x RMS is used for considering peak responses to
random loading. These peak values are then combined with results
from other analyses (e.g., deterministic, thermal, etc.) and
utilized in design verification analyses. The use of the value
3 x RMS is common design practice based upon the assumptions of
Random Gaussian loading of structures made of ductile materials,
as discussed in References 46 and 47.

O
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O The largest response of the Core Support Barrel is expected to be
in the " beam" mode. The simplified finite element model of this
structure, described in Section 3.9.2.3.4, is used to compute
these displacements.

The Upper Guide Structure and Lower Support Structure do not
respond to random excitation as complete assemblies but rather
experience local disturbances of individual components within the
assemblies. The modal analyses from the finite element models of
these components, (Figures 3.9-4, 3.9-5 and 3.9-7) already used
for deterministic analysis, are once again utilized to determine
the random responses via the normal mode procedure.

3.9.2.4 Comprehensive Vibration Assessment Procram (CVAP)

In accordance with Regulatory Guide 1.20 (Reference 43), a CVAP |
is developed for System 80+. System 80+ is designated as
non-prototype Category I, per Regulatory Guide 1.20, with Palo
Verde Unit 1, a Combustion Engineering System 80 Reactor as the
valid prototype (Reference 44). Palo Verde Unit 1 and System 80+ |
design are substantially the same with regard to arrangement
design, size and operating conditions.

A comparison of the Design Arrangement is provided in Table
3.9-17. The Reactor Vessel Intervals Nominal Dimensional

v comparison is shown in Table 3.9-18.

The CVAP for System 80+ design consists of an Analysis and
Inspection Program. The Analysis Program consists of dynamic I

analyses which will be documented in an ASME Design Stress
.

Report. In addition, flow loads and structural responses for )
System 80+ are compared with System 80 to confirm System 80+ '

design is a non-prototype Category 1 reactors.

The Inspection Program consists of a pre-hot functional and a
post-hot functional inspection of the reactor internals. The
duration of the hot functional testing are established to insure
that 10E+6 cycles of vibration will have occurred before the
post-hot functional inspection. A detailed inspection of major I

load bearing surfaces, contact surfaces, welds, and maximum
stress locations identified in the Analysis Program are i

performed. Photographic documentation is taken of all J

observations made during the pre- and post-hot functional )
inspections. A comparison is made of the structures to verify ]
that no loss in structural integrity due to flow induced j
vibration has occurred. |

|

"

The Analysis Program and Inspection Program together confirm the
adequacy of the analysis prediction techniques and the structural

- integrity of System 80+ design according to the guidance of
Regulatory Guide 1.20.

l
|

'
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3.9.2.5 Dynamic System Analysis of the Reactor and CEDMs
Under Faulted Conditions

Dynamic analyses are performed to determine blowdown loads and
structural responses of the reactor core support, internals
structures and fuel to postulated pipe break and SSE loadings and
to verify the adequacy of their design.

Because of Leak-Before-Break arguments, all main RCS loop pipe
breaks and all major primary branch line pipe breaks have been
eliminated from consideration of dynamic effects. Internal
blowdown loads due to breaks in small primary side pipes (6 inch
diameter and less are considered in the design of the reactor
internals. The loads due to these small pipe breaks are combined
with the SSE loads by the SRSS method, and are found to represent
less than a 10% increase in the SSE loads. Stress intensities
for faulted conditions are governed by reactor vessel response
motions from SSE and major secondary side branch line pipe
breaks. Dynamic analyses are performed to determine the
structural response of the Class CS and internal structures to
assure that the criteria of Table 3.9-14 is achieved for the
appropriate combination of pipe break and SSE loads.

3.9.3 ASME CODE CLASS 1, 2 AND 3 COMPONENTS, COMPONENT
SUPPORTS AND CLASS CS CORE SUPPORT STRUCTURES

ASME B&PV Code Section III Class 1, 2 and 3 Piping and Components
are designed and constructed in accordance with Section III of
the ASME Boiler and Pressure Vessel Code and Code Case (s).

In accordance with ASME Code, a specification is provided for
piping supports which defines the jurisdictional boundary for the
NF portion of the piping support.

For equipment component supports, such as those for pumps and
vessels, the supports are generally furnished by the manufacturer
along with the equipment. The supports are designed and
classified and meet ASME Code Section III, Subsection NF.

Welding activities shall be performed in accordance with the
requirements of Section III of the ASME Code. Component supports
shall be fabricated in accordance with the requirements of

| Subsection NF of Section III of the ASME Code. Welding
activities for A500 Grade B tube steel shall be performed in
accordance with the requirements of AWS D1.1, " Structural Welding
Code," (Reference 52). Visual weld acceptance criteria shall be
per the Nuclear Construction Issue Group (NCIG) standard NCIG-01
(Reference 51).

O
Amendment V
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Diesel Generator Fuel Oil Booster Pump (active) Code Class 3
Diesel Generator Cooling Water Circulation Pump (active)

Code Class 3
Diesel Generator Cooling Water Keep Warm Pump (active) Code

Class 3
Diesel Generator Starting Air System Air Compressors

(active) Code Class 3
Diesel Generator Lube Oil Transfer Pumps (active) Code

Class 3
Diesel Generator Prelube Oil Pump (active) Code Class 3
Reactor Building Subsphere Sump Pumps (active) Code Class 3
Diesel Generator Building Sump Pumps (active) Code Class 3
Spent Fuel Pool Cooling System Pumps (active) Code Class 3
Emergency Feedwater Pumps (active) Code Class 3

The design rules and associated design stress limits applied in
the design of ASME Code Class 2 and 3 pumps are in accordance
with the ASME Code, Section III, Subsections NC and ND ,
respectively. The results are as described herein.
Stress limits for active pumps are shown in Table 3.9-7 andstress limits for non-active pumps are shown in Table 3.9-6.Loading combinations are in accordance with Table 3.9-2.'

,,

( ) Pump assemblies, including supports, support attachment welds,(,,/ and bolts, are capable of withstanding specified horizontal and
vertical seismic accelerations. The seismic accelerations areapplied separately at the center of gravity acting in each of two
orthogonal horizontal directions and either vertical direction.
The stresses or reaction loads at a given point, due to the three
separate analyses, are combined by the SRSS method to define a
total seismic design condition. The design allowable nozzle
forces and moments act in directions that yield tha highest
stress when combined with the seismic loads, as determ. ed above,
and other concurrent loads.

The stress criteria of the ASME Code, Section III are applied in
the design of component supports to the same Code Class as the
pressure boundary involved within the jurisdictional boundaries
defined in the code for the loading conditions defined above.
Those steel support structures which are considered to be an
extension of the building structure, but supplied with the pump
assembly (i.e., bedplates), are designed to the stress criteria
of the AISC Manual of Steel Construction.

In addition, the Safeguard Pump assemblies are required to be
capable of withstanding the design thermal transients of Section
3.9.1.

,7,

k )v

Amendment I
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O3.9.3.1.4 Piping and Piping Supports i

Piping systems classified as ASME Code Section III Class 1, 2 or
3 are designed to maintain dimensional stability and functional .

integrity under design loadings expected to be experienced during I

a 60-year design life. The COL applicant will reconcile the as-
built piping with the as-designed piping configurations.

The COL applicant will perform an as-built inspection of the pipe
routing, location and orientation, the location, size, clearances
and orientation of piping supports, and the location and weight
of pipe mounted equipment. The inspection will be performed by
reviewing the as-built drawings containing verification stamps,
and by performing a visual inspection of the installed piping
system. The piping configuration and component location, size,
and orientation shall be within the tolerances specified in the
certified as-built piping stress report. The tolerances to be
used for reconciliation of the as-built piping system with the
as-designed piping system are provided in Reference 53. A
reconciliation analysis using the as-built and as-designed
information shall be performed. The certified as-built stress
report shall document the results of the as-built reconciliation
analysis.

3.9.3.1.4.1 ASME Code Class 1

A. Piping

For ASME Code Class 1 piping, the combinations of design
loadings are categorized with respect to service levels,
identified as Level A, Level B, Level C, or Level D, as
shown in Table 3. 9-10. The design stress limits for each of
the loading combinations are found in ASME B&PV Code,
Section III, NB-3600.

B. Piping Supports

For pipe supports, the design loading combinations are
presented in Tables 3.8-5 and 3.9-12. Pipe support members
are designed to meet the requirements defined by ASME Code,
Section III, Subsection NF. See Appendix 3.9A, Section
1.7.4, for a further discussion.

3.9.3.1.4.2 ASME Code Class 2 and 3

A. Piping

For ASME Code Class 2 and 3 piping the combinations of
design and service loadings are categorized with respect to
system service levels identified as Design, Level A, B, C
and D as shown in Tables 3.9-11. The design stress limits
for each of the loading combinations are found in ASME B&PV
Code, Section III, NC/ND-3600.

B. Piping Supports

For pipe supports, the design and service loading
combinations are presented in Tables 3.9-12. Pipe support
members are designed to meet the requirements defined by
ASME Code, Section III, Subsection NF. See Appendix 3.9A,
Section 1.7.4, for a further discussion.

Amendment V
3.9-38 April 29, 1994
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Due to the simple characteristics of check valves and other
compact valves, they are qualified by the following tests and
analysis:

A. Stress analysis of the attached piping for SSE loads.

B. In-shop hydrostatic test.

C. In-shop seat leakage test.
t

D. Periodic valve er:ercise and inspection to assure the
functional ability of the valve.

Using the methods described, safety-related active valves in the
system are qualified for operability during-a seismic event.

3.9.3.3 Design and Installation Details for Mountinc of
Pressure Relief Devices

Safety valves and relief valves are analyzed in accordance with
the ASME Section III Code. i

The method of analysis for safety valves and relief valves !
suitably accounts for the time-history of loads acting l

O milliseconds) .
immediately following a valve opening (i.e., first few

The fluid-induced forcing functions are
calculated for each safety valve and relief valve using
one-dimensional equations for the conservation of mass, momentum,
and energy. The calculated forcing functions are applied at
locations along the associated piping where a change in fluid I

,

flow direction occurs. Application of these forcing functions to
the associated piping model constitutes the dynamic time-history
analysis. The dynamic response of the piping system ic
determined from the input forcing functions. Therefore, a

| dynamic amplification factor is inherently accounted for in the
| analysis. Alternately, an equivalent static analysis may be used
i following the criteria of Appendix 0 of the ASME Code Section III

as supplemented by the additional criteria of SRP3.9.3, Section
II.2.

Snubbers or strut-type restraints are used a s. required. The
stresses resulting from the loads produced by the sudden opening
of a relief or safety valve are combined with stresses due to
other pertinent loads and are shown to be within allowable limits
of the ASME Section III Code. Also, the analyses show that the
loads applied to the nozzles of the safety and relief valves do
not exceed the maximum loads specified by the manufacturer.
Jurisdictional boundaries between ASME Section III Class 1, 2 and
3 component supports and the building structure are established

I in accordance with ASME Section III, Subsection NF.
v

Amendment N
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f3.9.3.4 Component Supports

Jurisdictional boundaries between ASME Section III Class 1, 2 and
3 component supports and the building structure are established
in accordance with ASME Section III, Subsection NF.

ASME B&PV Code Section III Class 1, 2 and 3 component supports
are designed and constructed in accordance with Section III of
the ASME B&PV Code and Code Case (s).

Seismic Category I component supports are designed to meet the
requirements of Subsection NF , Section III of the ASME Code.
Welding fabrication and installation, nondestructive examination
(NDE) and acceptance standards shall be in accordance with
Subsection NF, Section III of the ASME Code. In addition, visual
weld acceptance criteria shall be per the Nuclear Construction
Issue Group (NCIG) standard NCIG-01 (Reference 51).

Radiographic examinations will be accepted by the COL applicant's
nondestructive examination (NDE) Level III examiner prior to
final acceptance.

Confirmation that facility welding activities are in compliance
with the certified design commitments shall include verifications
of the following by individuals other than those who performed
the activity:

1. Facility welding specifications and procedures meet the
applicable ASME Code requirements.

2. Facility welding activities are performed in accordance with
the applicable ASME Code requirements.

l
I 3. Welding activities related records are prepared, evaluated

and maintained in accordance with the ASME requirements.

4. Welding processes used to weld dissimilar base metal and
welding filler metal combinations are compatible for the
intended applications.

5. The facility has established procedures for qualifications
of welders and welding operators in accordance with the
applicable ASME Code requirements.

6. Approved procedures are available and are used for pre-
| heating and post-heating of welds, and those procedures meet
'

the applicable requirements of the ASME Code.

7. Completed wolds are examined in accordance with the
applicable examination method required by the ASME Code.

Amendment V
3.9-52 April 29, 1994
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Supports for ASME Section III Code Class 1, 2 and 3 components
are specified for design in accordance with the loads and loading
combinations discussed in Section 3.9.3.1 and presented in
Table 3.9-2.

Component support building structures are designed to meet the
criteria in Appendix 3.8A.

Component supports which are loaded during normal operation,
seismic and following a pipe break (branch line breaks not
eliminated by leak-before-break) are specified for design for
loading combinations (A) through (D) of Section 3.9.3.1. Design
stress limits applied in evaluating loading combinations (A),
(B), and (C) of Section 3.9.3.1 are consistent with the ASME
Code, Section III. The design stress limits applied in
evaluating loading combination (D) of Section 3.9.3.1 are in
accordance with the ASME B&PV Code, Section III. Loads in
compression members are limited to 2/3 of the critical buckling
load.

Concrete expansion anchors meet the requirements of ACI-349,
" Code Requirements for Nuclear Safety Related Concrete
Structures" and IE Bulletin 79-02, Rev. 02, " Pipe Support Base
Plate Design Using Concrete Expansion Anchor Bolts", November 8,g

) 1979, with the provisions identified in Section 3.8.4.5 andV further discussed in Appendix 3.9A.

See Appendix 3.9A, Section 1.7.4, for a discussion of concreteexpansion anchors.

Where required, snubber supports are used as shock arrestors for
safety-related systems and components. Snubbers are used as
structural supports during a dynamic event such as an earthquake
or a pipe break, but during normal operation act as passive
devices which accommodate normal expansions and contractions of
the systems without resistance. For System 80+, snubbers are
minimized, to the extent practical, through the use of design
optimization procedures.

Assurance of snubber operability is provided by incorporatinganalytical, design, installation, in-service, and verification
criteria. The elements of snubber operability assurance for
System 80+ include:

A. Consideration of load cycles and travel that each snubber
will experience during normal plant operating conditions.
Verification that the thermal growth rates of the system doB.

not exceed the required lock-up velocity of the snubber.
C. Accurate characterization of snubber mechanical properties

iVj in the structural analysis of the snubber-supported system.

Amendment V
3.9-52a April 29, 1994
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head, bearing vibration levels, and pump internals wear rates for
the operating time specified for each system mode of pump ;

operation. From these tests the COL applicant will also develop '

baseline (reference) hydraulic and vibration data for evaluating |

the acceptability of the pump after installation. The COL |
applicant will ensure that the pump specified for each '

application is not susceptible to inadequate minimum flow rate |
and inadequate thrust bearing capacity. With respect to minimum '

pump flow operation, the sizing of each minimum' recirculation
flow path is evaluated to assure that its use under all analyzed l

conditions will not result in degradation of the pump. The flow !

rate through minimum recirculation flow paths can also be i

periodically measured to verify that flow is in accordance with |

the design specification.
1

The safety-related pumps and piping configurations accommodate {inservice testing at a flow rate at least as large as the maximum j
design flow for the pump application. The safety-related pumps j
are provided with instrumentation to verify that the net positive
suction head (NPSH) is greater than or qual to the NPSH required
during all modes of pump operation. These pumps can be
disassembled for evaluation when Part 6 testing results in a
deviation which falls within the " required action range." The
Code provides criteria limits for the test parameters identified
in Table 3.9-15. A program will be developed by the COL
applicant to establish the frequency and the extent of
disassembly and inspection based on suspected degradation of all
safety-related pumps, including the basis for the frequency and
the extent of each disassembly. Factors to be considered in the
disassembly frequency and extent of disassembly include, but are
not limited to:

Historical performance of the pump to identify pumps whichA.

are prone to degradation / wear.

B. Analysis of trends of pump test parameters and service
conditions.

Analysis of pump components which are subject to aging and
,

C.
require a maintenance replacement approach (e.g., "O- |

Rings").

!D. Results of non-intrusive pump testing. The non-intrusive !technologies employed may obviate the need for j
inspection / disassembly of safety-related pumps altogether, i

provided the technologies demonstrate an equivalent ability
to detect pump degradaticn as inspection / disassembly would.

The program may be revised throughout the plant life to minimize
disassembly based upon past disassembly experience.

If OM-6 pump tests cannot be performed on the CCW or SSW pumpsdue to inability to repeat pump test single point flow

Amendment R
3.9-71 July 30, 1993 1
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conditions, pump curve testing will be used to assess pump
degradation. The following provisions shall be complied with in

j the use of pump curve testing for the CCW/SSW pumps:

A. Pump curves are developed, or manufacturer's pump curves are
validated, when the pumps are known to be operating
acceptably.

| B. The reference points used to develop or validate the curve
are measured using instruments at least as accurate as'

required by the Code.

C. Pump curves are based on an adequate number of points, with
a minimum of five.

D. Points are beyond the " flat" portion (low flow rates) of the
curves in a range which includes or is as close as
practicable to design basis flow rates.

E. Acceptance criteria based on the curves does not conflict
with Technical Specifications or CESSAR-DC design bases.

F. If vibratior; levels vary significantly over the range of
pump conditions, a method for assigning appropriate
vibration acceptance criteria should be developed for
regions of the pumps curve.

G. When the reference pump curve may have been affected by
,

repair, replacement, or routine service, a new reference
| curve shall be determined or the previous curve revalidated
'

by an inservice test.

| 3.9.6.2 Testing of Safety-Related Valves
|

3.9.6.2.1 Motor-Operated Valves

For each motor-operated valve assembly (MOV) with an active
safety-related function, the design basis and required operating
conditions (including testing) under which the MOV will be
required to perform are established for the developnent and
implementation of the design, qualification, and preoperational
testing.

3.9.6.2.1.1 Design and Qualification Requirements for
Motor-Operated Valves

The COL applicant will establish the following design and
qualification requirements and will provide acceptance criteria
for these requirements. By testing each size, type, and model
the COL applicant will determine the torque and thrust (as
applicable to the type of MOV) requirements to operate the MOV
and will ensure the adequacy of the torque and thrust that the
motop-operator can deliver under design (design basis and
required operating) conditions. The COL applicant will also test
each size, type, and model under a range of differential pressure

Amendment V
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TABLE 3.9-13
i

STRESS LIMITS FOR CEDM PRESSURE HOUSINGS

Service level Stress Cateaories and Limits of
Stress Intensities (a)(b)

1. Desian: Design Pressure, NB-3221 and Figure-NB-3221-1, !

Weight, Other Sustained including notes.
Mechanical Loads.

2. Level A: Normal Operating NB-3222 and Figure NB-3222-1,
Loading plus Normal Operating including notes.
Transients.

3. Level B: Normal Operating NB-3223 and Figures, NB-3221-1, and
Loading plus Normal Operating & NB-3222-1, including notes.

' Upset Transients plus Low Cycle
Fatigue Loading due to Safe -

Shutdown Earthquake (SSE) *
Forces. !

4. Level D: Normal Operating Article F-1000, Appendix F, Rules for
Loadings plus Faulted Plant Evaluation of Service Conditions
Transients plus Safe Shutdown Loading with Level D Service Limits.

|

I Earthquake Forces plus Loads
\ due to Design Basis Pipe Breaks

and/or pipe breaks not
eliminated by LBB.

5. Testina: Testing Plant Paragraph NB-3226
Transients

For the above listed operating conditions, the following limits regarding
function' apply:

'

1. Level A and level B: The CEDMs are designed to function normally during
and after exposure to these conditions.

2. Level D: For SSE plus Design Basis Pipe Breaks.and/or pipe breaks not-
eliminated by LBB, the deflections of the CEDM pressure housing are

,

limited to the elastic design limits of Article F-1330, Appendix F !

(defined above) so that the CEAs can be inserted after exposure to these l

conditions.

NOTE: a. References listed are taken from Section III of the ASME Boiler -)
and Pressure Vessel Code. ;

i

b. Dynamic loads including SSE, pipe breaks not eliminated by LBB
and Design Basis Pipe Breaks are combined by the SRSS method in
accordance with the guidelines of NUREG-0484.

f c. Alternatively, a lower level of SSE motion may be used in
accordance with Section 3.7.3.2.g

Amendment V
April 29, 1994
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TABLE 3.9-15 (Sheet 1 of 82)

INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES

| (h) (i)

|
Safety Test Test Test CESSAR DC

PumD Class Parameter Frea Confim Ficure No.'

CCW PUMP 1 A 3 DP,SPs,SPo,QnQ2,V 3 mo. 16 9.2.2-1.1

CCW PUMP 1B 3 DP,SPs,SPo,Qi,Q2,V 3 mo. 16 9.2.2-1.1

CCW PUMP 2A 3 DP,SPs,SPo,QpQ2,V 3 mo. 16 9.2.2-1.7

CCW PUMP 2B 3 DP,SPs,SPo,Qi,Q2,V 3 mo. 16 9.2.2-1.7

| MD EFW PUMP 1 3 DP,SPs,SPo,Q,V 3 mo. 21 10.4.9 1.1
| TD EFW PUMP 1 3 N,DP,SPs,SPo,Q,V 3 mo. 21 10.4.9-1.1

MD EFW PUMP 2 3 DP,SPs,SPo,Q,V 3 mo. 21 10.4.9-1.1

TD EFW PUMP 2 3 N,DP,SPs,SPo,Q,V 3 mo. 21 10.4.9-1.1

SI PUMP 1 2 DP,SPs,SPo,Q,V (46) 3 mo. I8 6.3.2-1 A

S1 PUMP 2 2 DP,SPs,SPo,Q,V (46) 3 mo. 18 6.3.2-1 B

S1 PUMP 3 2 DP SPs,SPo,Q,V (46) 3 mo. I8 6.3.2-1 A

SI PUMP 4 2 DP,SPs,SPo,Q,V (46) 3 mo. 18 6.3.2-1B
SC PUMP 1 2 DP SPs,SPo,Q,V 3 mo. 19 6.3.2-1 A

SC PUMP 2 2 DP,SPs,SPo,Q,V 3 mo. 19 6.3.2-1B
CS PUMP 1 2 DP,SPs,SPo,Q,V 3 mo. 19 6.3.2-1 A
CS PUMP 2 2 DP,SPs,SPo,Q,V 3 mo. 19 6.3.2-I B

,

| SSW PUMP 1A 3 DP,SP,,Q,V 3 mo. 17 9.2.2-1.1
SSW PUMP IB 3 DP,SP,,Q,V 3 mo. 17 9.2.2 1.1
SSW PUMP 2A 3 DP,SP,,Q,V . 3 mo. 17 9.2.1-1.3
SSW PUMP 2B 3 DP,SP,,Q,V 3 mo. 17 9.2.1-1.3
ECW PUMP 1 A 3 DP SPs,SPo,Q,V 3 mo. 20 9.2.9-1.1
ECW PUMP IB 3 DP.SPs,SPo,Q,V 3 mo. 20 9.2.9-1.1
ECW PUMP 2A 3 DP,SPs,SPo,Q,V 3 mo. 20 9.2.9-1.5

,

| ECW PUMP 2B 3 DP,SPs,SPo,Q,V 3 mo. 20 9.2.9-1.5
DG BUILDING SUMP PUMP 1 A 3 DP,SPc,Q,V 3 mo. 17 9.5.9-1
DG BUILDING SUMP PUMP 1B 3 DP,SPc,Q,V 3 mo. 17 9.5.9-1
DG BUILDING SUMP PUMP 2A 3 DP,SPc,Q,V 3 mo. 17 9.5.9-1
DG BUILDING SUMP PUMP 2B 3 DP,SPc,Q,V 3 mo. 17 9.5.9 1

RB SUBSPHERE QUAD A SUMP PUMP 1 3 DP,SPc,Q,V 3 mo. 17 9.3.3-2.1
i RB SUBSPHERE QUAD A SUMP PUMP 2 3 DP.SPc,Q,V 3 mo. 17 9.3.3-2.1

| RB SUBSPHERE QUAD B SUMP PUMP 1 3 DP,SPc,Q,V 3 mo. 17 9.3.3-2.2
RB SUBSPHERE QUAD B SUMP PUMP 2 3 DP,SPc,Q,V 3 .mo. 17 9.3.3-2.2
RB SUBSPHERE QUAD C SUMP PUMP 1 3 DP,SPc,Q,V 3 mo. 17 9.3.3-2.1

RB SUBSPHERE QUAD C SUMP PUMP 2 3 DP.SPc,Q,V 3 mo. 17 9.3.3-2.1

RB SUBSPHERE QUAD D SUMP PUMP 1 3 DP,SPc,Q,V 3 mo. 17 9.3.3-2,2

RB SUBSPHERE QUAD D SUMP PUMP 2 3 DP,SPc,Q,V 3 mo. 17 9.3.3-2.2
SPENT FUEL POOL COOLING PUMP 1 3 DP,SPs,SPo,Q,V 3 mo. 20 9.1.3
SPENT FUEL POOL COOLING PUMP 2 3 DP,SPs,S Po,Q,V 3 mo. 20 9.1.3

|

Amendment V
April 29, 1994
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TABLE 3.9-15 (Sheet 2 of 82)

INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES

(h) (i)
Safety Test Test Test CESSAR-DC

Pump Class Parameter Frea Confic. Ficure No.

DGE 1 MOTOR-DRIVEN 3 NOTE 43 NOTE 43 NOTE 43 9.5.4-1.1
FUEL OIL BOOSTER PUMP
DGE 2 MOTOR-DRIVEN 3 NOTE 43 NOTE 43 NOTE 43 9.5.4-1.2
FUEL OIL BOOSTER PUMP
DG 1 ENGINE-DRIVEN 3 NOTE 43 NOTE 43 NOTE 43 9.5.4-1.1
FUEL OIL PUMP
DG 2 ENGINE-DRIVEN 3 NOTE 43 NOTE 43 NOTE 43 9.5.4-1.2
FUEL OIL PUMP
DGE 1 JACKET WATER 3 NOTE 43 NOTE 43 NOTE 43 9.5.5-1
KEEP WARM PUMP
DGE 2 JACKET WATER 3 NOTE 43 NOTE 43 NOTE 43 9.5.5-1
KEEP WARM PUMP
DG 1 ENGINE-DRIVEN JACKET 3 NOTE 43 NOTE 43 NOTE 43 9.5.5-1
CIRCULATION PUMP
DG 2 ENGINE-DRIVEN JACKET 3 NOTE 43 NOTE 43 NOTE 43 9.5.5-1
CIRCULATION PUMP
DGE 1 PRELUBE OIL PUMP 3 NOTE 43 NOTE 43 NOTE 43 9.5.7-1.1
DGE 2 PRELUBE OIL PUMP 3 NOTE 43 NOTE 43 NOTE 43 9.5.7-1.2
DG 1 ENGINE-DRIVEN 3 NOTE 43 NOTE 43 NOTE 43 9.5.7-1.1
LUBE OIL PUMP
DG 2 ENGINE-DRIVEN 3 NOTE 43 NOTE 43 NOTE 43 9.5.7-1.2
LUBE OIL PUMP

O
Amendment S
September 30, 1993
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TABLE 3.9-15 (Sheet 5 of 82)

INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES

(a) (b) (c) (d) (e) (f) (g) (i)
Valve Valve Valve Valve Safety Code Valve Test Test Test CESSAR-DC
No. Descrirstion Type Act Class . _C_at_ Funct Read' Freg Confie. Fig. No.

CC-1306 CCW PUMP 1 A SURGE TANK SPARGER CK SA 3 C S 3 mo. - 9.2.2-1.1
RF 3 mo. 9

CC-1307 CCW PUMP IB SURGE TANK SPARGER CK SA 3 C S' 3 mo. - 9.2.2-1.1
RF 3 mo. 9

CC-131 CCW SUPPLY TO RCP 1 A.1B BF EL 2 A CIC S CS(l) - 9.2.2-1.5 |
MT CS(l) -

LPV 2 yr. -

LT 2 yr. 2
CC-1328 MAKEUP TO CCW SURGE TANK 1 FROM SSWS CK SA 3 C S 3 mo. 14 9.2.2-1.1

RF 3 mo. 9
CC-1331 SC llX 1 IIEADER RELEF RV SA 3 C RVT 10 yr. - 9.2.2-1.2
CC-1337 St PUMP MOTOR COOLER 1 IIEADER RELIEF RV SA 3 C RVT 10 yr. - 9.2.2 1.2
CC-1334 SC MINIFLOW IIX 1 IIEADER RELEF RV SA 3 C RVT 10 yr. - 9.2.2-1.2
CC-1350 SC PUMP MOTOR COOLER 1 IIEADER RELEF RV SA 3 C RVT 10 yr. - 9.2.2-1.2
CC-1356 EFW PUMP MOTOR COOLER 1 IIEADER RELEF RV SA 3 C RVT 10 yr. - 9.2.2-1.2
CC-136 CCW RETURN FROM RCP 1 A,lB BF EL 2 A CIC S CS(l) - 9.2.2-1.5 |MT CS(l) . -

LPV 2 yr. -

LT 2 yr. 3 |
- CC-1362 CS PUMP MOTOR COOLER 1 IIEADER RELIEF RV SA 3 C RVT 10 yr. - 9.2.2-1.2
CC-1368 CS MINIFLOW llX 1 IIEADER RELEF RV SA 3 C RVT 10 yr. - 9.2.2-1.2
CC-137 CCW RETURN FROM RCP IA,lB ' BF EL 2 A CIC S CS(l) - 9.2.2-1.5 |

MT CS(l) -

LPV 2 yr. -

LT 2 yr. 3 |
CC-1374 St PUMP MOTOR COOLER 3 IIEADER RELIEF RV SA 3 C RVT ' ' 10 yr. - 9.2.2-1.2
CC-1380 SFP COOLING IIX 1 IIEADER RELEF RV SA 3 C RVT 10 yr. - 9.2.2-1.2

. CC-1384 SFP COOLING PUMP MOTOR COOLER I IIEADER RV SA 3- C RVT 10 yr. - 9.2.2 1.2RELEF

CC-1390 CS IIX 1 IIEADER RELEF RV SA' 3 C RVT 10 yr. - 9.2.2-1.2
'

Amendment S
September 30, 1993
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TABLE 3.9-15 (Sheet 6 of 82)

INSERVICE TESTING SAFETY-RELATED PUMPS AND VALV."S

(a) (b) (c) (d) (e) (f) (g) (i)

Valve Valve Valve Valve Safety Code Valve Test Test Test CESSAR-DC

No. Description Type Act Class Ot Funct Read Frea Config. Fie. No.

CC-1507 CCW SUPPLY TO RCP 1 A,lB CK SA 2 A/C CIC S CS(2) 11 9.2.2-1.5
LT 2 yr. 2
RF RO(2) 2

|
CC-1548 CCW RETURN FROM RCP I A,1B CK SA 2 A/C CIC S RO(2) 12 9.2.2-1.5

LT 2 yr. 3

RF CS(2) -

CC-1591 CCW PUMP MOTOR COOLER 1 A flEADER RELIEF RV SA 3 C RVT 10 yr. - 9.2.2-1.3

CC-1597 CCW PUMP MOTOR COOLER IB IIEADER RELIEF RV SA 3 C RVT 10 yr. - 9.2.2-1.3

CC-1603 DGE JACKET WATER COOLER I IIEADER RELEF RV SA 3 C RVT 10 yr. - 9.2.2-1.3

CC-1609 ECW CONDENSER 1 IIEADER RELIEF RV SA 3 C RVT 10 yr. - 9.2.2-1.3

CC-1637 CIIG PUMP MOTOR COOLER I IIEADER RELEF RV SA 3 C RVT 10 yr. - 9.2.2-1.4

CC-lM3 CIIG PUMP MINIFLOW IIX 1 IIEADER RELEF RV SA 3 C RVT 10 yr. - 9.2.2-1.4

CC-1650 INSTRUMENT AIR COMP 1A IIEADER RELEF RV SA 3 C RVT 10 yr. - 9.2.2-1.6

CC-1656 INSTRUMENT AIR COMP IB llEADER RELEF RV SA 3 C RVT 10 yr. - 9.2.2-1.6

CC-1851 DGE START AIR AFl'ERCOOLER 1 A IIEADER RELIEF RV SA 3 C RVT 10 yr. - 9.2.2-1.3

CC-1857 DGE START AIR AFTERCOOLER IB IIEADER RELEF RV SA 3 C RVT 10 yr. - 9.2.2-1.3

CC-XXXX CCW SURGE TANK 1 VACUUM BREAKER RV SA 3 C RVT 10 yr. - 9.2.2-1.1

CC-200 CCW IIX 2A BYPASS CONTROL GL AD 3 B S 3 mo. - 9.2.2-1.7
MT 3 mo. -

FS 3 mo. -

LPV 2 yr. -

CC-201 CCW llX 2B BYPASS CE .ROL GL AD 3 B S 3 mo. - 9.2.2-1.7
MT 3 mo. -

FS 3 mo. -

LPV 2 yr. -

CC-202 NON-ESSENTIAL SUPPLY IIEADER 2 ISOLATION BF AD 3 B S CS(3) - 9.2.2-1.7
MT CS(3) -

FS CS(3) -

LPV 2 yr. -

CC-203 NON-ESSENTIAL RETURN IIEADER 2 ISOLATION BF AD 3 B S CS(3) - 9.2.2-1.7
MT CS(3) -

FS CS(3) -

LPV 2 yr. -

9 9 Amendment V
April 29, 1994
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TABLE 3.9-15 (Sheet 9 of 82)

INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES

(a) (b) (c) (d) (e) (f) (g) (i)Valve Vaive Valve Valve Safety Code Valve Test Test Test CESSAR-DCNo. Description Type Act Class Ca_t Funct Read Freg Confin. Fie. No.CC-236 CCW RETURN FROM RCP 2A 2B
_

BF EL 2 A CIC S CS(l) - 9.2.2-1.1I |MT CS(1) -

LPV 2 yr. -

LT 2 yr. 3 |CC-2362 CS PUMP MOTOR COOLER 2 IIEADER RELIEF RV SA 3 C RVT 10 yr. - 9.2.2-1.8CC-2368 CS MINIFLOW IlX 2 IIEADER RELIEF RV SA 3 C RVT 10 yr. - 9.2.2-1.8CC-237 CCW RETURN FROM RCP 2A,2B BF EL 2 A CIC S CS(l) - 9 2.2-1.11 |MT CS(l) -

LPV 2 yr. -

LT 2 yr. 3 |CC-2374 SI PUMP MOTOR COOLER 4 IIEADER RELIEF RV SA 3 C RVT 10 yr. - 9.2.2-1.8CC-2380 SFP COOLING llX 2 IIEADER RELIEF RV SA 3 C RVT 10 yr. - 9.2.2-1.8CC-2384 SFP COOLING PUMP MOTOR COOLER 2 IIEADER RV SA 3 C RVT 10 yr. - 9.2.2-1.8RELIEF

CC-2390 CS IlX 2 IIEADER RELIEF RV SA 3 C RVT 10 yr. - 9.2.2-1.8CC-240 CCW SUPPLY TO LETDOWN IIX BF EL 2 A CIC S CS(4) - 9.2.2-1.14 |MT CS(4) -

LPV 2 yr. -

LT 2 yr. 2 |CC-241 CCW SUPPLY TO LETDOWN IIX BF EL 2 A CIC S CS(4) - 9.2.2-1.14 |MT CS(4) -

LPV 2 yr. -

LT 2 yr. 2CC-242 CCW RETURN FROM LETDOWN IIX BF EL 2 A CIC S CS(4) - 9.2.2-1.14 |MT CS(4) -

LPV 2 yr. -

LT 2 yr. 3 |

Amendment S
September 30, 1993
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TABLE 3.9-15 (Sheet 10 of 82)

INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES

(a) (b) (e) (d) (e) (f) (g) (i)

Valve Valve Valve Valve Safety Code Valve Test Test Test CESSAR-DC

No . Description Tmc Act Cbss Cat Funct Read Ere_g Confic. Fic. No.

CC-243 CCW RETURN FROM LETDOWN llX BF EL 2 A CIC S CS(4) -- 9.2.2-1.14
MT CS(4) -

LPV 2 yr. -

LT 2 yr. 3

CC-2507 CCW SUPPLY TO RCP 2A.2B CK SA 2 NC CIC S CS(2) 11 9.2.2-1.11

LT 2 yr. 2

RF RO(2) 2
|

CC-2548 CCW RETURN FROM RCP 2A.2B CK SA 2 NC CIC S RO(2) 12 9.2.2-1.11

LT 2 yr. 3

RF CS(2) -

CC-2591 CCW PUMP MOTOR COOLER 2A IIEADER RELIEF RV SA 3 C RVT 10 yr. - 9.2.2-1.9

CC-2597 CCW PUMP MOTOR COOLER 2B HEADER RELIEF RV SA 3 C RVT 10 yr. - 9.2.2-1.9

CC-2603 DGE JACKET WATER COOLER 2 IIEADER RELIEF RV SA 3 C RVT 10 yr. - 9.2.2-1.9

CC-2609 ECW CONDENSER 2 HEADER RELIEF RV SA 3 C RW 10 yr. - 9.2.2-1.9

CC-2622 CCW SUPPLY TO LETDOWN 11X CK SA 2 NC CIC S CS(5) 11 9.2.2-1.14

LT 2 yr. 2

RF RO(5) 2

C C-2628 CCW RETURN FROM LETDOWN llX CK SA 2 NC CIC S RO(5) 13 9.2.2-1.14

LT 2 yr. 3

RF CS(5) -

CC-2637 CHG PUMP MOTOR COOLER 2 IIEADER RELIEF RV SA 3 C RVT 10 yr. - 9.2.2-1.10

CC-2643 CilG PUMP MINIFLOW 11X 2 IIEADER RELIEF RV SA 3 C RVT 10 yr. - 9.2.2-1.10

CC-2650 INSTRUMENT AIR COMP 2A 11EADER RELIEF RV SA 3 C RVT 10 yr. - 9.2.2-1.14

CC-2656 INSTRUMENT AIR COMP 2B HEADER RELIEF RV SA 3 C RVT 10 yr. - 9.2.2-1.14

CC-2851 DGE START AIR AFTERCOOLER 2A IIEADER RELIEF
RV SA 3 C RVT 10 yr. - 9.2.2 - 1.9

CC-2857 DGE START AIR AITERCOOLER 2B flEADER RELIEF
RV SA 3 C RVT 10 yr. - 9.2.2 -1.9

RV SA 3 C RVT 10 yr. - 9.2.2-1.7

CC-XXXX CCW SURGE TANK 2 VACUUM BREAKER
RV SA 3 C RVT 10 yr. - 93.4-1.2

CH-IIS VOLUME CONTROL TANK Rhi_fEF
CK SA 2 A/C CIC S 3 mo. - 93.4-I.2

CH-189 CVCS TO IRWST BORON RECOVERY RETURN LT 2 yr. -

RF 3 mo. -

RV SA 2 C RVT 10 yr. - 93.4-I.2
%

SEAL INJECTION RETURN HEADER RELIEFCH-199

Amendment V

G G April 29, 1994
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TABLE 3.9-15 (Sheet 29 of 82)

_ INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES

(a) (b) (c) (d) (e) (f) (g) (i)Valve Valve Valve Valve Safety Oxle Valve Test Test Test CESSAR-DCNo. Description Type _ Act Class f_ a_t Funct Read freg Config. Fig. No.SI-178 SCS RETURN LINE 1 CIIECK VALVE CK SA 2 B S CS(19) - 6.3.2-l C
RF 3 mo. 9SI-179 SC PUMP 1 SUCTION RELIEF RV SA 2 A/C CIC RVT 10 yr. - 6.3.2-I C |LT 2 yr. 4SI-187 SC LINE I RECIRCULATION TO IRWST RELIEF RV SA 2 C RVT 10 yr. - 6.3.2-I AS1-188 SC LINE 2 RECIRCULATION TO IRWST RELIEF RV SA 2 C RVT 10 yr. - 6.3.2-1BSI-189 SC PUMP 2 SUCTION RELIEF RV SA 2 A/C CIC RVT 10 yr. - 6.3.2-I C |LT 2 yr. 4SI-191 CS IlX 2 OUTLET RELIEF RV SA 2 C RVT 10 yr. - 6.3.2 -1 BSI-193 CS PUMP 2 RECIRCULATION LINE RELIEF RV SA 2 C RVT 10 yr. - 6.3.2-1 BSI-194 CS IIX 1 OUTLET RELIEF RV SA 2 C RVT 10 yr. - 6.3.2 l ASI-211 SIT 4 SAFETY VALVE RV SA 2 C RVT 10 yr. - 6.3.2-ICSI-215 SI TANK 4 DISCHARGE CK SA 1 A/C PIV S RR(21) 14 6.3.2-I C

LT 2 yr. 10
RF (44) -SI-217 DVI NOZZLE 2B CK SA I A/C PlV S RR(22) 12 6.3.2-I C
LT 2 yr. 10
RF (44) -SI-221 SIT 2 SAFETY VALVE RV SA 2 C RVT 10 yr. - 6.3.2-I CSI-225 SI TANK 2 DISCIIARGE CK SA 1 A/C PIV S RR(21) 14 6.3.2-I C
LT 2 yr. 10
RF (44) -SI-227 DVI NOZZLE IB CK SA 1 A/C PlV S CS(22) 12 6.3.2-IC
LT 2 yr. 10
RF (44) -SI-231 SIT 3 SAFETY VALVE RV SA 2 C RVT 10 yr. - 6.3.2-ICSI-235 SI TANK 3 DISCIIARGE CK SA 1 A/C PIV S RR(21) 14 6.3.2-I C
LT 2 yr. 10
RF (44) -

SI-237 DVI NOZZLE 2A CK SA 1 A/C PIV S RR(22) 12 6.3.2-I C
LT 2 yr. 10
RF (44) -

Amendment V
April 29, 1994
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TABLE 3.9-15 (Sheet 30 of C2)

INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES

(a) (b) (c) (d) (e) (f) (g) (i)

Valve Valve Safety Code Valve Test Test Test CESSAR-DC
Valve Valve
No. Description Type Act Class f_at_ Funct Read Fre2 Confie. Fie. No.

51-241 SIT I SAFETY VALVE RV SA 2 C RVT 10 yr. - 63.2-1C

SI-245 St TANK 1 DISCIIARGE CK SA I A/C PIV S RR(21) 14 63.2-lC
LT 2 yr. 10

RF (44) -

SI-247 DVI NOZZLE l A CK SA 1 A/C PIV S CS(22) 12 6.3.2-IC
LT 2 yr. 10

RF (44) 1

|
SI-285 St PUMP 1/3 RECIRCULATION RELIEF RV SA 2 C RVT 10 yr. - 63.2-I A

SI-286 S1 PUMP 2/4 RECIRCULATION RELIEF RV SA 2 C RVT 10 yr. - 63.2-1B

SI-287 SC LINE 2 RECIRCULATION TO 1RWST RELIEF RV SA 2 C RVT 10 yr. - 63.2-I B

SI-289 SC LINE I RECIRCULATION TO IRWST RELIEF RV SA 2 C RVT 10 yr. - 63.2-I A

SI-292 EDT/ SAFETY INJECTION TANK RELIEF RV SA 3 C RVT 10 yr. - 63.2-I B

SI-293 SIT FILL LINE ISOLATION GL M 2 A P.CIC LT 2 yr. 4 63.2-IB

SI-300 DIVISION 1 SC/CS PUMP TEST LINE GT EL 2 B CIN S 3 mo. - 63.2-1 A

MT 3 mo. -

LPV 2 yr. -

SI-301 DIVISION 2 SC/CS PUMP TEST LINE GT EL 2 B CIN S 3 mo. - 63.2-1B
MT 3 mo. -

LPV 2 yr. -

SI-302 SI DIVISION 1 MINIFLOW ISOLATION GT EL 2 B CIN S RO(23) - 6.3.2-1 A

MT RO(23) -

LPV 2 yr. -

SI-303 SI DIVISION 2 MINIFLOW ISOLATION GT EL 2 B CIN S RO(23) - 63.2-1B
MT RO(23) -

LPV 2 yr. -

SI-304 CS & S1 PUMP 1 SCTN 50LATION GT EL 2 B CIN S 3 mo. - 63.2-1 A
MT 3 me. -

LPV 2 yr. -

SI-305 CS & SI PUMP 2 SCTN ISOLATION GT EL 2 B CIN S 3 mo. - 63.2-1B
MT 3 mo. -

LPV 2 yr. -

Amendment T
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TABLE 3.9-15 (Sheet 67 of 82)
'

'

-INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES

E1 - Valve operates in the course of plant operation at a frequency which -
satisfies test requirements. Additional exercising not required
provided the . test parameters are analyzed and recorded at an
operational interval not exceeding the test interval requirement.

,

f

Category A or B (ASME OM-10, subsection 4.2.1.5)

Category C (ASME OM-10, Subsection 4.3.2.3)

(h) Pump Test Parameters as defined in ASME OM-6, Subsection 5.2:

N - Speed V - Vibration
DP - Differential Pressure SP,- Static Suction Pressure
Q - Flow Rate SP,- Operating Suction Pressure

SP - Calculated Suction Pressure, c
! (vertical wet pit pumps)

l NOTE: If OM-6 pump tests cannot be performed on the CCW or SSW pumps due |
to inability to repeat pump tests single point flow conditions, pump ;

curve testing will be used to assess pump degradation, as described |
in CESSAR-DC Section 3.9.6.1. j

(i) Typical test configurations for pumps and valves requiring special valve
| arrangements and/or test connections are shown in CESSAR-DC Figure 3.9-16.
|- L When referenced, these typical test configurations constitute design

requirements for the affected pump / valve to be reflected in affected
. documentation by the COL applicant during later detailed design.

(1) Valves: CC-130, CC-131, CC-136, CC-137, CC-230, CC-231, CC-236, CC-237

During normal operations, these valves are open to supply / return cooling
water to/from the Reactor Coolant Pump (RCP) support coolers. Failure of
these valves in the closed position could lead to pump damage or failure
and force a unit shutdown. Therefore, these valves will be tested during
cold shutdown when the RCP's are not operating.

(2) Valves: CC-1507, CC-1548, CC-2507, CC-2548
,

These valves provide containment isolation and overpressure protection for
the Component cooling Water (CCW) supply and return lines to/from the
Reactor Coolant Pumps (re CESSAR-DC Figures 9.2.2-1.5 and 9.2.2-1.11).
Since these CCW lines must remain in service during plant operation, it is_

impractical to perform S or RF testing on the valves on a quarterly test
frequency.

Valves CC-1507 and CC-2507 are forward stroke tested during Cold shutdown
by isolating CC-131/CC-231 while keeping CC-130/CC-230 open to allow a CCW |header pressure to stroke CC-1507/CC-2507. The reverse stroke (RF) test
of CC-1507/CC-2507, however, is impractical to perform without isolating
CC-131/CC-231, CC-1509/CC-2509 and CC-1505/CC-2505, and then pressurizing
against the check valve seat in the reverse flow direction via test
connection CC-1508/CC-2508. The resultant leakage is then measured
through test connection CC-1506/CC-2506. Since this method of testing

p requires access to areas of high radiation and contamination, a test of
~ this type can be performed only during refueling. This method of testing

is the same as will be employed for the 10 CFR 50 Appendix J Type-C
leakage rate test. Therefore, LT testing accomplishes ar.d satisfies the
reverse flow testing requirements for CC-1507 and CC-2507

Amendment V
April 29, 1994
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TABLE 3.9-15 (Sheet 68 of 82)

INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES '

|

Valves CC-1548 and CC-2548 are reverse flow stroke tested during Cold
Shutdown. With CCW RCP Containment Supply header supply and return lines
in service, CC-136/CC-236 and CC-1550/CC-2550 are isolated, thus
backseating check valve CC-1548/CC-2548 may be then measured via test
connection CC-1579/CC-2549. The forward stroke (S) of CC-2628, however,
is impractical to perform without isolating CC-136/CC-236, CC-1546/CC-

,

2546, and CC-1550/CC-2550, while keeping CC-137/CC-237 open and injecting|
~

a test flow through test connection CC-1549/CC-2549. The resultant
outleakage is then measured at test connection CC-1547 /CC-2547. Since
this valve testing methodology requires containment entries to areas of
high radiation and contamination, the forward stroke testing of CC-1548
and CC-2548 will be performed during refueling.

(3) Valves: CC-102, CC-103, CC-122, CC-123, CC-202, CC-203, CC-222, CC-223

These valves close on receipt of a Safety Injection Actuation Signal to
isolate the non-essential component cooling water (CCW) loops. The non-
essential cooling loops provide cooling of the Normal Chillers. A3
described in (32), normally both divisions of Normal Chilled Water (NCW)

l must operate in order to maintain containment temperature within the
Technical Specification limit of 110*F by the use of three of the four
containment coolers. There may be periode during the year, however, when
2 out of 4 containment cooler operation (one NCW division operating, one

,

NCW division secured) provides suf ficient cooling to maintain containment
temperature within the Technical Specifications limit, due to less severe'

site climate and heat sink characteristics (e.g., non-summer months) .
When Division 1 NCW is secured for testing of Division 1 NCW valves, the

j Instrument Air Compressors on the Division 1 CCW non-essential header may
be secured, and Division 1 non-essential header CCW valves CC-102, CC-103,i

CC-122, CC-123 may then be stroke tested. These valves will use the same
test frequency as the NCW valves, as described in (32).

The Division 2 non-essential CCW header services the letdown heat
| exchanger in addition to the Division 2 Normal Chillers and Instrument Air

| Compressors. Closing the Division 2 non-essential CCW header valves

! during plant operation could result in unnecessary Reactor Coolant System
transients. Also, failure to cool the high temperature letdown flow'

leaving the regenerative heat exchanger can lead to cavitation at the
letdown orifices, which has been known to cause line failure. Therefore,
valves CC-202, CC-203, CC-222, and CC-223 will be tested during cold
shutdown.

(4) Valves: CC-240, CC-241, CC-242, CC-243

These valves isolate cooling water to/from the letdown heat exchanger and
close on a Containment Isolation Actuation Signal. For reasons stated in
(3) above, testing these valves during normal operations is not practical.
Therefore, these valven will be tested during cold shutdown.

(5) Valves: CC-2622, CC-2628

These valves provide containment isolation and overpressure protection for
the Component Cooling Water (CCW) supply and return lines to/from the
Letdown Heat Exchanger (re CESSAR-DC Figure 9.2.2-1.14). Since these
CCW lines must remain in service during plant operation, it is impractical
to perform S or RF testing on the valves on a quarterly test frequency.
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(42) Valves: SI-322, SI-332, SI-611, SI-618, SI-621, SI-62/4, SI-631,.SI-
638, SI-641, SI-648, SI-661, SI-670

These air-operated valves are stroked on a quarterly freque1cy. Fail-safe
(FS) actuation testing on a 3 month basis, however ,is impractical during
plant operations (quarterly test frequency) or cold shutdown because such
testing involves entries to containment to proximity of the SITS (high
radiation dose and airborne contamination area) to fail air to the air
diaphragm valve actuators. Therefore, the FS test for these valves will
be performed on a refueling outage basis for ALARA purposes.

(43) Although these Emergency Diesel Generator support system components are
Safety class 3, they are procured, tested and maintained as part of the
Emergency Diesel Generators themselves, which are tested for operability
and reliability by the plant Technical Specifications. Therefore, these
-components are tested by Technical Specifications Surveillance
-Requirements of Technical Specification Section 3.8.

(44) Pressure Isolation Valves (PIVs) are not reverse flow tested quarterly,
since testing of these valves during power. operation - would require ;

containment entries to high radiation and airborne contamination areas. I

PIVs are not reverse flow tested every Cold Shutdown, because of the ]
extensive test equipment setup which could extend the Cold Shutdown. The !

RF function is verified, however,.by leakage testing each. valve'in the

O- reverse flow direction during unit startup for the testing frequency
outlined in Technical Specification Surveillance Requirement 3.4.13.1.
This surveillance requirement states that leakage testing of these valves !

is required every 18 months AND prior to entering Mode 2 whenever the {
plant has been in Mode 5 (Cold Shutdown) for 7 days or more, if leakage
testing has not been performed in the. previous 9 months AND within 24
hours following valve actuation due to automatic or manual action or flow
through the valve (s).

(45) Inservice Testing / Monitoring for Valves on Piping Connected to the Steam
Generators' Secondary Side

Steam Generator (SG) Main Steam Isolation Valves and SG Main Steam
Isolation Bypass Valves are tested for gross leakage each refueling
outage. Testing is performed by isolating these valves with the steam
generators under steam-pressures created by normal startup/ shutdown and
measuring downstream steam header pressure and temperature.

SG Main Steam Safety Valves are tested each refueling outage for gross
leakage by means of walkdown/ temperature / acoustic monitoring with main
steam lines pressurized.

I

SG Atmospheric Dump Valves areLtested for gross leakage each refueling
outage by temperature / acoustic monitoring of the ADV lines downstream of
the ADVs with main steam lines pressurized.

Steam Generator Blowdown Valves are tested for gross leakage each
refueling outage. Testing is performed by isolating these valves
individually against steam generator pressure and then monitoring the
steam generator blowdown tank for an increase in tank level which would be
indicative of gross valve leakage.

O
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Steam Generator Sampling Line Valves are tested for gross leakage each !
refueling outage. Testing is performed by isolating these valves I

| individually against steam generator pressure and then monitoring sample,

| line flow for gross valve leakage.

Main Feedwater Containment Isolation Valves are tested for gross leakage
each refueling outage. Testing is performed by individually subjecting
these valves to steam generator pressure experienced during unit
startup/ shutdown and then measuring resultant valve leakage through the
provided test connection. The Startup Feedwater Pump may be used for

| establishing and maintaining steam generator inventory for this gross
leakage test.'

Emergency Feedwater (EFW) Containment Isolation Valves are tested for
gross leaknge each refueling outage. The EFW Containment Isolation Check,

i

| Valves are leakage tested by individually subjecting these valves to steam
| generator pressures experienced during unit startup/ shutdown and then
| measu;ing resultant valve leakage through the provided test connection.
| The outside-containment EFW Containment Isolation Valves are leakdge

teatr,d by pressurizing the piping between these valves and their inside-
,

containment Containment Isolation Check Valves while the steam generators

| are at startup/ shutdown pressures. Valve leakage is then measured through
the provided test connection. These EFW valves also employ installed

|
temperature instrumentation to detect leakage past these valves.

(46) Safety Injection System

For inservice testing of the safety injection pumps during refueling
outages, a walkdown visual examination of safety injection system piping
and components outside containment will be conducted to verify the leak
tight integrity of the system.

!
.

I

i
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Relief valves cause both dynamic and static loading conditions.;
' To simplify analysis, however, essentially all relief valve
4 thrust loads are evaluated statically. Closed discharge and
i piped relief valves have an additional complicating factor since

transient forces develop at each intermediate turn in the piping
during the initial phase when the flow along the pipe is being

| established. These transient loads are treated as dynamic
water / steam hammer loads. As the transient phase ends, all of.

i the intermediate forces cancel each other out, leaving only the

} steady state thrust force at the exit point of the fluid from the
,

discharge system. For closed discharge systems, the steady state
thrust force is zero at the valve outlet.j

Relief valve thrust loads are applied to the piping model as
i static loads with seismic supports active and a dynamic load
; factor applied to the loads.
J

1.4.5.2 Water and Steam Hammer Analysia
i

j Water and steam hammer are both dynamic loading conditions on the
i piping. Forcing functions, using actual time history analyses,
| are used in the dynamic analysis except where simplified

conservative approximations of the forces are used in a static<

p evaluation.
,

i*

4 \ Water and' steam hammer are similar dynamic loading conditions on
j the piping produced by changes of momentum in fluid systems with
j fast actuating valves, rapid pump starts and stops, or water

column rejoining. Water and steam hammer force time histories
,

: are usually developed using method-of-characteristics or other
computer codes. These forces are reacted by the piping system.

i Piping systems are evaluated for water and steam hammer loading
using time history dynamic solutions using the force time

; histories developed as input loading. Static fluid forces may be
i developed and applied statically to piping segments for steady

loads like relief valve thrust or conservative transient loads,

! such as thermal relief valve loads,

f Fluid transient forcing functions are digitized in sufficient
detail to capture all significant frequency content of that force4

time history. Typically, water solid systems could experience
transients with approximately 5,0Hz peak forces which would be

; digitized using time steps of 0.005 seconds or smaller. (See
Section 3.7.2.1.1.2 for a general discussion of choosing time
steps.) Damping values used for dynamic fluid transient analysis

,

are in accordance with Section 3.7.3.15.1 for direct integration |
'

j analyses and Regulatory Guide 1.61 for modal super position
analyses.

1.4.6 PIPE BREAK ANALYSIS
,

j Pipe break loads are any loads that are applied to components or
to unbroken pipe resulting from r'uptures of nearby piping.- Pipe

.
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break loadings include, but are not limited to, the effects of
the following: pipe whip, jet impingement, differential pressure,
temperature increase (localized or overall), and support / anchor
movement (including reactor coolant loop and containment vessel) .

| In general, effects of a ruptured pipe on other portions of
itself are not considered except to demonstrate that a whipping
pipe is restrained. An exception to the above is for piping near
containment isolation valves, for which the effects of postulated
piping failure on the portion of pipe between the containment
wall and the inboard or outboard isolation valves are subject to
the additional considerations of Paragraphs 3.6.2.1.4.1.G.1(c)
and (e) for Class 1 and Class 2 piping, respectively.

In general, pipe break loads are defined for each piping problem
on a case-by-case basis. These loads are applied as applicable
to the appropriate piping problem. See Section 1.8 of this
appendix for further details of postulated pipe breaks. Pipe
break loadings due to two or more assumed pipe breaks are
considered to act individually as separate events.

1.4.7 THERMAL STRATIFICATION

NRC Bulletins 88-08 and 88-11 identified the potential for
additional thermal stress due to thermal stratification. The
original issue of NRC Bulletin number 88-08 (" Thermal Stresses in
Piping Connected to Reactor Coolant System", June 22, 1988) was
in response to the discovery of cracks in the safety injection
(SI) nozzle at Farley, Unit 2. These cracks were attributed to
high stresses the result of thermal stratification in the nozzle.
The source of this stratification was identified as leakage of
colder fluid past the check valve meant to isolate the SI line
from the RCS cold leg.

Subsequent supplements (Supplement 1, July 24, 1988; Supplement
2, August 4, 1988; Supplement 3, April 11, 1989) provided
recommendations for inspection and reported on incidents where

.

apparent outleakage caused line failures at a foreign reactor. |
These supplements broadened the concern for operating plants to '

all lines in which stratified flow could occur.

Bulletin 88-08 required that holders of operating licenses or
construction permits review their RCSs to identify my connected,
unisolable piping that could be subjected to thermal
stratification and to take steps to ensure the structural
integrity of these lines.

NRC Bulletin 88-11 (" Pressurizer Surge Line Thermal
Stratification", December 20, 1988) was issued in response to the
results of an inspection of the surge line at Trojan which showed
large, unexpected movements that closed available gaps between
the line and pipe whip restraints. Bulletin 88-11 required that
holders of operating licenses or construction permits establish
and implement a program to assure the structural integrity of the
surge line when subjected to thermal stratification.
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NRC Bulletin 88-08

|
Following the issuance of Bulletin 88-08, the owners and j
operators of ABB-CE plants established a program to respond to

j the NRC. The objectives of this program included:

1. identification of unisolable piping that could be-

subjected to stratification;,

i

2. inplant inspections to confirm the integrity of the,

identified lines;
4

3. obtaining plant data on pipe wall temperatures to |
confirm if stratification does exist in these lines;4

' and |

4. performing analyses to evaluate stress levels and |
1 fatigue usage factors for lines subjected to thermal

stratification loads.,

Results obtained from this program are used to evaluate the
presence of stratified flow and the influence on thermal stresses
in these lines for System 80+.

i The results of this program indicate that thermal stratification
can exist in the isolable portions of the safety injection linesi

. of certain operating plants. The System 80+ counterpart to the
safety injection line is the direct vessel injection (DVI) line.;

; Available data is used to evaluate the thermal stresses in the
DVI lines due to thermal stratification.

certain plants indicated stratification in the lines between the,

power operated relief valves and the pressurizer nozzles. Thei

power operated relief valves in System 80+ are represented by the
'

Safety Depressurization System (SDS). The location and
;orientation of the SDS will minimize the presence of condensed4

j steam in these lines, which is believed to be the cause of i
! thermal stratification in these lines. Thus, thermal J

stratification should not occur in these lines.
The System 80+ shutdown cooling lines are similar to the

4 arrangements in CE operating plants; a long section of horizontal
line connected through a vertical run of pipe to a nozzle on the
bottom of the hot leg. Measurements obtained to date are
inconclusive. However, program conclusions will be incorporated
in the design of the System 80+ shutdown cooling lines.
NRC Bulletin 88-11

i

In response to Bulletin 88-11, the owner and operators of ABB-CE |
(% plants sponsored a program to obtain operating plant data which

|

was needed to characterize thermal stratification in surge line. '

Data obtained at four operating plants showed that temperature
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differences in the surge line walls due to thermal stratification ;

were related to the mode of plant operation. These data i

confirmed that the maximum temperature differences in the surge l
line were bounded by the difference in temperature between the i

pressurizer and the hot leg. The System 80+ surge line is
designed for the maximum temperature difference that will be
experienced between the pressurizer and the hot leg.

In summary, System 80+ conforms to NRC Bulletins 88-08 and 88-11
for all piping connected to the Reactor Coolant System.
Available data from operating reactors has been evaluated and
incorporated into the design of System 80+. The design will
continue to be assessed as new data becomes available and will be
evaluated as to its applicability to System 80+.

| Piping systems subjected to stratified flow are sluated for.

additional thermal stresses due to thermal stratification.
I Stratified flow exists when a hotter fluid flows over a colder

region of fluid. This condition induces a vertical thermal
gradient, resulting in increased overall bending stresses and
localized thermal gradient stresses. Stratified flow effects
consist of (1) local stresses due to temperature gradients in the
pipe wall and (2) additional thermal pipe bending moments
generated by the restraining effect of supports on the
stratified-flow-induced curvature of the piping. The extent of
stratification is reduced by sloping generally horizontal pipe
runs and is mitigated by carefully selecting designs and
operating procedures.

Structural evaluations are performed using elastic and/or
simplified elastic-plastic analyses in accordance with the ASME
Code considering the applicable loadings of Section 1.3 of this
appendix in addition to the stratified flow loadings.

| 1.4.7.1 Pipino Analysis

| The stratified-flow-induced curvature of the piping and local
stresses due to a temperature gradient are obtained in two-
dimensjonal finite element analyses. These analyses provide the
local effects and pipe rotations for an unsupported pipe segment.
A stratified flow thermal hydraulic model with the top half of
the fluid at the hot temperature and the lower half of the fluid
at the colder temperature is employed to determine the pipe wall
temperature, based on the thermal hydraulic conditions. Two-
dimensional heat transfer and structural thermal stress analyses
are performed in order to determine the rotations and local
stresses. Rotations are considered to act over all horizontal
portions of the pipe. The resulting bending stresses are
calculated in the piping analysis by allowing the pipe to
thermally expand unconstrained and by then applying a set of
equal and opposite displacements at the rigid support points.
Local stress effects due to top-to-bottom thermal gradients are
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1.6.2 ASME CLASS 2 AND 3 PIPING

The allowable stress limits for the specified loading !

combinations for ASME Class 2 and 3 piping are shown in Table
3.9-11 and Reference 4.12.

1.6.3 ALLOWABLE NOZZLE LOADS

Equipment nozzle loads are minimized to be within equipment
vendor specifications. The design nozzle load values are
provided to equipment vendors as part of the procurement
specification.

1.6.4 ALLOWABLE PENETRATION LOADS

Piping systems are designed such that loads and displacements on |
containment penetration assemblies, as shown in Figure 3.8-2,
meet manufacturer's allowables.

1.6.5 WELDED ATTACHMENTS-

Per ASME Section III, Subarticle NC/ND 3645, external and
internal attachments to piping are designed so as not to cause

O harmful thermal gradients in the pipe wall.
flattening of the pipe, excessive localized bending stresses, or

Such attachments are
designed to minimize stress concentrations in applications where
the number of stress cycles, due either to pressure or thermal
effects, are relatively large for the expected life of the
equipment.

Local stresses due to all support loads acting on a welded
attachment are evaluated and added directly to the nominal pipe
stresses at the point of the attachment. The sum of the stresses
are compared against the allowable stresses given in Tables
3.9-10 and 3.9-11. Methods for evaluating local stresses due to
welded attachments are provided in ASME Code Cases N-318 and
N-392. Methods and criteria are supplemented by NRC-approved
PVRC and EPRI testing and research.

1.6.6 FUNCTIONAL CAPABILITY REQUIREMENTS

See Section 3.9.3.1.4.3. |

1.6.7 VALVE REQUIREMENTS

Piping systems are designed such that valve accelerations meet
the allowable manufacturer's requirements for seismic
acceleration. In lieu of specific values, reasonable generic
seismic valve acceleration limits for SSE conditions and water
hammer type loads are established. The design values are
included in the procurement specification. The loads on supportss_
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attached to valve operators are also evaluated. The valve
operator support does not support the pipe.

|
1.6.8 EXPANSION JOINT REQUIREMENTS

Expansion joints are evaluated to ensure compliance with vendor
allowables based on the stress report provided by the vendor,

l 1.6.9 WELDING AND WELD ACCEPTANCE CRITERIA

Welding fabrication and installation, nondestructive examination
(NDE) and acceptance standards for ASME Code Class 1, 2, and 3

,

piping shall be in accordance with Articles 4000 and 5000 of'

Subsections NB, NC, and ND in Section III of the ASME Code.

Radiographic examinations will be accepted by the COL applicant's
nondestructive examination (NDE) Level III examiner prior to
final acceptance.

Confirmation that facility welding activities are in compliance
with the certified design commitments shall include verifications
of the following by individuals other than those who performed
the activity:

1. Facility welding specifications and procedures meet the
applicable ASME Code requirements.

2. Facility welding activities are performed in accordance with
the applicable ASME Code requirements.

3. Welding activities related records are prepared, evaluated
and maintained in accordance with the ASME requirements.

4. Welding processes used to weld dissimilar base metal and
welding filler metal combinations are compatible for the
intended applications.

5. The facility has established procedures for qualifications
of welders and welding operators in accordance with the
applicable ASME Code requirements.

6. Approved procedures are available and are used for I
pre-heating and post-heating of welds, and those procedures !
meet the applicable requirements of the ASME Code.

7. Completed welds are examined in accordance with the
applicable examination method required by the ASME Code.

Welding activities involving non-ASME pressure retaining piping
shall be accomplished in accordance with written procedures and
shall meet the requirements of the ANSI B31.1 Code. The weld
acceptance criteria shall be as defined for the applicable
nondestructive examination method described in ANSI B31.1. I
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1.7 PIPE SUPPORT DESIGN REQUIREMENTS

1.7.1 GENERAL

Pipe supports are designed to meet the intended functional
requirements of the stress analysis as well as the specified
st % ;s limits for the support components. Support components
include typical structural steel members as well as manufactured
catalog items for typical support components.

'

Component support building structures are designed to meet the
criteria in Appendix 3.8A.

Supports are idealized in the piping analysis as providing
restraint in the analyzed direction while providing unrestricted
movement in the unrestrained direction. Since the design of
supports cannot completely duplicate the idealized condition,
supports are designed to minimize their effects on the piping
analysis. Additionally, it is confirmed that the support design
does not invalidate any assumptions used in the analysis of the
piping system.

,

In addition to loads defined by the stress analysis, any
additional forces the support are subjected to are considered in
the support qualification.

1.7.2 DESIGN CONSIDERATIONS
|

1.7.2.1 Deadweicht Loads

Gravity loads of the pipe are typically restrained by two types
of supports. The piping analysis defines whether the support is

; designed as a rigid or flexible support. Flexible supports are
| specified when the pipe must be restrained for its gravity
I weight, however must remain free to move during thermal
I expansion. Vendor supplied spring components with specified

| spring constants are typically provided in this application.

In addition to gravity loads from the piping analysis, the
deadweight of the support itself is considered in the support
design.

1.7.2.2 Thermal Loads

Temperature changes within the piping system, including thermal
stratification, cause the pipe to thermally expand. Thermal
loads are induced into supports which restrain the piping system
from being able to freely expand. Additional thermal loads could
be a result of " anchor" displacements. Movements at the terminal

O end points of the piping system, such as branch lines and
,V vessels, induce loads into supports which resist these movements.

| These forces are usually referred to as thermal anchor movements
|
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(TAM). All possible thermal conditions, including ambient
thermal, are be evaluated when combining thermal loads with other
load cases to obtain the worst loading on the supports. The pipe
also experiences radial expansion due to temperature increases.
To minimize local stresses within the pipe, supports are designed
to allow for this expansion. See Section 1.7.2.10 of this
appendix concerning support gaps.

Pipe supports are also evaluated for environmental thermal
conditions. Temperature increases in the area around the support
cause the support itself to tend to thermally expand. In
addition, local high temperatures can exist close to the pipe
wall. Support elements which are subjected to these elevated
temperatures are evaluated for thermal effects. Material
property values consistent with the associated temperature are
used.

Thermal expansion of the pipe support and/or the building
structure from which the support is attached is evaluated for its
effects on the piping analysis.

1.7.2.3 Seismic Loads

The building response to earthquake motion causes seismic
acceleration of the piping system. Earthquake inertia forces are
applied to supports that restrain the seismic movement of the
piping system. Additional seismic movements can be caused by
seismic acceleration of terminal end points of the piping system
such as branch lines and vessels. These forces are referred to
as seismic anchor movements (SAM). '

The response of the support itself due to seismic acceleration is
also evaluated. Typically, the inertia response of the support
mass is evaluated using a response spectrum analysis sinitar to
the piping analysis as described in Section 1.4.3.2.1 of this
appendix. Damping values for welded and bolted structuirs are
provided in Table 3.7-1.

1.7.2.4 Dynamic Fluid Loads

Dynamic fluid loads are a result of fluid transients due to
safety / relief valve thrust, water hammer, and steam hammer.
These events are evaluated in the piping analysis. Supports are
designed to meet the requirements of the piping analysis.

1.7.2.5 Wind / Tornado Loads

Exposed piping and support structures are designed to withstand
forces generated by wind and tornados. Wind and tornado loading
on the piping are evaluated in the piping analysis. The effects
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of wind and tornado on the support structure are also considered
in the support qualification. Design wind speeds are provided in
Section 3.3.

1.7.2.6 Missile Loads

Supports subjected to. loads described in Section 3.5.1 are
evaluated for the effects of missiles. ;

1.7.2.7 Pipe Break Loads

The dynamic effects of pipe breaks on the piping system are
considered in the piping analysis unless eliminated by
leak-before-break (LBB) methodology (see Section 1.9 of this- ;

appendix). The effects of pipe whip, jet impingement, and
temperature increases on the support structure are considered in

i

the support qualification. I

1.7.2.8 Support Stiffness

Supports are modeled in the piping analysis by using the actual
support stiffness values or by using rigid stiffness values.
When the actual support stiffnesses are used, the flexibility of

O all support components as well as the effects of the building
structure are included in the total stiffness value.

Rigid stiffness values are typically used; however, actual
istiffness values for flexible supports (e.g., spring cans) are '

included in the piping analysis. When rigid stiffnesses are
used, all supports in a given piping analysis are typically
designed with a reasonably equal stiffness. This reduces the i

effects of load redistribution to stiffer supports due to the
deflection of the more flexible supports. Deflections of rigid
support are limited to 1/16 inch in the restrained direction-
based on the greater of SSE loadings or the maximum design loads
of Section 1.7.2.13 of this appendix. In addition, the maximum
deflection is limited to 1/8 inch based on the maximum load
combinations.

Since supports are usually modeled with one stiffness value for
both directions of a support axis, supports are designed to have
similar stiffnesses in both directions.

Rigid supports are designed to ensure that the stiffness of the
supports do not affect the pipe frequency.

1.7.2.9 Friction

Temperature changes in the piping system causes movement in the
unrestrained direction of the pipe. If the pipe is free to slide
across a support, frictional forces are developed between the
support surface and the pipe. The amount of frictional force
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developed is a function of the coefficient of friction of the |
sliding surfaces and the support stiffness in the direction of |

movement. Since friction is due to gradual movement of the pipe,
such as thermal expansion, frictional forces are considered in ,

the support design under combined deadweight and thermal loading l
only. Friction forces are applied in both directions of thermal i

expansion.

To account for these forces, the friction force is calculated by
using the smaller of CN or KX, where C is the coefficient of
friction and N is the component of force normal to the movement
and K is the stiffness of the support in the direction of X.

Typical coefficients of friction are:

0.3 for steel to steel
0.1 for low friction slide / bearing plates

Typically, frictional forces are neglected in the analysis of the
piping system because supports are designed to minimize the
effects of friction on the piping analysis.

1.7.2.10 Support Gaps

Small gaps are provided for frame type supports built around the
pipe. These gaps allow for radial thermal expansion of the pipe
as well as allowing for pipe rotation. Total gaps of 1/8 inch or
less in the restrained direction are negligible and are
considered to be zero in the piping analysis.

1.7.2.11 Support Mass

Typically, the mass of the support is not included in the piping
analysis. Therefore, the weight of components supported by the
pipe is limited to the extent possible. For example, spring
supports include the weight of the components below the spring in
the spring load setting, thus negating that part of the spring
support weight that is supported by the pipe. However, due to
the seismic response of the attached mass, supports which add
substantial mass to the pipe are evaluated for the effects on the
piping analysis.

1.7.2.12 Welded Pipe Attachments

j Welded attachments to the pipe wall are avoided where possible.
' However, certain design requirements such as anchors or axial

restraints require the use of welded lugs or trunnions. All
welded attachments require the evaluation of the local stresses
induced into the pipe. Materials used as welded attachments are
compatible with the piping material.

1

l
'
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| 1.7.2.13 Minimum Design Loads
:

In order to provide some uniformity in load carrying ability, all<

supports are designed to minimum loads.

All supports are designed for the largest of the following three
i loads:
a

e 100% of the Level A condition load from the pipingi
i stress analysis

* The weight of a standard ANSI B31.1 span of water'

; filled, schedule 80 pipe

Minimum value of 150 poundsej
!

l 1.7.3 LOAD COMBINATIONS

Load combinations are in accordance with Section 3.9.3.1 and are.

I detailed in Table 3.9-12. For common supports, the SRSS nethod
'

for combination of dynamic loads is used.
i

1.7.4 ACCEPTANCE CRITERIA

i Pipe supports are either linear or plate and shell type devices.-s

3 [ A linear type component support is defined as acting under
; - essentially a single component of direct stress. Such devices
{ may also be subjected to shear stresses. Plate and shell type of
i supports are fabricated from plate and shell elements and are

normally subjected to a biaxial stress.

; seismic Category I pipe support members are designed to meet the |
| requirements defined in ASME Code, Section III, Subsection NF.
j For A500 Grade B tube steel, NF requirements are supplemented by
J the weld requirements of AWS D1.1, " Structural Welding Code"
'

(Reference 4.26). Welding activities of Seismic Category I pipe
supports shall be as defined in Section 3.9.3.4.

Category II pipe support members are designed to meet the
requirements of the AISC Steel Construction Manual.

Standard support manufactured catalog items are designed to meet
the requirements of MSS-SP-58, " Pipe Hangers and Supports-
Materials, Design and Manufacture." The application of catalog |
components is consistent with the manufacturer's requirements and j
are designed to meet the manufacturer's load rated capacities for i

Ithe items. The piping design is consistent with the
manufacturers' requirements for pipe deflection limits at pipe
supports, such as requirements for travel in snubbers and
hangers, or with industry practice, such as requirements for the
sway angle in rod or strut supports. These deflection limits ares

) considered at the stage in the piping design at which the piping |,'"
supports are spotted, oriented and specified. i

!
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Materials used for support devices are structural elements or *

standard components. Standard components include:

- snubbers, mechanical or hydraulic;
constant or variable spring support hangers;-

- . rigid supports consisting of anchors, guides, restraints,
rolling or sliding supports, and-rod type hangers;
sway braces and vibration dampeners;-

- structural attachments such as ears, shoes, lugs, rings,
clamps slings, straps and clevises;

- any other NRC approved devices.

Concrete expansion anchors are designed to-meet the requirements
of ACI-349, " Code Requirements for Nuclear Safety Related
Concrete Structures," as amended by Section 3.8.4.5.1.

This assures that the design strength of concrete for a given
expansion anchor or group of anchors is greater than the strength- !

of the anchor steel, accounts for the effect of shear-tension .

interaction, and considers minimum edge distance and bolt spacing '

on expansion anchor capacity. Base plate flexibility is
accounted for in the calculation of expansion anchor bolt loads.

1.7.5 JURISDICTIONAL BOUNDARIES. *

The jurisdictional boundaries are defined in ASME Section III,
Subsection NF.

1.8 POSTULATED PIPE BREAKS

1.8.1 CLASSIFICATION

1.8.1.1 Mich Enercy

High energy piping systems are those systems or portions of
cystems that are maintained pressurized at either temperatures in

t'

i

|

\ |
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excess of 200 F or at pressures exceeding 275 psig during any of
the following normal plant operating modes. For systems
containing process fluids other than water, the atmospheric
boiling temperature is applied in place of the 200'F criterion.

Reactor Startup*

Hot Standby*

Operation at any Power Level*

Reactor Cooldown to Cold Shutdown*

Exceptions:

A. Non-liquid piping systems (air, gas, steam) with a maximum
pressure less than or equal to 275 psig are not considered
high energy regardless of the temperature.

B. Piping which operates at pressures and/or temperatures
meeting high energy requirements is not considered high
energy if the total time spent in operation at high energy
conditions is less than two percent of the time period
required to accomplish its system design function.

C. Piping of one-inch nominal pipe size and less is not
considered "high energy."

1.8.1.2 Moderate Energy

Moderate energy piping systems are those systems or portions of
systems, that during any of the normal plant operating modes are
maintained pressurized at a maximum temperature of 200*F or less
and a maximum pressure of 275 psig or less including all piping
excluded from high energy.

Exceptions:

A. Open-ended vents and drains are not considered moderate
energy.

B. Piping of one-inch nominal pipe size and less is not
considered moderate energy.

1.8.2 POSTULATED RUPTURE LOCATIONS

1.8.2.1 Break Locations in ASME Class 1 Piping Runs

See Section 3.6.2.1.4.1.A.

O
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(a - Analysis)g SF(4) (a) M =
t1c

M
SF = * -

5

- AND -

SF (2a Analysis) ;(b) M =
1c 1

SF =M1 c

As in the case for SSE, Step (4) is repeated to determine SF for2

[ the a1 and 2a1 analyses, and SF is plotted vs. NOP.

1.9.6.5.2 Using an LBB Piping Evaluation Diagram
!

Once the lines marking the acceptable areas of allowable piping
loads are plotted as described in the previous section, normal
operating piping loads and corresponding maximum design loads for

( the critical piping locations are plotted on the evaluation
( diagram. The critical locations are selected as the highest<

|
stressed point for each different type of material in the line.\

| Figure 3.9A-29 shows how the plot is used for. a. hypothetical
j line. In this example, three points failed LBB and one point

passed LBB. The reasons for each failure are given in the
| figure. The piping design can then be revised using the results.
! (eg., lowering the SSE response load by rerouting or by' adding a

snubber). Further review may result in other' options for
reducing the loads.

1.9.6.6 Results

i Piping Evaluation Diagrams (PEDS) for piping systems listed in
Section 3.6.3 are shown in Figures 3.9A-30 to 3.9A-36 and provide !

'

, LBB acceptance criteria for these piping systems. These criteria I

| are based on piping design parameters given in Table 3.9A-2.
Analyses of preliminary design of these piping systems have
demonstrated that the LBB criteria are met.

The COL applicant will demonstrate that the final detailed design l

parameters of each piping system are consistent with those given
in Table 3.9A-2 and that the final detailed design meets the LBB
criteria of Figures 3.9A-30 to .3.9A-36. If design parameters for
a piping system are not enveloped by those in Table 3.9A-2, the |
COL applicant will construct a new PED for that piping system

p using the methodology given in this appendix and will revise the

V) piping design, as necessary, to meet the LBB criteria of the newf
' PED. If a PED given in Figures 3.9A-30 to 3.9A-36 is applicable

to the detailed design of a piping system but the detailed design
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does not meet the LBB criteria of the PED, the COL applicant will
revise the design until the LBB criteria of the PED are met.

|

Reconciliation of the as-built piping systems with the final I

design will be documented by the COL applicant in a LBB |
'

Evaluation Report. The LBB Evaluation Report shall contain
results of the LBB evaluations for as-built piping. The LBB
evaluations shall employ methods described in Section 3.9 of this
appendix. Reconciliation of each as-built piping system
qualified for LBB will be made by the COL applicant by
demonstrating that:

1 the as-built piping system meets the screening criteria of
Section 3.6.3,

2 the dimensional and material properties of the as-built
piping system are consistent with the parameters used in the
development of the final LBB PED (s) for that piping system,

3 the as-built piping responses meet the ASME Code allowables i

and the final LBB PED criteria. |
1.10 TUBING

1.10.1 GENERAL

Design, analysis and loading considerations that are used for
[~N piping and supports are used for tubing. Due to the amount of
( ) tubing, bounding analyses are performed. This analysis method is

also used for small-bore piping. These criteria apply to safety-v

related tubing.

Non-safety related manifold valves, solenoid valves, and
instruments located over or near safety-related equipment or ;

components are supported using the same criteria, except where '

justified by analysis. This prevents damage, degradation, or
interference with the performance of equipment required for
safety functions.

1.10.2 SUPPORT AND MOUNTING REQUIREMENTS

Two support mechanisms are used, free tube spans and tube track |
Isupports. Criteria for each tube support mechanism are

determined as described above. The following are additional
support and mounting considerations:

A. Tubing that is routed in two or more Seismic Category I
structures (i.e., Reactor Building, Containment, Main Steam
Valve House, Nuclear Annex, Diesel Generator Building) are
verified to have sufficient flexibility to allow for
differential building displaceme 3.

B. Span lengths are chosen and supports and tube details are
designed to accommodate heat tracing and/or insulation
requirements.

C. All reservoirs, valves, and other in-line components arefm

( ) independently supported.
V'/N

D. Movements of the root valve (SAM and TAM) between the pipe
and the tubing are considered.

Amendment V
3.9A-39b April 29, 1994
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0
2.0 HVAC DUCTWORK AND SUPPORT / RESTRAINTS

2.1 GENERAL

HVAC ductwork is designed and supported to withstand the loading
combinations presented in this section, as applicable. The
design and analysis guidelines herein apply to Seismic Category
I and II HVAC ductwork and HVAC ductwork supports / restraints
(S/Rs) to maintain ductwork stresses within allowables, to limit
ductwork displacements to maximum deflection (Am) criteria, and

! to maintain S/R stresses within allowables.

| Seismic Category II HVAC ductwork and HVAC ductwork S/R systems,
| as defined in Section 3.2.1, are analyzed to ensure that their

failure does not adversely impact safety-related equipment or
components. Seismic Category II requirements are conservatively
satisfied by analyzing the HVAC ductwork and HVAC ductwork S/R

<

| systems to the same criteria as Seismic Category I.
|

! Non-seismic HVAC ductwork and non-seismic HVAC ductwork S/R
| systems are designed to meet Sheet Metal and Air Conditioning

Contractors' National Association (SMACNA) standards.

( Ductwork constructed of piping is designed to meet the analysis
requirements of Section 1.0 of this appendix, as applicable.

| 2.2 DESIGN CONSIDERATIONS
1

2.2.1 PRESSURE

Internal pressure loads (P) are considered in the design of
ductwork. The duct skin thickness and stiffener requirements are
based on the design pressure. SMACNA guidelines (References 22
and 23) are used in the determination of skin thickness and
stiffener requirements.

Internal pressures generally have no impact on HVAC ductwork S/R
design, but supports adjacent to flexible expansion joints are
evaluated for associated pressure thrusts.

| 2.2.2 GRAVITY
|

Dead weight (DW) loads include the weight of the ductwork itself,
in-line components (e.g. , dampers) , externally mounted components
and insulation. Dead weight loads are typically increased by 10%
for design to account for the weight of bolts, conduit,
fireproofing, etc.

|

In addition to the dead weight loads from the HVAC ductwork
i analysis, the dead weight of the S/R itself is considered in the
i S/R qualification.

Amendment S
3.9A-40 September 30, 1993
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3.10.2 SEISMIC AND DYNAMIC QUALIFICATION OF ELECTRICAL

EQUIPMENT

Instrumentation and electrical equipment used for post-accident
monitoring, the Reactor Protective System (RPS), the Engineered
Safety Features Actuation System (ESFAS), the actuation devices
for ESF system actuated components, and the emergency power
system are designed to Seismic Category I requirements to ensure
the ability to initiate required protective actions during, and
following, a Safe Shutdown Earthquake (SSE) and for all static
and dynamic loads from normal, transient and accident conditions;
and, to supply power, following an SSE and for all static and
dynamic loads from normal, transient and accident conditions, to
components required to mitigate the consequences of events which
require safety system operation.

Instrumentation and electrical equipment designated Seismic
Category II are shown to maintain their structural integrity and
not adversely impact safety related equipment during an SSE and
for all static and dynamic loads from normal, transient and
accident conditions.

Methods and procedures for qualifying electrical equipment and
instrumentation are described below, and meet the requirements of
Regulatory Guide 1.100, Revision 2, and IEEE Standard 344-1987. I

3.10.2.1 Methods and Procedures for Qualifyinc Seismic
Catecory I Electrical Equipment and
Instrumentation

Seismic Category I instrumentation and electrical equipment
required to perform a safety action during a seismic-event and
for all static and dynamic loads from normal, transient and
accident conditions; af ter a seismic event and for all static and
dynamic loads from normal, transient and accident conditions; or
both are qualified with appropriate documentation in accordance
with the requirements of the equipment specifications. These
requirements are consistent with those of IEEE Standard 344-1987,
" Seismic Qualification of Class 1 Electrical Equipment for
Nuclear Power Generating Stations", and Regulatory Guide 1.100,
Rev. 2. The methods and procedures used for qualifying Seismic
Category I electrical equipment and instrumentation include the
following:

A. Testing and analyses are used to confirm the operability of |
the instrumentation and electrical equipment during and
after an SSF, and for all static and dynamic loads from
normal, trannient, and accident conditions. Prior to SSE
qualification, it is demonstrated that the equipment can
withstand the application of ' five (5) cycles ' of 1/2 SSE

O' excitations withcut loss of structural integrity. Analyses
alone, without testing, is used as a basis for qualification
only if the necessary functional operability of the

Amendment R
3.10-3 July 30, 1993
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equipment is assured by its structural integrity alone. If
complete testing is impractical, a combination of test and
analysis is utilized.

When equipment that has been previously qualified by means
of tests and analysis equivalent to those described here is
utilized, documentation of such tests and analyses is
provided.

B. Equipment is tested in the operational condition.
Operability is verified during and after testing. Loadings
simulating those of plant normal operation, if any, are
concurrently superimposed upon the seismic and other
pertinent dynamic loading.

C. The seismic and dynamic excitation for which the equipment
must qualify is determined based on location in the plant.

D. The characteristics of the required seismic and dynamic
input motion is specified by one of the following:

1. response spectrum

2. power spectral density function

3. time history

These characteristics, derived from the structures or
systems seismic and dynamic analyses, are representative of
the input motions at the equipment mounting locations.

E. The actual input motion is characterized in the same manner
as the required input motion. Conservatism in amplitude and
multi-frequency energy content is demonstrated. That is,
the test response spectrum (TRS) is demonstrated to envelope
the required response spectrum (RRS) over the entire
frequency range. i

F. Multifrequency input motion is used whenever possible.
However, single frequency input, such as sine beats, are !
utilized provided one of the following conditions is met:

1. The characteristics of the required input motion
indicate that the motion is dominated by one frequency
(i.e., by structural filtering effects).

2. The anticipated response of the equipment is adequately
represented by one mode.

3. The input has sufficient intensity and duration to
excite all modes to the required magnitude, such that
the testing response spectra envelope the corresponding
response spectra of the individual modes.

Amendment R
3.10-4 July 30, 1993

_ _



CESSAR BE.%incue,.

O
3.11 ENVIRONMENTAL DESIGN OF MECHANICAL AND ELECTRICAL

EOUIPMENT

The design criteria with respect to environmental effects on the
electrical and mechanical equipment of the Reactor Protective
System and the Engineered Safety Feature systems to ensure
acceptable performance in all environments (normal and accident)
depend upon equipment location and function. Such equipment is
qualified to meet its performance requirements under the
environmental and operating conditions in which it will be
required to function and for the length of time for which its
function is required. As far as practical, equipment for these
systems is located outside the containment building in a mild
environment. If this is not practical, the equipment is
qualified for the environment in which it is required to operate.

For operation under normal conditions the systems areA. .
designed and qualified to remain functional after exposures
to the following ranges of environmental conditions:

1. Temperature ranges given in Appendix 3.11A.

2. Relative humidity ranges given in Appendix 3.11A.

1 3. Pressure ranges given in Appendix 3.11A.

a :
4. Expected integrated radiation exposures for 60 years

given in Appendix 3.11A.

B. In addition to the normal environment, the mechanical and
electrical components required to mitigate the consequences
of a design basis accident (DBA) or to attain a safe
shutdown of the reactor are designed to remain functional
after exposure to the environment anticipated following the
specific DBA which they are intended to mitigate.
Anticipated environmental conditions and requirements are
listed below.

1. The temperature,- pressure, and humidity ranges
following the design basis accidents such as the loss
of coolant accident (LOCA), the main steam line break
(MSLB) or " worst case" combined (LOCA & MSLB) are
indicated in Appendix 3.11A.

2. The time integrated " worst' case" post-accident
radiation doses are indicated in Appendix 3.11A.
Equipment will be designed for the types and levels of
external radiation associated with normal operation
plus the external radiation associated with the
limiting design basis accident (DBA) for which it

g provides a safety function and for the length of time
% both during and after the accident for which-it is |

Amendment V
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| required to be functional. If more than one type of
radiation is significant, each type may be considered
separately.

The COL applicant will make the specific details of the plant
specific environment qualification program available for NRC
evaluation.

3.11.1 EQUIPMENT IDENTIFICATION AND ENVIRONMENTAL
CONDITIONS

Appendix 3.11B lists the equipment required to mitigate a DBA or
to attain a safe shutdown. Specific equipment for each system is
discussed in the appropriate section of the Safety Analysis
Report as referenced in Appendix 3.11B. The major component
categories, such as motor-operated valves, pump motors,
instrumentation and pressure boundary equipment and their
location by area are also provided.

3.11.2 QUALIFICATION TESTS AND ANALYSES

Qualification of electrical equipment for System 80+ will comply
with 10 CFR 50.49 as described below:

A. Environmental qualification of electrical equipment located
in harsh environments within Combustion Engineering's scope
of supply will be in accordance with the methodologies
outlined in CENPD-255-A, Rev. 3 (Reference 1). Reference 1
has been reviewed and approved by the NRC staff as an
acceptable methodology for environmental qualification of
nuclear steam supply system safety-related electrical
equipment. The NRC's approval of Reference 1 includes
references to Amendment 9 of CESSAR-F. The development of
CESSAR-DC necessitated a review of Reference 1 which
resulted in a review of Section 3.11 of CESSAR-F, Section
3.11 and appendix J of supplement No. 3 to NUREG-0852
(Safety Evaluation Report for CESSAR System 80), and the
NRC's approval letter (the NRC approval letter is included
as an integral part of Reference 1). As a result of these
reviews, ABB-CE has determined that there is no basis for i
including references to Amendment 9 of CESSAR-F in the
review of CESSAR-DC. Therefore, the intent of CESSAR-DC is
to incorporate CENPD-255-A, Rev. 3 by reference, independent
of references to Amendment 9 of CESSAR-F. In instancea
where CESSAR-DC and CENPD-255-A, Rev. 3 differ, CESSAR-DC
takes precedence.

B. Environmental qualification of electrical equipment located
in mild environments within Combustion Engineering's scope
of supply will be in accordance with the methodologies
outlined in NPX80-IC-QG790-00, Qualification Guidelines for
Instrumentation and Controls Equipment for Nuplex 80+
(Reference 2).

Amendment U
3.11-2 December 31, 1993
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C. Environmental qualification of electrical equipment outside

of Combustion Engineering's scope of supply will be in
accordance with IEEE 323-1974 and Regulatory Guide 1.89,
Rev. 1.

Environmental qualification of mechanical equipment will comply
with GDC 1 and 4. and Appendix B to 10 CFR 50 (Criteria III,
" Design Control," and XVII, " Quality Assurance Records") and will
include the following:

A. Identification of safety-related mechanical equipment
located in harsh environments, including required operating
times;

B. Identification of non-metallic subcomponents of this
equipment;

C. Identification of the environmental conditions for which
this equipment must be qualified;

D. Identification of non-metallic material capabilities; and

E. Evaluation of environmental effects.

3.11.2.1 Mechanical and Electrical Component Environmental

Q Desian and Oualification for Normal Operation

Equipment which, due to its location, is not significantly j

affected environmentally by the DBA is said to exist in a mild |

(normal plus abnormal service conditions) environment. The |

qualification of equipment in a mild environment is taken from
,

Qualification Guidelines for Instrumentation and Controls )
Equipment for Nuplex 80+ (Reference 2), rather than IEEE Std.
323-1974, which does not distinguish between mild and harsh
environments. For this equipment, if no significant aging
mechanism at mild conditions can be identified a qualified life
is not required. This applies to both electrical and mechanical
equipment. If the predicted life based on experience, aging
analysis, or tests is less than the design life of the plant,
that equipment is subjected to a surveillance program and a
preventative maintenance program that restores it to qualified
operability. The detailed maintenance / surveillance program for
specific plants will be developed based on the specific equipment
for that plant and the results of qualification. testing and
analysis for that equipment. This program is the responsibility
of the owner-operator.

i

Appendix 3.11A provides the ranges of the design temperatures,
,

pressures, and humidities, and radiation for typical mild
environment areas in which safety-related equipment listed in

i Appendix 3.11B is located.
\

Amendment N
3.11-3 April 1, 1993
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| 3.11.2.2 Mechanical and Electrical Component Environmental
,

Desian and Oualification for Operation Durinc and
After a Desian Basis Accident

Equipment listed in Appendix 3.11B is designed to remain
functional in the environment that exists at the equipment

I location during and after the design basis accident in question

| | (e.g., LOCA and MSLB) for the time frame both during and after
the accident for which it is required to be functional, and the
integrated radiation dose during normal operation. The
temperature, pressure, and humidity environment inside the
containment after a LOCA and MSLB is discussed in detail in
Sections 6.2.1.3 and 6.2.1.4. The containment spray
characteristics are given in Section 6.2.2.1. The " worst case"
integrated post-accident radiation dose for those areas at which
equipment is located is given in Appendix 3.11A.

|

! The General Design Criteria, Appendix A to 10 CFR 50, are met as
follows:

Criterion 1 - Quality Standards and Records: refer to*

Section 3.1.1.

* Criterion 4 - Environmental and Missile Design Basis:
refer to Section 3.1.4.

Criterion 23 - Protection System Failure Modes: refer*

to Section 3.1.19.

Containment Design Basis: refer to* Criterion 50 -

Sections 3.1.43 and 6.2.1.

The requirements of Quality Assurance Criterion III, Appendix B
to 10 CFR 50, are met as discussed in Chapter 17.

The recommendations contained in the documents discussed below in
A through H are utilized.

A. Regulatory Guide 1.30, " Quality Assurance Requirements for
the Installation, Inspection, and Testing of Instrumentation
and Electric Equipment."

B. Regulatory Guide 1.73, " Qualification Tests of Electric
Valve Operators Installed Inside the Containment of Nuclear
Power Plants." A description of the tests and analysis by
which active valves are qualified is provided in Section
3.9.2.2.

C. The qualification methods and documentation requirements of
IEEE Standard 323-1974, "IEEE Standard for Quelifying Class
1E Equipment for Nuclear Power Generating Stations," and
" Category 1" of NUREG-0588, are discussed in Reference 1.

Exceptions are noted in Sections 3.11.2 and 3.11.2.1.

Amendment V
3.11-4 April 29, 1994
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D. Passive pressure boundary components inside the containment I
are designed for the appropriate temperature and pressure '

environment in accordance with the applicable code to which ,

the component is constructed. Environmental Qualification |
testing is not considered necessary for such components. |

E. Regulatory Guide 1.40, " Qualification Tests of
Continuous-Duty Motors Installed Inside the Containment of
Water-Cooled Nuclear Power Plants."

F. Regulatory Guide 1. 63, " Electrical Penetration Assemblies in
Containment Structures for Water-Cooled Nuclear Power
Plants."

G. Type tests to ensure acceptability for use in the
containment post-accident environment are performed for each
type of cable in accordance with IEEE Standard 383-1974,
" Standard for Type Tests for Class 1E Cables, Field Splices
and Connections for Nuclear Power Generating Stations."

H. The materials used in the fabrication of mechanical and
structural components inside the containment are selected so
as to minimize corrosion and hydrogen generation resulting

,m from contact with spray solutions. The use of aluminum and

V) zinc is minimized in these components.!
'

AGING FOR HARSH ENVIRONMENT EQUIPMENT

Equipment which is located in zones susceptible to a harsh
environment are also exposed to a mild environment preceding the ,

DBA. Such equipment will undergo an aging analysis that focuses
on the identification of aging mechanisms that significantly
increase the equipment's susceptibility to the design basis
accidents. If no known significant aging mechanisms are found,
a surveillance / preventive maintenance (S/PM) program will be
developed to monitor for degradation. If an aging mechanism is
found that is known to significantly degrade the equipment, that
mechanism will be analyzed to determine whether an accelerated
aging program or a periodic part replacement program is
appropriate.

RADIATION FOR HARSH AND NON-HARSH ENVIRONMENT EQUIPMENT

Equipment is designed for the types and levels of radiation
associated with its location and includes the normal operation
contribution plus the radiation associated with the limiting
Design Basis Accident (DBA). for which it is required to be
functional and for the duration of time both during and after the |
accident for which it is required to be operational. The levels,

(3 defined in Appendix 3.11A are " worst case" values and are|
Ij i,V intended to represent an upper bound dose value for that region.

Amendment V
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O4Equipment which is exposed to radiation equal to or above 10 Rads
3(equal to or above 10 Rads for electronic equipment) will be

irradiated to its anticipated Total Integrated Dose (TID) prior
to type testing unless determined by analysis that radiation does
not affect its ability to perform its required function. Where

| the application of the accident dose is planned during DBA
i testing, it need not be included during the aging process.

4 3
| A total integrated dose of less than 10 Rads (less than 10 Rads

for electronic equipment) will not affect the strength or
properties of material used; hence, further qualification
analysis and tests for components which will be exposed to lesser

,

radiation are not necessary.
1

l Mechanical and electrical equipment will be qualified to
appropriate radiation environments as discussed previously. If

| more than one type of radiation is significant, each type may be
! applied separately.

Gamma

Electrical equipment will be tested to gamma radiation levels
developed as discussed previously. Upper bound dose values for
various plant regions are presented in Appendix 3.11A.

Beta

Equipment exposed to beta radiation will be identified and an
analysis will be performed to determine if the operability of the
equipment is affected by beta radiation ionization and heating
effects. Qualification is performed by test unless analysis
demonstrates that the safety function will not be degraded by
beta exposure. Equipment will be tested and/or analyzed to the
beta radiation levels defined in Appendix 3.11A. Credit will be

| taken for available shielding. Where testing is recommended, a i

gamma equivalent radiation source will be used. ]
1,

Neutron

Equipment exposed to neutron radiation will be identified and
neutron radiation levels defined. When actual neutron dose
qualification testing is not performed, an equivalent gamma
radiation dose will be used for qualification testing to simulate
neutron exposure. The basis for establishing an equivalent gamma
radiation dose will be provided.

Chemical Sorav

After a postulated accident, such as the LOCA or MSLB, components
located in the containment building may be exposed to a chemical
spray. Equipment is environmentally tested to these conditions

Amendment V
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O
A. Plant Protection System (PPS)--

B. Main Control Panels

C. Auxiliary Process Cabinet (APC)

Other instrumentation, such as process transmitters and signal
converters and the Reactor Trip Switchgear System circuit
breakers, are located in the Nuclear Annex or containment
building. Equipment in these areas is qualified for the maximum
expected temperature, radiation, humidity, and pressure under
which and the duration both during and after the accident for |
which the equipment is expected to be functional.

3.11.5 CHEMICAL SPRAY, HUMIDITY, SUBMERGENCE,
AND POWER SUPPLY VOLTAGE AND FREQUENCY
VARIATION

3.11.5.1 Chemical Environment

Engineered Safety Feature systems are designed to perform their
safety-related functions in the temperature, pressure, and
humidity conditions described in Sections 3.11.1, 6.2 and 6.3.
In addition, components of ESF systems inside the containment are
designed to perform their safety-related functions in the

[s\ presence of the existing chemical environment, resulting from the
\s,) boric acid recirculated through the Safety Injection System (SIS)

and Containment Spray System (CSS). The SIS is designed for both
the maximum and long-term boric concentration and pH. These
chemical environment conditions are given in Appendix 3.11A.

3.11.5.2 Humidity

Equipment that may be adversely affected by a high humidity
environment and required to operate in a high humidity
environment but not subjected to a steam environment during DBE
testing will be environmentally qualified by type test. The
equipment is performance tested prior to the application of the
high humidity environment to establish a baseline; then re-tested
while exposed to a humid environment that envelopen the required
humidity condition; and again re-tested after removal of the high |
humidity environment for comparison to the original baseline
measurement. The comparison of the baseline tests determine if
any degradation is present and ensures operability criteria are
met.

Equipment that is subjected to steam environments will be
subjected to the appropriate test profile in Appendix 3.11A.

3.11.5.3 Submergence

G
'

Equipment locations and operability requirements are reviewed to
establish whether or not specific equipment could be subject to
submergence during its required operating time. Flood levels

Amendment V
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both inside and outside containment are reviewed and potential
impacts on equipment qualification appropriately addressed.
Nhere operability during submergence is required, qualification
'ill be demonstrated by type test.

I
3.11.5.4 Power Supolv Voltace and Frecuency Variation j

l

Power supply voltage and frequency variation is addressed in the
equipment design and verification process. During the design
process, the range of power supply variation is determined.
Equipment specifications incorporate the ranges to ensure
acceptable operation. Type testing of the equipment at the
extremes of power supply variations is performed if required.

3.11.6 RADIATION ENVIRONMENTAL QUALIFICATION
|

Safety related components are designed to ensure acceptable
performance, taking into consideration normal operational

| radiation exposure in addition to the single most adverse post
| accident environment for which they are required to be
i functional.
|

The radiation qualifications for individual safety related
components are developed based on:

- The radiation environment expected at component location
| from equipment installation up to the time the equipment is

required to remain functional post accident, and

- The limiting design basis accident for which the component
provides a safety function.

Radiological Source Terms

Normal operation radiation environments are developed based on
the design source terms provided in Sections 11.1 and 12.2.

| Post-accident radiation source terms are developed on the basis
| of the event to be mitigated. Such events can be divided into
! two general classes: LOCA and non-LOCA events, with the CEA

Ejection event being viewed as a special case of LOCA with
simultaneous reactivity insertion. For non-LOCA events such as
main steam and feedwater line breaks the source terms are
developed based on conservative estimates of fuel assembly gap I

| fission product gas releases (see Chapter 15) and the maximum '

reactor coolant specific activities as discussed in Section 11.1.

For the LOCA events there are two levels of fuel damage
considered. One level corresponds to a worst-case, non-fuel
melting event involving decay power heatup of the fuel assemblies

.

|
to a point where one hundred percent of the gap activity is !

| released. The maximum reactor coolant specific activities l

| discussed in Section 11.1 are also included. The timing of the
I

Amendment V
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coolant and gap activity releases is taken from Draft NUREG-1465
(Reference 3) with one exception; that is, 20 percent of the gap
activity is assumed to be released instantaneously rather than
according to the uniform release rate assumption in Draft
NUREG-1465. The purpose of this assumption is to cover the
activity release assumption of the CEA Ejection event discussed
in Section 15.4.8. Indeed, this level of fuel damage is intended
to significantly bound all accidents covered in Chapter 15 with
the exception of the accident postulated to satisfy 10 CFR 100.

The second level of fuel damage is that corresponding to
10 CFR 100 which calls for a postulated design basis accident
(DBA) involving substantial melting of the fuel. Consideration |

of this event provides defense-in-depth because it simply ignores
the substantial capability and reliable design of the Safety
Injection and Emergency Feedwater Systems to cover and cool the
core, even under LOCA conditions. For this type of event the
maintaining of fuel integrity (prevention of core damage) is no
longer an issue. The issue for this level of core damage is the
maintaining of containment integrity. The required manual
operation of the safety-related and redundant Safety I
Depressurization System (SDS, described in Chapter 6) prior to |
core uncovery means that the primary system will be depressurized |

1before core damage occurs. The long-term cooling of core debris[m in-vessel does not require use of the Emergency Feedwater System.
,

\

In-vessel debris coolability for the 10 CFR 100 DBA will be |

maintained by the Safety Injection and Shutdown Cooling Systems. |
To ensure proper transition from the arresting of core damage to I

the long-term cooling mode described above, the Emergency |
Feedwater System will be qualified for 72 hours of operation even
with the 10 CFR 100 source term having been released to
containment. As discussed in Chapter 15, this 10 CFR 100 DBA
source term is based on the coolant and gap activity rileases
described above plus the early in-vessel fuel melt release from
Draft NUREG-1465.

These two levels of post-LOCA equipment qualification are
discussed further below under items C and D.

Post LOCA Radiation Eauipment Oualification

A. Equipment Groups

In the case of a LOCA, safety related equipment needed for |
safe shutdown, mitigation, and post accident monitoring are
divided into two functional groups:

,m
t i

\
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Group A: Equipment needed for safe shutdown and

post-accident mitigation, including RG 1.97 Type
A variables.

GrouD B: Instrumentation needed to monitor plant status
(including RG 1.97 Category 1 and 2 variables not
included in Group A) during the accident as well
as into the start of the recovery phase.

Components that fall under the Group A classification are
qualified for component specific post accident durations
which can range from accident initiation up to a maximum of
100 days. Three months is defined as the duration of the
accident.

Components that fall under the Group B classification are
qualified for component specific post accident durations
which can range from accident initiation up to a maximum of
180 days. Six months is considered to be well into the
recovery phase.

j B. Qualification Time

The required qualification time for components (including
margin requirements per RG 1.89, Rev 1) is developed as
follows:

Group A

- For components needed in the short term (first 10 hours
after the event), the qualification time is established
based on a conservative estimate (consistent with the
accident analyses) of when (and for how long) the component
is required to function plus a margin of one hour.

For components needed to operate intermittently or operate-

in the short term (but exceeding 10 hours), the
qualification time is established based on a conservative
estimate (consistent with the accident analyses) of when
(and for how long) the component is required to be
functional or until such time when an alternate method can
be used to perform the function or when replacement
components can be installed. Per RG 1.89, Rev 1, a 10% time
margin is addressed.

| In the event none of the above required operational periods
can be clearly established to be possible prior to 100 days
following the DBA, the component is qualified to 100 days
following the accident. The 100 days is assumed to include
the 10% time margin requirements required by RG 1.89, Rev 1.

- For components needed to operate for the entire duration of
the accident, the qualification time is 100 days or until

Amendment V
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such time when an alternate method can be used to perform
the function or when replacement components can be
installed. As discussed above, a 10% time margin is
addressed. ;

GrouD B |

- For components needed to operate for the entire duration of
the accident as well as into the start of the recovery
phase, the qualification time ranges up to 180 days, i.e.;
until major recovery efforts are initiated and other
monitoring techniques and/or devices appropriate for the
specific event can be introduced. The qualification time i
for individual components are based on an evaluation of i
alternate methods that can be used to perform the function
or when replacement components can be installed.
Consideration is also given to the degree of deterioration,
and impact on component function that is expected due to
exposure during the extended period (i.e., beyond the 100
day duration of the accident), and whether compensatory
techniques can be employed to maintain usability during that
extended period (such as by addressing a further increase in
instrument drift than addressed during the mitigation

a phase). As before, per RG 1.89, Rev 1, a 10% time margin is
(V addressed for components required to be functional for time)

frames less than 180 days.

C. Qualification Level

The approach used in establishing the post LOCA radiation
environments allows for the development of two functionally
appropriate qualification levels. As discussed previously,
these levels are based on the usage of radiation source
terms (in the development of post-LOCA radiation
environments) which are consistent with other system design
bases. The components are segregated by required
qualification level as follows:

Level 1 - Components Needed to Preclude or Limit Core
Damage.

Level 2 Components Needed to Maintain Containment-

Integrity (including Safety Injection for in-
vessel long-term core debris coolability).

D. Application of Qualification Level to Equipment and
Instrumentation

Level 1
O,
( ! Environmental qualification for the Emergency Feedwater

System (i.e.; equipment needed to preclude or limit core
damage) is based on the Draft NUREG-1465 100% Core Gap

Amendment V
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Release Source . Term plus a margin as discussed below.
Twenty percent of the core gap activity is assumed to be

| released instantaneously, as a puff, whereas the remaining
| 80% evolves in accordance with Draft NUREG 1465 over a
| period of 0.5 hrs. The puff release component of the model

| is intended to address fuel damage considerations from
| reactivity ir.sertion events. The use of this source term is

| based on the following:

|* If the EWFS functions within its design basis, there will be
minimal core damage.

! * In an " Arrested" Core melt Scenario, (i.e., if the

| effectiveness of the safety systems is delayed resulting in
the release of the gap plus some melted fuel):

:

| - The 100% gap qualification level (plus sufficient
margin) will justify credit for restoration and'

operation of the EFWS for approximately three days to
help control reactor coolant system pressure.

Long term core cooling (i.e. , beyond the three days) is-

guaranteed by shutdown cooling and safety injection
| pumps (Level 2 qualified equipment).
|

! RG 1.97 Category 1 and 2 post-accident monitoring instrumentation
! that are qualified to Level 1 radiation environments are listed
| in Table 3.11-2. Summarized below is the basis for the use of
| this qualification level:
|

Type A Variables - None*

j Type B Variables:*

t

I Reactivity control monitoring instrumentation (neutron-

flux detectors) are primarily needed to show
accomplishment of mitigation, and in this case ,

'

establishing subcriticality which occurs almost
immediately after the event. Additionally, in a Level
2 environment, the core geometry is lost due to core
melt thus impacting long term neutron flux detection
capability.

Core cooling monitoring instrumentation: reactor .-

coolant hot / cold leg temperature can be established |

during a core melt scenario by the use of the unheated
junction thermocouple (UHJTC) which is qualified to
Level 2: reactor vessel coolant level and degrees of
subcooling are not critical parameters for a core melt
scenario.

Amendment V
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Type C Variables:e

Fuel cladding monitoring instrumentation: Core exit-

temperature is useful in the early stages of heatup, up
to the point where multiple fuel assembly pins have
failed. Beyond this, potential increase in core exit
temperature in a core melt scenario can be established
by noting increase in containment temperature
(containment temperature monitors are qualified to
Level 2); radioactivity in circulating primary coolant
is intended to detect pin failures. This function is
completed very early in the accident and survivability
through the entire core melt scenario is not considered
necessary. RCS pressure boundary monitoring
instrumentation: though listed as a Category 3
instrumentation, qualification of the containment area
monitors is required since credit is taken for their
operation (and subsequent containment isolation) in the
site boundary and control room dose analysis following
a CEA ejection accident (anticipated fuel failure is
6.8%).

Type D Variables:*

Primary Coolant System monitoring instrumentation:-

Primary System safety-valve position indication,v

pressurizer level and heater status is not necessary
for the duration of the core melt scenario since its
monitoring function is completed early'in the accident
when the Safety Depressurization System is initiated.

- Secondary System monitoring instrumentation: SG
level / pressure and safety / relief valve position is not
needed for the duration of the core melt scenario since
its monitoring function is completed early in the
accident when the Safety Depressurization System is
initiated (i.e., long term RCS pressure control will
not be achieved by steam dump via the SG).

- Emergency Feedwater System monitoring instrumentation:
As discussed earlier in this section, the entire
Emergency Feedwater System is qualified to Level 1
which includes the emergency feedwater flow and storage
tank level.

|

[(
l
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! Containment sump water temperature instrumentation:-

Potential i1 crease in sump water temperature in a core
melt scenario can be established by noting increase in
containment temperature (containment temperature

| monitors are qualified to Level 2).

Type E Variables:*
|

- Airborne radioactivity materials released from the
| plant: The primary purpose of the main steam line
l radiation monitors is radiation detection following a

steam generator tube rupture. These detectors do not
need qualification for the duration of the core melt
scenario since long term RCS pressure control is
achieved by the Safety Depressurization System rather
than by steam releases via the SG.

j Level 2

( Environmental qualification for the components needed to
maintain containment integrity (including Safety Injection
for in-vessel long-term core debris cooling) is based on
Draft NUREG 1465 Gap Plus Early In-vessel Release Source
Term to satisfy the " substantial" core melt postulated by
10CFR100 which presupposes that emergency core cooling has

i failed initially.

RG 1.97 Category 1 and 2 post-accident monitoring
instrumentation not addressed for Level 1 qualification
above will be qualified to appropriate radiation
environments bounded by Level 2 qualification requirements.

Table 3.11-2 summarizes the assigned qualification level
(i.e., 1 or 2) for Group A and Group B components.

O
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TABLE 3.11-2

(Sheet 1 of 2)

SUAIATARY OF ASSIGNED
ItADIOLOGICAL EOUIPAfENT OUALIFICATION LEVEL

RADIATION EQUIPMENT EQUIPMENTQUALIFICATION LEVEL GROUP A GROUP B
LEVELl' Emergency Feedwater System SEE LIST 1

Safety Injection System
LEVEL 2 |

Containment Pressure Boundary SEE LIST 2
(Including Containment Isolation)
Safety Depressurization System
Shutdown Cooling System
Containment Spray System
Combustible Gas Control"
Component Cooling Water System"*
Essential Chilled Water Systems *"
Equipment and Floor Drains"*
Subsphere and Annulus Ventilation Systems

~'N LIST 1 LIST 1 (Continued)
Primary Safety Valve Position IRWST Temperature
Reactor Coolant Temp (hot / cold) Emergency Feedwater Flow
Reactor Coolant Radiation Level Emergency Feedwater Storage Tank Level
Reactor Vessel Coolant Level Main Steam Line Effluent Radiation Level

|SG Pressure
Containment Area Radiation (Low Range)

SG Level
SG Safety Valve /ADV Position
Pressurizer Level
Pressurizer Heater Status
Degree of Subcooling
Neutron Flux
Core Exit Temperature

* Plus Margin for Transition to Level 2

" Equipment Qualification per Regulatory Guide 1.7

"* Portions Supporting Containment Spray / Shutdown Cooling

Amendment V
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l TABLE 3.112

(Sheet 2 of 2)

SUMMARY OF ASSIGNED
RADIOLOGICAL EOUIPMENT OUALIFICATION LEVEL

LIST 2 LIST 2 (Continued _)

RCS Pressure Shutdown Cooling HX Outlet Temperature
SDS Valve Position IRWST Level
SDS Pressure Containment Isolation Valve Position,

| SDS Temperature Containment Area Radiation Monitor (high range)
UlDTC Unit Vent Post Accident Concentration'

Safety injection Flow Unit Vent Flow
Safety injection Tank level Control Room Ventilation Damper Position

; Safety Injection Tank Pressure Status of Standby Power & other Safety Related Energy Sources
| Safety Injection Tank Isolation Valve Component Cooling Water flow & temperature to ESF System
'

Position
Containment Pressure
Containment Temperature
Containment Hydrogen Concentration""

| Containment Spray Flow
Shutdown Cooling Flow

!
! 1

|

|

9
"" Equipment Qualification per Regulatory Guide 1.7
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a APPENDIX 3.11A

ENVIRONMENTAL CONDITIONS AND TEST PROFILES

FOR

STRUCTURES AND COMPONENTS

1.0 PURPOSE

The purpose'of Appendix 3.11A is to'present'_ typical environmental
design data for normal conditions and " worst case" environmental
design data for.. accident conditions. These data were' developed from.
the experience of operating plants modified for the unique design of
System 80+. The " worst case" post-LOCA radiation environments are
based on the six~ month integrated gap _and early in-vessel-releases
discussed in Draft NUREG-1465.

2.0 DISCUSSION

The tables and figures in this appendix show categories which'are
associated with particular regions of the plant, plus either normal
or' accident , conditions. Specifying a category for a piece of
equipment fixes the worst case environment at its location. The

i equipment, however, is qualified only_to the environmental radi_ation
exposure received during normal operation and for the duration-of
time both during and after the worst case DBA for ~ which it is |

| required to be functional. The typical test profiles shown include
test margins required _by 10 CFR 50.49. The "inside cabinet" test'

profiles (Figures 3.11A-8 and 3.11A-10) include a temperature margin
which accounts for heating effects inside ; the cabinet. Figures;

3.11A-9 and 3.11A-10 include allowance for loss of ventilation in'

certain regions of the Nuclear Annex /Subsphere. ~ Generic ~ testing of
equipment may, and usually does, exceed the conditions shown in the
test profiles.

l

.
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TABLE 4.1-1s

DESIGN FEATURES AND ACCEPTANCE CRITERIA
FOR FUEL AND INITIAL CORE DESIGN

Desicn Feature Acceptance Criteria

|

Fuel Desian J

Maximum Fuel Rod Burnup $60,000 MWD /MTU I

Fuel Rod U-235 Enrichment $3.7 wt. %

Er 0 Burnable Absorber $2.0 wt. % |2 3
Concentration

Number of Integral Er20 $1243

Burnable Absorber Pins Per Fuel |
Assembly

Natural Uranium Axial Blanket Length 57.5 inches j
(Top and Bottom of Fuel and BP Rods) j

'[ Er20 Burnable Absorber Rod Cutback 515.0 inches |3

\ Length (Top and Bottom)
.

Initial Core Desian

Core Power Level 53914 MWt

Cycle Length $16,000 MWD /MTU

i

I

LJ
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TABLE 4.1-2 1

EVALUATED DESIGN PARAMETERS AND ACCEPTANCE CRITERIA
FOR FUEL AND INITIAL CORE DESIGN

Evaluated Design Parameter Acceptance Criteria

Core Average U-235 Enrichment $2.6 wt. % |

Maximum Unrodded 3-Dimensional $2.28
Peaking Factor (F )e

Maximum Unrodded Integrated Radial $1.55
Peaking Factor (Fa)

Minimum DNBR 21.24 |

Net CEA Shutdown Worth (HFP) 28.86%Ap |

Moderator Temperature Coefficient 5-0.1 E-4 Ap/*F,
(HFP, ARO) 2-3.5 E-4 Ap/'F

. Power Coefficient <0.0 Ap/(kW/ft) |

Critical Boron Concentration (HFP, $1056 ppm
BOC, ARO, Equilibrium Xenon)

e
Amendment T
November 15, 1993
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| G' 4.2 FUEL SYSTEM DESIGN

4.2.1 DESIGN BASES

l 4.2.1.1 Fuel Assembly

The fuel assemblies are required to meet design criteria for each
design condition listed below to assure that the functional
requirements are met. Except where specifically noted, the
design bases presented in this section are consistent with those
used for previous designs.

A. Nonoperation and Normal Operation (Condition I)
| Condition I situations are those which are planned or

expected to occur in the course of handling, initial
shipping, storage, reactor servicing and power operation
(including maneuvering of the plant). Condition I

| situations must be accommodated without fuel assembly
| failure and without any effect which would lead to a

restriction on subsequent operation of the fuel assembly.
The guidelines stated below are used to determine loads
during Condition I situations:

1. Handling and Fresh Fuel Shipping
0

Loads correspond to the maximum possible axial and
lateral loads and accelerations imposed on the fuel

| assembly by shipping and handling equipment during
'

these periods, assuming that there is no abnormal
contact between the fuel assembly and any surface, nor
any equipment malfunction. Additional information
regarding shipping and handling loads is contained in
Section 4.2.3.1.5.

2. Storage

Loads on both new and irradiated fuel assemblies
reflect storage conditions of temperature, chemistry,
means of support and duration of storage.

3. Reactor Servicing

Loads on the fuel assembly reflect those encountered
during refueling, inspection, and reconstitution.

| Irradiation effects on material properties are
i considered when analyzing the effects of handling loads

which occur during refueling.

n
I ILJ
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4. Power Operation |

!

Loads are derived from conditions encountered during
'

transient and steady-state operation in the design
power range. (Hot operational testing, system startup,
hot standby, automatic and operator-controlled
transients within specified rate limits and system
shutdown are included in this category.)

5. Reactor Trip

Loads correspond to those produced in the fuel assembly
by control element assembly (CEA) motion and
deceleration.

B. Upset Condition (Condition II)

Condition II situations are unplanned events which may occur
with moderate frequency during the life of the plant. The

| fuel assembly design must have the capability to withstand
any upset condition with margin to mechanical failure and
with no peaanent effects which would prevent continued
normal operation. Events classified as Upset Conditions are
listed below:

1. Uncontrolled CEA Withdrawal
2. Uncontrolled Boron Dilution
3. Partial Loss-of-Coolant Flow
4. Idle Loop Startup (in violation of established

operating procedures)
5. Loss of Load (reactor-turbine load mismatch)
6. Loss of Normal Feedwater
7. Loss of Offsite Power
8. Excessive Heat Removal (feedwater system malfunction)
9. CEA Drop
10. Accidental Depressurization of the Reactor Coolant

System (RCS)

C. Emergency Conditions (Condition III)

From Chapter 15 and Minor Fuel Handlina Accidents

Condition III events are unplanned incidents which might
occur infrequently during plant life. Rod mechanical
failure must be prevented for any Condition III event in
any area not subject to extreme local conditions (e.g., in

9
Amendment U
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D. Nomenclature

i

The symbols used in defining the allowable stress levels are
as follows:

P, = Calculated general primary membrane stress (*)

Calculated primary bending stressP =
3

S= Design stress. intensity value'as defined by Section-
III, ASME Boiler and' Pressure Vessel Code'b'

Minimum unirradiated ultimate tensile strengthS =
o

F, = Shape factor corresponding to the particular cross
section being analyzedM '

S', = Design stress intensity value for faulted conditions

The definition of S', as the lesser value of 2.4 S, and 0.7
S is contained in the ASME Boiler and Pressure Vessel Code,o

Section III.

I
'!

(a) P and P are defined by.5-( (on III,'ASME Boiler and Pressurem b

Vessel Code.

(b) With the exception of zirconium base alloys, the design stress
intensity values, S , of materials not. tabulated by the Code are
determined in the same manner as the Code. The design stress
intensity of zirconium base alloys shall not exceed two-thirds of
the unirradiated minimum yield strength at temperature. Basing
the design stress intensity on the unirradiated yield strength is
conservative because the yield strength of zircaloy increases
with irradiation. The use of the two-thirds factor ensures 50%
margin to component yielding in response to primary stresses.
This 50% margin together with its application to the minimum
unirradiated properties and the general conservatism'. applied in
the establishment of design conditions is sufficient to ensure an
adequate design.

(c) The shape. factor, Fg is defined as the ratio of_the " plastic"
moment (all fibers just at the yield stress) to the initial yield

i amount (extreme fiber at the' yield stress and all other fibers
stressed in proportion to their distance from the neutral axis).
The capability of cross sections loaded in bending to sustain
moments considerably in excess of that required to yield'the
outermost fibers is discussed in Timoshenko (see Reference 1).

|
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Gi4.2.1.1.2 Material Selection

'

The fuel assembly grid cage structure consists of 10 Zircaloy-4
spacer grids, 1 Inconel 625 spacer grid (at the lover end) , 5
Zircaloy-4 guide tubes, 2 stainless steel end fittings, and 4
Inconel X-750 coil springs. Zircaloy-4, selected for fuel rod
cladding, guide tubes and spacer grids, has a low neutron
absorption cross section, and high corrosion resistance to the
reactor water environment. Also there is little reaction between
the cladding and fuel or fission products. As described in
Section 4.2.3, Zircaloy-4 has demonstrated its ability as a
cladding, CEA guide tube, and spacer grid material.

The bottom spacer grid is of Inconel 625 and is welded to the
lower end fitting. In this region of local inlet turbulence,
Inconel 625 was selected rather than Zircaloy-4 to provide
additional strength and relaxation resistance. Inconel 625 is a
very strong material with good ductility, corrosion resistance
and stability under irradiation at temperatures below 1000 F.

The fuel assembly upper and lower end fitting are of cast 304
stainless steel and the upper and lower end fitting posts are
Type 304 stainless steel machined components. This material was
selected based on considerations of adequate strength and high
corrosion resistance. Also, Type 304 stainless steel has been
used successfully in almost all pressurized water reactor
environments, including all currently operating C-E reactors.

4.2.1.1.3 Control Element Assembly Guide Tubes

All CEA guide tubes are manufactured in accordance with ASTM
B353, Wrought Zirconium and Zirconium Alloy Seamless and Welded
Tubes for Nuclear Service, with the following exceptions and/or
additions:

O
|
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4.2.1.2 Fuel Rod

4.2.1.2.1 Fuel Cladding Design Limits

The fuel cladding is designed to sustain the effects of
steady-state and expected transient operating conditions without

| exceeding acceptable levels of stress and strain. Except where
| specifically noted, the design bases presented in this section
I are consistent with those used for previous core designs. The

fuel rod design accounts for cladding irradiation growth,
external pressure, differential expansion of fuel and clad, fuel
swelling, densification, clad creep, fission and other gas
releases, initial internal helium pressure, thermal stress,
pressure and temperature cycling, and flow induced vibrations.
The structural criteria and bases discussed below address the |
normal, upset, and emergency loading combinations identified in
Section 4.2.1.1. For a discussion of the thermal / hydraulic
criteria, see Section 4.4.1.

A. During normal operating and upset conditions, the maximum
primary tensile stress in the Zircaloy clad shall not exceed
two-thirds of the minimum unirradiated yield strength of the
material at the applicable temperature. The corresponding
limit under emergency conditions is the material yield
strength and the limit for faulted conditions is the smaller

) of 1.6 times the yield strength and 0.7 times the ultimate\'
strength. The use of the unirradiated material yield
strength as the basis for allowable stress is conservative
because the yield strength of Zircaloy increases with
irradiation. The use of the two-thirds factor ensures 50%
margin to component yielding in response to primary
stresses. This 50% margin, together with its application to
the minimum unirradiated properties and the general
conservatism applied in the establishment of design
conditions, is sufficient to ensure an adequate design.

B. Net unrecoverable circumferential strain thall not exceed 1%,

i as predicted by computations considering clad creep and
fuel-clad interaction effects.

Data from O'Donnell (Reference 5) and Weber (Reference 6)
were used to determine the present 1% strain limit.
O'Donnell developed an analytical f ailure curve for Zircaloy
cladding based upon the maximum strain of the material at
its point of plastic instability. O'Donnell compared his
analytical curve to circumferential strain data obtained on
irradiated coextruded Zr-U metal fuel rods tested by Weber.
The correlation was good, thus substantiating O'Donnell's
instability theory. Since O'Donnell performed his analysis,
additional data have been derived at Bettis (References 7-9)O and AECL (References 10 and 11).,

t <>

: V
|
|

l
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9 |1| These data are shown in Figure 4.2-1, along with O'Donnell's
curve and Weber's data. This curve was then adjusted i

Ibecause of differences in anisotropy, stress states and
strain rates, and the design limit was set at 1%.

The conservatism of the clad strain calculations is provided
by the selection of adverse initial conditions and material

| behavior assumptions, and by the assumed operating history.
' The acceptability of the 1% unrecoverable circumferential

strain limit is demonstrated by data from irradiated
Zircaloy-clad fuel rods which show no cladding f ailures (due
to strain) at or below this level, as illustrated in Figure
4.2-1.

C. The clad will be initially pressurized with helium to an
amount sufficient to prevent gross clad deformation under
the combined effects of external pressure and long-term
creep. For conservatism, the clad design will not rely on
the support of the holddown spring in the plenum region.

D. Cumulative strain cycling usage, defined as the sum of the
ratios of the number of cycles in a given effective strain
range (AE) to the permitted number (N) at that range, as
taken from Figure 4.2-2, will not exceed 0.8.

The cyclic strain limit design curve shown on Figure 4.2-2
is based upon the Method of Universal Slopes developed by;

| S. S. Manson (Reference 12) and has been adjusted to provide
a strain cycle margin for the effects of uncertainty and
irradiation. The resulting curve has been compared with
known data on the cyclic loading of Zircaloy and has been
shown to be conservative. Specifically, it encompasses all
the data of O'Donnell and Langer (Reference 13).

As discussed in Section 4.2.1.2.5, the fatigue calculation
method includes the effect of clad creep to reduce the
pellet-to-clad diametral gap during that portion of
operation when the pellet and clad are not in contact. The
same model is used for predicting clad fatigue as is used
for predicting clad strain. Therefore, the effects of creep
and fatigue loadings are considered together in determining
end-of-life clad strain. Moreover, the current fatigue
damage calculation method includes a factor of 2 which is
applied to the calculated strain before determining the
allowable number of cycles associated with that strain.
This, in combination with the allowable f atigue usage factor
0.8, ensures a considerable degree of conservatism (see
Figure 4.2-2).

O
Amendment V
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where:'

2C, = specific heat, BTU /ft *F; and,.

temperature, 'F.T =

4.2.1.2.4.5 Mechanical Properties

A. Young's Modulus of Elasticity

The static modulus of elasticity of unirradiated fuel of 97%
TD and deformed under a strain rate of 0.097 hr' is given
by Reference 24:

E = 14.22 (1. 6715 x 10' - 924. 4T) ,

where:

E = modulus of elasticity in psi; and,
T = temperature in *C in the range of 1000 to 1700*C.

B. Poisson's Ratio

The Poisson's -Ratio of polycrystalline Uo2 has a value of
\ 0.32 at 25'C based on Reference 79. The same' reference |

~

d notes a 10% decrease in value over the range of 25 to
1800*C. Assuming the decrease is linear, the temperature
dependence of the Poisson's Ratio is given by:

0.32 - 1.8 x 10^5 (T-25),y =

where:

Poisson's Ratioy =

T = temperature in *C in the range of 25 to 1800*C.

At temperatures above 1800 C, a constant value of 0.29 isused for Poisson's Ratio.
4.2.1.2.5 Fuel Rod Pressurization

Fuel rods are initially pressurized with helium for two reasons:
A. To preclude clad collapse during the design life of the

fuel. The internal pressurization reduces stresses from
differential pressure, thus extending the time required to
produce clad collapse beyond the required service life of
the fuel; and,

o
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B. To improve the thermal conductivity of the pellet-to-clad
gap within the fuel rod. Helium has a higher coefficient of
thermal conductivity than the gaseous fission products.

In unpressurized fuel, the initially good helium conductivity is
eventually degraded through the addition of the fission product
gases released from the pellets. The initial helium
pressurization results in a high helium to fission products ratio
over the design life of the fuel with a corresponding increase in
the gap conductivity and heat transfer. The effect of fuel rod
power level and pin burnup on fuel rod internal pressure has been
studied parametrically.

The initial helium fill pressure will be 380 psig. This initial !
|

fill pressure will be sufficient to prevent clad collapse
discussed in Section 4.2.3.2.7 and will produce a maximum

| end-of-life internal pressure consistent with the criteria of
Section 4.2.1.2.1. The calculational methods employed to
generate internal pressure histories are discussed in References
15-17.

j 4.2.1.2.5.1 Capacity for Fission Gas Inventory

The greater portion of the gaseous fission products remain either
within the lattice or the microporosity of the UO fuel pellets2

and do not contribute to the fuel rod internal pressure.
However, a fraction of the fission gas is released from the
pellets by diffusion and pore migration and thereafter
contributes to the internal pressure.

The determination of the effect of fission gas generated in and
released from the pellet column is discussed in Section
4.2.3.2.2. The rod pressure increase which results from the
release of a given quantity of gas from the fuel pellets depends
upon the amount of open void volume available within the fuel rod
and the temperatures associated with the various void volumes.
In the fuel rod design, the void volumes considered in computing
internal pressure are:

o Fuel rod upper end plenum;
o Fuel-clad annulus;
o Fuel pellet-end dishes and chamfers;
o Fuel pellet open porosity; and
o Fuel crack volume.

These volumes are not constant during the life of the fuel. The
model used for computing the available volume as a function of
burnup and power level accounts for the effects of fuel and clad
thermal expansion, fuel pellet densification, clad creep, clad
growth, and irradiation induced swelling of the fuel pellets.

Amendment U
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k considerations, and therefore the gas release used to
size the plenum represents an upper limit. Because of
time-varying gap conductance, fuel temperature and.
depletion, and expected ' fuel management, the release
rate varies as a function of burnup.

4.2.1.2.6 Fuel Rod Performance

Steady state fuel temperatures are determined by the FATES
computer program. The calculations procedure considers the
effect of linear heat rate, fuel relocation, fuel swelling,
densification, thermal expansion, fission gas release, and clad
deformation. The model for predicting fuel thermal performance,
including the specific effects of fuel densification on increased
LHGR and stored energy, is discussed in References 15-17.

Significant parameters such as cold pellet and clad diameters,
gas pressure and composition, burnup and void volumes are
calculated and used as initial conditions for subsequent
calculations of stored energy during the Safety Injection System
(SIS) analysis. .The coupling mechanism between FATES
calculations and the SIS analysis is described in detail in
Reference 26.

Discussion of uncertainties associated with the model, and of
comparative analytical and experimental results, are included inI ,

\ References 15-17.
|

4.2.1.3 Burnable Absorber Rod |

Three alternative burnable absorber rod designs, using Al 0 -B C2 3
absorber pellets, Gd 0 -UO absorber pellets or Er20-UO absorber2 3 2 3 2

pellets are provided for the System 80+ fuel design. All three
types of burnable absorber rods have been used previously in C-E |designed reactors and have been approved by the NRC. From the
standpoint of fuel assembly design, the three alternative
burnable absorber rod designs are identical in the cladding |
maten al specifications and dimensional properties, and in the
mechanical positioning within the fuel assembly. The three

i burnable absorber rod designs are described in Section 4.2.2.3.
'

The burnable absorber rod cladding and pellet design properties
are described below.

4.2.1.3.1 Burnable Absorber Rod Cladding Design Limits |

The burnable absorber rod design, similar to the fuel rod design, |
accounts for external pressure, differential expansion of pellets
and clad, pellet swelling, clad creep, helium gas release,
initial internal helium pressure, thermal stress, and
flow-induced vibrations. Except where specifically noted, the
design bases presented in this section are consistent with those

( used for the fuel rod design. The structural criteria for the

|

| Amendment V
| 4.2-21 April 29, 1994
,

- --- - .,. _ e , , , . , . . _ . ...m, , , . , , 4.m... .. .~.y, ...y., , . , , , ,



CESSARE!Ence

normal, upset and emergency loading combinations identified in
Sections 4.2.1.1 and 4.2.1.2 are highlighted as follows:

A. During normal operating and upset conditions, the maximum
primary tensile stress in the Zircaloy clad shall not exceed
two-thirds of the minimum unirradiated yield strength of the
material at the applicable temperature. The corresponding
limit under emergency conditions is the material yield
strength and the limit for faulted conditions is the smaller
of 1.6 times the yield strength and 0.7 times the ultimate
strength.

B. Net unrecoverable circumferential clad strain shall not
exceed 1% as predicted by computations considering clad

| creep and burnable absorber pellet swelling effects.

C. The clad will be initially pressurized with helium to an
amount sufficient to prevent gross clad deformation under
the combined effects of external pressure and long-term
creep. For conservatism, the clad design will not rely on
the support of the holddown spring in the plenum region.

| 4.2.1.3.2 Burnable Absorber Rod Cladding Properties

| Cladding tubes for burnable absorber rods are purchased under the
specification for fuel rod cladding tubes. Therefore, the
mechanical, metallurgical, chemical, and dimensional properties
of the cladding are as discussed in Section 4.2.1.2.2.

| 4.2.1.3.3 Al 0 -B C Burnable Absorber Pellet Properties2 3

| The Al 0 -B C burnable absorber pellets used in C-E designed2 3
reactors consist of a relatively small volume fraction of fine
B C particles dispersed in a continuous Al O matrix. The boron |4 2 3
loading is varied by adjusting the B C concentration in the range

i4

from 0.7 to 4.0 wt% (1.0 to 6.0 vol%). The bulk density of the '

Al 0 -B C pellets is specified to be greater than 93% of the2 3 4

calculated theoretical density. Typical pellets have a bulk
density of about 95% of theoretical. Many properties of the
two-phase Al 0 -B C mixture, such as thermal expansion, thermal2 3
conductivity, and specific heat are very similar to the
properties of the Al O major constituent. In contrast,2 3

properties such as swelling, helium release, melting point, and
corrosion are dependent on the presence of B C. The operating4

| centerline temperature of burnable absorber pellets is less than
1150'F, with a maximum surface temperature of 1090'F.

.

O
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4.2.1.3.3.1 Thermal-Physical Properties

A. Thermal Expansion
|
'

The mean thermal expansion coefficients of Al 0 (Reference2 3

27) and B C (Reference 28) from 0 to 1850'F are 4.9 and 2.5
in. / in. * F x 10-6, respectively. The thermal expansion of

,

the Al 0 -B C two-phase mixture can be considered - to be I2 3 4

essentially the same as the value for the continuous A1 02 3
matrix since the dispersed B.C phase has a lower expansion
coefficient and occupies only 5% of.the available volume. |
The low temperature (80 to 250'F) thermal expansion
coefficient of Al 0 irradiated at 480, 900, and 1300*F does2 3
not change as a result of irradiation (Reference 29). The
expansion of a similar material, beryllium oxide, up to
1900*F, has also been reported to be relatively unchanged by
irradiation (Reference 30) . It is, therefore, appropriate to
use the values of thermal expansion measured for Al 02 3
(Reference 27) for the burnable absorber pellets: |

Temperature Range Linear Expansion
(*F from 70 to) (%)

,

400 0.12
600 0.23
800 0.30

1000 0.40

B. Melting Point

The melting points of Al0 (3710'F) _ Reference 31) and B C(2 3 4

(4400'F) (Reference 32) are higher than the melting point of
the Zircaloy-4 cladding. No reactions have been reported
between the components which would lower the melting point
of the pellets to any significant extent. As the B C burns
up, the lithium atoms formed occupy . interstitial sites
randomly distributed within the BC lattice, rather than4

forming a lith %n-rich phase (Reference 33). The solid
solution of lithium in B.C should not appreciably influence
the melting; point of the Al 0 -B C pellets, as only a small2 3 4

quantity of lithium compounds (0.5 wt%) forms during
irradiation. It is concluded that . the melting point of
A.10 -B C will remain considerably above the maximum 1150*F2 3 4

operating temperature.

Amendment V
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C. Thermal Conductivity

The thermal conductivity of Al 0 -B C was calculated from2 3 4

the measured values for Al 0 and BC using the2 3 4
,

! Maxwell-Eucken relationship (Reference 34) for a continuous

| matrix phase (Al O ) with spherical dispersed phase (B C)2 3 4

| particles. Because of the high Al 0 content of these2 3
mixtures and the similarity in thermal conductivity, the
resultant values for Al O -B C were essentially the same as2 3 4

[ the values for A1:0. The measured, unirradiated values of
3

! tharmal conductivity at 750*F are 0.06 cal /s-Om 'K for B C4

and 0.05 cal /s-cm 'K for Al 0 .2 3

| The thermal conductivity of Al 0 after irradiation2 3
decreases rapidly as a function of burnup to values of about
one-third the unirradiated values (Reference 29). The

j irradiated values of Al 0 -B C calculated from the above2 3
relationships are given below as a function of temperature
(References 29 and 35).

Temperature Thermal Conductivity
(*F) (cal /s-cm *K)

400 0.015,

| 600 0.013
'

800 0.010
1000 0.008

D. Specific Heat
;

| The specific heat of the Al 0 -B C mixture can be taken to2 3 4

be essentially the same as pure Al 0 since the2 3

| concentration of B C is low (6.0 vol% maximum) . In addition,4

the effect of irradiation on specific heat is expected to be
small based on experimental evidence from similar materials
which do not sustain transmutations as a function of neutron
exposure.

The values for A1:0 measured on unirradiated samples3

(References 35 and 36) are given below:

Temperature
(*F) cal /cm *F

| 250 0.12
! 450 0.13

800 0.14
1000 and above 0.15

'

O
i
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4.2.1.3.3.2 Irradiation Properties
.

A. Swelling
|

Al O -B C consists of BC particles. dispersed in a-2 3 4 4

continuous Al 0 matrix, which occupies more than.95% of'.the2 3
burnable absorber pellet'. The swelling of Al 0 -B.C depends |2 3
primarily upon the neutron fluence on:the continuous Al02 2
matrix and, secondarily, on _ the B " burnup of the- dispersed
B.C phase. Measurements performed on-material containing
about 2 wt% B C irradiated in a C-E PWR to 100% B ' burnup at !

2
4

a fluence of 2.4 x 1022 nyt (E>0.8 MeV) revealed a diametral |
swelling of about 1%. Pellets similar to the'. burnable ,

absorber used in C-E reactors with up to 3 wt% BC also | _|4

sustained about 100% B" burnup. Experimental data2

(Reference 37) on A1 0 reveals a diametral swelling of about {3 3
0.7% at a fluence of 2.4 x 1022 nyt (E>0.8 MeV).- Diametral ]
swelling of Al0 increases linearly _ with : fluence ' to 1.8% j2 3

21after an exposure of 6 x 10 nyt E>0.8 MeV). l

These data show that Al 0 -B C swells somewhat more' than2 3
Al 0 up to a burnup' of 90% B C (about 2 x 10 nyt, E>0.821

2 3 4

MeV). The C-E Al 0 -B.C swelling rate design value for2 2
fluence values less than this is, therefore, greater than

( the swelling rate of A10 , while beyond this threshold.the2 3
swelling rate for Al 0 -B.C is considered equal to that of2 3
Al 0 .2 3

These data and considerations result in best-estimate
diametral swelling values at end-of-life (7 x 10 nyt,22

E>0.8 MeV) of about 2% for A10 and from 2 to 3 %' for I3 3
Al O -B C.2 3

B. Helium Release

Experimental measurements reveal that.less than 5% of the
helium formed during irradiation will be released (Reference
38). These measurements were performed on Al O -B.C pellets2 3
irradiated at temperatures to - 500*F and, subsequently,
annealed at 1000*F for-5 days. The helium release in a
burnable absorber rod which operated for_ one cycle in a C-E |PWR was calculated from internal pressure measurements to be
less than 5%.

O
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| 4.2.1.3.3.3 Chemical Properties ;

A. Al 0 -B C Coolant Reaction2 3
1

Should irradiated BC particles be exposed to reactor I4

coolant, the primary corrosion products that would be formed |
are boric acid (which is soluble in water), hydrogen, free |
carbon and a small amount of lithium compounds. The
presence of these products in the reactor coolant would not

| be detrimental to the operation of the plant.

i
'

| Observations of Al O -B C burnable absorber rods have2 3 4

revealed that long term exposure of this material to reactor
coolant can result in gradual leaking out of boron and
eventual eroding away of the Al 0 matrix. However, the rate2 3

i of reaction is such that any resultant changes in reactivity

| are very gradual.
|
! B. Chemical Compatibility
1
'

Chemical compatibility between the Al O -B C pellets and the2 3

| burnable absorber rod cladding during long-term normal
operation has been demonstrated by examination of a burnable

| absorber rod from the Maine Yankee reactor. The rod had
been exposed to an axially averaged fluence in excess of 2
x 10 nyt (E>0.821 MeV). No evidence of a chemical reaction22

was observed on the cladding ID.

Short-term chemical compatibility during upset and emergency
conditions is demonstrated by the fact that conditions
favorable to a chemical reaction between Zircaloy-4 and
Al 0 are not present at temperatures below 1300 F2 3

(Reference 39). This temperature is higher than that which
| will occur at burnable absorber pellet surfaces during

Condition II and III occurrences (Section 4.2.1.1). The
reaction between Zircaloy-4 and Al 0 described by Idaho2 3
Nuclear (Reference 40) was observed to occur rapidly only at
temperatures in excess of 2500 F, well above the peak
Zircaloy-4 temperatures in the higher-energy fuel rods
described in Chapter 15.

| 4.2.1.3.4 GdO-UO Burnable Absorber Pellet Properties2 3 2

This section references evaluations of gadolinia-urania
properties and of thermal conductivity and melting temperature
correlations appropriate for gadolinia-urania compositions of
interest in PWR applications of Gd 0 -UO burnable absorbers.2 3 2

O
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The material properties that influence the thermal performance of
gadolinia-urania fuel have been reviewed to ascertain how UO2

properties are influenced by the addition of gadolinia. These
include the thermal conductivity, solidus temperature, specific.
heat, and the coefficient of thermal expansion. The effects of
gadolinia addition on these properties are discussed in detail in
Reference 41.

4.2.1.3.5 Er20-UO Burnable Absorber Pellet Properties |3 2

This section references evaluations of erbia-urania properties
,

and of thermal conductivity and melting temperature correlations |
appropriate for erbia-urania compositions of interest in PWR I

applications of Er 0 -UO burnable absorbers.2 3 2
1

1

The material properties that influence the thermal performance of ;

erbia-urania fuel have been reviewed to ascertain how UO2

properties are influenced by the addition of erbia. These l

include the thermal conductivity, solidus temperature, specific ;

heat and the coefficient of thermal expansion. The effects of
erbia addition on these properties are discussed in detail in

'.

Reference 74. )

4.2.1.4 Control Element Assembly (CEA) |

I
Except where specifically noted, the design bases presented in
this section are consistent with those used for previous designs.

;

The mechanical design of the control element assemblies is based
on compliance with the following functional requirements and
criteria:

A. CEAs will provide for or initiate short-term reactivity
control under all normal and adverse conditions experienced
during reactor startup, operation, shutdown, and accidents.

B. idechanical clearances of the CEA within the fuel and reactor
internals are such that the requirements for CEA positioning
and reactor trip are attained under the most adverse
accumulation of tolerances.

C. Structural material characteristics are such that
radiation-induced changes to the CEA materials will not
impair the functions of the reactivity control system.

|

O
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9|4.2.1.4.1 Thermal-Physical Properties of Absorber Material

The absorber materials used for full-strength control rods are
boron carbide pellets (B,C) and silver-indium-cadmium bars
(Ag-In-Cd). Inconel Alloy 625 is used as the absorber material
for the part-strength control rods. Refer to Figures 4.2-3,
4.2-4, and 4.2-5 for the specific application and orientation of
the absorber materials. The significant thermal and physical
properties used in mechanical analysis of the absorber materials
are listed below:

A. Boron Carbide (B C)4

Configuration Right cylinder

Outside Diameter, (a) 0.737 0.001
inches (b) 0.664 0.001 (reduced diam.)

Pellet Length, (a) 2.00
inches (nominal) (b) 1.79 (reduced diam.)

End Chamfer 0.007 to 0.020
Radius, inches

iDensity, lb/in 0.066

Weight % Boron, 77.5
minimum

% Open Porosity in 27
Pellet

Ultimate Tensile N/A
Strength, lb/in.2

Yield Strength,
lb/in.2 pjg

Elongation, % N/A

Young's Modulus, psi N/A

Thermal Conductivity Irradiated Unirradiated
(Btu /hr-ft *F):

800 F 2.0 6.8
1000'F 1.9 5.8

O
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l[b 4.2.1.4.2 Compatibility of Absorber and Cladding Materials

|

The cladding material used for the control elements is Inconel i

Alloy 625. The selection of this material for use as cladding is |
based on consideration of strength, creep resistance, corrosion
resistance, and dimensional stability under irradiation, and upon j

the acceptable performance of this material for this application
in other C-E reactors currently in operation.

A. B C/Inconel 625 Compatibility |4

Studies have been conducted by HEDL (Reference 42) on the i

compatibility of Type 316 stainless steel with BC under4

irradiation for thousands of hours at temperatures between '

1300 and 1600*F. Carbide formation to a depth of about 0.004 |

inches in the steel was measured af ter 4400 hours at 1300 F.
Similar compound formation depths were observed after
ex-reactor bench testing. After testing at 1000*F, only
0.001 in./yr of penetration was measured. Since Inconel 625 |

Iis more resistant to carbide formation than Type 316
stainless steel, and the expected pellet / clad interfacial
temperature in the standard design is below 800*F, it is
concluded that B C is compatible with Inconel 625.4

/ 4.2.1.4.3 Cladding Stress-Strain Limits I

( )m
The stress limits for the Inconel Alloy 625 cladding are as
follows:

Non-Operation, Normal Operation, and Upset Conditions: |

P, 5 Sm

P, + P $ F,S,3

The net unrecoverable circumferential strain shall not exceed 1%
on the cladding diameter, considering the effects of pellet
swelling and cladding creep.

|
1

Emergency Conditions: |

P, s 1. 5 S, j
P, + P $ 1. 5 F,S,

,

3

|
Faulted Conditions: *

P, s S ' ,

P, + P s F,S ',3

(~'g where S', is the smaller of 2.4 S, ano 0. 7 S-u
I, l
</
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For definition of P, P, S, S',, S and F,, see Section3 o

4.2.1.1.1. For the Inconel 625 CEA cladding, the value of S, is
two-thirds of the minimum specified yield strength at
temperature.

For Inconel 625, the specified minimum yield strength is 65,000
lb/in.2 at 650'F.
F, = Mp/My where Mp is the bending moment required to produce a
fully plastic section and My is the bending moment which first
produces yielding at the extreme fibers of the cross-section.
The capability of cross-sections loaded in bending to sustain
moments considerably in excess of that required to yield the
outermost fiber is discussed in Reference 1. For the CEA
cladding dimensions, F, = 1.33.

The values of uniform and total elongation of Inconel Alloy 625
cladding are estimated to be as follows:

Fluence (E >1 MeV), nyt
22 221 x 10 3 x 10

Uniform elongation, % 3 1
Total elongation, % 6 3

4.2.1.4.4 Irradiation Behavior of Absorber Materials

A. Boron Carbide

1. Swelling

The linear swelling of BC increases with burnup
4

according to the relationship:

2%AL = (0.1) B Burnup, at %

This relationship was obtained from experimental
irradiations on high density (290% TD) wafers
(Reference 43) and pellets with densities ranging

,

| between 71 and 98% TD (References 42 and 44).
Dimensional changes were measured as a function of
burnup, after irradiating at temperatures expected in
the design.

2. Thermal Conductivity

The thermal conductivity of unirradiated 73% dense B C

| decreases linearly with temperatures from 300 to
1600 F, according to the relationship:

O
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The second program at ANO-2 irradiated two fuel assemblies
containing both standard and advanced design fuel rods to
extended burnups. Both assemblies were extensively pre-
characterized. One assembly was irradiated for three reactor
cycles and reached an assembly-averaged burnup of 33 GWd/MTU. A
second' assembly was exposed to 5 cycles and reached an
assembly-averaged burnup of 52 GWd/MTU (Reference 55). Both
assemblies were examined after each reactor cycle. Visual
examinations, oxide thickness measurements, and other dimensional
measurements results in the conclusion that the performance of
the fuel has been satisfactory. Destructive hot cell
examinations are scheduled to complete the characterization of
fuel behavior.

A surveillance program to follow the fuel performance of the
System 80 design was carried out in Palo. Verde-1. The program
included poolside examinations after each of the first three
operational cycles. The examinations included visual inspections
for overall performance, dimensional measurements to characterize
growth behavior, and cladding oxide measurements to track
corrosion behavior of the fuel rod cladding. Results of this
program indicate that the fuel behaves as expected with no
indication that would alter the planned fuel management scheme
for the System 80 fuel. These results are also applicable to

D System 80+ fuel.

4.2.2 DESCRIPTION AND DESIGN DRAWINGS

This subsection summarizes the mechanical design characteristics
of the fuel system and discusses the design parameters which are
of significance to the performance of the reactor. A summary of
mechanical design parameters is presented in Table 4.2-1. These
data are intended to be representative of the design; limiting
values of these and other parameters will be-discussed in the
appropriate sections.

4.2.2.1 Fuel Assembly

The fuel assembly (Figure 4.2-6) consists of 236 fuel and
burnable absorber rods, 5 guide tubes, 11 fuel rod spacer grids, |
upper and lower end fittings, and a holddown device. The outer
guide tubes, spacer grids, and end fittings form the structural
frame of the assembly.

.

J
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The fuel spacer grids (Figure 4.2-7) maintain the fuel rod array
by providing positive lateral restraint to the fuel rod but only j
frictional restraint to axial fuel rod motion. The grids are i

fabricated from preformed Zircaloy or Inconel strips (the bottom I
spacer grid material is Inconel) interlocked in an egg crate i

fashion and welded together. Each cell of the spacer grid !
''

contains two leaf springs and four arches. The leaf springs
press the rod against the arches to restrict relative motion
between the grids and the fuel rods. The perimeter strips
contain features designed to prevent hangup of grids during a
refueling operation.

The ten Zircaloy-4 spacer grids are fastened to the Zircaloy-4
guide tubes by welding, and each grid is welded to each guide
tube at eight locations, four on the upper face of the grid and
four on the lower face of the grid, where the spacer strips
contact the guide tube surface. The lowest spacer grid (Inconel)
is not welded to the guide tubes due to material differences. It
is supported by an Inconel 625 skirt which is welded to the
spacer grid and to the perimeter of the lower end fitting.

The upper end fitting is an assembly consisting of two cast Type
304 stainless steel plates, five machined posts and four helical
Inconel X-750 springs. The upper end fitting attaches to the
guide tubes to serve as an alignment and locating device for each
fuel assembly and has features to permit lifting of the fuel
assembly. The lower cast plate locates the top ends of the guide
tubes and is designed to prevent excessive axial motion of the
fuel rods.

The Inconel X-750 springs are of conventional coil design having
a mean diameter of 1.859 in., a wire diameter of 0.319 in., and
approximately 16 active coils. Inconel X-750 was selected for
this application because of its previous use for coil springs and

( good resistance to relaxation during operation.

The upper cast plate of the assembly, called the holddown plate,
together with the helical compression springs, comprise the
holddown device. The holddown plate is movable, acts on the
underside of the extended tubes of the upper guide structure and ,

is loaded by the compression springs. Since the springs are
located at the upper end of the assembly, the spring load
combines with the fuel assembly weight to counteract upward
hydraulic forces. The determination of upward hydraulic forces

,

includes factors accounting for flow maldistribution, fuel
assembly component tolerances, crud buildup, drag coefficient,
and bypass flow. The springs are sized and the spring preload is
selected such that a net downward force will be maintained for
all normal and anticipated transient flow and temperature

O
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O conditions.

:

The design criteria limit the maximum stress under
the most adverse tolerance conditions to below the yield strength
of the spring material. The maximum stress occurs during cold
conditions and decreases as the reactor heats up. The reduction ;

in stress is due to a decrease in spring deflection resulting ;

from differential thermal expansion between the Zircaloy fuel
assemblies and the stainless steel internals.

During normal operation, a spring will never be compressed to its
solid height. However, if the fuel assembly were loaded in an
abnormal manner such that a spring were compressed to its solid
height, the spring would continue to serve its function when the
loading condition returned to normal.

The lower end fitting is a simple stainless steel casting
consisting of a plate with flow holes and a support leg at each
corner (total of four legs) that aligns the lower end of the fuel
assembly with the core support structures alignment pins. Each
alignment pin is required to position the corners of four lower
end fittings.

The four outer guide tubes have a widened region at the upper end
which contains an internal thread. Connection with the upper end
fitting is made by passing the externally threaded end of the

h()
guide posts through holes in the lower cast flow plate and into
the guide tubes. When assembled, the flow plate is secured
between flanges on the guide tubes and on the guide posts. The
connection with the upper end fitting is locked with a mechanical
crimp. Each outer guide tube has, at its lower end, a welded
Zircaloy-4 fitting. This fitting has a threaded portion which
passes through a hole in the fuel assembly lower end fitting and
is secured by a Zircaloy-4 nut. This joint is secured with a
stainless steel locking disc tack welded to the lower end fitting
in four places.

The lower ends of the four outer guide tubes are tapered
gradually to form a region of reduced diameter to lessen CEA
deceleration loads at the end of a trip stroke.

The center instrumentation guide tube inserts into a socket and
slot in the upper and lower end fittings,.respectively, and is
thus retained laterally by the relatively small clearance at
these locations. The upper end fitting socket is created by the
center guide tube post which is threaded into the lower cast flow
plate and tack welded in four places. There is no positive axial
connection between the center guide tube and the end fittings.

The five guide tubes have the effect of ensuring that bowing or
excessive swelling of the adjacent fuel rods cannot result in
obstruction of the control element pathway. This is so because:

C
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A. There is sufficient clearance between the fuel rods and the
guide tube surface to allow an adjacent fuel rod to reach
rupture strain due to excessive swelling without contacting i

the guide tube surface.

B. The guide tube, having considerably greater diameter and
wall thickness (and being at a lower temperature) than the
fuel rods, is considerably stiffer than the fuel rods and
would, therefore, remain straight, rather than be deflected
by contact with the surface of an adjacent bowed fuel rod.

Therefore, the bowing or swelling of fuel rods would not result
in obstruction of the control element channels such as could
hinder CEA movement.

The fuel assembly design enables reconstitution, i.e., removal
and replacement of fuel and burnable absorber rods, of an
irradiated fuel assembly. The fuel and burnable absorber rod
lower end caps are conically shaped to ensure proper insertion
within the fuel assembly grid cage structure; the upper end caps
are designed to enable grappling of the fuel and burnable
absorber rod for purposes of removal and handling. Threaded
joints which mechanically attach the upper end fitting to the
control element guide tubes will be properly torqued and locked
during service, but may be removed to provide access to the fuel

| and burnable absorber rods.
Loading and movement of the fuel assemblies is conducted in
accordance with strictly monitored administrative procedures and,
at the completion of fuel loading, an independent check as to the
location and orientation of each fuel assembly in the core is
required.

The serial number provided on the fuel assembly upper end fitting
enables verification of fuel enrichment and orientation of the
fuel assembly. The serial number is also provided on the lower
end fitting to ensure preservation of fuel assembly identity in

;

the event of upper end fitting removal. Additional markings are
provided on the fuel rod upper end caps as a secondary check to

| | distinguish between fuel enrichments and burnable absorber rods,
if present.

;

O
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During the manufacturing process, the lower end cap of each rod,

i is marked to provide a means of identifying the pellet j

j enrichment, pellet lot and fuel stack weight. In addition, a |

| quality control program specification requires that measures be
established for the identification and control of materials,

, components, and partially fabricated subassemblies. These means
provide assurance that only acceptable items are used and also

l provide a method of relating an item or assembly from initial
i receipt through fabrication, installation, repair, or
j modification to an applicable drawing, specification or other

pertinent technical document.'

|
4.2.2.2 Fuel Rod !

The fuel rods consist of slightly-enriched UO cylindrical ceramic2

pellets, a round wire Type 302 stainless steel compression
spring, and an alumina spacer disc located at each end of the

| fuel column, all encapsulated within a Zircaloy-4 tube seal
welded with Zircaloy-4 end caps. The fuel rods are internally
pressurized with helium during assembly. Figure 4.2-8 depicts
the fuel rod design.i

Each fuel rod assembly includes both a serial number and a visual
identification mark. The serial number ensures traceability of

V)/ the fabrication history of each fuel rod component. The
identification mark provides a visual check on pellet enrichment
batch during fuel assembly fabrication.

The fuel cladding is cold worked and stress relief annealed
Zircaloy-4 tubing with a wall thickness no less than 0.023
inches. The actual tube forming process consists of a series of
cold working and annealing operations, the details of which are
selected to provide the combination of properties discussed in
Section 4.2.1.2.2.

The UO pellets are dished at both ends in order to better2

accommodate thermal expansion and fuel swelling. The nominal
density of the UO in the pellets is 10.47 g/cm, which3

2

corresponds to 95.5% of the 10.96 g/cm theoretical density (TD)3

of UO . However, because the pellet dishes and chamfers2

constitute about 3% of the volume of the pellet stack, the
average density of the pellet stack is reduced to 10.315 g/cm 3

(nominal). This number is referred to as the " stack density".

The compression spring located at the top of the fuel pellet
column maintains the column in its proper position during
handling and shipping. The alumina spacer disc at the lower end
of the fuel rod reduces the lower end cap temperature, while the
upper spacer disc prevents UO chips, if present, from entering2

/3 the plenum region. The fuel rod plenum, which is located above
( '
\
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the pellet column, provides space for axial thermal differential
expansion of the fuel column and accommodates the initial helium
loading and evolved fission gases. (See Sections 4. 2.1. 2. 5.1 and
4.2.1.2.5.2.) The specific manner in which these factors are
taken into account, including the calculation of temperatures for
the gas contained within the various types of rod internal void
volume, is discussed in References 15-17.

| 4.2.2.3 Burnable Absorber Rod

Fixed burnable neutron absorber rods are included in selected
fuel assemblies to reduce the beginning-of-life moderator
coefficient. They replace fuel rods at selected locations. The

| three alternative burnable absorber rod designs are described
below.

| A. Al O - B C Burnable Absorber Rod2 3

| The burnable absorber rods shown in Figure 4.2-9 are
mechanically similar to fuel rods, but contain a column of
burnable absorber pellets instead of fuel pellets. The
burnable absorber material is alumina with uniformly-
dispersed boron carbide particles. The balance of the
column consists of Zircaloy-4 spacers, with the total column
length the same as the column length in fuel rods. The

| burnable absorber rod plenum spring is designed to produce
a smaller preload on the pellet column than that in a fuel

| rod because of the lighter material in the burnable absorber
pellets.

| B. Gd 0 - UO Burnable Absorber Rod2 3 2

| The burnable absorber rods shown in Figure 4.2-10 are
mechanically similar to fuel rods, but consist of Gd 02 3
admixed in natural UO in the central rod portion (axially)2

and natural UO at the top and bottom. The total column2

length is the same as the column length in fuel rods.

| C. Er20 -UO Burnable Absorber Rod3 2

| The burnable absorber rods shown in Figure 4.2-12 are
mechanically similar to fuel rods, but consist of Er20 3

admixed in enriched UO in the central rod portion (axially)2

and natural UO at the top and bottom. The total column2

length is the same as the column length in fuel rods.

| Each burnable absorber rod assembly includes a serial number and
visual identification mark. The serial number is used to record
fabrication information for each component in the rod assembly.
The identification mark is unique to burnable absorber rods and
provides a visual check on the pellet burnable absorber content
during fuel bundle fabrication.
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OD 4.2.2.4 Control Element Assembly

i The control element assemblies consist of either four or twelve
! neutron absorber elements arranged to engage the peripheral guide

tubes of fuel assemblies. The neutron absorber elements are
connected by a spider structure which couples to the control
element drive mechanism (CEDM) drive shaft extension. The
neutron absorber elements of a four-element CEA engage the four
corner guide tubes in a single fuel assembly. The four-element
CEAs are used for control of power distribution and core
reactivity in the power operating range. The twelve-element CEAs
engage the four corner guide tubes in one fuel assembly and the
two nearest corner guide tubes in adjacent fuel assemblies. The

| twelve-element CEAs make up the balance of the control groups and
! provide the core with strong shutdown rods. The control element |
' assemblies are shown in Figures 4.2-3 through 4.2-5 and Figure
j 4.2-14. The pattern of CEAs (total of 93) is shown in Figure
i 4.2-11. Note that up to eight additional CEAs may be installed
( if desired for additional flexibility or future use. Twenty-five

of the 93 CEAs are part-strength CEAs (PSCEAs).

Part-strength CEAs are differentiated from full-strength CEAs by,

| using alphanumeric serialization instead of the numerical system
used on the full-strength CEAs.

|

Q All control elements are sealed by welds which join the CEA
cladding to an Inconel 625 nose cap at the bottom, and an Inconel
625 connector at the top which makes up part of the end fitting. |

The end fittings, in turn, are threaded and crimped in place by |
a locking nut to the spider structure which provides rigid

'

lateral and axial support for the control elements. The spider
hub bore is specially machined to provide a point of attachment

,

for the CEA extension shaft. |

The control elements of a twelve-element full-strength CEA
consist of an Inconel 625 tube loaded with a stack of cylindrical |

absorber pellets. The absorber material consists of 73% TD boron
carbide (B C) pellets, with the exception of the lower portion of
the elements, which contain reduced diameter B C pellets wrapped4

in a sleeve of Type 347 stainless steel (felt metal).
The design objective realized by the use of felt metal and
reduced diameter B C pellets in the element tip zones is that as4

the B C pellets swell due to irradiation, the felt metal sleeve4

compresses as a result of the applied loading. This compression
limits the amount of induced strain in the cladding. Therefore,
buffering of the CEA following scram, which occurs when the
element tips enter the reduced diameter portion of the fuel |assembly guide tubes, is not affected with long term exposure of
the CEA to reactor operating conditions.| p}'

(G
i

|
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During normal power operation, all of the twelve-element CEAs are
expected to be in the fully withdrawn position. Thus, the local
B-10 burnup progresses at a lower rate, and CEA life is

| prolonged. Above the absorber column is a plenum which provides
expansion volume for helium released from the B.C. The plenum

j volume contains a Type 302 stainless steel holddown spring, which
! restrains the absorber material against longitudinal shifting

with respect to the clad while allowing for differential
expansion between the absorber and the clad. The spring develops

|
a load sufficient to maintain the position of the absorber

| material during shipping and handling.
|

|
The control elements of a four-element full-strength CEA consist

j of an Inconel 625 tube loaded with a stack of cylindrical
| Ag-In-Cd absorber bars. This CEA design is used for the
i regulating banks. Two design objectives are realized by use of

Ag-In-Cd absorber over the full active length:

| A. CEA Cladding Dimensional Stability
|

| Because of its high ductility and low strength, the Ag-In-Cd
will not deform the CEA cladding. Buffering of the CEA'

following scram, which occurs when the corner element tips
enter the reduced diameter portion of the fuel assembly

| guide tubes, is not degraded with long-term exposure of the
! CEA to reactor operating conditions.

B. Adequate CEA Worth

Although some reduction in CEA worth arises because of the
substitution of B C with Ag-In-Cd, the effect is small and4

is accounted for.

An alternate design for the control elements of a four-element
full-strength CEA consists of an Inconel 625 tube loaded with a
stack of boron carbide pellets over the full active length except
for the element tip zones, which contain Ag-In-Cd bars.

The control elements of a four-element PSCEA consist of an
Inconel 625 tube loaded with Inconel 625 bars over the full
active length. The PSCEAs, which have lower worth in comparison
to the full-length CEAs, are provided for reactivity and axial
power shape control during power operations. Because of the use
of Inconel 625 absorber, the cladding dimensional stability is
not degraded with long-term exposure of the PSCEA to reactor
operating conditions.

O
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|V Each full-strength or part-strength CEA is positioned by a

magnetic jack control element drive mechanism (CEDM) mounted on
the reactor vessel closure head. The extension shaft joins with
the CEA spider and connects the CEA to the CEDM. Full- and
part-strength CEAs may be connected to any extension shaft
depending on control requirements. Mechanical reactivity control
is achieved by positioning groups of CEAs by the CEDMs.

I In the outlet plenum region, all CEAs/PSCEAs are enclosed in CEA
shrouds which provide guidance and protect the CEA/PSCEA. and
extension shaft from coolant cross flow. Within the core, each
element travels in a Zircaloy guide tube. The guide tubes are
part of the fuel assembly structure and ensure proper orientation
of the control elements with respect to the fuel rods.

When the extension shaft is released by the CEDM, the combined
weight of the shaft and CEA causes the CEA to insert into the
fuel assembly.

The lower ends of the four outer fuel assembly. guide tubes are
tapered gradually to form a region of reduced diameter which, in
conjunction with the control element on the CEA, constitutes an
effective hydraulic buffer for reducing the deceleration loads at
the end of a trip stroke. This purely hydraulic damping action
is augmented by a spring and plunger arrangement on the CEA
spider. When fully inserted, the CEAs and PSCEAs rest on the
upper guide structure support plate.

The capability of the B C CEAs to scram within the allowable time4

was initially demonstrated as part of the flow testing discussed
in Section 4.2.4.4. The increased weight of the Ag-In-Cd
four-element CEA design also ensures that scram time limits will
be met. Scram time has been verified through surveillance
testing at the operating Palo Verde units.

4.2.2.5 NP.utron Source Assembly

The function of the neutron source assembly, shown in Figure
4.2-13, is to provide a base neutron flux level such that
required monitoring of neutron flux level can be accomplished
during fuel loading, refueling and shutdown conditions.

4.2.3 DESIGN EVALUATION

4.2.3.1 Fuel Assembly

4.2.3.1.1 Vibration Analyses

Four sources of external excitation are recognized in evaluating
the fuel assembly susceptibility to vibration damage. These
sources are as follows:
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A. Reactor Coolant Pump Blade Passing Frequency

Comprehensive vibration assessment programs on previous C-E
reactors indicate that peak pressure pulses are expected at

,

i the pump blade passing frequency (120 Hz), with a lesser but
! still pronounced peak at twice this frequency.

B. Lower Support Structure Motion
i
' Random lateral motion between the fuel assembly and the

lower support structure is expected to occur with an
amplitude similar to that of other C-E reactors in the
frequency range between 2 and 10 Hz.

l
| C. Flow-induced fuel rod vibration results from coolant flow

through the fuel assembly. The expected amplitude of such
vibration is 0.004 inches or less.

| D. Flow Induced CEA Vibration

| System 80+ incorporates design features that minimize CEA
vibration and produce no significant wear in the guide
tubes.

| These sources of external excitation are not expected to have an
; adverse effect on the performance of the fuel assembly. The
| capability of the fuel assembly to sustain the effects of

flow-induced vibration without adverse effects has been
demonstrated in the dynamic flow tests reported in Appendix 4B.

4.2.3.1.2 CEA Guide Tube

The CEA guide tubes were evaluated for structural adequacy using
the criteria given in Section 4.2.1.1 in the following areas:

A. Steady axial load due to the combined effects of axial
hydraulic forces and upper end fitting holddown forces.

For normal operating conditions, the resultant guide tube
stress levels are significantly less than the design limits.

B. Short-term axial load due to the impact of the spring loaded
CEA spider against the upper guide structure support plates
at the end of a CEA trip.

For ' r.i ps occurring during normal power operation, solid
impact is not predicted to occur due to the kinetic energy
of the CEA being dissipated in the hydraulic buffer and by
the CEA spring.

O
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C. Short-term differential pressure load occurring in the

hydraulic buf fer regions of the outer guide tubes at the end
of each trip stroke.

The buffer region slows the CEA during the last few inches
of the trip stroke. The resultant differential pressure
across the guide tube in this region gives rise to
circumferential stresses which are significantly less than
the design limits. The trip is assumed to be repeated
daily. However the resultant stress'is too small.to have a
significant effect on fatigue usage.

For conditions other than normal operation, the additional
mechanical loads imposed on the fuel assembly by an OBE, SSE, and
large break LOCA and their resultant effect on the control
element guide tubes are discussed in the following sections:

4.2.3.1.2.1 Safe ShutdovL 5|arthquake (SSE)

During the postulated SSE, the fuel assembly is subjected to
lateral and axial ground accelerations which, in turn, cause the
fuel assembly to deflect from its normal shape. The method of
calculating these deflections is described in Section 3.7.3.14.
The magnitude of the lateral deflections and resultant stresses

a are evaluated for acceptability. The method for calculating
d stresses from deflected shapes is described in Reference 56. The

fuel assembly is designed to be capable of withstanding the axial
loads without buckling and without sustaining excessive stresses.

|
4.2.3.1.2.2 Loss-of-Coolant Accident (LOCA)

In the event of a large break LOCA, there will occur rapid |

changes in pressure and flow within the reactor vessel.
Associated with the transient are relatively large axial and
lateral loads on the fuel assemblies. The response of a fuel
assembly to the mechanical loads produced by a LOCA is considered
acceptable if the fuel rods are maintained in a coolable array,
i.e., acceptably low grid crushing.

O
V
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4.2.3.1.2.3 Combined BSE and LOCA

For purposes of demonstrating margin in the design, the maximum ,

stress intensities for each of the SSE and LOCA events are |

combined by a square root of the sum of the squares (SRSS) I
method. This is performed as a function of fuel assembly ;

elevation and position, e.g., the maximum stress intensities for '

the center guide tube at the upper grid elevation (as determined
in the method of analysis discussed in the above paragraphs for
SSE and LOCA) are combined by the SRSS method. Additional
details regarding the method of analysis of combined seismic and
LOCA loads are described in Reference 56.

The results demonstrate that the allowable stresses described in
Section 4.2.1.1 are not exceeded for any position along the fuel
assembly even under the added conservatism provided by this load
combination.

To qualify the complete fuel assembly, full-scale hot loop
testing was conducted prior to the initial operation of System 80
fuel. These tests evaluated fretting and wear of components,
refueling procedures, fuel assembly uplift forces, holddown
performance and compatibility of the fuel assembly with
interfacing reactor internals, CEAs and CEDMs under conditions of
reactor water chemistry, flow velocity, temperature, and
pressure. The details of System 80 hot loop testing are reported
in Appendix 4B. The results of this testing also apply to
System 80+.

4.2.3.1.3 Spacer Grid Evaluation

The function of the spacer grids is to provide lateral support to

| | fuel and burnable absorber rods in such a manner that the axial
forces are not sufficient to buckle or bow the rods and that the
wear resulting at the grid-to-clad contact points is limited to
acceptably small amounts. It is also a criterion that the grid
be capable of withstanding the lateral loads imposed during the
postulated seismic and LOCA events.

Fuel assemblies are designed such that the combination of fuel
rod rigidity, grid spacing, and grid preload will not result in
significant fuel rod deformation under axial loads. In addition,
the long-term effects of clad creep (reduction in clad OD), the
reduction of grid stiffness with temperature and the partial
relaxation of the grid material during operation must be taken
into account to ensure that this criterion is also satisfied
during all operating conditions. Inspections of irradiated fuel

|

assemblies from the Maine Yankee (14 x 14), Calvert Cliffs (14 x
14), Palisades (15 x 15), Omaha (14 x 14), ANO-2 (16 x 16), and
Palo Verde (System 80) reactors has not shown significant bowing
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of the fuel rods. In view of the.... factors, it is concluded that
the axial forces applied by the grids on the cladding will not
result in a significant degree of fuel rod bow. The influence of
fuel rod lateral deflection is discussed further in Section
4.2.3.2.6. Additional discussion of the causes for and effects
of fuel rod bowing are contained in Section 4.2.3.2.5 and in
Reference 57.

The capability of the grids to support the clad without excessive
clad wear is demonstrated by out-of-pile flow testing on the
Standard System 80 assembly desigr. and by the results of
post-irradiation examination of grid-to-clad contact points in
extended burnup fuel assemblies in Calvert Cliffs, Omaha, and
ANO-2, as well as after two cycles of operation in Palo Verde
(System 80).

The capability of the grid to withstand _ the lateral loads
produced during the postulated seismic and LOCA events is
demonstrated by impact testing the reference grid design, and
comparing the test results with the analytical predictions of the
seismic and LOCA loads.

The Zircaloy-4 spacer grid material is of the same composition as
the fuel rods and guide tubes with which it is in contact,

(j),
thereby eliminating any problem of chemical incompatibility with
those components. For the same reason, adequate resistance to
corrosion from the coolant is assured (see Section 4. 2. 3. 2. 3. ,
Item A, for additional information relative to the corrosion
resistance of Zircaloy-4 in the primary coolant environment).
The Inconel 625 material used for'the lowest spacer grid is in
contact with the coolant, the Type 304 stainless steel lower end
fitting (to which it is welded) , the Zircaloy-4 fuel rods, the
burnable absorber rods, and the Zircaloy-4 guide tubes. The | |'
mutual chemical compatibility of these materials in a reactor
environment has been demonstrated by C-E's use of these materials
in fuel assemblies that have been operated in other_C-E reactors
and for which post-irradiation examination has yielded no
evidence of chemical reaction between these components. In
addition, experiments have been performed at C-E on Inconel-type
alloys and Zircaloy-4 which showed that eutectic reactions did
not occur below 2200'F, a- temperature far in excess of that
anticipated at the lower grid location in the event of a LOCA.

4.2.3.1.4 Dimensional Stability of Zircaloy

Zircaloy components are designed to allow for dimensional changes !

resulting from irradiation-induced growth. Extensive analyses i
of in-pile growth data have been performed to formulate a |

r

!
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comprehensive model of in-pile growth (References 3 and 4). The
in-pile growth equations are used to determine the minimum axial
differential growth allowance which must be included in the axial
gap between the fuel rods and the upper end fitting. For

| determining the size of this gap, the correlations for fuel rod
and guide tube growth are combined statistically such that the
minimum initial gap is adequate to accommodate the upper 95%
probability level of differential growth between fuel rods and
guide tubes in the peak burnup fuel assembly. For the purpose of
predicting axial and lateral growth of the fuel assembly
structure (thereby establishing the minimum initial clearance
with interfacing components), the equations are used in a
conservative manner to ensure adequate margins to interference
are maintained. The manner in which the in-pile growth equations
are used in design is described in References 4 and 58.

4.2.3.1.5 Fuel Handling and Shipping Design Loads

Three specific design bases have been established for shipping
and handling loads. These are as follows:

A. The fuel assembly, when supported in the new fuel shipping
container, shall be capable of sustaining the effect of Sg
axial, lateral or vertical acceleration without sustaining
stress levels in excess of those allowed for normal
operation. The Sg criterion was originally established
experimentally, and its adequacy is continually confirmed by
the presence of impact recorders, as discussed in the
following paragraph.

Impact recorders are included with each shipment which
indicate if loadings in excess of Sg are sustained. A
record of shipping loads in excess of Sg indicates an
unusual shipping occurrence in which case the fuel assembly
is inspected for damage prior to releasing it for use.

The axial shipping load path is through either end fitting
to the guide tubes. A Sg axial load produces a compressive
stress level in the guide tubes of less than the two-thirds
of the yield stress limit that is allowed for normal
condition events. The fuel assembly is prevented from
buckling by being clamped at grid locations. For lateral or
vertical shipping loads, the grid spring tabs have an
initial preload which exceeds five times the fuel rod
weight. Therefore, the spring tabs see no additional
deflection as a result of Sg lateral or vertical
acceleration of the shipping container. In addition, the
side load on the grid faces produced by a 5g lateral or
vertical acceleration is less than the measured impact
strength of the grids.
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|

!

B. The fuel assembly shall be- capable--'of sustaining a
5000-pound axial load applied at the upper end fitting by j

the refueling grapple (and resisted by an equal load at the i
lower. end ' fitting) without- sustaining stress . levels in

'

excess of those allowed for normal operation. The
5000-pound load was chosen in order to provide adequate lif t
capability should an assembly become lodged. This load
criterion is greater than any lif t . load that has been
encountered in service.

C. The fuel assembly shall be capable of withstanding a
0.125-inch deflection in any direction whenever the fuel
assembly is raised or lowered from or to a horizontal
position without sustaining a permanent deformation beyond
the fuel assembly inspection envelope. l

l

Fuel handling procedures require the use of a strongback'to
limit the fuel assembly deflection to a maximum of
0.125-inch in any direction whenever the fuel assembly is
raised or-lowered to a horizontal position. This limits the
stress and strain imposed upon the fuel assembly-to values
well below the limits. set for normal operating conditions.

| The adequacy of the 0.125-inch criterion is based on the
L inclusion of this limitation in specifications and
i procedures for fuel handling equipment, which is thereby
!- y constrained to provide support such that lateral deflection

is limited to 0.125 inches.
.

4.2.3.1.6 Fuel Assembly Analysis Results

| The results of the fuel assembly analyses confirm that the design
'

criteria of Section 4.2.1.1 regarding stress, strain and fatigue
are satisfied, including seismic and LOCA conditions.

4.2.3.1.7 Fuel Assembly Liftoff Analysis

The results of the. analysis confirm that the fuel assembly will
not experience liftoff during reactor operation. This analysis
considers the appropriate combination of forces as described in
Section 4.2.2.1.

4.2.3.2 Fuel Rod

The evaluations discussed in this section are based on assumed
fuel rod operation within certain linear heat rate limits related
to avoiding excessive fuel and clad temperatures. Information
concerning the bases for these limits is contained in Section:

|- -4.4.

|

\

l

!
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4.2.3.2.1 Results of Vibration Analyses

Three sources of external excitation are recognized in evaluating
the fael rod susceptibility to vibration damage. These sources
are as described in Section 4.2.3.1.1.

These sources of periodic motion are not expected to have an
adverse effect on the performance of the fuel rod. Section
4.2.3.2.4 includes additional information on fuel rod response to
the sources.

4.2.3.2.2 Fuel Rod Internal Prassure and Stress Analysis

A fuel rod cladding stress analysis is conducted to determine the
circumferential stress and strain resulting from normal, upset,
and emergency conditions. The analysis includes the calculation
of cladding temperatures and rod intecnal pressures during each
of the occurrences listed in Section 4.2.1.1. The design
criteria to be used to evaluate the analytical results are
specified in Section 4. 2.1. 2.1. Fuel rod stresses resulting from
seismic events are calculated, using the methodology described in
Reference 56.

The results of the fuel rod analyses confirm that the design
criteria of Section 4.2.1.2.1 regarding rod internal pressure,
stress, strain and strain fatigue are satisfied, including
seismic and LOCA conditions.

4.2.3.2.3 Potential for Chemical Reaction

A. Corrosion

Zircaloy-4 fuel rod tubing has been visually examined in the
spent fuel pool after four reactor cycles at Ft. Calhoun,
four reactor cycles at Calvert Cliffs, and others at
Millstone 2, St. Lucie-1, and Maine Yankee. In addition,
oxide thicknesses were measured in the hot cell after one
cycle at Maine Yankee. The oxide appearance and thickness
measured were similar to that from autoclave behavior for
that time and temperature.

Coolant chemistry parameters have been specified that iminimize corrosion product release rates and their mobility |

in the primary system. Specifically, the pre-core hot I

functional environment is pH and oxygen controlled to
provide a thin, tenacious, adherent, protective oxide film.
This approach minimizes corrosion product release and
associated inventory on initial startup and subsequent
operation. During operation, the recommended lithium

|

O
l
1
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concentration range (1.0-2.0 ppm) effects a chemical
potential gradient or driving force between hotter and
cooler surfaces (fuel cladding and steam generator tubing,
respectively) such that soluble iron and nickel species will
preferentially deposit on the steam generator surfaces. The
associated pH also minimizes general corrosion product
release rates from primary system surfaces. Moreover, the
specified hydrogen concentration range ensures reducing
conditions in the core, thereby avoiding low solubility
Fe'' . Additionally, dissolved hydrogen promotes rapid
recombination of oxidizing species. (Recall, . oxidizing
species and a fast neutron flux are synergistic
prerequisites to accelerated Zircaloy-4 corrosion).

During operation, lithium, dissolved oxygen, and dissolved
hydrogen will be monitored at a frequency consistent with
maintaining these parameters within their specifications, as
identified in Table 9.3.4-1.

Post-operational examinations of fuel cladding that has
operated within these specifications have shown no-
significant chemical or corrosive attack of the Zircaloy
cladding.

B. External Hydriding

During operation of the reactor, with exposure to high
temperature, high pressure water, Zircaloy-4 cladding will
react to form a protective oxide film in accordance with the
following equation:

Zr + 2H O ZrO + 2H-+
2 22

Approximately 20% of the hydrogen is absorbed by the
Zircaloy. Based on data described in Reference 76, the |
cladding would be expected to contain-up to 250 ppm of
hydrogen following 3 years of exposure.

A series of burst tests were performed on Zircaloy-2 tubes
containing 340 ppm and 460 ppm of hydrogen precipitated as
hydride platelets in a circumferential manner' (Reference
59). Burst tests at 660*F showed that the burst test
specimens with 340 ppm had normal burst ductility of 12%.
Therefore, hydrogen normally absorbed in Zircaloy-4 tubing

'.

will not compromise cladding integrity.

O
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C. Internal Hydriding

A number of reported fuel rod failures have resulted from
excessive moisture available in the fuel. Under operation,
this moisture oxidizes the Zircaloy. A fraction of the
hydrogen, which is generated during normal oxidation, would
be absorbed into the Zircaloy. This localized hydrogen
absorption by the cladding would shortly result in localized
fuel rod failure.

Work performed at the OECD Reactor Project, Halden, Norway,
of which C-E is a member, demonstrated that a threshold
value of water moisture is required for hydride sunbursts to
occur (Reference 60). Through a series of in-pile
experiments, the level of this threshold value was
established. The allowable hydrogen limit in the fuel

| complies with this requirement, ensuring that hydride
j sunbursts will not occur.

D. Crud

Crud layers on zirconium oxide films are usually porous and
non-insulating. As an example, heavy, but non-insulating
crud layers have been found in Yankee Rowe (WCAP-3317-6094,
Yankee Core Evaluation Program, Final Report, 1971). With
porous crud, water is free to flow through the crud and
provide heat transfer by convection. Under these
conditions, crud enhanced corrosion should not occur.

| Because of rigorous water chemistry monitoring, heavy
buildup of crud has not occurred in C-E reactors. Water

I chemistry monitoring is a continuous process and should
ensure no dense crud buildup.

E. Fuel-Cladding Chemical Reaction

An in-depth post-irradiation examination has been conducted
wherein fuel-cladding chemical reactions were among those

| items studied (Reference 80). This study concluded that
early unpressurized elements containing unstable fuel were

| more susceptible to stress corrosion attack than are the
current design that utilizes stable fuel and pressurized'

cladding. Since stress corrosion attack is the result of a
combination of stress imposed by the fuel on the cladding
and the corrosive chemical species available to the
cladding, irradiation programs have been pursued to define
the conditions under which pellet-clad interaction will
damage the cladding. These programs have been conducted at
Halden, at Petten in the Netherlands, and at Studsvik in

9
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(d3 fuel element burnout, provides an upper limit for evaluating the
consequences of burnout. The LOCA analysis explicitly accounts
for the additional heat release due to the. chemical reaction
between the Zircaloy clad and the coolant following fuel element
burnout in evaluating the consequences of this accident. LOCA

|

analysis results are discussed in Section 15.6.5. ;
!

4.2.3.2.13 Energy Release on Rupture of Waterlogged Fuel
Elements

A discussion of the potential for waterlogging of fuel rods and
for. subsequent energy release is presented in Section 4.2.3.2.10.

4.2.3.2.14 Fuel Rod Behavior Effects from Coolant Flow
Blockage

An experimental and analytical program was conducted to determine
i the effects of fuel assembly coolant flow maldistribution during
| normal reactor operation. In the experimental phase, velocity
! and static pressure measurements were made in cold, flowing water
; in an oversize model of a C-E 14 x 14 fuel assembly in order to
' determine the three-dimensional flow distributions in the

vicinity of several types of flow obstruction. The effects of
the distributions on thermal behavior were evaluated, where
necessary, with the use of.the TORC thermal and hydraulic code |
(Reference 73).

Subjects investigated included:

A. The assembly inlet flow maldistribution caused by blockage
of a core support plate flow hole. Evaluation of the flow
recovery data indicated that even the complete blockage of

( a core support plate flow hole would not produce a W-3 DNBR
| of less than 1.0 even though the reactor might be operating
! at a power sufficient to produce a DNBR of 1.3 without the

blockage.

B. The flow maldistribution within the assembly caused by
complete blockage of one to nine channels. Flow
distributions were measured at positions upstream and
downstream of a blockage of one to nine channels. The
influence of the blockage diminished very rapidly in the
upstream direction. Analysis of the data for a single
channel blockage indicated that such a blockage would not
produce a W-3 DNBR of less than 1.0 downstream of the
blockage even though the reactor might be operating at a

|' power sufficient to produce a DNBR of 1.3 without the i
blockage. ''

O
i

I
|
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The results presented above were obtained through flow testing an
oversized model of a standard 14 x 14 fuel assembly. Because of
the great similarity in design between the Standard System 80 and
System 80+ 16 x 16 assemblies, and the earlier 14 x 14 array,
these test results also constitute an adequate demonstration of
the effects that flow blockage would have on the 16 x 16
assembly. This conclusion is also supported by the fact that the
16 x 16 assembly has been demonstrated to have a greater
resistance to axial flow than would occur with the 14 x 14 array.
The effect of the higher flow resistance, to produce more rapid
flow recovery, i.e., more nearly uniform flow, is analogous to
the common use of flow resistance devices (screens or perforated
plates) to smooth non-uniform velocity profiles in ducts or
process equipment.

4.2.3.2.15 Fuel Temperatures

Steady state fuel temperatures are determined by the FATES
computer program. The calculational procedure considers the
effects of linear heat rate, fuel relocation, fuel swelling,
densification, thermal expansion, fission gas release, and clad
deformation. The model for predicting fuel thermal performance
is discussed in detail in References 15-17.

Two sets of burnup and axially dependent linear heat rate
distributions are considered in the calculation. One is the hot
rod, time averaged, distribution expected to persist during
long-term operation, and the other is the envelope of the maximum
linear heat rate at each axial location. The long-term
distributions are integrated over selected time periods to
determine burnup, which are in turn used for the various burnup
dependent behavioral models in the FATES computer program. The
envelope accounts for possible variations in the peak linear heat
rate at any elevation which may occur for short periods of time
and is used exclusively for fission gas release calculations.

The power history used assumes continuous 100% reactor power from
beginning-of-life. Using this history, the highest fuel
temperatures occur at that time. It has been shown that fuel
temperatures for a given power level at any burnup are
insensitive to the previous history used to arrive at the given
power level.

Fuel thermal performance parameters are calculated for the hot
rod. These parameters for any other rod in the core can be
obtained by using the axial location in the hot rod, whose local
power and burnup corresponds to the local power and burnup in the
rod being examined. This procedure will yield conservatively
high stored energy in the fuel rod under consideration.

O
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The maximum power density, including the local peaking as
i af f ect. Jy anticipated operational occurrences, is discussed in.
'

Sections 4.3, 4.4, and Chapter 15.
Ii

'

4.2.3.3 Burnable Absorber Rod |
'

4.2.3.3.1 Burnable Absorber _ Rod Internal Pressure and |
Cladding Stress

|t

The burnable absorber rod cladding is analyzed to determine the | ;'

| stress and strain resulting from the various normal, upset, and
| emergency conditions discussed in Section 4.2.1.1. Specific |

| accounting is made for differential pressure, differential
| thermal expansion, cladding creep, and irradiation induced
j swelling of the burnable absorber material. |

In the case of Al 0 -B C burnable absorber rods, the linear heat |2 3 4 4

generation rates are very low in comparison to fuel rods-(maximum
'

local rate is less than 1.5 kW/ft). Therefore, the stress
analysis can be accomplished using conventional strength of
materials formulae.

In the case of Gd 0 -UO burnable absorber rods, the peak burnable2 3 2

absorber rods operate at power levels lower than the peak
's power UO rods, such that all analyses for fuel rods-i 2

| ) conservatively bound those of the burnable absorber rods |
(Reference 41).

i
In the ' case of Er2O-UO burnable absorber rods, the peak j3 2

burnable absorber rods operate at power levels lower than'the
peak power UO rods, such that all analyses for fuel rods2

conservatively bound those of the burnable absorber rods |
(Reference 74).

i

| The results of the burnable absorber rod analyses confirm that |
| the design criteria of Section 4.2.1.3.1, regarding stress,

strain and strain fatigue, are satisfied.

4.2.3.3.2 Potential for Chemical Reaction

A discussion of possible chemical reaction between Al 0 -B C2 3
burnable absorber material and the coolant was presented in |
Section 4.2.1.3.3.3, along with information on chemical
compatibility between burnable absorber material and cladding. |
Since the cladding material is identical to that of the fuel rod
(Section 4.2.1.3.2), the description of potential chemical
reactions between cladding and coolant in Section'4.2.3.2.3 is
applicable to both fuel and burnable absorber rods.

|

The potential for waterlogging rupture in Al 0 -B C burnable2 3 4

absorber rods is much than that in fuel rods because of the
-Og smaller thermal and dimensional changes that occur in a burnable

absorber rod during reactor power increases. Refer to

i
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Section 4.2.3.2.10 for a discussion of the potential for
waterlogging rupture in fuel rods.

4.2.3.4 Control Element Assembly

The CEAs are designed for a 15 effective full power year lifetime
based on estimates for each CEA type of neutron absorber burnup,
allowable plastic strain of the Inconel 625 cladding and the
resultant dimensional clearances of the elements within the fuel
assembly guide tubes.

A. Internal Pressure

For the Ag-In-Cd full-strength CEAs, no gas is released to
the control rod void to contribute to internal gas pressure.

For the twelve-element full strength CEAs, containing B C4

pellets, the value of internal pressure in the control
elements is dependent on the following parameters:

1. Initial fill gas pressure
2. Gas temperature
3. Helium generated and released
4. Available volume including B C porosity4

Of the absorber materials utilized in the CEA design, only
the B,C contributes to the total quantity of gas which must
be accommodated within the control element. The helium is

Li' + He* ,produced by the nuclear reaction n + sB -
e 3 2

and the fraction of the quantity generated which is actually
released to the plenum is temperature dependent and is
predicted by the empirical equation discussed in Section
4.2.1.4.4.A.3. Temperatures used for release fraction
calculations are the maximum predicted to occur during
normal operation.

The results of the CEA analyses confirm that the design
criteria of Section 4.2.1.4 regarding stress, strain and
strain fatigue, are satisfied.

B. Thermal Stability of Absorber Materials

| None of the materials selected for the control elements are
susceptible to thermally induced phase changes at reactor

i operating conditions. Linear thermal expansion, thermal
| conductivity, and melting points are given in Section
| 4.2.1.4.

| O
Amendment F

| 4.2-70 December 15, 1989
I



i

I

CESSARM h m
'

C. Irradiation Stability.of Absorber Materials .i

Irradiated properties of the absorber materials are-
discussed in Section 4.2.1. 4. Irradiation-induced chemical
transmutations are produced in both the BC and the |

4

Ag-In-Cd. Neutron bombardment of B-10 atoms.results in the -)
production of lithium and helium. The~ percent.of helium
released is given'by the expression in Section 4.2.1.4.

Ag-In-Cd alloy, which has an initial chemical composition of
79 wt% minimum Ag, 15 i 0.35 wt% In, 5- wt%,Cd and 0.2'wt%
maximum impurities, is expected to undergo small changes.in

,

composition. Formation of 3 wt% tin due to the i

transmutation of indium and an increase in cadmium content i

to about 10 wt% due to the transmutation of silver is
expected. These affect the thermal conductivity and linear

.'

expansion characteristics of the alloy and are accounted for
in the design of the control elements.

Irradiation-enhanced swelling characteristics of the
absorber. materials are given . in .Section '4.2.1.4.
Accommodations for- swelling of -the absorbers have been
incorporated in the design - of the control elements and
include the following measures:

1. All B C pellets have rounded edges to promote sliding4

/ of the pellets in the cladding due to differential
thermal expansion and irradiation enhanced swelling.

2 Dimensionally stable Type 304 stainless steel spacers
are located at the bottom.'of all absorber stacks
adjacent to the nose cap to minimize strain at the weld
joint.

3. A felt metal sleeve containing reduced diameter BC !4

pellets is located in the bottom length of the absorber |
stacks in full length control elements. The felt' metal !
sleeve laterally positions the reduced diameter BC

|4

pellets uniformly with respect to the clad and absorbs
the differential thermal expansion and irradiation
induced swelling of the B C pellets, thereby limiting4

~

the amount of induced strain the clad.

4. A hole is provided in the center of the Ag-In-Cd
cylinder to accommodate swelling in excess of the ;

amount expected over the life of the control element. '
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D. Potential for and Consequences of CEA Functional Failure
a

The probability for a functional failure of the CEA is
considered to be very small. This conclusion is based on
the conservatism used in the design, the quality control
procedures used during manufacturing and on testing of
similar full-size CEA/CEDM combinations under simulated
reactor conditions for lengths of travel and numbers of*

trips greater than those expected to occur during the design
life. The consequences of CEA/CEDM functional failure are
discussed in Chapter 15.

A postulated CEA failure mode is cladding failure. In the
event that an element is assumed to partially fill with
water under low or zero power conditions, the possibility
exists that upon returning to power, the path of the water
to the outside could be blocked. The expansion of the
entrapped water could cause the element to swell. In tests,
specimens of CEA cladding were filled with a spacer

| representing the absorber material. All but 9% of the
remaining volume was filled with water. The sealed assembly
was then subjected to a temperature of 650*F and an external
pressure of 2250 lb/ in. 2 followed by a rapid removal of the
external pressure. The resulting diametral increases of the
cladding were on the order of 15 to 25 mils and were not
sufficient to impair axial motion of the CEA, which has a
0.084 diametral clearance with the fuel assembly guide
tubes. This test result, coupled with the low probability
of a cladding failure leading to a waterlogged rod,
demonstrates that the probability for a CEA functional
failure from this cause is low.

Another possible consequence of failed cladding is the
release of small quantities of CEA filler materials, and
helium and lithium (from the neutron-boron reactions).
However, the amounts which would be released are too small
to have significant effects on coolant chemistry.

E. CEA Axial Growth Analysis

Analysis has shown that adequate axial clearance exists
between the bottom of the CEA finger and the fuel assembly
guide tube. This clearance, representative of the limiting
design condition, has been calculated on the basis of
worst-case dimensional tolerances and considers the relative
thermal growth between the fuel assembly and the fully
inserted CEA.

O
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OU Loading and handling of pellets is carefully controlled to
minimize chipping of pellets.

The following procedures are used during fabrication to assure
that there are no axial gaps in fuel rods:

4.2.4.2.3.1 Stack Length Gauge

IThe operator stacks pellets onto V troughs that are gauge marked |
to the proper fuel column height. When pellet stacking is
completed, all column heights are checked by Quality Control.
The pellets are subsequently loaded into tubes. After loading,
the distance from the end of the tube to the end of the pellet
column is checked with a gauge. |

4.2.4.2.3.2 Rod Scanner

Finished fuel rods, prior to being loaded into assemblies, are
scanned to ensure that no significant gaps exist in the fuel
column.

Loaded fuel rods are evacuated and backfilled with helium to a
prescribed level as determined for the fuel batch. Impurity
content of the fill gas shall not exceed 0.5%.

The fuel rod end cap-to-fuel rod cladding tube welds are butt |welds between the Zircaloy-4 cladding tube and the Zircaloy-4 end
cap machined from bar stock. The weld process is resistance |
pressure welding (RPW). Quality assurance on the end cap weld
includes:

|

A. Destructive examination of a sufficient number of weld
samples to establish that the maximum allowable percent of
unbonded wall thickness (15%) and the maximum allowable
continuous unbonded region (10%) are not exceeded.

B. Visual examination of all end cap welds to establish freedom
from cracks, seams, inclusions and foreign particles after
final machining of the weld region.

C. Helium leak checking of all end cap welds to establish that
no leak rate greater than 10-8 cm /s is present.3

D. Corrosion testing of a sufficient number of samples to
establish that weld zones do not exhibit excessive corrosion
compared to a visual standard. Welds must be capable of
passing a corrosion test (ASTM G2) with no preferential
oxidation at the weld in water at 650'F, 2200 lb/in.2 for
3-1/2 days.

[
(
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All finished fuel rods are visually inspected to ensure a proper
surface finish (scratches greater than 0.G01 inch in depth,
cracks, slivers, and other similar defects are not acceptable).

Each fuel rod is marked to provide a means of identification.

| 4.2.4.3 Bug able Absorber Rod

| 4.2.4.3.1 Burnable Absorber Pellets

For the fabrication of Al 0 -B C pellets, B C powder is sampled to2 3 4 4
verify particle size and wt% boron requirements prior to its use
in pellet production. Finished pellets are 100% inspected for
diameter and must satisfy a 90/90 confidence level on other
dimensions. Samples are taken from each of the pellet lots and
examined for uniform dispersion of the B C in Al O . Conformance4 2 3
with density range requirements is demonstrated at a 95/95
confidence level and with BC requirements at a 90/90 level.4Samples are drawn from Oach lot to verify acceptable impurity
levels. Finally, all pellets are inspected for conformance with
surface chip and crack standards.

The f abrication of Gd O -UO pellets is essentially the same as2 3 2
that for UO fuel pellets except for tighter restrictions on the2

| Gd O and UO Particle size. Restrictions are introduced on tne2 3 2
particle size to promote homogeneity of the Gd 0 -UO mixture.'

2 3 2
is used as a| For this burnable absorber application, natural UO2,

carrier for the gadolinium. The f abrication of Gd O -UO2 Pollets'

2 3
employs dry blending and mixing of the necessary quantities of UO2

g3 powders. As with UO Pellets, these powders are thenand Gd O 2
pelletized by ble.nding and sintering processes similar to those
employed in the manufacture of UO Pellets. The sintering2

I process promotes formation of a solid solution of UO2 and Gd 0 *2 3
As with UO pellets, the Gd O -UO Pellets are tested for, and2 g3 2
must meet, stringent specifications on density, grain size and
homogeneity. In particular, the density and densification
specifications (% T.D.), grain size requirements and blending
requirements are essentially the same as those for a UO2 mixture.

The fabrication of Er20 -UO Pellets is essentially the same as3 2
that for UO fuel pellets except for tighter restrictions on the2
Er203 and UO2 particle size. Restrictions are introduced on the

0 -UO mixture.particle size to promote homogeneity of the Er2 3 g
j For this burnable absorber application, enriched UO is used as2

! a carrier for the erbium. The fabrication of Er20 -UO3 y pellets
employs dry blending and mixing of the necessary quantitles of UO2
and Erg 3 Powders. As with UO Pellets, these powders are thenO 2pelletized by blending and sintering processes similar to those

,

employed in the manufacture of UO2 Pellets. The sintering processI

promotes formation of a solid solution of UO2 and Er2O. As with3
UO Pellets, the Er2O -UO pellets are tested for, and must

2 3 g
meet, stringent specifications on density, grain size and

Amendment V
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homogeneity. In particular, the density and densification )specifications (% T.D.), grain size requirements and blending
requirements are essentially the same as those for a UO2 mixture.
4.2.4.3.2 Cladding

The testing and inspection plan for burnable absorber rod |
cladding is identical to that for fuel rod cladding (Section
4.2.4.2.2).

4.2.4.3.3 Burnable Absorber Rod Assembly |

The moisture content of burnable absorber pellets prior to |
loading is limited to values below that which_would be required
to produce primary hydride penetration of the cladding. Total
moisture inventory is comparable to that which has been shown to
be acceptable in fuel rods (Reference 60). The fabrication
process is such that all steps from component drying through
final welding are carefully controlled so as to minimize the
possibilities for excessive moisture pickup. For Al 0 -B C2 3 9
burnable absorber rods, final verification of pellet dryness is
made by destructive examination of one burnable absorber rod for
each group of rods from the same drying lot. For Gd 0 -UO and2 3 2

0 -UO burnable absorber rods, final verification of pellet |Er2 3 2
dryness is identical to that for fuel rods:

The following stack length gauging procedure is used during
fabrication to assure that there are no axial gaps in burnable.

absorber rods:

The operator stacks pellets onto V troughs that are gauge
marked to the proper column height. When pellet stacking is
completed, all column heights are checked by Quality
Control. The pellets are subsequently loaded into tubes.
After loading, the distance from the end of the tube to the

,Iend of the pellet column is checked with a gauge.
|

Loaded burnable absorber rods are evacuated and backfilled with |
helium to a prescribed level. Impurity content of the fill gas
shall not exceed 0.5%.

End cap weld integrity and corrosion resistance is ensured by a
Quality Control plan identical to that used in fuel rod
fabrication (Section 4.2.4.2.3).
Each burnable absorber rod is marked to provide a means of |
identification.

4.2.4.4 Control Element Assembly

The CEAs (full-strength and part-strength) are subjected to
numerous inspections and tests during manufacturing and after
installation in the reactor. A general product specification

I controls the fabrication, inspection, assembly, cleaning," packaging, and shipping of CEAs. All materials are produced
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to AMS, ASTM or C-E specifications. In addition, various CEA
hardware tests have been conducted or are in progress.

During manufacturing, the following inspections and tests are
performed:

A. The loading of each control element is carefully controlled
to obtain the proper amounts and types of filler materials
for each type of CEA application (e.g. , full-strength B C or4
Ag-In-Cd; part-strength Inconel 625).

B. All end cap welds are liquid penetrant examined and helium
leak tested. A sampling plan is used to section and examine
end cap welds.

C. Each type of control element has unique external features
which distinguish it from other types.

D. Each CEA is serialized to distinguish it from the others.
See Figures 4.2-3 through 4.2-5 and Figure 4.2-14.

E. Fully assembled CEAs are checked for proper alignment of the
neutron absorber elements using a special fixture. The
alignment check ensures that the frictional force that could
result from adverse tolerances is below the force which
could significantly increase scram time.

In addition to the basic measures discussed above, the
manufacturing process includes numerous other quality control
steps for ensuring that the individual CEA components satisfy
design requirements for material quality, detail dimensions, and
process control.

After installation in the reactor, but prior to criticality, each
CEA is traversed through its full stroke and tripped. A similar
procedure will also be conducted at refueling intervals.

The required 9L% insertion scram time for CEAs is 4.0 seconds
under worst case conditions. Verification of adequacy was
initially determined by testing in the C-E TF-2 flow test
facility as reported in Appendix 4B. This test facility
contained prototypical (System 80) reactor components consisting
of fuel assemblies, CEA shroud, control element drive mechanism,
and a simulation of surrounding core internal support components.
The test conditions simulated the range of temperatures and flow

| rates predicted for System 80 and for System 80+ normal plant
operation. The required scram time has been subsequently
verified to be conservative by testing at the Palo Verde (System
80) operating units.

O
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TABLE 4.2-1

(Sheet 1 of 7)

MECHANICAL DESIGN PARAMETERS

Core Arrangement

Number of fuel assemblies in core, total 241
Number of CEAs 93
Number of fuel rod locations 56,876
Spacing between fuel assemblies, fuel rod surface to

surface inches 0.208
Spacing, outer fuel rod surface to core shroud, inches 0.214
Hydraulic diameter, nominal channel, feet 0.0393Total flow area a

Total core area,(expluding guide tubes), ft 60.8
ft 112.3Core equivalent diameter, inches 143.6Core circumscribed diameter, inches 152.46Total fuel loading, kg U (assuming all rod locations are

fuel rods) 3105.7 x 10
. Total fuel weight, Ib U02 (assuming all rod locations are

Os fuel rods) 3264.5 x 10Total weight of Zircaloy, lb 74,000
Fuel volume (including dishes), ft 3

410.8

Fuel Assemblies

No. of Enrichment No. of Burnable Absorber |Batch Assemblies (wt%) U-235 Rods per Assembly

A0 81 1.8 0
B0 4 2.9 0
B5 20 2.9 60
B6 40 2.9 8488 16 2.9 124
C0 20 3.7 0Cl 16 3.7 16
C7 24 3.7 100
C8 20 3.7 124

Fuel Rod Array square, 16 x 16

Fuel Rod Pitch, inches 0.506

O
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TABLE 4.2-1
,

] (Sheet 2 of 7)

MECHANICAL DESIGN PARAMETERS
'

Fuel Assemblies (Cont'd)

Spacer Grid

Type Leaf spring !

1

Material Zi rcaloy-4
Number per assembly 10

Weight each, lb 2.0

Bottom Spacer Grid
:

Type Leaf spring
Material Inconel 625
Number per assembly 1

| Weight each, lb 2.1

Weight of fuel assembly (nominal), lb 1461

Outside dimensions

Fuel rod to fuel rod, inches 7.972 x 7.972

Fuel Rod

Fuel rod material (sintered pellet) UO

Pellet diameter (nominal), inches 0.$255
Pellet length, inches 0.390

3Pellet density (nominal), g/cm 10.47
3

Pellet theoretical density, g/cm 10.96
Pellet density (nominal) (% theoretipal) 95.5
Stack height density (nominal), g/cm 10.315
Clad material Zircaloy-4
Clad ID, inches 0.332
Clad 00,. (nominal), inches 0.382
Clad thickness, (nominal), inches 0.025
Diametral gap, (cold, nominal), inches 0.0065
Active length, inches 150

Plenum length, inches 7.938

9
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TABLE 4.2-1

(Sheet 3 of 7)

MECHANICAL DESIGN PARAMETERS

Control Element Assemblies' fCEAs)

Twelve-Element Four-Element

Full Strenath CEA

Number 48 20

Absorber elements, No. per assy. 12 4

Type Cylindrical Cylindrical
,

rods rods

Clad material Inconel 625 Inconel 625

Clad thickness, inches 0.035' O.035

( Clad OD, inches 0.816' O.816
i

Diametral gap, inches 0.009 0.012

Elements

Burnable absorber material B C pellets / Felt Ag-In-Cd or |4

metal and reduced B C pellets /4dia. B C pellets Ag-In-Cd4

Burnable absorber length, inches 135.5/12.5 148 or |
135.5/12.5

L B C Pellet4
i

j Diameter, inches 0.737/0.674 0.737

Density, y of theoretical density of 73 73
2.52 g/cm.

Weight % boron, minimum 77.5 77.5

Ag-In-Cd Cylindrical Bar with
Central Hole

Outside diameter, inches N/A 0.734

O' Inside diameter, inches N/A 0.25Length of bar, inches N/A 2

Amendment V
April 29, 1994.
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TABLE 4.2-1

(Sheet 4 of 7)

MECHANICAL DESIGN PARAMETERS

Control Element Assemblies (CEAs) (Cont'd)

Four-Element

Part Strenath CEA

Number 25

Absorber elements, No, per assy. '4

Type Cylindrical rods

Clad material Inconel 625

Clad thickness, inches 0.035

Clad 00, inches 0.816

Diametral gap, inches 0.009

Elements

| Burnable absorber material Inconel 625

| Burnable absorber length, inches 149

Inconel 625 Cylindrical Bar
1

Diameter, inches 0.737

Length of bar, inches 2

!

|
|

O
1
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TABLE 4.2-1 !

(Sheet 5 of 7)-

MECHANICAL DESIGN PARAMETERS

Burnable Absorber Rod |

Alumina - Boron Carbide Burnable Absorber Rod Desian |

| Absorber material Al 0 -B C23 4

Pellet diameter, inches 0.307

Pellet length, inches,. min 1.000

Pellet density _(% theoretical), min 93

3Theoretical density, Al 0 , g/cm 3.94
_ 23

3Theoretical density, B C, g/cm 2.524

A)( Clad material Zi rcaloy-4

Clad ID, inches 0.332

Clad 00, inches 0.382
' Clad thickness, (nominal), inches 0.025

Diametral gap, (cold, nominal), inches 0.025

Active length, inches 136

Plenum length, inches 10.750

' |

,

l I

!

l
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TABLE 4.2-1

(Sheet 6 of 7)

MECHANICAL DESIGN PARAMETERS

Burnable Poison Rod (Cont'd)

| Gadolinia - Urania Burnable Absorber Rod Desian

Absorber material U0 -Gd 0
2 23

Pellet diameter, inches 0.3255

Pellet length, inches, min 0.390

Pellet density (% theoretical), min 94.5

3Theoretical density, U0 , g/cm 10.96
2

3Theoretical density, Gd 0, g/cm 7.4123

Clad material Zircaloy-4

Clad ID, inches 0.332

Clad OD, inches 0.382

Clad thickness, (nominal), inches 0.025

Diametral gap, (cold, nominal), inches 0.0065

Active length, inches 135

Plenum length, inches 7.938

|

I
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TABLE 4.2-1

(Sheet 7 of 7)

MECHANICAL DESIGN PARAMETERS

Burnable Absorber Rod (Cont'd) |-

Erbia - Urania Burnable Absorber Rod Desian. |

Absorber material ' U0 -Er 02 23

Pellet diameter, inches 0.3255

Pellet length, inches, min '0.390

Pellet density (% theoretical), min. 94.5

3Theoretical density, V0 , g/cm :10.96
2

3. Theoretical density, Er 0 , g/cm 8.64:23

r Clad material- Zircaloy-4

Clad ID, inches 0. 3 3 2 --- ,

Clad OD, inches 0.382

Clad thickness, (nominal), inches 0.025

Diametral gap, (cold, nominal), inches 0.0065

Active length, inches 135

Plenum length, inches 7.938

Amendment V
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' 4.3 NUCLEAR DESIGN

4.3.1 DESIGN BASES

The bases for the nuclear design of the fuel and reactivity
control systems are discussed in the following paragraphs.

4.3.1.1 Excess Reactivity and Fuel Burnup

The excess reactivity provid'ad for each cycle is based on the
depletion characteristics of the fuel and burnable absorber and |
on'the desired burnup for each cycle. The desired burnup is
based on an economic analysis of the fuel cost and the projected
operating load cycle for the plant. The average burnup is chosen
to ensure that the peak burnup is within the limits discussed in
Paragraph 4.2.3.2.10. This design basis, along with the design
basis in Paragraph 4.3.1.8, satisfies General Design Criterion
10.

4.3.1.2 Core Design Lifetime and Fuel Replacement Procram

The core design lifetime and fuel replacement program presented
are based on a refueling interval of approximately 18 months with
approximately one-third of the fuel assemblies replaced at each
refueling.

4.3.1.3 Negative Reactivity Feedback

In the power operating range, the net effect of the prompt
inherent nuclear feedback characteristics (fuel temperature
coefficient, moderator temperature coefficient, moderator void
coefficient, and moderator pressure coefficient) tends to
compensate for a rapid increase in reactivity. The negative
reactivity feedback provided by the design satisfies General
Design Criterion 11.

4.3.1.4 Reactivity Coefficients

The values of each coefficient of reactivity are consistent with
the design basis for net reactivity feedback (Paragraph 4.3.1.3),
and analyses that predict acceptable consequences of postulated
accidents and anticipated operational occurrences (AOOs), where
such analyses include the response of the reactor protective
system (RPS).

\
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| 4.3.1.5 Burnable Absorber Requirements

| The burnable absorber reactivity worth provided in the design is
sufficient to ensure that the moderator coefficients of
reactivity are consistent with the design bases in Paragraph
4.3.1.4.

4.3.1.6 Stability Criteria

The reactor and the instrumentation and control systems are
designed to detect and suppress xenon-induced power distribution
oscillations that could, if not suppressed, result in conditions
that exceed the specified acceptable fuel design limits (SAFDLs) .
The design of the reactor and associated systems precludes the
possibility of power level oscillations. This design basis
satisfies General Design Criterion 12.

4.3.1.7 Maximum Controlled Reactivity Insertion Rate

The reactivity control systems (control element assemblies
(CEAs), Reactor Regulating System (RRS), and boron charging
portion of the Chemical and Volume Control System (CVCS)) are
designed so that the potential amount and rate of reactivity
insertion due to normal operation and postulated reactivity
accidents do not result in:

A. Violation of the specified acceptable fuel design limits
(SAFDLs) for any single malfunction of the reactivity
control systems (excluding CEA ejection)

B. Damage to the reactor coolant pressure boundary (RCPB)

C. Disruption of the core or other reactor internals suffic'.ent
to impair the effectiveness of safety injection.

| This design basis, along with Paragraph 4.3.1.11, satisfies
General Design Criteria 25 and 28.

4.3.1.8 Power Distribution Control

The core power distribution is controlled such that, in
conjunction with other core operating parameters, the power
distribution does not result in violation of the limiting
conditions for operation (LCOs). Limiting conditions for
operation and limiting safety system settings (LSSSs) are based
on the accident analyses described in Chapters 6 and 15 such that
specified acceptable fuel design limits and other criteria are
not exceeded for accidents. This design basis, along with
Paragraph 4.3.1.1, satisfies General Design Criterion 10.

O
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4.3.1.9 Excess CEA Worth with Stuck Rod Criteria

The amount of reactivity available from-insertion of withdrawn
CEAs under all power operating conditions, even when the highest
worth CEA fails to insert, will provide for at least 2% excess
CEA worth after cooldown to hot zero power, plus any additional
shutdown reactivity requirements assumed in the safety analyses.
This design basis, along with Paragraph 4.3.1.10, satisfies
General Design Criteria 26 and 27.

4.3.1.10 Chemical Shim Control

The chemical and volume control system (CVCS) (Subsection 9.3.4)
is used to adjust the dissolved boron concentration in the
moderator. After a reactor shutdown, this system is able- to
compensate for the reactivity changes associated with xenon decay
and reactor coolant temperature decreases to ambient temperature,
and it provides adequate shutdown margin during the refueling.
This system also has the capability of controlling, independently
of the CI:As, long-term reactivity changes due to fuel burnup and
reactivity changes during xenon transients resulting from changes
in reactor load. This design basis, along with Paragraph
4.3.1.9, satisfies General Design Criteria 26 and 27.

4.3.1.11 Maximum CEA Speeds

Maximum CEA speeds are consistent with the maximum controlled
reactivity insertion rate design basis discussed in Paragraph
4.3.1.7. Maximum CEA speeds are also discussed in Section 4.2.

4.3.2 DESCRIPTION

4.3.2.1 Nuclear Design Description

This section summarizes the nuclear characteristics of the core
and discusses the important design parameters that affect the
performance of the core in steady-state and normal transient
operation. Summaries of nuclear design parameters are presented
in Table 4.3-1, Table 4.3-2, and Figure 4.3-1. These data are
intended to be representative of the first cycle design. Design
limit values for these and other parameters are discussed in the
appropriate sections.

The first cycle design presented features a three-batch loading
scheme in which the type B and C fuel assemblies contain rods of
erbia burnable absorber. Additionally, all rods contain a top |and bottom natural uranium blanket to improve fuel cycle
economics.

O
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| The fuel loading pattern, fuel enrichment and burnable absc- >r
distributions are shown in Figures 4.3-1 and 4.3-2. The ther
three quadrants of the core are symmetric to the displayed
quadrant. Physical features of the lattice, fuel assemblies, and

| CEAs are described in Section 4.2.

l
' Core average enrichment, core burnup, critical soluble boron

concentrations and worths, plutonium buildup, and delayed neutron
fractions and neutron lifetime are shown in Table 4.3-1. The
soluble boron insertion rates available, as discussed in Section
9.3.4, are sufficient to compensate for the maximum reactivity
addition due to xenon burnout and normal plant cooldown. This

|

| maximum reactivity addition rate for which the CVCS will be
! required to compensate is given in Table 4.3-1. The maximum

reactivity addition rate coefficient occurs for an end-of-cycle
cooldown, where the moderator temperature coefficient is most

; negative.

Km reactivity, and reactivity defect data associated with the
cold zero power, hot standby, hot full power without xenon or
samarium, and hot full power with equilibrium xenon and samarium
conditions are shown in Table 4.3-2.

4.3.2.2 Power Distribution

4.3.2.2.1 General

Power distribution and coolant conditions are controlled so that
the peak linear heat rate and the minimum departure from nucleate
boiling ratio (DNBR) are maintained within operating limits
supported by the safety analyses (Chapters 6 and 15) with due
regard for the correlations between measured quantities, the
power distribution and uncertainties in the determination of
power distribution.

Methods of controlling the power distribution include: the use
of full- or part-strength CEAs to alter the axial power
distribution; decreasing CEA insertion by boration, thereby
improving the radial power distribution; and, correcting
of f-optimum conditions which cause margin degradations (e.g. , CEA
misoperation).

The Core Operating Limit Supervisory System (COLSS) indicates to
the operator how far the core is from the operating limits and
provides an audible alarm should an operating limit be exceeded.
Such a condition signifies a reduction in the capability of the
plant to withstand an anticipated transient, but does not
necessarily imply a violation of fuel design limits. If the
margin to fuel design limits continues to decrease, the Reactor
Protective System (RPS) assures that the SAFDLs are not exceeded
by initiating a trip.
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L proper use of the part-strength CEAs, acceptable margin is

maintained for the peak linear heat rate during these maneuvering
transients. In the event that the part-strength CEAs are not '

moved properly, the power distribution could become unacceptable.
In this case, the monitoring system would indicate insufficient
margin and direct the operator to improve the core power
distribution, improve the coolant conditions, or reduce core
power.

nSimilarly, the maximum expected unrodded F r that occurs at full
power is not higher than the chosen nuclear design limit of 1.55,
as stated in Section 4.3.2.2.2. Again, as demonstrated by power
distribution calculations, acceptable thermal margin to the DNBR
limit is maintained during maneuvering transients.

4.3.2.3 Reactivity Coefficients

Reactivity coefficients relate changes in core reactivity to
variations in fuel or moderator conditions. The data presented
in this section and associated tables and figures illustrate the
range of reactivity coefficient values calculated for a variety
of operating and accident conditions. Section 4.3.3 presents
comparisons of calculated and measured moderator temperature
coefficients and power coefficients for operating reactors. The

O good agreement shown in that subsection provides confidence that
the data presented in this section adequately characterize the
System 80+ core design. Table 4.3-3 presents a comparison of the
calculated reactivity coefficients with those used in the safety
analyses described in Chapters 6 and 15. For each accident
analysis, suitably conservative reactivity coefficient values are
used. Since uncertainties in the coefficient values, as
discussed in Section 4.3.3.1.2, and other conservatisms are taken
into account in the safety analyses, values used in the safety
analyses may fall outside the ranges in a conservative direction
of the data presented in this section. A more extensive list of
reactivity coefficients is given in Table 4.3-4.

The calculational methods used to compute reactivity coef ficients
are discussed in Section 4.3.3.1.1. All data discussed in |

,

subsequent paragraphs were calculated with two-dimensional and
ithree-dimensional quarter-core nuclear models. Spatial ldistributions of materials and flux weighting are explicitly iperformed for the particular conditions at which the reactivity 1coefficients are calculated. The adequacy of this method is '

discussed in Section 4.3.3.1.2.

O
C
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4.3.2.3.1 Fuel Temperature Coefficient

The fuel temperature coefficient is the change in reactivity per
unit change in fuel temperature. A change in fuel temperature
affects the reaction rates in both the thermal and epithermal
neutron energy regimes. Epithermally, the principal contributor to
the change in reaction rate with fuel temperature is the Doppler
effect arising from the increase in absorption widths of the
resonances with an increase in fuel temperature. The ensuing
increase in absorption rate with fuel temperature causes a negative
fuel temperature coefficient. In the thermal energy regime, a
change in reaction rate with fuel temperature arises from the
effect of temperature dependent scattering properties of the fuel
matrix on the thermal neutron spectrum. In typical PWR fuels
containing strong resonance absorbers such as U-238 and Pu-240, the
magnitude of the component of the fuel temperature coefficient
arising from the Doppler effect is more than a factor of 10 larger
than the magnitude of the thermal energy component.

Figure 4.3-41 shows the dependence of the calculated fuel
temperature coefficient on the fuel temperature, both at the
beginning and the end of the first cycle.

4.3.2.3.2 Moderator Temperature Coefficient

The moderator temperature coef ficient relates changes in reactivity
to uniform changes in moderator temperature, including the effects
of moderator density changes with changes in moderator temperature.
Typically, an increase in the moderator temperature causes a
decrease in the core moderator density and, therefore, less
thermalization, which reduces the core reactivity. However, when
soluble boron is present in the moderator, a reduction in moderator
density causes a reduction in the content of soluble boron in the
core, thus producing a positive contribution to the moderator
temperature coefficient. In order to limit the dissolved boron

| concentration, rods with burnable absorber are provided in the form
of cylindrical pellets of either aluminia with uniformly dispersed
boron carbide particles, natural enrichment urania with uniformly
dispersed gadolinia particles, or enriched urania with uniformly
dispersed erbia particles. The number and type of burnable
absorber rods is given in Table 4.3-1 and their distribution in one
quadrant of the core is shown in Figures 4.3-1 and 4.3-2. The
distribution is identical for the other three quadrants. The

| reactivity control provided by the burnable absorber rods is given
in Table 4.3-1 and makes possible a reduction in the dissolved
boron concentration to the values given in Table 4.3-1.

The calculated moderator temperature coefficients for various core
conditions at the beginning and end of the first cycle are given
in Table 4.3-4. The moderator temperature coefficients are more
negative at end-of-cycle because the soluble boron in the coolant
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V The core average linear heat rate is also linear with power. The

average effective fuel temperature dependence on the core average
linear heat rate is calculated from the following semi-empirical
relation:

2 3

T, + ([ B *M ) * P + ([ C *M ) * P1 A 3 (1)Tg= i 3
1=0 j=0

T is the average moderator temperature (*F), M is the exposure
in mwd /MTU, P is the linear heat generation rate in the fuel in
kW/f t, and T, is the average ef fective fuel temperature (*F) . The
coefficients B and C are determined from least squares fitting1 1

of the fuel temperature generated by FATES (References 4,5) . For
the icel pins in System 80+, the following values apply:

B +137.248 C = -1.86062 |
=

o o

+0.828149 * 10-3 C = -0.468091 * 10-3 |
B =

1 1

-0.192215 * 10-6 C = +0.460960 * 10-7 |
B =

2 2

n C = -0.979452 * 10 12 |3

( )
%/ The basis for this relation is discussed in Reference 3.

The total power coefficient at a given core power can be
determined by evaluation, for the conditions associated with the
given power level, of the following expression:

dg , bp b T, . bp b T,
(,)dp b T, 6p b T, 6p

The first term of the equation (2) provides the fuel temperature
contribution to the power coefficient, which is shown as a
function of power in Figure 4.3-45.

The first factor of the first term is the fuel temperature
coefficient of reactivity discussed in Section 4.3.2.3.1 and
shown in Figure 4.3-41. The second factor of the first term is
obtained by calculating the derivative of Equation (1).

6T =( B *N ) +2( C *M ) *P (3)J
j yb 1=0 jsJ

/ s
e >

Y/
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The second term in Equation (2) provides the moderator
contribution to the power coefficient. The first factor, the
moderator temperature coefficient, is discussed in Section
4.3.2.3.2 and shown in Figures 4.3-42 and 4.3-43. The second
factor is a constant since the moderator temperature is
controlled to be a linear function of power.

Since the f actors 6p/6T, and 6p/6T, are functions of one or more
independent variables (e.g., burnup, temperature, soluble boron
content, xenon worth and CEA insertion), the total power
coefficient, dp/dp, also depends on these variables.

; The power coefficient tends to become more negative with burnup
| because the fuel and moderator temperature coefficients become

more negative (see Figure 4.3-41 through 4.3-43). The insertion
of the CEAs, while maintaining constant power, results in a more

| negative power coefficient, because the soluble boron level is
! reduced and because of the spectral effects of the CEAs
j themselves.

The full power values of the overall power coefficient for the
unrodded core at BOC and EOC are shown in Table 4.3-4.

4.3.2.4 Control Requirements

! There are three basic types of control requirements that
influence the design of this reactor:

A. Reactivity control so that the reactor can be operated in
the unrodded critical, full power mode for the design cycle
length.

B. Power level and power distribution control so that the
reactor power may be safely varied from full-rated power to

! cold shutdown, and so that the power distribution at any
given power level is controlled within acceptable limits.

C. Shutdown reactivity control sufficient to mitigate the
effects of postulated accidents.

Reactivity control is provided by several different means. The
| amount and enrichment of the fuel and burnable absorber rods are
design variables that determine the initial and end-of-cycle
reactivity for an unrodded, unborated condition. Soluble boron

| and CEA absorbers are flexible means of controlling long-term and
short-term reactivity changes, respectively.

O
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U The following paragraphs discuss the reactivity balancesassociated with each type of control requirement.
4.3.2.4.1 Reactivity Control at BOC and EOC

The reactivities of the unrodded core with no soluble boron areshown in Table 4.3-2. This table includes the reactivity worth
of equilibrium xenon and samarium, and shows the reactivity
available to compensate for burnup and fission product
absorption. Soluble boron concentrations required for jcriticality at various core conditions are shown in Table 4.3-1.
Soluble boron is used to compensate for slow reactivity changes
such as those due to burnup, changes in xenon content, etc. The
reactivity controlled by burnable absorber rods is also given in
Table 4.3-1. At EOC, the residual reactivity worth of the
burnable absorber is less than 1%, arid the soluble boronconcentration is near zero. The reactor is to be operated in
essentially an unrodded condition at power. The CEA insertion at
power is limited by the power dependent insertion limit (PDIL)for short-term reactivity changes.
4.3.2.4.2 Power Level and Power Distribution Control

The part-strength and full-strength regulating CEA groups may be
used to compensate for changes in reactivity associated with

y routine power level changes. In addition, they may be used to
compensate for minor variations in moderator temperature and
boron concentration during operation at power, and to dampenaxial xenon oscillations. The reactivity worth of CEA control
groups is shown in Table 4.3-5. Soluble boron is used to maintain
shutdown reactivity at cold zero power conditions. Soluble boron
can also be used to compensate for changes in reactivity due to
power level changes and minor changes in reactivity which might
occur during normal reactor operation. Twenty-five part-strengthCEAs are provided in the design. A major function of the
part-strength CEAs is to assist in the control of core power
distribution, including the suppression of xenon induced axial
power oscillations during power operations, and the control of
axial power shape during load following transients. Thepart-strength CEAs can also provide reactivity control to
compensate for minor variations in moderator temperature and
boron concentration during power operations, and to assist in
compensating for changes in reactivity due to power level and
xenon during load following transients. The combined worth ofthe part-strength CEA groups is sufficient to enable control
strategies for load following which can remove the need for
changes in boron concentration during load following transients.

V
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4.3.2.4.3 Shutdown Reactivity Control

The reactivity worth requirements of the full complement of CEAs
is primarily determined by the power defect, the excess CEA worth
with the stuck rod criteria discussed in Section 4.3.1.92, and
the total CEA reactivity allowance for the cycle. Table 4.3.6
shows the reactivity component allowances that define the total
reactivity allowance. These data are based on the end-of-cycle
conditions when the fuel and moderator temperature coefficients
are the most negative and thus when the shutdown reactivity
requirement is a maximum. Each allowance component is further
discussed below. No CEA allowance is provided for xenon
reactivity effects, e.g., undershoot, since these effects are
controlled with soluble boron rather than with CEAs.
The worth of all CEAs except the most reactive, which is assumed
stuck in the fully withdrawn position, provides more shutdown
capability than required by the total reactivity allowance shown
in Table 4.3-6. This margin is shown in Table 4.3-7 for the end

| of the equilibrium cycle. The margin is more than sufficient to
compensate for calculated uncertainties in the nominal design
allowances and in the CEA reactivity worth. Thus, the shutdown
reactivity control provided in this design is sufficient at all
times in the cycle.

4.3.2.4.3.1 Fuel Temperature Variation

The increase in reactivity that occurs when the fuel temperature
decreases from the full power value to the zero power value is
due primarily to the Doppler effect in U-238. The CEA reactivity
allowance for fuel temperatui* variation shown in Table 4.3-6 is
a conservative allowance for the end-of-cycle conditions.

4.3.2.4.3.2 Moderator Temperature Variation

The moderator temperature variation allowance is large enough to
compensate for any reactivity increase that may occur when the
moderator temperature decreases from the full power value to the
zero power (hot standby) value. This reactivity increase, which
is primarily due to the negative moderator temperature
coefficient, is largest at the end-of-cycle when the soluble
boron concentration is near zero and the moderator coefficient is
strongly negative. At beginning-of-cycle, when the moderator
temperature coefficient is less negative, the reactivity change
is smaller.

i
,

I
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directly to the assembly calculations. Since the accuracy of the
spectrum calculations is high, the group condensation can
normally be performed with a standard four-group structure. In
some cases, more groups can be (and are) used in the assembly
calculation.- For example, a seven-group condensation is i

typically used for gadolinia-bearing assemblies. |
l

The assembly and spectrum calculations are performed by integral :

transport theory with multigroup interface' currents _ used to
couple adjacent cells.

.

This. entire sequence of calculations is normally performed
assuming that there is no net leakage from the assembly. geometry.
Following the assembly calculation,- fine-group . spectra are
constructed for all subregions in ' the assembly based on the
spatial distribution of the few-group assembly flux and on the
energy and spatial distribution of the fine-group flux from the
spectrum calculations. A correction.for the influence of global
leakage is then made on the basis of a B1 calculation with the
fine energy- group structure for the homogenized assembly to

~

maintain criticality of the assembly.

Few-group microscopic cross sections for use in the depletion
stage of DIT are formed using the basic cross section library and
the spectra calculated as described.

,

Spatial averages of microscopic and macroscopic cross sections
are performed for editing purposes and are passed on to ROCS.and
MC.

The above calculations are performed in a single job step without
manual intervention. Few-group-coarse-mesh cross sections are *

prepared in the HARMONY format (Reference 8) for ROCS by the
editing code CESAW, and fine-mesh cross sections are input to MC
via the editing code MCXSEC.

The DIT code utilizes a data library containing multigroup cross
sections, fission spectra, fission product yields and other
supplemental data. The' principal source of data for the library
is ENDF/B-IV. Three adjustments-to the library data have been
made to reflect changes to ENDF/B-IV recommended . by the Cross
Section Evaluation Working Group for incorporation into ENDF/B-V.

These adjustments include:

1. A reduction of about 3% in the shielded resonance integral
of U-238.
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4.3-25 March 31, 1988



- - . - - - - - - - - - -- - - - - - - - -

CESSAREnec.

2. The adoption of the harder Watt fission spectra for U-235
and Pu-239, later incorporated into ENDF/B-V.

3. A moderate upward adjustment of U-235 and Pu-239 thermal V
values of about 0.1%, improving the V,q discrepancy but
not going as far as ENDF/B-V.

In the epithermal region, the ENDF/B-IV files are processed with
| ETOG (Reference 9) to provide cross section resonance parameters
and scattering matrices for the isotopes contained in the
library. ETOG prepares these data in 99 energy groups spanning
the range from 14.9 MeV to 0.414 eV. The GAM portion of GGC3

| (Reference 10) is used to condense the 99 group data into 50 ,

energy groups spanning the energy range 14.8 MeV to 1.855 eV
weighted with a spectrum representative of that in a PWR
assembly.

In the resolved energy region (9.1 kev to 1.855 eV), the capture
and fission cross sections of resonant absorbers are replaced
with resonance tables.

In the thermal region, the ENDF/B-IV files are processed with
| FLANGE-II (Reference 11) to provide cross sections and full
scattering matrices in the thermal region (1.855 eV to 0.00025
e7). The cross sections of isotopes containing resonances in the
thermal region are Doppler broadened. For hydrogen, scattering
matrices are prepared with FLANGE II using ENDF/B-IV thermal
scattering parameters for H 0.2

The cross sections and scattering matrices are tabulated in the
library for a sufficient number of temperature values to span the
range expected during powcr reactor operation and to permit
linear interpolation.

Cross sections for the resolved resonance region (9.1 kev to
1.855 eV) are prepared with C-E RABBLE, an extension of the

| RABBLE (Reference 12) code using resolved resonance parameters
from ENDF/B-IV. The cosine current approximation in RABBLE is
replaced with an integral transport routine. Group averaged
resonance cross sections are generated with the modified RABBLE
code which performs a space dependent calculation of the slowing
down sources. The cross sections from the C-E RABBLE
calculations are corrected to include the proper group dependent
calculations derived from ETOG and GGC3. RABBLE is also used to
validate interference effectr among resonance absorbers as
calculated by the DIT algorithn..

Following the assembly spectrum calculation, a depletion time
step takes place for each individual pin in the assembly and,
when required, for sub-divisions of a pin. At the end of the

;

f Amendment U
4.3-26 December 31, 1988



I )
! CESSAR !!Nnc m. )

|

I

| \ soluble boron and xenon changes by using boron and xenon
microscopic cross sections along with number densities obtained
from the core soluble boron and local xenon equilibrium

concentratigns. In addition, axial leakage is represented by
adding a DB term to the absorption cross section.

4.3.3.1.1.4 Other Analysis Methods

As the size of large power reactors increases, space-time effects
during reactor transients become more important. In order not to
penalize reactor performance unduly with overly conservative
design methods, it is desirable to have the capability to perform
detailed space-time neutronics calculations for both design and
off-design transients.

The HERMITE (Reference 13) computer code has been developed to
meet this objective. It solves the few-group, space and
time-dependent neutron diffusion equation including feedback
effects of fuel temperature, coolant temperature, coolant density
and control rod motion. The neutronics equations in one, two,
and three dimensions are solved by the fourth-order nodal
expansion method. The fuel temperature model explicitly
represents the pellet, gap and clad regions of the fuel pin, and
the governing heat conduction equations are solved by a finite
difference method. Continuity and energy conservation equations

\ are solved in order to determine the coolant temperature and
density. In the one-dimensional mode, HERMITE also has the
option of finding the axially dependent absorber distribution |,

| required to produce a particular user-specified axial power
shape. This option is often used to produce conservative axial
power shapes corresponding to the LCO limits on axial power shape
from which simulations of core transients are subsequently

| initiated.

For one-dimensional analysis of the axial behavior of the core
the QUIX (Reference 14) code is used. Three-dimensional ROCS
depletion calculations are used to supply the necessary input to
the QUIX code, which generates some of the data required by the
monitoring and control systems. In addition to the eigenvalue
problem, QUIX will perform three types of search calculations to
attain a specific eigenvalue: an absorber search; a CEA region
boundary search; and, a moderator density dependent absorber
search. The effects of moderator- and fuel-temperature feedback
on the power distribution can be treated. The program can also
perform power shaping searches to simulate the use of PSCEAs.

I

O !
!

Amendment V i
4.3-31 April 29, 1994 |

- .-



|

CESSARHMeu,.

'

The QUIX code has the capability of simulating two-level ex-core
detector responsas expected during operation. The calculated
normalized core average power distribution is first corrected by
the application of CEA shadowing factors to simulate the
peripheral fuel assembly power distribution. Shape annealing
factors (defined below) are then applied to the peripheral axial
power distribution to simulate the integrated response of the
ex-core detector subchannels.

For reactors with three-element ex-core detectors, either
auxiliary calculational procedures or another code must be used.
Calculational evaluation of the responses of three-element ex-
core detectors to power shape variation can be made directly
using the VISIONS code, which is a PWR core-focused power plant
simulator. The code uses a fast-running neutronics model for
three-dimensional representation of the core with 1 x 1 x 20
nodes per fuel assembly. VISIONS accepts as input the shape
annealing factors for two- or three-element ex-core detector
systems, and factors representing the relative contribution of
each of the peripheral assemblies to the ex-core detector
signals. The code combines the peripheral assembly power
distributions and weighting factors and the shape annealing
factors to calculate the ex-core detector responses for the
calculated three-dimensional power shape.

CEA shadowing is the change in ex-core detector response
resulting from changing the core configuration from an unrodded
condition to a condition with CEAs inserted, while maintaining
constant power operation. Although CEA shadowing is a function
of the relative azimuthal locations of the higher power
peripheral assemblies and the ex-core detectors, its effect is
minimized by placing the ex-core detectors at azimuthal locations
where minimum CEA shadowing occurs. CEA shadowing factors can be
determined using detailed two-dimensional power distributions
(ROCS-MC) representing the cumulative presence of the various CEA

| banks and the SHADRAC code (Reference 15). SHADRAC calculates
fast neutron and gamma ray spectra, heating, and dose rates in a
three-dimensional system utilizing a moments method solution of
the transport equation. The core, vessel internals, vessel, and
ex-core detector location are treated explicitly in the
calculation.

Normalized CEA shadowing factors are relatively constant with
burnup and power level changes made without moving CEAs. CEA

| shadowing factors at the beginning and end of the first cycle are
as shown in Table 4.3-10.

| Figure 4.3-54 shows the typical behavior of the CEA shadowing
factor during a CEA insertion and withdrawal sequence.

|
QUIX-simulated factors and experimentally measured CEA shadowing

| factors during this transient situation are shown to have quite
l good agreement over a significant range of CEA insertions.
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peaking factors. This analysis is described in detail in'

Reference 19. The bias and 95/95 tolerance range for assembly
peaking factors are 0.42% and 1.42%, respectively (Reference 32) .

4.3.3.1.2.2 Power Reactors

The accuracy of the calculational system in its entirety is
assessed through the analysis of experimental data collected on
operating power reactors. The data under investigation consist
of critical conditions, reactivity coefficients, and rod worths
measured during the startup period, and of critical conditions,
power distributions, and reactivity coefficients measured
throughout the various operating cycles.

4.3.3.1.2.2.1 Startup Data

Measured data obtained during reactor startup are the most
reliable, because they consist of well controlled conditions.

Analysis of errors in the calculated reactivity as a function of
power (fraction of full power) showed that the gradient of the
reactivity bias against the power is -0.145 at the beginning of
the first cycle and -0.198 at the beginning of later cycles
(Reference 32). These values have been incorporated into the

] total reactivity bias for DIT/ ROCS, described in the depletion j

[Q 'data of Section 4.3.3.1.2.2.2.

Isothermal Temperature coefficient

The Isothermal Temperature Coefficient (ITC) is the change in
core reactivity resulting from a 1 F change in moderator and fuel
temperatures.

The error in the calculated ITC has been determined by comparing
the isothermal temperature coefficients measured for a number of
reactors and cycles, both at power and at zero power, and for a
wide range of soluble boron concentrations, with three-
dimensional ROCS calculations performed at the same conditions as
the measurements.

The error in the calculated ITC was found to consist of a
ppm-dependent bias curve and the associated tolerance band of |
0.156 x 10"Ap/'F with a 95/95 probability / confidence level |

about that curve (Figure 4.3-59).
|

I
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OThe best estimate ITC and the 95/95 tolerance limit ITC are
computed as follows:

1

ITC = ITCcalc + Bitobe
-4 ~4

| = ITC - 0.0152 - 0.9825 x 10 x PPM (10 Ap/'F]
calc

~4
ITCcalc + itc i ( /9 )xo ( 0 Ap/*F]ITC (i 95/95) =

where

ITC is the best estimate ITCbe

ITC is the calculated ITCcalc

B is the ITC bias
ite

K (95/95) 2.120=

0.0736a =

Control Rod Bank Worths

The errors in calculated CEA worths (Reference 32) were found to
| be +4.37% 6.52% for total and net worths, and +4.92% 15.5%
for group or bank worths. The difference in uncertainties
between total and group or bank worths is due to the fact that
most of the bank worths were very small and hence the effects of
measurement uncertainty resulted in greater relative errors.

Dropped, Eiected and Net Rod Worths

Calculated reactivity worths of asymmetric rod configurations
show biases and uncertainties similar to those observed for the
CEA bank worths.

Power Coefficient

The error in ROCS /DIT power coefficients is characterized by ai

power-dependent bias given by

| B = 8.36 x 10 - 0.196 x 10 xP [10-4 Ap/% power]4 4
pc

where

P = % power

and a 95/95 probability / confidence tolerance band of
0.11 x 10'' Ap/% power.

Amendment V
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4.3.3.1.2.2.2 Depletion Data

The two quantities which are monitored on a continuing basis
during nominal full power operation are the reactivity depletion I

rate and the power distribution. The constant monitoring of
these quantities establishes the validity of the nuclear design.

The reactivity depletion rate is monitored by comparing measured
critical steady state conditions with corresponding calculated
conditions. These conditions are characterized by exposure,
power level, boron concentration, inlet temperature and control
rod insertion.

The reactivity bias and 95/95 probability / confidence tolerance
band at BOC and EOC, .obtained from comparisons between |

measurements and calculations (Reference 32) are as follows: 1

B, ( F , BOC) = +0.515 - 0.145 x P - X 0.24 (%Ap)
|
1B, ( L, BOC) = +0.139 - 0.198 x P - 0.0875 x e - X 0.20(%Ap)

B, ( EOC) = -0.083 - 0.086 x e - X i 0.37 (%Ap)

P is the fraction of full power

e is the reactor enrichment (% U-235 as if all fuel is
fresh)

X is the differential grid worth (0.04 %Ap per Reference
32)

F and L refer to first and later cycles, respectively

The power dependence of the reactivity bias is measured by the
power ascension test performed during startup testing described
in Section 4.3.3.1.2.2.1. The adjustment for grid worth is
required, since the DIT/ ROCS system does not account for the grid
effect on the calculated reactivity.

4.3.3.1.2.2.3 Assembly Power Distributions

The uncertainty to be attributed to calculated fuel assembly
power distributions is obtained by comparing detailed
three-dimensional calculations of the assembly powers with those
inferred from in-core measurements with the CECOR (Reference 20)
system using fixed in-core rhodium detectors. The resulting
differences are a reflection of both measurement and calculative
errors. In order to determine the uncertainty to be attributed

Amendment V
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| to the calculation, the measurement uncertainty is subtracted out

| from these difference distributions. The measurement uncertainty

| is from an evaluation of the uncertainty associated with the
CECOR syste.m (Reference 19).

Table 4.3-18 summarizes the calculational uncertainties.

4.3.3.2 Spatial Stability

4.3.3.2.1 Methods of Analysis

An analysis of xenon-induced spatial power oscillations may be
done by two classes of methods: time-dependent spatial
calculations and linear modal analysis. The first method is

| based on computer simulation of the space, energy, and the time
dependence of neutron flux and power density distributions. The!

second method calculates the damping factor based on steady-state
calculations of flux, importance (adjoint flux) , xenon and iodine

|

| concentrations, and other relevant variables.

The time-dependent calculations are indispensable for studies of
the effects of CEA, core margin, ex-core and in-core detector
responses, and other factors, and are performed in one, two, and
three dimensions with few-group diffusion theory, using tested
computer codes and realistic modeling of the reactor core.

The linear modal analysis methods are used to calculate the
effect on the damping factors of changes in fuel zoning,
enrichment, CEA patterns, operating temperature, and power
levels. These methods, using information at a single point in
time, are particularly suited to survey-type calculations.
Methods are based on the work of Randall and St. John (Reference
21) as extended by Stacey (Reference 22). These methods are
verified by comparison with time-dependent calculations.

4.3.3.2.2 Radial Xenon Oscillations

To confirm that the radial oscillation mode is extremely stable,
a space-time calculation was run for a reflected, zoned core
representative of System 80 without including the damping ef fects
of the negative power coefficient. The initial perturbation was

| an absorber worth of 0.4% in reactivity placed in the central 20%
of the core for 1 hour. Following removal of the perturbation,
the resulting oscillation was followed in 4-hour time steps for
a period of 80 hours. The resulting oscillation died out very
rapidly with a damping factor of about -0.06 per hour. When this
damping factor is corrected for a finite time step size by the
formula in Reference 23, a more negative damping factor is
obtained, indicating an even more strongly convergent
oscillation. On this basis, it is concluded that a radial
oscillation instability will not occur. This conclusion is also
applicable to System 80+.

Amendment V
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4.3.3.2.3 Azimuthal Xenon Oscillations

The azimuthal xenon stability was analyzed by using the ROCS code
to perform explicit simulation of the core behavior following an
azimuthal perturbation. The perturbation consisted of a 30*F
asymmetry in the core inlet temperature distribution and included
the effects of power and moderator feedback. The effect of the
finite time step length used in the ROCS simulation was corrected
as described in Reference 23.

4.3.3.2.4 Axial Xenon Oscillations |
I

To check and confirm the predictions of the linear modal analysis '

approach, numerical space-time calculations were performed for
both beginning and end-of-cycle. The fuel and absorber burnup |
distributions were obtained by depletion with soluble boron
control, so that the power distribution was strongly flattened.
Spatial Doppler feedback was included in these calculations. In
Figure 4.3-62, the time variation of the power distribution along
the core axis is shown near end-of-cycle with reduced Doppler
feedback.

The initial perturbation used to excite the oscillations was a
50% insertion into the top of the core of a 1.5% reactivity CEA

Ov
bank for 1 hour. The damping factor for this case was calculated
to be about 0.02 per hour; however, when corrected for
finite-time step intervals by the methods of Reference 23, the
damping factor is increased to approximately +0.04. When this
damping factor is plotted on Figure 4.3-63 at the appropriate
eigenvalue separation for this mode at end-of-cycle, it is
apparent that good agreement is obtained with the modified
Randall-St. John distribution of the moderator coefficient about
the core midplane, and its consequent flux and adjoint weighted iintegrals of approximately zero.

Axial xenon oscillation experiments performed at Omaha at a core
exposure of 7000 mwd /MTU and at Stade at beginning of cycle and
at 12000 mwd /MTU (Reference 24) were analyzed with a space-time
one-dimensional axial model. The results are given in Table
4.3-19 and show no systematic error between the experimental and
analytical results.

O '

|
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4.3.3.3 Reactor Vessel Fluence Calculation Model

The method for calculation of the maximum expected neutron
fluence (E21 MeV) to the reactor vessel over its design lifetime
uses results obtained from two-dimensional transport theory
calculations with the DOT code (Reference 16). The DOT code
version used in the calculations has been benchmarked using

,

! standard benchmark cases.

The DOT model uses the R-O coordinate system to represent the

| geometry of the core, surrounding water, internals, and vessel,
l a P-3 expansion for the scattering cross section and S-8

quadrature. The material cross sections used in DOT are based on
| the DLC-23 library (Reference 28).

I The transport theory calculation of maximum local fluence to the >

vessel is based upon expected power history over the plant life.
A two-dimensional pin power distribution is used for the source
term. The source term is based on cross sections from the
ENDF/B-IV library. The cross sections-for the outer assemblies
used for the source term are based on burned fuel with plutonium
built in at equilibrium cycle burnup conditions.

The calculated vessel fluence includes an adjustment for observed
dif ferences between calculation and measurement based on analysis
of surveillance capsule data for operating C-E plants (References
25-27), and additionally includes a +30% uncertainty factor.
Axial variations are accounted for by applying an axial peaking
factor multiplier to the two-dimensional (R-0) DOT results.

i
i

O
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BBLE 4.3-1 !

(Sheet 1 of 2)

NUCLEAR DESIGN CHARACTERISTICS.

Item Value

General Characteristics |

Fuel management' 3-batch, mixed
central-zone

Core Average Burnup (MWD /MTV), 10 ppm soluble boron 16,000

Core Average U-235 Enrichment (wt%) 2.6

Core Average H 0/U0 . volume ratio, first cycle, hot (core 2,062 2

cell)
.

Number of control element assemblies

Full strength 68O Part strength ~ 25V
Burnable Absorber Rods |

Number 11,680
Material Er 023

Worth % Ao, at B0C

Hot, 587'F 5.3
Cold, 68'F 4.0

Dissolved Boron

Dissolved boron content for criticality, ppm, (CEAs
withdrawn, BOC)

Cold, 68'F 1431
Hot, zero power, clean, 565'F 1414
Hot, full power, clean, 587'F 1270
Hot, full power, equilibrium Xe 1006

Amendment V
April 29, 1994
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TABLE 4.3-1

(Sheet 2 of 2)

NUCLEAR DESIGN CHARACTERISTICS

Item Value

Dissolved boron content (PPM) for:

Refueling 2150
5% subcritical, cold, first cycle (all CEAs out) 0 mwd /MTV 1837'
5% subcritical, hot, first cycle (all CEAs out) 0 mwd /MTU

1920

Boron worth, ppm /% Ao (B0C/E0C)

Hot, 587'F 96/91
Cold, 68'F 78/66

Neutron Parameters

| Neutron lifetime (Cycle average), microseconds 28.4
Delayed neutron fraction (cycle average) 0.0061

Plutonium Buildup (first cycle)

o Fissile Pu (final) 4.68
kg U (original)

o Total Pu (final) 6.02
kg U (original)

O
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V TABLE 4.3-2

EFFECTIVE MULTIPLICATION FACTORS AND REACTIVITY DATA'*)

Condition "eff o

Cold, 68'F (0 PPM), BOCl 1.233 0.189

Cold (68'F) at minimum refueling boron 0.916 -0.092
concentration (2150 ppm), B0Cl

,

,

Hot, 557'F, zero power, clean (0 ppm), B0Cl 1.173 0.148

Hot, full power, no Xe or Sm, 587'F 1.148 0.129
(0 ppm), B0Cl

Hot, full power, equilibrium Xe (0 ppm) 1.111 0.100

Hot, full power, equilibrium Xe and Sm 1.107 .0.096
(0 ppm)

n Reactivity decrease, hot

Zero to full power, B0C (911 ppm) 0.014

Fuel . temperature 0.012 .

Moderator temperature 0.002 J

Reactivity decrease, hot

Zero to full power, E0C (0 ppm) 0.020 l

Fuel temperature 0.011
Moderator temperature 0.009

|

/V (')
No control element assemblies or dissolved
boron except as noted, initial core.

Amendment V
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TABLE 4.3-3

COMPARISON OF CORE REACTIVITY COEFFICIENTS WITH
THOSE USED IN VARIOUS SAFETY ANALYSES

Moderator
Temperature Density
Coefficient Doppler (*) Coefficiegt

Coefficients from Table 4.3-4 L&/*F x 10') Coefficient (M /cm/cm )

Full power
BOC -0.37 Figure 4.3-41 0.0g
E0Cl -2.60 Figure 4.3-41 N/A

Zero power, CEA groups 3,2
and 1 inserted

BOC -0.69 Figure 4.3-41 N/A
E0C 1 -2.00 Figure 4.3-41 N/A

Coefficients used in
Accident Analyses

CEA withdrawal
Full /zero power 0/0 0.85/0.85 N/A

CEA misoperation (full-strength)
Dropped CEA -3.5 1.38 N/A

Loss of Flow -0.1 0.85 N/A
1

| CEA ejection
| 80C, full /zero power 0/0.4 0.85 N/A

Loss-of-coolant accident
Small Break 0 1.0 (c)
Large Break +0.5 1.0 (c)

|
|
l

(a) Nominal values of the Doppler coefficient (@/*F) as a function of the fuel
temperature are shown in Figure 4.3-41. The numbers entered in the Doppler
column of this table are the multipliers applied to the data used in the
analysis of designated accidents.

| (b) Not applicable.

(c) A curve of reactivity vs. moderator density is used for the LOCA
evaluation. The value of density coefficignt used corresponds to a 0 MTC
for the small break events and +0.5x10' 4/*F for the large breaks
resulting in rapid depressurization.

Amendment V
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! TABLE 4.3-4

REACTIVITY COEFFICIENTS

Moderator Temperature Coefficient, @ /*F

Beginning-of-cycle (0-50 mwd /MTU)

Cold, 68'F, Clean, 1431 ppm -0. 20 x 10''
Hot zero power, 557'F, no CEAs, Clean, 1400 ppm -0. 03 x 10'' |,

| Hot full power, 587'F, no CEAs, Clean, 1284 ppm -0.37 x 10''
Hot full power, 587'F, no CEAs, Equilibrium Xe, 1006 ppm -0.65 x 10''!

Hot zero power, 557'F, regulating CEA banks 3, 2 and 1 -0.69 x 10''
( inserted, 50 mwd /MTU, 1006 ppm, Hot full power
' equilibrium Xe

End-of-Cycle (10 ppm soluble boron,16,000 mwd /MTU)

Cold, 68'F (approximate) -0.04 x 10''
Hot zero power, 557'F, no CEAs, Hot full power -1.70 x 10'';

equilibrium Xe
Hot full power, equilibrium Xe, no CEAs, 587'F -2.60 x 10''
Hot zero power, 557"F, rodded, regulating CEA banks -2.00 x 10''

3, 2 and 1 inserted, Hot full power equilibrium Xe
,,

(# 3derator Density Coefficient, @ /gm/cm
'' Hot, operating, 587'F

Beginning-of-cycle,1284 ppm soluble boron, 0 mwd /MTU +.031

Fuel temperature contribution to power coefficient,
@/(kW/ft), 1006 ppm, 50 mwd /MTU

Hot zero power -2.08 x 10'3
Full power -1.77 x 10'3

Moderator void coefficient @/% void
Hot, operating, 587*F

Beginning-of-cycle, 1284 ppm soluble boron, 0 mwd /MTU -0.22 x 10'3

Moderator pressure coefficient, @ / psi
Hot, operating, 587'F

4Beginning-of-cycle,1284 ppm soluble boron, O mwd /MTU +3.96 x 10

Overall power coefficient, @/(kW/ft)
Hot, operating, 587"F

Beginning-of-cycle,1006 ppm soluble boron, 50 mwd /MTU -1.84 x 10'3
End-of-cycle,10 ppm soluble boron,16,000 mwd /MTU -4.31 x 10'3 |

( \
L.)
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TABLE 4.3-5

WORTHS OF CEA GROUPS (Y40)

2400 mwd /MTV 13600 mwd /MTV
(1000 ppm) (225 ppm)

Shutdown CEAs -13.61 -14.11

Full-Strength Regulating CEAs

Group 1 - 0.92 - 0.96

Group 2 - 0.46 - 0.47

Group 3 (lead) - 0.30 - 0.29

Part-Strength CEAs
|

Group P1 - 0.32 - 0.36

Group P2 (lead) - 0.20 - 0.24

Total (All CEAs) -15.81 -16.43 i

i

|

|

'

O
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NO. OF
FUEL NO. 0F FUEL BURNABLE

ASSEMBLY NUMBER OF ENRICHMENT RODS PER ABSORBER RODS WT% ERBlUM
TYPE ASSEMBLIES WT% U-235 ASSEMBLY PER ASSEMBLY

A0 81 1.8 236 0 -

80 4 2.9 236 0 -

B5 20 2.9 176 60 1.5

B6 40 2.9 152 84 1.5

B8 16 2.9 112 124 1.5

CO 20 3.7 236 0 -

C1 16 3.7 220 16 1.5

C7 24 3.7 136 100 1.5

C8 20 3.7 112 124 1.5

NOTES:

1. ALL FUEL RODS AND BURNABLE ABSORBER RODS HAVE A NATURAL URANIUM
(0.711 WT% U-235) BLANKET REGION AT THE UPPER AND LOWER 71/8 INCHES (4.75%).

I i
V 2. ERBIA IS ONLY PRESENTIN THE CENTRAL 80% OF THE BURNABLE ABSORBER RODS.

THE TOP AND BOTTOM 15 INCHES OF THE BURNABLE ABSORBER RODS DO NOT
CONTAIN ERBIA.

^

Amendment V - 4/29/94
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NO. OF
FUEL NO. 0F FUEL BURNABLE

^ ASSEMBLY NUMBER OF ENRICHMENT RODS PER ABSORBER RODS WT% ERBlUM
TYPE ASSEMBLIES WT% U 235 ASSEMBLY PER ASSEMBLY

Do 4 5.0 236 0 ]

D3 8 5.0 204 32 1.5
!

|

D4 8 5.0 188 48 1.5 )

D5 8 4.4 176 60 1.5 |

D6 8 4.4 152 84 1.5

D9 44 4.6 104 32 1.5 |
4.1 48 52

NOTES:
1. ALL FUEL RODS AND BURNABLE ABSORBER RODS HAVE A NATURAL URANIUM

(0.711 WT% U-235) BLANKET REGION AT THE UPPER AND LOWER 71/8 INCHES (4.75%).

2. ERBIA IS ONLY PRESENT IN THE CENTRAL 80% OF THE BURNABLE ABSORBER RODS.
THE TOP AND B01 TOM 15 |NCHES OF THE BURNABLE ABSORBER RODS DO NOT
CONTAIN ERBIA.
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LEGEND:

xxx ASSEMBLY AVERAGE BURNUP (mwd /MTU)

BS C8 C0 DO

18100 20000 9600 0

86 Co D4 C7 DS BB

18600 9900 0 13300 0 18500

B0 D3 C7 C6 D9 B6 D9

12300 0 16300 20600 0 17200 0

C0 B8 D9 B8 D9 B5

10900 17400 0 18200 0 18600

D9 B8 D9 B5 C1

0 18300 0 18600 13500

D9 B8 C7 B8

0 18200 17000 18500

D6 C1 D6

0 13100 0

C8 C1

20500 13500

A0

15300

Amendment N - 4/1/93
*

ASSEMBLY AVERAGE BURNUP DISTRIBUTION Figure
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NO.OF
FUEL NO. 0F FUEL BURNABLE

ASSEMBLY NUMBER OF ENRICHMENT RODS PER ABSORBER RODS WT% ERBlUM

\ ])[ TYPE ASSEMBLIES WT% U 235 ASSEMBLY PER ASSEMBLY

D E0 12 4.5 236 0

E1 8 4.5 220 16 1.5
,

|

| E2 36 4.5 176 60 1.5

E3 24 4.5 152 84 1.5
1

NOTES:
1. ALL FUEL RODS AND BURNABLE ABSORBER RODS HAVE A NATURAL URANIUM

(0.711 WT% U 235) BLANKET REG!ON AT THE UPPER AND LOWER 71/8 INCHES (4.75%).

2. ERBIA IS ONLY PRESENTINT THE CENTRAL 80% OF THE BURNABLE ABSORBER RODS.
THE TOP AND BOTTOM 15 INCHES OF THE BURNABLE ABSORBER RODS DO NOT
CONTAIN ERBIA.
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LEGEND:

xxx ASSEMBLY AVERAGE BURNUP (mwd /MTU)

C8 DS D4 EO

35800 19400 16900 0

CO D9 E1 D9 ES CO

20200 20900 0 21000 0 20800

C8 EO D3 D9 E6 C7 E5

35700 0 16400 20700 0 32500 0

D9 C8 E6 C1 E5 C1

20700 27800 0 30300 0 29100

E5 G7 E5 C7 DO

O 28500 0 30400 14300

E5 CO D9 CO

O 27100 20800 20800

E6 DO E6

0 20300 0

D9 D9

21100 21400

A0

15300

_

Amendment N - 4/1/93

ASSEMBLY AVERAGE BURNUP DISTRIBUTION Figure
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4.4.2 DESCRIPTION OF THERMAL AND HYDRAULIC DESIGN OF THE

REACTOR CORE

4.4.2.1 Summary Comparison

The thermal and hydraulic parameters for the reactor are listed
in Table 4.4-1. A comparison of these parameters with those for
System 80 (Docket No. STN-50-470F) and the Waterford Steam
Electric Station Unit 3 (Docket No. 50-382) are included in this
table.

i

The only significant dif ferences between System 80+ and System 80
thermal'and hydraulic design are the reactor power level and the
reactor inlet coolant temperature. The principal differences
between the System 80 and Waterford designs are the total core
heat output and reactor coolant inlet temperature.

4.4.2.2 Critical Heat Flux Ratios

4.4.2.2.1 Departure from Nucleate Boiling Ratio

The margin to DNB in the core is expressed in terms of the
departure from nucleate boiling ratio (DNBR). The DNBR is
defined as the ratio of the heat flux required to produce

[m departure from nucleate boiling at the calculated local coolant
Q conditions to the actual local heat flux.

The DNB correlation used for design of the core is the CE-1
correlation (References 1 and 2) . Based on statistical evaluation ,

of the CE-1 correlation and relevant data, it is concluded that
the appropriate minimum DNBR is 1.20 (Reference 3). The design
minimum DNBR has increased with the application of statistical

|

combination of uncertainties (SCU) methods. Engineering factors,
rod pitch, bowing and clad diameter factors are combined with
other uncertainty factors at the 95/95 confidence / probability
level to yield a higher design limit of 1.24 on CE-1 minimum
DNBR. This limit is then used in conjunction with a CETOP model
based on nominal dimensions (See Section 4.4.2.9.5). Table 4.4-1
gives the value of minimum DNBR for the coolant conditions and
engineering factors in the table, for the radial power
distributions in Figures 4.4-1 and 4.4-2, and for the 1.26 peaked
axial power distribution in Figure 4.4-3. Values of minimum DNBR
or maximum fuel temperature at the design overpower ~cannot be
provided with any meaning. The concept of a design overpower is
not applicable for the System 80+ cores since the reactor
protective system prevents the design basis limits from being
exceeded.

Amendment Q
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9IIA comparison of the minimum DNBRs computed using different
correlations for the same power, flow, coolant temperature and
pressure, and power distribution is presented in Table 4.4-2.
The minimum DNBR values in both the limiting matrix subchannel
and the limiting subchannel next to the guide tube are presented.
The correlations compared are the CE-1 correlation, the original
W-3 correlation (Reference 4), and the revised W-3 correlation
(Reference 5). The differences between the original and revised
W-3 correlations as used here are in the C-factor and the cold
wall correction factor.

Additional comparisons are contained in CENPD-162-A (Reference
1). In general, the CE-1 correlation tends to predict lower
values of CHF with high ir.let subcooling and higher values of CHF
with low inlet subcooling.

,

The TORC and the CETOP computer codes (References 6 and 7) are
,

used to compute the local coolant conditions in the core and
thereby the minimum DNBR. A discussion of the CE-1 DNB
correlation and the analytical methods is presented in Sections
4.4.4.1 and 4.4.4.5.2, respectively.

4.4.2.2.2 Application of Power Distribution and Engineering
Factors

Distribution of power in the core is expressed in terms of
factors that define the local power per unit length produced by
the fuel relative to the core average power per unit length
produced by the fuel. The method used to compute these factors,
which describe the core power distribution, is discussed in
Section 4.3. The energy produced in the fuel deposits in the
fuel pellets, fuel cladding, and the moderator and results in the
generation of heat in those places. The fraction of energy
deposited in the fuel pellet and cladding is called the fuel rod
energy deposition fraction. Accordingly, the core average heat
flux from the fuel rods is determined by multiplying the core
power by the average fuel rod energy deposition fraction and then
dividing by the total heat transfer area. The nominal energy
deposition fractions for the average and the hot fuel rods are
given in Table 4.4-1.

The effects on local heat flux and subchannel enthalpy rise of
deviations from nominal dimensions and specifications within
tolerance are included in thermal margin analyses by certain
factors called engineering factors. These factors are applied to
increase the local heat flux at the location of minimum DNBR and
to increase the enthalpy rise in the sub-channel adjacent to the

O
Amendment Q
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b' rod with the minimum DNBR. Diversion crossflow and turbulent
interchannel mixing are not input as factors on subchannel
enthalpy rise but are explicitly treated in the TORC and CETOP
analytical models.

Uncertainties in the power distribution factors are discussed in
Section 4.4.2.9.4. |

Statistical combination of uncertainties (SCU) methods, as
described in Reference 8, were used to statistically combine the |
uncertainties of the thermal hydraulic code input parameters
(system parameters) . This SCU methodology with plant-specific j
data is statistically combined with CE-1 CHF correlation i

statistics at the 95/95 confidence / probability level to yield an
increased DNBR limit. This limit is approximately 1.24 when the
following uncertainties are combined:

a) uncertainty in the inlet flow distribution;
b) systematic variation on fuel rod pitch;
c) systematic variation on fuel clad OD;
d) engineering enthalpy rise factor;
e) engineering heat flux factor;
f) penalty on DNBR (minimum) due to fuel rod bowing; and,
g) statistics associated with the NRC-approved 1.19 DNBR

/^N limit (Reference 2). |

\ ) |

\# Also included in the MDNBR limit is the penalty due to the CHF
correlation uncertainty and a 0.01 penalty for the HID grids, as
well as penalties imposed by NRC to account for CHF correlation
" prediction uncertainty" and TORC code uncertainty. The 1.24
DNBR limit is used in safety analysis, CPC trip setpoints and
COLSS power operating limit calculations in conjunction with a
CETOP model based on a nominal geometry.

4.4.2.2.2.1 Power Distribution Factors

A. Rod Radial Power Factor

The rod radial power factor is the ratio of the average
power per unit length produced by a particular fuel rod to
the average power per unit length produced by the average
powered fuel rod in the core. The maximum rod radial power
factor is the ratio of the average power per nait length
produced by the highest powered rod in the core to the
average power per unit length produced by the average
powered fuel rod in the core. Radie.1 power distributions
are dependent upon a variety of parameters (e.g., control
rod insertion, power level, fuel exposure). The core wide
and hot assembly radial power distributions used for a
typical DNB analysis are shown in Figures 4.4-1 and 4.4-2.

[ ,\
,

V
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| The maximum rod radial power factor for those figures is

selected as 1.55 for better comparison with System 80 and
the Waterford Station Unit 3. The actual maximum rod radial
power factor in the core will normally be lower; but, it is
not limited to a maximum value of 1.55. The only limits are
those specified in Section 4.4.1. The protective system in
conjunction with the reactor operator utilizing the Core
Operating Limit Supervisory System (COLSS) ensures that
those design limits are not violated.

B. Axial Power Factor

The axial power factor is the ratio of the local power per
unit length produced by a fuel rod to the average power per
unit length produced by the same fuel rod. The maximum
axial power factor is the ratio of the maximum local power
per unit length produced by a rod to the average power per

| unit length produced by the same fuel rod. The axial power
distribution directly affects DNBR.

Typically, the farther the location of the peak heat flux is
from the core inlet, the lower the value of the peak heat
flux needed to reach the DNBR limit. On the other hand,
fuel temperature is almost independent of the location of
the peak heat flux and is principally dependent on the value
of the peak heat flux or linear heat rate. The axial power
distribution and the maximum rod radial power factor are
continuously determined and processed through the COLSS and
the RPS such that the design basis limits are not exceeded.
Section 4.3 describes the power distribution and- its
control. Figure 4.4-3 shows several axial power
distributions used for this analysis. The minimum DNBR in
Table 4.4-1 is determined using the 1.26 peaked axial power
distribution, whereas the maximum heat fluxes are determined
using the 1.47 peaked axial power distribution.

C. Nuclear Power Factor

The nuclear power factor is the ratio of the maximum local
power per unit length produced in the core to the average
power per unit length produced by the average powered fuel
rod in the core. It is conservatively calculated as the
product of the maximum axial and radial power factors. For
better comparisons with System 80 and Waterford Station Unit
3, a value of 2.28 is selected for computing maximum heat
fluxes. The actual value of the nuclear power factor will
normally be lower throughout the cycle; but, it is not
limited to a maximum value of 2.28. The design limits are
those specified in Section 4.4.1. The protective and
supervisory systems assure that those design limits are not
violated.

Amendment B
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D. Total Heat Flux factor
|

The total heat flux factor is the ratio of the local fuel
rod heat flux to the core average fuel rod heat flux. The
effects of fuel densification are not included in this
factor. To determine the maximum local heat flux, including
the effect of gaps occurring between the fuel rod pellets,
the augmentation factor should be applied. From this
definition, the total heat flux f actor is the product of the
nuclear power factor, the engineering heat flux factor, and
the ratio of the hot to the average rod energy deposition

| fractions. The total heat flux factor is given in Table |

4.4-1. |
|

E. Augmentation Factor

The augmentation factor is defined as the ratio of the local i

heat flux to the unperturbed heat flux. The axial length
over which the localized power perturbation is considered to ;

occur is called the gap length. The densification of the |
fuel may lead to axial gaps in the fuel pellet stacks and I

can cause increased localized power peaking. However, the
'

densification of modern fuel is insufficient to cause the
formation of sufficient axial gaps. Therefore, the |

[ T augmentation factor is 1.0. The effect of this factor on
Qj DNBR is discussed in Section 4.4.2.2.3.

4.4.2.2.2.2 Engineering Factors

A. Engineering Heat Flux Factor

The effect on local heat flux due to normal manufacturing
deviations from nominal design dimensions and specifications
is accounted for by the engineering heat flux factor.
Design variables that contribute to this engineering factor
are: initial pellet density; pellet enrichment; pellet
diameter; and, clad outside diameter.

These variables are combined statistically to obtain the
engineering heat flux factor. The design value used for the
engineering heat flux factor is based on deviations obtained
from fuel inspection data from over 25 batches of fuel for
previous reactor cores. .Similar tolerances and quality
control procedures are used for the System 80 cores, and
as-built fuel manufacturing data will be used to confirm
that the factor given in Table 4.4-1 is conservative. The
engineering heat flux factor is applied to the rod with the
minimum DNBR and increases the heat flux when calculating
DNBR. It does not affect the enthalpy rise in the

(mv)
,/

Amendment B
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subchannel; the effect on the enthalpy rise in the

subchannel due to nominal manufacturing deviations from
design dimensions and specifications is accounted for by the
engineering enthalpy rise factor.

B. Engineering Factor on Linear Heat Rate
The effect of deviations from nominal fuel rod design
dimensions and specifications of fuel temperature is

accounted for by the engineering factor on linear heat rate.
The method used to calculate this factor is described in
detail in Appendix B of Reference 9. Since the final value
is expected to be less than 1.03, 1.03 is currently used and
will be confirmed to be conservative when dimensional
tolerances and specifications are established.

C. Engineering Enthalpy Rise Factor

The engineering enthalpy rise factor accounts for the
effects of nominal manufacturing deviations in fuel
f abrication from design dimensions and specifications on the
enthalpy rise in the subchannel adjacent to the rod with the
minimum DNBR. Tolerance deviations (average over the length
of the fuel rods that adjoin the subchannel) for fuel pellet
density, enrichment, and diameter contribute to this factor.
As-built fuel manufacturing data will be used to confirm
that the factor given in Table 4.4-1 is conservative.

The engineering enthalpy rise factor is multiplied by the
rod radial power factor of each of the fuel rods adjacent to
the subchannel adjoining the rod with the minimum DNBR.
This increases the enthalpy rise in the adjoining

subchannels.

D. Pitch and Bow Factor

The pitch and bow factor is an allowance for the effect on
enthalpy rise of a decrease in subchannel flow rate
resulting from a smaller than nominal subchannel flow area.

Uncertainties in fuel rod pitch and clad diameter are
! explicitly treated in the statistical combination of
' uncertainties analysis (refer to Section 4.4.2.2.2) to ,

arrive at an increased DNBR limit. | |
|

\ O|

,
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4.4.2.2.3 Fuel Densification Effect on DNBR

The perturbation in local heat flux due to fuel densification is
given in Table 4.4-1. As shown in CENPD-207 (Reference 2) (see
Section 4.4.4.1) , much larger local heat flux variations have no
significant adverse effect on DNB. Therefore, no specific
allowance is made or required for the effect on DNBR of local
heat flux variations due to fuel densification.

4.4.2.3 Linear Heat Generation Rate

The core average and maximum fuel rod linear heat generation
rates are given in Table 4.4-1. The maximum fuel rod linear heat
generation rate is determined by multiplying the core average
fuel rod linear heat generation rate by the product of the
nuclear power factor, the engineering factor on linear heat rate,
and the ratio of the hot to the average fuel rod energy
deposition fractions. The effects of fuel densification are not
included in the maximum fuel rod linear heat generation rate
presented in Table 4.4-1; although, to determine the maximum
local linear heat generation rate including the effect of gaps
occurring between the fuel pellets, the auguentation factor is
applied'.

4.4.2.4 Void Fraction Distribution

The core average void fraction and the maximum void fraction are
calculated using the Maurer method (Reference 10). The void'

fractions discussed below are values for the reactor operating
conditions and engineering factors given in Table 4.4-1, for the
radial power distribution in Figure 4.4-1 and 4.4-2, and for the
1.26 peaked axial power distribution in Figure 4.4-3. For these
conditions, only subcooled boiling occurs in the core.

The core average void fraction is essentially zero. The local
maximum void fraction is 0.5% and occurs at the exit of the |

| subchannel adjacent to the rod with the minimum DNBR. The
| average exit void fractions.and qualities in different regions of

the core are shown in Figure 4.4-4 for the core radial power
distribution shown in Figure 4.4-1. The axial distribution of j

! void fraction and quality in the subchannel adjacent to the rod
with the minimum DNBR is shown in Figure 4.4-5. The average void
fraction in that subchannel is less than 0.1%.

4.4.2.5 Core Coolant Flow Distribution

The core inlet flow distribution is required as input to the TORC
thermal margin code (refer to Section 4.4.4.5.2) . The inlet flow
distribution for 4-loop operation was determined from a System 80

O:
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reactor flow model test. Descriptions of the model test and the
resulting core inlet flow distribution are given in
Section 4.4.4.2.1.

4.4.2.6 Core Pressure Drops and Hydraulic Loads

4.4.2.6.1 Reactor Vessel Flow Distribution

The design minimum coolant flow entering the four reactor vessel
inlet nozzles is given in Table 4.4-1. The main coolant flow
path in the reactor vessel is down the annulus between the
reactor vessel and the core support barrel, through the flow
skirt, up through the core support region and the reactor core,
through the fuel alignment plate, and out through the two reactor
vessel outlet nozzles. A portion of this flow leaves the main
flow path as shown schematically in Figure .4.4-6. Part of the
bypass flow is used to cool the reactor internals in the areas
not in the main coolant flow path and to cool the CEAs. Table
4.4-3 lists the bypass flow paths and the percent of the total
vessel flow that enters and leaves these paths.

The thermal margin calculations conservatively use the design
maximum bypass flow of 3.0% of the total vessel flow as compared
to the calculated bypass flow of 2.3% shown in Table 4.4-3.

4.4.2.6.2 Reactor Vessel and Core Pressure Drops

The irrecoverable pressure losses from the inlet to the outlet
nozzles are calculated using standard loss coefficient methods
and information from System 80 flow model tests. These pressure
losses have been verified by results from the final flow test on
the complete System 80 reactor flow model, and are further
confirmed by operational data from Palo Verde Unit 1.

Pressure losses at 100% power, the design minimum primary coolant
flow, and an operating pressure of 2250 lb/ in . 2, are listed in
Table 4.4-4 together with the coolant temperature used to
calculate each pressure loss. The calculated pressure losses
include both geometric and Reynolds number dependent effects.

4.4.2.6.3 Hydraulic Loads on Internal Components

The significant steady state hydraulic loads which act on the
'

reactor internals during post-core steady state operation are
listed in Table 4.4-5. These loads are determined from
analytical methods and~from results of reactor flow model and
component test programs (refer to Sections 4.4.4.2.1 and
4.4.4.2.2, respectively). The design hydraulic loads consist of
steady state drag and impingement loads, and the fluctuating
loads induced by pump-induced pressure pulsations, vortex
shedding, and turbulence. ;

|

|
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The hydraulic loads are initially evaluated on a best estimate ;

basis with a flow rate equal to the design maximum flow rate
minus expected measurement uncertainty. The effects of 1

uncertainties in the input, such as flow rates, force
coefficients and dimensional tolerances, are added to the best
estimate loads. Finally, where appropriate, the effect of a 6
psi increase in core Ap due to crudding is added to arrive at the
final design hydraulic loads.

In evaluating the design hydraulic loads, consideration is given
to the particular pump operating configuration and coolant
temperature that maximizes the hydraulic load for a given
internal component.

All hydraulic loads in Table 4.4-5 are based on the design
maximum primary coolant flow and a coolant temperature of 500*F. I

When other coolant conditions result in more limiting loads for
individual components, the loads in Table 4.4-5 are adjusted in
the detailed design analysis. |

Hydraulic loads for postulated accident conditions are discussed
in Section 3.9.2.5.

4.4.2.7 Correlations and Physical Data
,

4.4.2.7.1 Heat Transfer Coefficients

The correlations used to determine cladding temperatures for
non-boiling forced convection and nucleate boiling are discussed
here. The surface temperature of the cladding is dependent of
the axial and radial power distributions, the temperature of the
coolant, and the surface heat transfer coefficient.

The surface heat transfer coefficient for non-boiling forced
convection is obtained from the Dittus-Boelter correlation
(Reference 11) where fluid properties are evaluated at the bulk
condition.

0.023k
(N )0.8 (NPr)0.4h =

db De R

where:

h. = Heat transfer coefficient, Btu /h-f t _op,2

k = Thermal conductivity, Btu /h-ft *F.

De = Equivalent diameter = 4A/P., ft.

Reynolds number, based on the equivalent diameter andN =
a

coolant properties evaluated at the local bulk
coolant temperature.

4.4-11
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N, = Prandtl number, based on coolant properties evaluatedp ,

Iat the local bulk coolant temperature.

2A = Cross-sectional area of flow subchannel, ft,

P, = Wetted perimeter of flow subchannel, ft.

No specific allowance is made or considered necessary for the !
uncertainties associated with the Dittus-Boelter correlation
because the Dittus-Boelter correlation is not used directly in
computing thermal margin, but rather plays a part in determining
pressure drop and cladding temperature. The validity of the
overall scheme for predicting pressure drop is shown by the
excellent agreement between predicted and experimental values
obtained during the DNB test program and described in Section
4.4.4.1. The uncertainty associated with the cladding
temperatures calculated for single phase heat transfer is not a
major concern because the limiting fuel and cladding temperatures
occur where the cladding-to-coolant heat transfer is by nucleate
boiling.

The temperature drop across the surface film is calculated from:

Tffy,= q"/hdb

where:

2q" = fuel rod surface heat flux, Btu /h-ft ,

The maximum fuel rod heat flux is the product of the core average
fuel rod heat flux and the total heat flux factor (refer to Table
4.4-1 and Section 4.4.2.2.2). Nucleate boiling may occur on the
clad surface. In the nucleate boiling regime, the surface

i temperature of the cladding is determined from the Jens-Lottes
correlation: (Reference 12)

, wall sat + 60 (q" x 10-6)0.25 [exp (-P/900)]T =T
|

!
'

where:

P = Pressure, psia.

(Defined above.)q" =

T = Saturation temperature, 'F.ot

Nucleata boiling is assumed to exist if T is less than the sumoi1
of T plus Trum-cm3,nt

4.4-12
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The cladding surface temperature is calculated by summing the
temperature of the coolant at the particular location and the
temperature drop across the surface film; or if nucleate boiling
is occurring, it is calculated directly from the Jens-Lottes>

4

correlation.

; 4.4.2.7.2 Core Irrecoverable Pressure Drop Loss
j Coefficients

Irrecoverable pressure losses through the core result from
,

friction and geometric changes. The pressure losses through the i

lower and upper end fittings were initially calculated using the.
standard loss coefficient method and then verified by test (refer

, to Section 4.4.4.2.2). The correlations used to determine
I frictional and geometric losses in the core are presented in i

j Section 4.4.4.2.3. |
l

i 4.4.2.7.3 Void Fraction Correlations

There are three separate void regions to be considered in film
boiling. Region 1 is highly subcooled in which a single layer of
bubbles develops on the heated surface and remains attached to I

the surface. Region 2 is a transition region from highly )
subcooled to bulk boiling where the steam bubbles detach from the

[-s heated surface. Region 3 is the bulk boiling regime.
(

The void fraction in Regions 1 and 2 is predicted using the
Maurer method (Reference 10) The calculation of the void
fraction in the bulk boiling regime is discussed in Section
4.4.4.2.3.

4.4.2.8 Thermal Effects of Operational Transients

Design basis limits on DNBR and fuel temperature are established
so that thermally induced fuel damage will not occur during
steady-state operation and during anticipated operational
occurrences. The COLSS provides information to aid the operator
in maintaining proper steady-state conditions. The RPS ensures
that design limits are not violated. The COLSS provides the
reactor operator with a comparison of the actual core operating
power to the licensed power and to the limiting power based on
DNBR and linear heat rate (LHR). If the operating power reaches
a limiting value, an alarm is sounded. These limits are
maintained by LCO using the COLSS, or by the CPC when the COLSS
is out of service, to provide sufficient margin in the event the
most limiting anticipated operational occurrence coincides with
the operating power being at the DNB/LHR limit in steady state.

The COLSS thermal margin algorithm is an analytical approximation
to the standard thermal margin design methods described in
Section 4.4.4.5.2.

Amendment B
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4.4.2.9 Uncertainties in Estimates

4.4.2.9.1 Pressure Drop Uncertainties

The reactor vessel pressure losses in Table 4.4-4 are the best
estimate values calculated for the design minimum flow with
standard loss coefficient methods. The uncertainties in the
correlations for the loss coefficients and the dimensional
uncertainties on the reactor vessel and internals are accounted
for when determining maximum and minimum vessel hydraulic
resistance. The uncertainties at the 20 level are estimated to
be equivalent to approximately 12% of the best estimate vessel
pressure loss.

4.4.2.9.2 Hydraulic Load Uncertainties

When determining the design hydraulic loads for normal operation
(refer to Section 4.4.2.6.3), the effects of uncertainties in the
input are considered. The uncertainties in items such as flow'
rate, force and pressure coefficients, and dimensional tolerances
are evaluated at the 20 level.

4.4.2.9.3 Fuel and Clad Temperature Uncertainty

Uncertainty in the ability to predict the maximum fuel
temperature is a function of gap conductance, thermal

| conductivity, peak linear heat rate, and heat generation
distribution. Uncertainties in gap conductance and thermal
conductivity are taken into account in the analytical model.
Uncertainties in the peak linear heat rate are accounted for by
including the uncertainty in estimating the total nuclear peak.
Uncertainties in fuel pellet density, enrichment, pellet
diameter, and clad diameter are expressed by the engineering
factor on linear heat rate (Section 4.4.2.2.2).
Uncertainty in predicting the cladding temperature at the
location of maximum heat flux is the uncertainty in the film

,

temperature drop which is minimal at this location where nucleate'

boiling occurs.

4.4.2.9.4 DNDR Calculation Uncertainties

| A. The uncertainty in the calculation of minimum DNBR is
| divided into:

1. The uncertainty in the input to the core analytical
model, the TORC code. This includes the core geometr y,

| power distribution, inlet flow and temperatt.re
j distribution, exit pressure distribution, single phtse

friction factor constants, spacer grid loss

|
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\ coefficients, diversion crossflow resistance and
momentum parameters, turbulent interchange constants,
and hot fuel rod energy deposition fraction.

2. The uncertainty in-the analytical model to compute the.
actual distribution of flow and the local subchannel
coolant conditions.

3. The uncertainty in the CE-1 correlation ~to predict DNB'.

B. The following paragraphs discuss the above uncertainties and ]
the allowances for them, if needed, in the thermal margin j
analysis of the core:

1. Uncertainty in the input to the core analytical model: i

a. Uncertainty in core geometry, as manifested by - |
manufacturing variations within -tolerances, is |

considered by the inclusion of engineering' factors in
the DNBR analyses; see Section 4.4.2.2.2 for discussion
of'the method used to compute conservative values.

b. Uncertainties on.the power distribution factors are
applied'in'the COLSS and RPS (see Section 7.7).g

c. The core inlet flow distribution is obtained from flow i
model testing _ discussed. in Section 4.4.4.2. I

Uncertainties in the core flow distribution- are
included in the design method for TORC analyses.

d. Uncertainties in the core inlet temperature
distribution and core exit pressure distribution are
included in the design method for TORC analyses. i

i

e. The Blasius single-phase friction factor equation for !

smooth rods is given and shown to be valid in Section
4.4.4.2.3. The spacer grid loss coefficient for the !

high impact grid is obtained from pressure drop data
discussed in Section 4.4.4.2.3.

f. The value of minimum DNBR is relatively insensitive to
crossflow resistance and momentum parameters (Reference
6).

g. Section 4.4.4.1 describes the testing to determine the
inverse Peclet number which is indicative of the
turbulent flow interchange between subchannels. The
inverse Peclet number is input to the TORC code and is
used to determine the effect of turbulent interchange
on the enthalpy rise in adjacent subchannels. From theO testing, a value of 0.0035 is justified (Reference 25) . |
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h. The same fuel rod energy deposition fraction is used
for the hot rod as for the average rod. The hotter the
rod, the lower is the actual value of energy deposition
fraction with respect to that for the average rod. A
lower energy deposition fraction reduces the hot rod
heat flux and thereby increases its DNBR. The use of
the average rod energy deposition fraction for the hot
rod is therefore conservative. See Section 4.3 for a
discussion of the calculation of the energy deposition
fractions.

2. Uncertainty in the analytical model:

The ability of the TORC code' to predict accurately
subchannel local conditions in rod bundles is described in
Reference 6. The ability of the code to predict accurately
the core wide coolant conditions is described in Reference
13. However, an allowance for TORC code uncertainty is
included in the Statistical Combination of Uncertainties
analysis as discussed in Section 4.4.2.9.5.

3. Uncertainty in the DNB correlation:

The uncertainty in the DNB correlation is determined by a
statistical analysis of DNB test data. A value of 1.20 has
been shown to provide a 95% probability with 95% confidence
that DNB will not occur on a fuel rod having that minimum
DNBR (Reference 3).

4.4.2.9.5 Statistical Combination of Uncertainties (SCU)

Use of a 1.24 MDNBR limit with a best-estimate design CETOP model
will ensure, with at least 95% probability and 95% confidence,
that the hot pin will not experience a departure from nucleate
boiling. The 1.24 MDNBR limit includes explicit allowances for
system parameter uncertainties, CHF correlation uncertainty, rod
bow, the NRC penalties for the TORC code uncertainty and CHF
correlation " prediction uncertainty," and a 0.01 penalty for the
HID grids.

Several conservatisms are included in the SCU methodology
(Reference 8). The significant conservatisms include:

1. Combination of system parameter probability
,

distribution functions at the 95% confidence level to
yield a resultant MDNBR at >95% confidence.

2. Use of pessimistic system parameter probability
distribution functions.

|
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3. Derivation of the new MDNBR limit such that it applies
to both 4-pump and 3-pump operation.

4. Use of the single most adverse set of state parameters
to generate the response surface.

5. Application of the CE-1 critical heat flux (CHF)
correlation uncertainty based on the worst 16 x 16
assembly test section.

6. Application of the additional NRC CHF correlation
uncertainty penalty (" prediction uncertainty").

7. Application of the NRC-imposed code uncertainty
penalty.

8. Application of the 0.01 DNBR HID grid penalty imposed
by NRC on the CE-1 CHF correlation.

4.4.2.10 Flux Tilt Considerations

An allowance for degradation in the power distribution in the X-Y-
plane (commonly referred to as flux tilt) is -provided in_the
protection limit setpoints even though little, if any, tilt in

'

,m

/ 5 the X-Y plane is expected.
Q,,)

The tilt, along with other pertinent core parameters, is
continually monitored during operation by the COLSS (described in
Section 7.7). If the core margins'are not maintained, the COLSS
actuates an alarm, requiring the operator to take . corrective |
action. The CPCs actuate a trip if limiting safety system
settings are reached.

The thermal margin calculations used in designing the reactor
core are performed using the TORC and CETOP codes. The TORC and
CETOP codes, which are described in Section 4.4.4.5.2, are based
on an open core analytical method .for performing such
calculations and treats the entire core on a three-dimensional
basis. Thus, any asymmetry or tilt in the power distribution is
analyzed by providing the corresponding power distribution in the
TORC and CETOP input.

4.4.3 DESCRIPTION OF THERMAL AND HYDRAULIC DESIGN OF THE
REACTOR COOLANT SYSTEM (RCS)

A summary description of the RCS is given in Section 5.1.

O
i
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O.4.4.3.1 Plant Configuration Data
|
1

| An isometric view of the RCS is given in Figure 4.4-8. |
Dimensions are shown on the general arrangement drawings, Figures |

I

| 5.1.3-1 and 5.1.3-2. Table 4.4-6 lists the valves and pipe j
fittings which form part of the RCS.|

| Table 4.4-7 lists the design minimum flow through each flow path
| in the RCS.

|
' Table 4.4-8 provides the volume, minimum flow area, flow path
| length, height and liquid level of each volume, and bottom

elevation for each component within the RCS.
i

Components of the Safety Injection System (SIS) are located so as
| to meet the criteria for net positive suction head discussed in

| Section 6.3. Line lengths and sizes for the SIS are determined
j so as not to violate the fluid delivery rates assumed in the
| safety analyses described in Chapter 15. The total head losses

throughout the injection lines are determined so as not to exceed
the head losses deduced from the fluid delivery rate.

Table 5.1.1-1 provides a steady-state pressure, temperature, and
flow distribution throughout the RCS.

4.4.3.2 Operating Restrictions on Pumps

The minimum RCS pressure at any given temperature is limited by
the required net positive suction head (NPSH) for the reactor
coolant pumps during portions of plant heatup and cooldown. To
ensure that the pump NPSH requirements are met under all possible
operating conditions, an operating curve is used which gives

|
permissible RCS pressure as a function of temperature.

!

| The reactor coolant pump NPSH restriction on this curve is
determined by using the NPSH requirement for one pump operation
(maximum flow, hence, maximum required NPSH) and correcting it
for pressure and temperature instrument errors and pressure
measurement location. The NPSH requi.ed versus pump flow is
supplied by the pump vendor. Plant operation below this curve is
prohibited. At low reactor coolant temperature and pressure,
other considerations require that the minimum pressure versus
temperature curve be above the NPSH curve.

O
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4.4.3.3 Temperature-Power Operating Map

A temperature-power operating map (temperature control program)
is provided in Section 5.4.10.

The adequacy of natural circulation for decay heat removal after
reactor shutdown has been verified analytically and by tests on
the Palisades reactor (Docket No. 50-255) and Calvert Clif fs Unit

'

1 (Docket No. 50-317). The core AT in the analysis has been
shown to be lower than the normal full power AT; thus the thermal
and mechanical loads on the core structure are less severe than
normal design conditions. In addition,.St. Lucie Unit 1 (Docket
No. 50-335) and Palo' Verde Unit 1 (Docket 50-528) successfully j

performed cooldowns from full power conditions using only natural
circulation following reactor trip.

Heat removed from the core during natural circulation may be
rejected by dumping steam to either the main condenser or the
atmosphere; the rate of heat removal may be controlled to
maintain core AT within allowable limits.

4.4.3.4 Load Following Characteristics

The design features of the RCS influence its load following and
transient response. The RCS is capable of following the normal

-( transients identified in Section 3.9.1.1. These requirements are
considered when ' designing the pressurizer spray and heater
systems, charging / letdown system, reactor regulating system
(RRS), and feedwater regulating system. Finally, these
transients are included in the equipment specification for each
RCS component to ensure the structural integrity of the system.

When load changes are initiated, the RRS senses a change in the
turbine power and positions CEAs to attain the programmed average
coolant temperature. RCS boron concentration can also be
adjusted to attain the appropriate coolant temperature. The
feedwater system employs a controller which senses changes in
steam flow, feedwater flow, and water level and acts to maintain
steam generator level at the desired point. The pressurizer
pressure and level control systems respond to deviations from
preselected setpoints caused by the expansion or contraction of
the reactor coolant and actuate the spray or heaters and the
charging or letdown systems as necessary to maintain pressurizer
pressure and level.

4.4.3.5 Thermal and Hydraulic Characteristics Table

Principal thermal and hydraulic characteristics of the RCS
components are listed in Table 4.4-9.

O
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4.4.4 UVALUATION

4.4.4.1 Critical Heat Flux

The margin to critical heat flux (CHF) or DNB is expressed in
terms of the DNBR. The DNBR is defined as the ratio of the heat
flux required to produce DNB at the calculated local coolant
conditions to the actual heat flux.

The CE-1 correlation (References 1 and 2) was used with the TORC
and CETOP computer codes (Reference 6) to determine DNBR values
for normal operation and anticipated operational occurrences.
The CE-1 correlation was developed in conjunction with the TORC
code specifically for DNB margin predictions for fuel assemblien
with standard spacer grids similar to those in System 80.

Topical Reports CENPD-162 (Reference 1) and CENPD-207 (Reference
2) provide detailed information on the CE-1 correlation and
source data, and comparisons with other data and correlations.
In brief, the correlation is based on data from tests conducted
for C-E at the Chemical Engineering Research Laboratories of
Columbia University. Those tests used electrically-heated 5 x 5
array rod bundles corresponding dimensionally to a portion of a
16 x 16 or 14 x 14 fuel assembly with standard spacer grids. The
test programs conducted for the 16 x 16 and 14 x 14 geometries
each included tests to determine the effects on DNB of the CEA
guide tube, heated length, axial grid spacing, and lateral and
axial power distributions.

The uniform axial power CE-1 correlation (Reference 1) was
developed from DNB data for six test sections with the following
characteristics:

Heated Axial Grid
Fuel Assembly No. Heated Lateral Power Length Spacing

Geometry Rods Distribution (ft) (in.)

16 x 16 25 Uniform 7 16.0
16 x 16 ?1 Nonuniform 7 18.3
16 x 16 21 Nonuniform 12.5 17.4
14 x 14 25 Uniform 7 14.3
14 x 14 21 Nonuniform 7 14.3
14 x 14 21 Nonuniform 12.5 4.3

O
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Local. coolant conditions at the DNB location were determined by
using the TORC code in a manner consistent with the use of the
code for reactor thermal margin calculations. The uniform axial
power CE-1 correlation was developed from 731 DNB data for the
following parameter ranges:

Pressure 1785 to 2415 psia
Inlet temperature 382 to 644 F
Heat flux 0.213x10' to 0.952x10' Btu /h-f t2

Local coolant quality -0.16 to +0.20
Local mass velocity 0. 87x10' to 3. 21x10' lb/h-f t2

The uniform axial power CE-1 correlation predicted the 731 source
data with a mean and standard deviation for the ratio of measured
to predicted DNB heat fluxes of 1.000 and 0.068, respectively,
which support the use of a 1.13 DNBR limit. However, the NRC has
approved the use of a 1.19 minimum DNBR limit for the 16 x 16
assembly based on a subset of the 731 source data as reported in
CENPD-207 (Reference 2). The validity of the CE-1 correlation
for predicting DNB for 16 x 16 fuel assemblies was further
verified by the analysis of data obtained by repeating one of the
tests for the 16 x 16 assembly geometry at the Winfrith
Laboratory of the United Kingdom Atomic Energy Authority (UKAEA) .

O CE-1 correlation is modified by the F-f actor (Reference 5) .
For nonuniform axial power distributions, the uniform axial power

The
conservatism of that method of predicting DNB for 16 x 16 fuel
assemblies with nonuniform axial flux shapes is demonstrated in
CENPD-207 (Reference 2) CENPD-207 (Reference. 2) presents
measured and predicted DNB heat fluxes . for a series of tests
using nonuniform axial power rod bundles representative of
16 x 16 or 14 x 14 fuel assemblies with standard spacer grids.
Those test sections had the following characteristics:

Fuel No. Lateral Heated Axial Grid
Assembly Heated Power Axial Power Length Spacing
Geometry Rods Distribution Distribution (ft) (in.)
16 x 16 21 Nonuniform 1.46 symmetric 12.5 14.2
16 x 16 21 Nonuniform 1.47 top peak 12.5 14.2
14 x 14 21 Uniform 1.68 top peak 12.5 17.4
14 x 14 21 Nonuniform 1.68 bottom peak 12.5 17.4

The DNB data from those tests were evaluated using the CE-1
correlation modified by the F-factor and the TORC code used in a
manner consistent with the use of the code for reactor
calculations. That evaluation included DNB data within thefollowing parameter ranges:

-
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Pressure 1745 to 2425 psia
Inlet temperature 333 to iS31*F
Local coolant quality -0.27 to +0.20

2Local mass velocity 0. 81x10' to 3. 07x10' lb/h-f t

It was found that the mean and standard deviation for the ratio
of measured to predicted DNB heat fluxes were 1.229 and 0.125,
respectively, for the 369 DNB data within the parameter ranges
noted above.

Testing was also conducted with rod bundles representative of the
16 x 16 fuel assembly to determine the effect on DNB of local
perturbations in heat flux. Results are presented in CENPD-207
(Reference 2) for two nonuniform axial power rod bundles which
were similar except that one test bundle had a heat flux spike
(23% higher heat flux for a 4-inch length) at the location where
DNB was anticipated. The results show that there is no
significant adverse effect on DNB due to that flux spike.
Therefore, it is concluded that no allowance is required for the
effect on DNB of local heat flux perturbations less severe than
that tested.

One important factor in the prediction of DNB and local coolant
conditions is the treatment of turbulent interchannel mixing.
The effect of turbulent interchange on enthalpy rise in the
subchannels of 16 x 16 fuel assemblies with standard spacer grids
is calculated in the TORC code by

W'
Pe = = 0.0035

GQ

where:

inverse Peclet number.Pe =

| W' turbulent interchange between adjacent=

subchannels, lb/h-ft.

k = average equivalent diameter of the adjacent
subchannels, ft.

5 average mass velocity of the adjacent=

subchannels, lb/h-f t2,

The value of 0.0035 for the inverse Peclet number for use with
the 16 x 16 fuel assembly with standard spacer grids was
originally chosen based on cold water dye mixing tests conducted
for the 14 x 14 assembly and for a " prototype" of the Palisades

O
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reactor fuel assembly (15 x 15). The validity of the inverse'

Peclet number of 0.0035 for the 16 x 16 assembly-with standard
grids was verified with data obtained in the tests conducted at
Columbia University (Reference 1).

The design basis requires that the minimum DNBR for normal
operation and anticipated operational occurrences be chosen to
provide a 95% probability at the 95% confidence level that DNB
will not occur on a fuel rod having that minimum DNBR.
Statistical evaluation of the CE-1 correlation and relevant data
shows that the appropriate minimum DNBR is 1.13 (References 1
and 2). Based-on review of CENPD-162 (Reference 1) and CENPD-207
(Reference 2), the NRC requires use of a minimum DNBR of 1.19.
Therefore, the minimum DNBR used for design is 1.19 for fuel with i

standard grids and 1.20 for fuel with HID grids. This limit was |

increased to 1.24 for System 80 as a result of.the statistical l

combination of uncertainties (SCU) analysis (see Section
4.4.2.9.5).

4.4.4.2 Reactor Hydraulics

4.4.4.2.1 Reactor Flow Model Tests

The hydraulic design of the -System 80 reactor vessel and

O geometrically
internals is supported by a three-phase flow test program with

scaled models. In the first phase, 1/8 scale
air-flow model tests were conducted at Kraftwerk Union.AG (KWU)
to refine the geometry of the lower plenum and core support
structure to attain an acceptable core inlet flow distribution.
In these tests, geometric scaling was maintained up to the core
inlet. The reactor core was represented by a single orifice
plate matching the flow resistance through the lower end fitting
and. lower-most spacer grid, housed in a core shroud envelope.
The core inlet flow distribution was mapped by velocity probe ;
measurements downstream of the orifice plate. Because of the !
simplified core modeling and measurement technique, the KWU test
results are considered to be preliminary.

In the second phase, 3/16 scale water-flow tests were conducted
in the C-E Nuclear Laboratories to refine the hydraulic
performance of the upper plenum region, with respect to pressure
drop and structural hydraulic-loading. In these tests there was
no representation of the reactor core.

In the third phase, a 3/16 scale water-flow model of the entire
reactor and internals was tested to verify the design hydraulic
parameters based on analysis and results of earlier tests. This
reactor flow model incorporates the minor design changes made
after completion of the earlier model tests. Model components
are geometrienlly similar to reactor components, except for the
core. Indivirlual fuel assemblies are represented in the third
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test model by an array of square tubes. An axial distribution of
orifice plates and of cross-flow holes in the double-wall
boundaries between adjoining core tubes are sized to provide the
axial and lateral flow hydraulic resistance of the reactor core.
This "open-core" flow modeling technique is a continuation of
testing methods applied for the C-E 3410 MWt Series reactors (San
Onofre Units 2 and 3, Forked River Unit 1, Waterford Unit 3,

Pilgrim Unit 2), as described in CENPD-206 (Reference 13).
Details of the System 80 reactor flow model test and portions of
the test results are presented in Appendix 4A. These test
results are applicable to the System 80+ design.

Hydraulic design parameters derived from reactor flow model test
results include:

o The core inlet flow distribution and core-exit pressure
distribution.

o Pressure drops in the reactor vessel.

o Hydraulic loads on reactor internal components.

A. Core Inlet Flow and Core Exit Pressure Distributions

The core inlet flow and core exit pressure distributions are
required as input to the TORC code for core thermal margin
analysis (Refer to Section 4.4.4.5.2).

The 4-loop core inlet flow and core exit pressure
distributions used in the TORC analysis are based on results
from the 3/16 scale water-flow model of the System 80
reactor and internals. A description of this flow model
test program and the resulting 4-loop core inlet flow and i

core exit pressure distributions are provided in Appendix i
4A.

The core inlet flow distribution is characterized as being
locally non-uniform with variations in inlet flow existing
between adjoining fuel assemblies (see Figure 4A-6). The
core exit pressure distribution is characterized as being
relatively uniform, with lower than average exit pressures
in the centrally located fuel assemblies and higher than
average exit pressures in the peripheral fuel assemblies
(see Figure 4A-7).

Flow model test data are used to define the core inlet flow
distribution ' conditions for transients involving the
shutdown of one pump. The test data were obtained from the
3/16 scale System 80 reactor flow model tests and from model
tests on earlier C-E reactor designs.

O
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B. Reactor Pressure Losses

Reactor vessel pressure drop predictions other than for the
core region were verified by flow model test results. Where
appropriate, corrections are made to flow model test results
to account for differences in Reynolds number and surface
relative roughness between model and reactor. Reactor
pressure drop predictions for the core region are based on
data from C-E 16 x 16 fuel assembly components tests (see
Section 4.4.4.2.2). System 80 reactor vessel pressure drop
predictions based on those test results are given in Table
4.4-4 (see Section 4.4.2.6.2).

C. Hydraulic Loads on Reactor Internal Components

Design hydraulic loads on reactor internal components for
normal operating conditions are based on analytical methods
which utilize available flow model and component test
dimensionless experimental data (see Section 4.4.2.6.3).
Flow model measurements related to derivation of design
hydraulic loads include incremental pressure drops, surface
static pressure distributions, wall pressure differentials,
and fluid velocity distributions.

4.4.4.2.2 Component Testing 4

Component test programs have been conducted in support of all C-E
reactors. The tests subject a full-size reactor core module
comprising one to five fuel assemblies, control rod assembly and
extension shaft, control element drive mechanism, and reactor
internals to reactor conditions of water chemistry, flow.
velocity, temperature, and pressure under the most adverse
operating conditions allowed by design. Two objectives of the
programs are to confirm the basic hydraulic characteristics of
the components and to verify that fretting and wear will not be
excessive during component lifetime. When the reactor design is
revised, a new program embodying the important aspects of the
latest design is conducted.

Thus, component tests have been run on the Palisades. design with
the 15 x 15 fuel assembly and cruciform control blades, on the
Fort Calhoun design with the 14 x 14 -assembly, CEAs and
rack-and-pinion Control Element Drive Mechanisms (CEDMs), on the
Maine Yankee design with dual CEAs and magnetic jack CEDMs, and
on the Arkansas design with the 16 x 16 fuel assembly, CEAs, and
magnetic jack CEDMs.

During the course of the tests, information is obtained on fuel
rod fretting, CEA/CEDM trip behavior, and fuel assembly uplift
and pressure drop. The first two subjects are discussed inp) Section 4.2. The third is discussed below.(v

4.4-25
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As part of the assessment of fuel assembly margin to uplift in
the reactor, measurements are made of the flow rate required to
produce fuel assembly lift-off over a temperature range of 150 to
600*F at a system pressure of 350 to 2250 psia. To obtain the
desired information, the point of fuel assembly lift-off is
determined with load beams or lift-off conductivity probes. With
the first approach, one of the fuel assemblies of the module is
mounted on the load beam so that the assembly net weight can be
monitored as a function of flow rate and temperature. Fuel
assembly lift-off is established when the net weight goes to
zero. With the second approach, the lift-off probes are mounted
to contact the bottom of the fuel assembly. When the fuel
assembly is seated, the contact between the assembly and lift-off
probes complete an electrical circuit. The point of lift-off is
indicated by a large step change in the circuit resistance,
caused by the break in contact between the probes and the fuel
assembly.

Data reduction involves the calculation of an uplift coefficient,
describing the hydraulic uplift force acting on the assembly; the
coefficient is defined as follows:

| Kup = Wo/(pV A/2g)2

where:

Wo = wet weight of assembly, lb.
V = flow velocity in assembly at the point of

lift-off, ft/sec.
2A = envelope area of assembly, ft,

3p = specific weight of water, lb/ft .
2g = gravitational constant, ft/sec ,

A plot of the Kup data shows that they can be fitted by the
relation:

Kup = a N
R

where a and # are peculiar to the particular component test being
run. The standard error of estimate is typically 4%, including I
replication and instrument error.

|

|The uplift coefficient and its associated uncertainty are
employed in the analysis of the uplift forces on the fuel
assemblies in the reactor. The force is determined for the most
adverse assembly location for startup and normal operating
conditions. Additional input to the calculation includes
analytical corrections to the coefficient for the absence of the
CEA, for crud formation, and for small geometrical differences
among the fuel assemblies for the different reactor designs, all
nominally describable by the same component test.
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Pressure measurements are also made during the component test to'

verify the accuracy of . the calculated loss coefficients for
various fuel assembly components. Direct reduction of the ;

pressure drop data yields the loss coefficients for the lower and
upper end fitting regions, while the spacer grid loss coefficient
is evaluated by subtracting a calculated. fuel rod friction loss i

from the measured pressure drop across the fuel rod region.
.

Experience has shown that the experimental end fitting loss !

coefficients are essentially independent of Reynolds Number and,
with their sample standard deviations, are in reasonable
agreement with the predicted values used in the calculation of
core pressure drop (Section 4.4.2.6). The design value for the

| 16 x 16 fuel assembly high impact design (HID) spacer grid is
,

| based upon experimental results from the 16 x 16 fuel assembly
design component test program.

| As described in Section 4.2, a component test was performed on
j the System 80 reactor design. The test hardware consists of five

fuel assemblies, core support structure, CEA shroud, control rod i
|

assembly .and drive mechanism. Component pressure drop
measurements for the fuel assemblies were taken during the tests
to verify pressure loss and fuel assembly uplift design values.

4.4.4.2.3 Core Pressure Drop Correlations

The total pressure drop along the fuel. rod region of the core is
computed as the sum of the individual losses resulting from
friction, acceleration of the fluid, the change in elevation of
the fluid, and spacer grids. The individual' losses are computed
using the momentum equation and the consistent set of empirical
correlations presented in the TORC code (6).

In the following paragraphs, the correlations used are summarized
and the validity of the scheme is demonstrated with a comparison
of measured and predicted pressure drops for single-phase and
two-phase flow in rod bundles with CEA-type geometry.

For isothermal, single phase flow, the pressure drop due to
friction for flow along the bare rods is based on the equivalent
diameter of the bare rod assembly and the Blasius friction
factor:

.2
f = 0.184 Ng

The pressure drop associated with the spacer grids is computed
using a grid loss coefficient (Ka) given by a correlation which3

has the following form:

(
\
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Ka= D + D (N,) D Standard Error of Estimate3 1 2 3

The constants, D, are dqtermined from pressure drop datan

obtained for a wide range of Reynolds Numbers for isothermal flow
through a CEA-type rod bundle fitted with the high impact design
spacer grids. The data come from a component test program on a
16 x 16 fuel assembly design (Section 4.4.4.2.2). The standard i

error of estimate associated with the loss coefficient relation I

includes replication and instrument error. ;

To compute pressure drop either for heating without boiling or
for subcooled boiling, the friction factor given above for
isothermal flow is modified through the use of the multipliers
given by Pyle (Reference 14). It is important to recognize that
the multipliers were developed in such a way as to incorporate
the effects of subcooled voids on the acceleration and elevation
components of the pressure drop as well as the effect on the
friction losses. Consequently, it is not necessary to compute
specifically either a void fraction for subcooled boiling or the
individual effects of subcooled boiling on the friction,
acceleration, or elevation components of the total pressure drop.

The effect of bulk boiling on the friction pressure drop is
computed using a curve fit to the Martinelli-Nelson data
(Reference 15) above 2000 lb/in.2 or the Martinelli-Nelson
correlation (Reference 15) with the modification given by Pyle
(Reference 14) below 2000 psia. The acceleration component of
the pressure drop for bulk boiling conditions is computed in the
usual manner for the case of two-phase flow where there may be a
non-unity slip ratio (Reference 16). The elevation and spacer
grid pressure drops for bulk boiling are computed as for single-
phase flow except that the bulk coolant density (p) is used,
where:

p = apy + (1 - a)p,

and

bulk boiling void fraction.a =

3py = density of saturated vapor, lb/ft.

3pr = density of saturated liquid, lb/ft .

The bulk boiling void fraction used in computing the elevation,
acceleration, and spacer grid losses is calculated by assuming a
slip ratio of unity if the pressure is greater than 1850 psia

O
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% or by using the Martinelli-Nelson void fraction correlation
(Reference 15) with the modifications presented by Pyle
(Reference 14) if the pressure is below 1850 psia.

'

To verify that the scheme described accurat6y predicts pressure
drop for single-phase and two-phase flow .through the 16 x 16
assembly geometry, comparisons have been made of measured
pressure drop and the pressure drop predicted by TORC, (Reference
6) for the rod bundles used in the DNB test program at Columbia
University (refer to Section 4.4.4.1). Figure 6.7 of CENPD-161
(Reference 6) shows some typical results for a 21-rod bundle of
the 16 x 16 fuel assembly geometry (5 x 5 array with four rods
replaced by a control rod guide tube). The excellent agreement

| demonstrates the validity of the methods.

4.4.4.3 Influence of Power Distributiot.s

The reactor operator, utilizing the COLSS, will restrict
operation of the plant such that power distributions which are i

permitted to occur will have adequate margin to satisfy the
,

design bases during anticipated operational occurrences. A !

discussion of the methods of controlliny the power distribution l

| is given in Section 4.3.2.4.2. A discussion of the expected
power distributions is given in Section 4.3.2.2.3, and typical-.s

,

planar rod radial power factors and axial shapes are given in;

; Figures 4.3-3 through 4.3-23. The full-power maximum rod radial
j power factor is taken as 1.55 and is used in the calculations of
| the core thermal margin which are given here. Comparison with ;

l expected power distributions, . discussed in Section 4.3, shows |

| that this integrated rod radial power factor is at least 5% |
| higher than all the calculated values and, therefore, is a

'

| meaningful value for thermal margin analyses.
,

If CEAs or PSCEAs are inserted in the core, the same planar
,

radial power distribution does not exist at each axial elevation
| of the core, nor does the same axial power distribution exist at

each radial location in the core. From the analysis of many
three-dimensional power distributions, the important parameters
which establish the thermal margin in the core are the maximum
rod power and its axial power distribution (Reference 13).
Examination of many axial power distributions shows the 1.26
peaked axial power distribution in Figure 4.4-3 to be among those
giving the lowest DNBRs. The combination of that axial shape and
the maximum rod radial power factor of 1.55 is therefore a
meaningful combination for DNB analyses. The maximum linear heat
rate at a given power is determined directly from the core
average fuel rod linear heat rate and the nuclear power factor.
The value of 2.28 for the nuclear power factor is selected and
corresponds to the 1.55 rod radial power factor combined with the
1.47 peaked axial shape
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shown in Figure 4.4-3. As stated, the supervisory and protective
systems measure the maximum rod radial power factor and the axial
power distribution in the core and ensure that the design limits
specified in Section 4.4.1 are not violated.

4.4.4.4 C_ ore Thermal Response

Steady-state core parameters are summarized in Table 4.4-1 for
normal four-pump operation. Figure 4.4-7 shows the sensitivity
of the minimum DNBR to small changes in pressure, inlet
temperature and flow from the conditions specified in Table
4.4-1. The same 1.26 peaked axial power distribution and 1.55
maximum rod radial power factor are used.

The response of the core to anticipated operational occurrences
is discussed in Chapter 15. The response of the core at the
design overpower cannot be presented with any meaning. The
concept of a design overpower is not applicable for System 80
since the RPS prevents the design basis limits from being
exceeded.

The supervisory and protective systems will ensure that the
design bases in Section 4.4.1 are not violated for any
steady-state operating condition of inlet temperature, pressure,
flow, power, and core power distribution and for the anticipated
operational occurrences discussed in Chapter 15.

4.4.4.5 Analytical Methods

4.4.4.5.1 Reactor Coolant System Flow Determination

The design minimum flow to be provided by the reactor coolant
pumps is established by the required mass flow to result in no
violation of the design limits in Section 4.4.1 during
steady-state operation and anticipated operational occurrences.
This design minimum flow is specified in Table 4.4-1.

The reactor coolant pumps are sized to produce a flow greater
than or equal to the design minimum flow for the maximum expected
system flow resistance. The maximum system flow resistance is
determined by adding an allowance for uncertainty to the best
estimate system flow resistance. From this maximum system flow
resistance, the required minimum reactor coolant pump head is
determined.

Upon completion of the manufacturing and testing of the pumps,
the characteristic pump head or performance curve is established.
The expected maximum, best estimate, and minimum reactor coolant

,

system flow rates are determined as follows: i

O
i
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| \ |

| A. Best Estimate Expected Flow )
|

The best estimate expected RCS flow is determined by j
equating the head loss around the reactor coolant flow path
to the head rise suppliec by the reactor coolant pumps |

|(Section 5.4.1 has a description of the pumps).
|

B. Maximum Expected Flow
;

l
' The maximum expected flow is determined in .a manner ,

analogous to the best estimate expected flow except.that
'

statistical techniques are employed._ A pump performance
curve probability distribution for'each pump is calculated

! by statistically combining measurement uncertainties in flow

| and head. The uncertainties are based on performance and
; acceptance testing done at the pump vendor's facility. The
j system head loss uncertainty distributions are evaluated by
i statistically combining the uncertainties in the

,

correlations for loss coefficients and normal manufacturing
i

tolerances about nominal dimensions. The expected flow rate '

probability distribution is determined from the statistical
,

combination of the respective pump curve probability >

distributions and the probability . distributions for the|

I system resistances. This probability distribution for theO expected flow rate is used in turn to define the maximum and:

| h minimum expected flow rates. The maximum expected flow rate :

| is defined by the upper flow rate limit on the expected flow
'

; rate probability distribution above which the actual flow I

rate has only a 5 percent probability of existing. This |
| maximum expected flow rate will be equal to or less than'the
! design maximum flow.
|

C. Minimum Expected Flow

The minimum expected flow is also determined by using the,

| expected flow rate probability distribution. .The minimum
expected flow rate is defined as the lower flow rate limit
on the expected flow rate probability distribution below

, which the actual flow rate has only a 5 percent chance of |
l existing. -This minimum expected flow rate will be equal to

or greater than the design minimum flow.

Upon installation of the pumps in the reactor coolant system, the
operating flow is determined by one or more of the following flow
measurement techniques:

A. The pump casing differential pressure method, using a
correlation between pump casing differential pressure and
flow rate;
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O)B. Calorimetric methods (may be a heat balance performed on
either the primary or secondary coolant); and, !

|

C. Other non-intrusive flow measurement methods such as |
ultrasonic flow meters.

The uncertainties included in the calculation of the operating
flow are those uncertainties associated with the measurement
technique or techniques used above. These uncertainties are
statistically combined to give the overall uncertainty in primary
coolant flow as determined from onsite tests. The best estimate
flow, reduced for uncertainties, shall be greater than the design
minimum flow.

Any significant crud buildup is detected by continuous monitoring
of the reactor coolant system flow. A significant buildup of
crud is not anticipated, however, due to the design of the water
chemistry.

4.4.4.5.2 Thermal Margin Analysis

Thermal margin analysis of the reactor core is performed using
the TORC code, which is an open channel analytical method based
on the COBRA-IIIC code (Reference 17). A complete description of |
the TORC code and application of the code for detailed core

design |
thermal margin analyses is contained in Reference 6. A
simplified procedure used to apply the TORC code for
thermal margin calculations is described in detail in Reference
13. The CETOP code, derived from the same theoretical bases as
TORC, is streamlined for use in thermal margin analysis. A
complete description of CETOP is provided in Reference 7. A|
brief description of these codes and their use is given here.

The COBRA-IIIC code solves the conservation equations for mass,
axial and lateral momentum, and energy for a collection of
parallel flow channels that are hydraulically open to each other.
Since the size of a channel in design varies from the size of a
fuel assembly or more to the size of a subchannel within a fuel
assembly, certain modifications were necessary to enable a
realistic analysis of thermal-hydraulic conditions in all
geometries. The principal revisions to arrive at the TORC code,
which leave the basic structure of COBRA-IIIC unaltered, are in
the following areas:

N. Modification of the lateral momentum equation for core wide
calculations where the smallest channel size is typically !
that of a fuel assembly. I

I

O,
|
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B. Addition of the capability for handling non-zero lateral
boundary conditions on the periphery of a collectior of
parallel flow channels. This capability is particularly
important when analyzing a group of subchannels within the
hot fuel assembly.

C. Addition of the capability to handle non-uniform core exit
pressure distributions.

D. Insertion of standard C-E empirical correlations and the
ASME fluid property relationships.

Details of the lateral momentum equations and the empirical
correlations used in the TORC code are given in CENPD-161
(Reference 6).

The application of the TORC code for detailed core thermal margin |
calculations typically involves two or three stages. The first {
stage consists of calculating coolant conditions throughout the

|
core on a coarse mesh basis. The core is modelled such that the I

smallest unit represented by a flow channel is a single fuel l
assembly. The three-dimensional power distribution in the core
is superimposed on the core coolant inlet flow and temperature
distributions.g

tV) The core inlet flow and core exit static pressure distributions
are obtained from flow model tests discussed in Section 4.4.4.2,
and the inlet temperature for normal four-loop operation is
assumed uniform. The axial distributions of flow and enthalpy in
each fuel assembly are then calculated on the basis that the fuel
assemblies are hydraulically open to each other. Also determined
during this stage are the transport quantities of mass, momentum
and energy which cross the lateral boundaries of each flow
channel.

In the second stage, typically the hot assembly and adjoining
fuel assemblies are modelled with a coarse mesh. The hot
assembly is typically divided into four to five partial assembly
regions. One of these regions is centered on the subchannels
adjacent to the rod having the minimum DNBR. The
three-dimensional power distribution is superimposed on the core
coolant inlet flow and temperature distributions. The lateral
transport of mass, momentum, and energy from the stage one
calculations is imposed on the peripheral boundary enclosing the
hot assembly and its neighbors. The axial distributiens of flow
and enthalpy in each channel are calculated as well as the
transport quantities of mass, momentum, and energy which cross
the lateral boundary of each flow channel. In some cases, the
hot assembly detail normally included in the second stage is

(OU) intermediate stage. In these cases, the second stage is the
included in the first stage, thereby eliminating the need for the
subchannel nodel discussed below.
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| The third stage involves a fine mesh modelling of the

,

partial-assembly region which centers on the subchannels adjacent
! to the rod having the minimum DNBR. All of the flow channels

used in this stage are hydraulically open to their neighbors.
The output from the stage two calculations, in terms of the
lateral transport of mass, momentum, and energy is imposed on the
lederal boundaries of the stage three partial assembly region.
Engineering factors are applied to the minimum DNBR rod and
subchannel to account for uncertainties on the enthalpy rise and
heat flux due to manufacturing tolerances. The local coolant
conditions are calculated for each flow channel. These coolant

| conditions are then input to the DNB correlation and the minimum
! value of DNBR in the core is determined.

A more detailed description of this procedure with example is
contained in CENPD-161 (Reference 6). This procedure is used to
analyze in detail any specific three-dimensional power
distribution superimposed on an explicit core inlet flow
distribution. The detailed core thermal margin calculations are
used primarily to develop and to support the simplified design
core thermal margin calculational scheme discussed below.

The method used for design calculations is discussed in detail in
CENPD-206 (Reference 13). In summary, the method is to use one

| limiting hot assembly radial power distribution for all analyses,
'

to raise or lower the hot assembly power to provide the proper
maximum rod radial power f actor, and to use the core average mass
velocity in all fuel assembliec except the hot assembly. The
appropriate reduction for the how assembly mass velocity was
determined by the System 80 flow model tests (see Section
4.4.4.2.1). This methodology is used in the thermal margin
analyses of the System 80 reactors.

The CETOP code (Reference 7), a variant of the TORC code, is used
as a design code for System 80 thermal margin analyses. CETOP
has the same theoretical bases as TORC, but has been improved to
reduce execution time. The CETOP code uses the transport
coefficients to obtain accurate determination of diversion
crossflow and turbulent mixing between adjoining channels with a
less detailed calculational model. Furthermore, a predictor-
corrector method is used to solve the conservation equations,
replacing the iterative method used in the TORC code, and thereby
reduce execution time. The conservatism of CETOP relative to
TORC is assured by benchmarking analyses which demonstrate that
CETOP yields accurate or conservative DNBR results relative to
TORC.

O
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4.4.4.5.3 Hydraulic Instability Analysis

Flow instabilities leading to flow excursions or oscillations
have been observed in some boiling flow systems containing one or
more closed, heated channels. Flow instability phenomena are a
concern primarily because they may lead to a reduction in the DNB
heat flux relative to that observed during a steady flow
condition. Flow ' instabilities are not, however, expected to
reduce thermal margin in C-E PWRs during normal operation or
anticipated operational occurrences. This conclusion is based
upon available literature, experimental evidence and the results
of core flow stability analyses.

Review of the available information on boiling systems has
resulted in the following qualitative observations. Flow
instabilities which have been observed have occurred almost
exclusively in closed channel systems operating at pressures that
are low relative to PWR oparating pressures. Increasing pressure
has been found to have a stabilizing influence in many cases
where flow instabilities have been observed (Reference 18), and
the high operating pressure characteristics of PWRs minimize the
potential for flow instability. For PWR operating pressures,
experimental results (Ref erence ' 19 ) have shown that, even with

g closed channel systems, operating limits due to the occurrence of
' Critical Heat Flux (CHF) are encountered before the flow-

stability threshold is reached. It would be expected that the
low resistance to coolant crossflow among subchannels'of C-E PWR
fuel assemblies would have a stabilizing effect, and is confirmed
by experimental results (References 20, 21, and 22), which show
that flow stability in parallel heated channels-is enhanced by
cross connections between the channels.

Experimental evidence that flow instabilities will not adversely
affect thermal margin is provided by the data from the rod bundle
DNB tests conducted by C-E (References 1 and 2); many rod bundles
have been tested over wide ranges of operating conditions with no
evidence of premature DNB or of inconsistent data which might be
indicative of flow instabilities in the rod bundle.

Analytical support for the conclusion that flow instabilities
will not reduce the thermal margin of C-E PWRs is provided in
Reference 23. That document presents an assessment of core flow
stability for a typical C-E PWR. The assessment was made using
the CE-HYDNA code, the C-E version of the HYDNA flow stability
code presented in Reference 24. In addition to the C-E PWR flow
stability assessment, Reference 23 contains:

1. A description of the CE-HYDNA flow stability code.

A user's manual and Fortran listing of the CE-HYDNA code.

O 2.
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3. Results of sensitivity studies and of code verification
thrtugh comparison with experimental data.

^

CE-HYDNA code provides the fundamental analytical tool for the
assessment flow stability in C-E PWRs. The code has the
capability of analyzing transient one-dimensional flow phenomena
in several groups of laterally closed channels with common
entrance and exit plena. The use of CE-HYDNA for analysis of
open-array C-E PWR cores is conservative because the stabilizing
effects of interchannel communication (References 20, 21, 22) are
neglected.

The results presented in Reference 23 are for a C-E 3450 MWt
class reactor, but those results are representative of all C-E
PWRs. It was found that, for nominal coolant conditions, the
flow is stable throughout the range of reactor power levels
examined (100% - 250% rated power). Additional calculations were
performed covering a wide range of operating conditions. These
calculations showed that, even under severely adverse operating'

conditions, the flow is stable at greater than 100% of rated
power. The results provide additional evidence that flow
instabilities will not adversely affect core thermal margin
during normal operation or anticipated operational occurrences.

4.4.5 TESTING AND VERIFICATION

Data descriptive of thermal and hydraulic conditions within the
reactor vessel will be obtained as part of the startup program
described in Section 14.2.

4.4.6 INSTRUMENTATION REQUIREMENTS

The in-core instrumentation system is used to confirm core power |
distributions and assist in the calibration of the ex-core flux
measurement system. Further descriptions are contained in
Section 7.7.

1

I
i
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TABLE 4.4-1

(Sheet 1 of 2)

THERMAL AND HYDRAULIC PARAMETERS

Reactor Parameters System 80+ System 80 Waterford-3

Core Average Characteristics at Full Power:

Total core heat output, MWt 3,914 3,800 3,390

Total core heat output, million Btu /h 13,360 12,970 11,570

Average fuel rod energy deposition 0.974 0.974 0.974
fraction

Hot fuel rod energy deposition fraction 0.971 0.971 0.971

Primary system pressure, psia 2,250 2,250- 2,250

Reactor inlet coolant temperature, *F 556 565 553

Reactor outlet coolant temperature, *F 615 621 611 |
Core exit average coolant temperature, *F 617 623 612 -|
Average core enthalpy rise, Btu /lbm 83 82 80 |
Design minimum primary coolant flow 444,650 445,600 396,000 i

rate, gpm i

Design maximum core bypass flow, % of 3.0 3.0 2.6 |
t primary

Design minimum core flow rate, gpm 431,300 432,200 385,700 |
Hydraulic diameter of nominal subchannel, 0.471 0.471 0.471,

in.
aCore flow area, ft 60.8 60.8 54.7

Coreavgmpssvelocity,million 2.65 2.62 2.64 |
lbm/h-ft;

! Core avg coolant velocity, ft/s 16.7 16.8 16.5 |
2Core avg fuel rod heat flux, Btu /h-ft 183,300 184,800') 182,100

aTotal heat transfer area, ft 70,960 68,320') 61,860

'' Corrected values for System 80 design

i
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TABLE 4.4-1 (Cont'd)

(S'.eet 2 of 2)
!

THERMAL AND HYDRAULIC PARAMETERS

Reactor Parameters System 80+ System 80 Waterford-3

i
| Average fuel rod linear heat rate kW/ft 5.36 5.41 5.33

Power density, kW/ liter 98.4 95.5 94.9

No. of active fuel rods 56,876 54,764 49,580

Power Distribution factors:
Rod radial power factor 1.55 1.55 1,55

Nuclear power factor 2.28 2.28 2.28

| Total heat flux factor 2.34 2.34 2.34

Engineering Factors:

Engineering heat flux factor 1.03 1.03 1.03

Engineering enthalpy rise factor 1.03 1.03 1.03

Pitch, Bowing, and Clad Diameter Enthalpy 1.05 1.05 1.05
Rise

Engineering factor on linear heat rate 1.03 1.03 1.03

Characteristics of had and Channel with
Minimum DNBR:

| Maximum fuel rod heat flux, Btu /h-fta 429,100 432,700") 426,300

| Maximum fuel rod linear heat rate, kW/ft 12.6 12.7 12.5

00 maximum steady state temperature, *F 3,179 3,205') 3,1802

Outlet temperature, "F 644.1 645.7") 642

Outlet enthalpy, Btu /lbm 684.3 687.l') 680

Minimum DNBR at nominal conditions 2.00 1. 98') 2.07
(CE-1 correlation)

'' Based on updated System 80 flow distribution

9
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TABLE 4.4-2

COMPARISON OF THE DEPARTURE FROM NUCLEATE BOILING
BATIOS COMPUTED WITH DIFFERENT CORRELATIONS

DNBRs for Reactor
Conditions Giving a

1.24 CE-1
DNBRs for Nominal Minimum DNBR in
Reactor Conditions Guide Tube Subchannel

subchannel Subchannel
Matrix Next to Matrix. Next to |

Correlation Subchannel Guide Tube Subchannel Guide Tube

CE-1 2.28 2.00 1.34 1.24 |

Original W-3 2.35 2.60 1.26 1,42
(Reference 4)

Revised W-3 2.34 2.15 1.26' l.31
(Reference 5)

D\
b

i
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TABLE 4.4-3

BEST ESTIMATE REACTOR COOLANT FLOWS IN BYPASS CHANNELS

Percent of Total
Bypass Route Vessel Flow

Outlet nozzle clearances 1.0

Alignment keyways 0.4

Core shroud annulus 0.3

Guide tubes p_d

Total Bypass 2.3

O

|
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TABLE 4.4-8

REACTOR COOLANT SYSTEM GEOMETRY

Flow Path Top Elevation (d'' Bottom Elevation (d' Minima Flow Volume -
2 3

ComDonent LenQth (ft) (ft) (ft) Area (ft ) (ft ) )

14.10 2.38 - 1.75 9.62 135.64-
Hot Leg (ea)(ea)Suction Leg 24.22 0.58 - 9.97 4.91 118.91
Discharge Leg (ea) 19.31 1.25 - 1.25 4.91 94.8 ,

Pressurizer 2400
e 50.07(*) 1200Liquid Level (full power) 1(. 7-{ 0.56 58.75' .|4Surge Line 105.0

Steam Generator
Inlet Nozzle 3.07 3.90 - 0.48 9.62 26.81 - ['
Outlet Nozzle (ea) 2.79(b) 2.41 - 1.19 4.91 13.49

|

Inlet Plenum 4. 74'b' 6.48 - 0.10. 19.07 423.4
'

Outlet Plenum 4.74 6.48 - 0.10 9.74 (*) 423.4'
Tubes (Active & Inactive) 63.9 40.94- 6.48 0.002 2072.8:

Reactor Vessel
Inlet Nozzle (ea) 3.7 1.4 - 1.5 4.9 21.7
Downcomer 21.4 11.7 -22.6 33.8 1157.1 !

Lower Plenum 3.2 -20.5 -25.9- 32.5 430.2
Lower Support Structure & 2.8 -17.7 -20.5 44.4 250.0

Inactive Core
Active Core 12.5 - 5.1 -17.6 60.8 817.2
Upper Inactive Core 2.6 - 2.5 - 5.1 46.3 251.1
Outlet Plenum 5.7 2.1 - 2.4 26.6 459.4
Core Shroud Bypass 15.9 - 2.7 -19.6 0.1 240.6
CEA Shroud Assembly & Tie 17.9 15.6 -3.5 0.4 1352.5

Tubes
CEA Shroud Annulus 10.6 12.7 2.1 1.6 226.0

UGS, HeadTop 3.2. 19.9 12.7 7.8 422.6
Outlet Nozzle (ea) 4.0 - 1. 7 - 1.8 9.6- 32.2

(*)For the cylinder. (d) Reactor Vessel nozzle centerline-is the reference
(6) Represents a geometrical rather than an (*) elevation. It has an elevation of 0.0 ft.

See Section 5.4.(*) actual flow path length.Flow path area per tube.
,
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0 13. Steel Ball )

ASTM A276, Type 440C

The functions of the CEDM motor ascombly components are
described in Section 3.9.4.1.

C. The materials in contact with the reactor coolant used in
the extension shafts are listed below:

1. Shafts, rod, and plunger

ASTM A276, Type 304 (austenitic. stainless steel)-

ASTM A264, Type 304 (austenitic stainless steel)

2. Gripper

ASTM B446 (nickel-chromium-molybdenum-columbium alloy)

QQ-C-320, Class 2B (chrome plating)

3. Spring

AMS 5699B, Inconel X-750 (nickel base alloy)

4. Pin

Type 304 austenitic stainless steel

The functions of the extension shaft components are
described in Section 3.9.4.1.

D. The weld rod filler materials used with the above listed
components are Type 308 stainless steel, Type 316 stainless ,

I

steel and Inconel 82.

All of the materials listed above were used in an extensively' !
tested CEDM assembly that exceeded lifetime requirements, .as
described in Section 3.9.4.4.1. Also, all of the materials have
performed satisfactorily _ in service in Maine Yankee (Docket !

50-309), Millstone-2 (Docket 50-236), Calvert Cliffs (Docket.
50-317), and other reactors.

4.5.1.2 Control of the'Use of 90 ksi Yield Strength
Material

The only control element drive structural material identified in
Section 4.5.1.1 which has a yield strength greater than 90 kai is
ASTM A276, Type _440C, martensitic stainless steel. Its usage is

O limited to the steel ball in the vent valve on the top of the

Amendment F
4.5-3 December 15, 1989

.-



CESSAR E!Encma

CEDM and bearing inserts in the motor assembly. The ball is used
as a seal and is not a primary load bearing member of the
pressure boundary, while the inserts, which are Type 440C for
surface hardness, see little stress and are not part of the
safety release mechanism in the motor assembly. This material
was tested and exceeded lifetime requirements. Also, this
material is presently being used in operating reactors such as
Maine Yankee (Docket 50-209), Calvert Cliffs (Docket 50-317) and
St. Lucie Unit 1 (Docket 50-335) and has performed satisfactorily I

for the same application.

4.5.1.3 Control of the Use of Sensitized Austenitic
Stainless Steel

Cunt.tol of the use of sensitized austenitic stainless steel is
consistent with the recommendations of Regulatory Guide 1.44, as
described in Sections 4. 5.1. 3.1 through 4. 5.1. 3. 3, except for the
criterion used to demonstrate freedom from sensitization. Either
the ASTM A708 Strauss Test or the ASTM A262 Practice E (Modified
Strauss) Test is used to demonstrate freedom from sensitization
in fabricated unstabilized austenitic stainless steel. The
former test has shown, through experimentation, excellent
correlation with the type of corrosion observed in severely
sensitized austenitic stainless steel.

4.5.1.3.1 Bolution Heat Treatment Requirements

All raw austenitic stainless steel, both wrought and cast,
employed in the fabrication of the control element drive
mechanism structural components is supplied in the solution
annealed condition, as described in Section 4.5.2.3.1.1.

4.5.1.3.2 Material Inspection Program

Extensive testing on stainless steel mockups, fabricated using
production techniques, has been conducted to determine the ef fect
of various welding procedures on the susceptibility of
unstabilized Type 300 series stainless steels to
sensitization-induced intergranular corrosion. Only those
procedures and/or practices demonstrated not to produce a
sensitized structure are used in the fabrication of control
element drive mechanism structural components.

4.5.1.3.3 Avoidance of Sensitization
i

Homogeneous or localized heat treatment of unstabilized |
austenitic stainless steel in the temperature range 800 to 1500 F j
is prohibited. '

O
Amendment V )

4.5-4 April 29, 1994 '
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I Weld heat affected zone sensitized austenitic stainless steel
which would fail either the ASTM A708 Strauss Test or the ASTM
A262 Practice E Test is avoided in control element drive
mechanism structural components by careful control of:

A. Weld heat input to less than 60 kJ/in

| B. Interpass temperature to 350'F maximum
t

C. Carbon content to 5 0.065%

4.5.1.4 Control of Delta Ferrite in Austenitic Stainless
Steel Welds

|
The austenitic stainless steel, primary pressure retaining welds

| in the control element drive enchanism structural components are
| consistent with the recommer.uations of Regulatory Guide.l.31 as

follows:

| The delta ferrite content of A-No.8 (Table 2W-442 of the ASME
| Code, Section IX) austenitic stainless steel welding materials is
! controlled to 5FN-15Fh.

| The delta ferrite determination is carried out using methods
| specified in the ASME Code, Section III, for each hcat, lot or

heat / lot combination of weld filler material. For the submerged
arc process, the delta ferrite determination for each wire / flux

! combination may be made on a production or simulated
(qualification) production weld.

4.5.1.5 Cleaning and Contamination Protection Procedures

The procedure and practices followed for cleaning and
| contamination protection of-the control element drive mechanism

,

| structural components are in compliance with the recommendations '

! of Regulatory Guide 1.37 (including ANSI /ASME NQA-2-1983) and are
described below:

Specific requirements for cleanliness and contamination
protection are included in the equipment specifications for
components fabricated with austenitic stainless steel. The
provisions described below indicate the type of procedures
utilized for components to provide contamination control during
fabrication, shipment, and storage.

Contamination of austenitic stainless steels of the Type 300
series by compounds that can alter the physical or metallurgical
structure and/or properties of the material is avoided during all
stages of fabrication. Painting of Type 300 series stainless
steels is prohibited. Grinding is accomplished with resin or

( Amendment V
4.5-5 April 29,'1994
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9irubber-bonded aluminum oxide or silicon carbide wheels that have
not previously been used on materials other than Type 300 series
stainless steel alloys.

|

Internal surfaces of completed components are cleaned to the
extent that grit, scale, corrosion products, grease, oil, wax
gum, adhered or embedded dirt, or extraneous material are not |

'

visible to the unaided eye.

Cleaning is effected by either solvents (acetone or isopropyl
alcohol) or inhibited water (300-200 ppm hydrazine). Water will !

conform to the following requirements: )

Halides

Chloride, ppm < 0.60
Fluoride, ppm < 0.40

Conductivity, ymhos/cm < 5.0

pH 6.0 - 8.0

Visual clarity No turbidity, oil or sediment

To prevent halide-induced intergranular corrosion that could
occur in an aqueous environment with significant quantities of
dissolved oxygen, flushing' water is inhibited via additions of
hydrazine. Experiments have proven these inhibitors to be
effective. Operational chemistry specifications preclude halides
and oxygen (both prerequisites for intergranular attacks) and are
shown in Section 9.3.4.

4.5.2 REACTOR INTERNALS MATERIALS

4.5.2.1 Material Specifications

For reactor internals, the material specifications satisfy the
requirements of Article NG-2000 in Section III of the ASME Code.
The materials used in fabrication of the reactor internal
structures are primarily Type 304 stainless steel. The flow
skirt is fabricated from thermally-treated Inconel Alloy 690.
Welded connections are used where feasible; however, in locations
where mechanical connections are required, structural fasteners
are used which are designed to remain captured in the event of a
single failure. Structural fastener material is typically

| Type 316 austenitic stainless steel. Hardfacing of Stellite
material is used at wear points. The effect of irradiation on {
the properties of the materials is considered in the design of !
the reactor internal structures. Work hardening properties of i

austenitic stainless steels are not used. |

!
I

Amendment U l
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I 'l
\ /'' The following is a list of the major components of the reactor

internals together with their material specifications:
|

A. Core support barrel assembly 1

Type 304 austenitic stainless steel to the following
specifications:

a. SA-182
b. SA-240
c. SA-479

B. Upper guide structure assembly

Type 304 austenitic stainless steel to the following
specifications:

a. SA-182
b. SA-240
c. SA-213
d. SA-479

C. Core shroud assembly

[
'

Type 304 austenitic stainless steel to the following'

'N. specifications:

a. SA-182
b. SA-240

D. Holddown ring

SA-182, Alloy F6NM.

i

|
,

1

| ,f~'s,
; i

|s\ s/
|
!

Amendment U
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|

| E. Pin material

| SA 638, Grade 660 material is used for pin applications.
| This alloy is heat treated in accordance with the ASTM
| specifications by precipitation hardening at 13 00-14 00 * F f or
! 16 hours to a minimum yield strength of 85,000 psi. Its

corrosion properties are similar to those of the Type 300
series austenitic stainless steels. It is austenitic in all

| conditions of fabrication and heat treatment.

| F. Chrome plating and hardfacing

| Chroma plating or hardfacing are employed on reactor core
support and internals structures, components or portions

i thereof where required by function. Chrome plating complies
with Federal Specification No. QQ-C-320. The hardfacing
material employed is Haynes Alloy 25 or an alternate
material demonstrated to be functionally equivalent.

|

G. Special Purpose Material

| SA 479 S 21800 (Trade Name Nitronic 60) is used for special
applications where anti-galling properties are desired.

All of the materials employed in the reactor internals and
in-core instrument support system have performed satisfactorily
in operating reactors such as Palisades (Docket-50-255), Fort
Calhoun (Docket-50-285) and Maine Yankee (Docket-50-309).

4.5.2.2 Welding Acceptance Standards

Welds employed on reactor internals and core support structures
are f abricated in accordance with Article NG-4000 in Section III,
and meet the acceptance standards delineated in article NG-5000,
Section III, Division I, and control of welding is performed in
accordance with Section III, Division I, and Section IX of the
ASME Code. In addition, consistency with the recommendations of
Regulatory Guides 1.31 and 1.44 is described in Section 4. 5. 2. 3.

4.5.2.3 Fabrication and Processinq of Austenitic Stainless
Steel

The following information applies to unstabilized austenitic
stainless steel as used in the reactor internals.

O
Amendment U
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\ - 4.5.2.3.1 Control of the Use of Sensitized Austenitic
Stainless Steel

The recommendations of Regulatory Guide 1.44, as described in
Sections 4.5.2.3.1.1 through 4.5.2.3.1.5, are followed except for
the criterion used to demonstrate freedom from sensitization.

4.5.2.3.1.1 Solution Heat Treatment Requirements

All raw austenitic stainless steel material, both wrought and
cast, employed in the fabrication of the reactor internals is
supplied in the solution annealed condition, as specified in the
pertinent ASTM or ASME B&PV Code material specification (i.e.,
1900 to 2050*F for 0.5 to 1.0 hour per inch of thickness and
rapidly cooled to below 700'F). The time at temperature is
determined by the size and the type of component.

Solution heat treatment is not performed on completed or
partially fabricated components. Rather, the extent of chromium
carbide precipitation is controlled during all stages of
fabrication as described in Section 4.5.2.3.1.4.

4.5.2.3.1.2 Material Inspection Program

C)
Extensive testing of stainless steel mockups, fabricated using
production techniques, was conducted to determine the effect of
various welding procedures on the susceptibility of unstabilized
Type 300 series stainless steels to sensitization-induced
intergranular corrosion. Only those procedures and/or practices
demonstrated not to produce a sensitized structure are used in
the fabrication of reactor internals components.-

As a result of the above tests, a relationship was established
between the carbon content of Type 304 stainless steel and weld
heat input. This relationship is used to avoid weld heat
affected zone sensitization as described in Section 4.5.2.3.1.4.

.

4.5.2.3.1.3 Unstabilized Austenitic Stainless Steels

The unstabilized grade of austenitic stainless steel with a
carbon content greater than 0.03% used for components of the
reactor internals is Type 304. This material is furnished in the ;

solution annealed condition. The acceptance criterion used for
this material, as furnished from the steel supplier, is ASTM i

A262, Method E.

|

O
Amendment K
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Exposure of completed or partially fabricated components to
temperatures ranging from 800 to 1500*F is prohibited except as
described in Section 4.5.2.3.1.5.

Duplex, austenitic stainless steels containing more than SFN
delta ferrite (weld metal, cast metal, weld deposit overlay) are
not considered unstabilized since these alloys do not sensitize,
i.e., form a continuous network of chromium-iron carbides.
Specifically, alloys in this category are:

CF8M Cast stainless steel (delta ferrite controlled
CF8 to 5FN-30FN, 8FN to 20FN for normal operating

temperatures above 500 F)

308, 309 Singly and combined stainless steel weld filler
312, 316 metals (delta ferrite controlled to SFN-15FN

as deposited)

In duplex austenitic/ferritic alloys, chromium-iron carbides are
precipitated preferentially at the ferrite /austenite interfaces
during exposure to temperatures ranging from 800-1500*F. This
precipitate morphology precludes intergranular penetrations
associated with sensitized Type 300 series stainless steels
exposed to oxygenated or otherwise faulted environments.

4.5.2.3.1.4 Avoidance of Sensitization

Exposure of unstabilized austenitic Type 300 series stainless
steels to temperatures ranging from 800 to 1500 F will result in
carbide precipitation. The degree of carbide precipitation or
sensitization depends on the temperature, the time at that
temperature, and the carbon content. Severe sensitization is
defined as a continuous grain boundary chromium-iron carbide
network. This condition induces susceptibility to intergranular
corrosion in oxygenated aqueous environments, as well as those
containing halides. Such a metallurgical structure will readily
fail either the ASTM A708 Strauss Test or the ASTM A262 Practice |
E Test. Discontinuous precipitates (i.e., an intermittent grain I

boundary carbide network) are not susceptible to intergranular
corrosion in a PWR environment.

Weld heat affected zone sensitized austenitic stainless steels
,

which would fail either the ASTM A708 Strauss Test or the ASTM |
A262 Practice E Test are avoided by careful control of:

|
A. Weld heat input to less than 60 kJ/in |

B. Interpass temperature to 350*F maximum

C. Carbon content to 5 0.065%

O
Amendment V
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O A weld heat input of less than 60 kJ/in is used during most
fabrication stages of the Type 304 stainless steel core support
structure. Higher heat inputs are used in some heavy section
weld joints. Freedom from weld heat affected zone sensitization
in those higher heat input weldments is demonstrated with weld
runoff samples produced at the time of component welding in
material having a carbon content equal to or greater than the
highest carbon content of those heats of steel being fabricated. '

Specimens so provided are subjected to either the ASTM A708 |
'

Strauss Test or the ASTM A262 Practice E Test.

4.5.2.3.1.5 Ratesting Unstabilized Austenitic Stainless
Steels Exposed to Sensitizing Temperature

Sensitization, which may be susceptible to intergranular
corrosion, is avoided during welding as described in Section
4.5.2.3.1.4. Homogeneous or localized heat treatment of
unstabilized stainless steels in the temperature range.800 to
1500'F is avoided. Complex substructures may be thermally
stabilized after fabrication and prior to final machining. Such
treatment produces only minor, discontinuous precipitates. In
addition to thermocouple records during this heat treatment, a
sample of Type 304 stainless steel, having a carbon content equal
to or greater than the highest carbon heat of material present in

O the structure, is included as a monitor sample. After heat i

treatment, the monitor sample is subjected to either the ASTM |

A708 Strauss Test or the ASTM A26 Practice E Test, as well as a i

metallographic examination to verify freedom from sensitization.

4.5.2.3.2 Non-Metallic Thermal. Insulation

Non-metallic thermal insulation is not used on the reactor
internals.

4.5.2.3.3 Control of Delta Ferrite in Welds

The recommendations of Regulatory Guide 1.31 are followed, as
described in Section 4.5.1.4.

4.5.2.3.4 Control of Electroslag Wald Properties

The electroslag process, per -Regulatory Guide 1.34, is not
utilized to fabricate reactor internal components.

4.5.2.3.5 Walder Qualification for Arcas of Limited
Accessibility

The specific recommendations of Regulatory Guide 1.71 are not
followed. However, performance qualifications for personnel-

\

Amendment V
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welding under conditions of limited accessibility are conducted
and maintained in accordance with the requirements of the ASME
Code, Sections III and IX. A requalification is required when:

A. Any of the essential variables of Section IX is changed.

B. Authorized personnel have reason to question the ability of
the welder to satisfactorily perform to the applicable
requirements.

Production welding is monitored for compliance with the procedure
parameters, and welding qualification requirements are certified
in accordance with ASME Sections III and IX. Further assurance
of acceptable welds of limited accessibility is afforded by the
welding supervisor assigning only the most highly skilled
personnel to these tasks. Finally, weld quality, regardless of
accessibility, is verified by the performance of the required
non-destructive examination.

4.5.2.4 Contamination Protection and Cleaning of Austenitic
Stainless Steel

Compliance with the recommendations of Regulatory Guide 1.37,
" Quality Assurance Requirements for Cleaning of Fluid Systems and
Associated Components of Water-Cooled Nuclear Power Plants," is
discussed in Section 4.5.1.5.

l
4
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5.0 REACTOR COOLANT SYSTEM AND CONNECTED SYSTEMS

5.1 SUMMARY DESCRIPTION

The reactor is a pressurized water reactor (PWR) with two coolant
loops. The reactor coolant system (RCS) circulates water in a
closed cycle, removing heat from the reactor core and internals
and transferring it to a secondary system. The steam generators
provide the interface between the reactor coolant (primary)

system and the main steam (secondary) system. The steam
generators are vertical U-tube heat exchangers with an integral
economizer in which heat is transferred from the reactor coolant
to the main steam system. Reactor coolant is prevented from
mixing with the secondary steam by the steam generator tubes and
the steam generator tube sheet, making the RCS a closed system
thus forming a barrier to the release of radioactive materials
from the core of the reactor to the secondary system and
containment building.

The arrangement of the RCS is shown in Figures 5.1.3-1 and
5.1.3-2. The major components of the system are the reactor
vessel; two parallel heat transfer loops, each containing oneg\ steam generator and two reactor coolant pumps; a pressurizer|() connected to one of the reactor vessel hot legs; and associated
piping. All components are located inside the containment
building.

Table 5.1.1-1 shows the principal pressures, temperatures, and
design minimum flowrates of the RCS under normal steady-state,
full-power operating conditions. Instrumentation provided for
operation and control of the system is described in Chapter 7.

System pressure is controlled by the pressurizer, where steam and
water are maintained in thermal equilibrium. Steam is formed by
energizing immersion heaters in the pressurizer, or is condensed
by the pressurizer spray to limit pressure variations caused by
contraction or expansion of the reactor coolant.

The average temperature of the reactor coolant varies with power
level and the fluid expands or contracts, changing the
pressurizer water level.

The charging pumps and letdown control valves in the chemical and
volume control system (CVCS) are used to maintain a programmed
pressurizer water level. A continuous but variable letdown
purification flow is maintained to keep the RCS chemistry within
prescribed limits. A charging nozzle and a letdown nozzle are

rm provided on the reactor coolant piping for this operation. The

( ) charging flow is also used to alter the boron concentration or
v correct the chemical content of the reactor coolant.

Amendment N
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Other reactor coolant system penetrations are the pressurizer
surge line in one hot leg; the four direct vessel injection

| nozzles in the reactor vessel for the safety injection system;
two return nozzles to the shutdown cooling system, one in each
hot leg; two pressurizer spray nozzles; vent and drain
connections; and sample and instrument connections.

Overpressure protection for the reactor coolant pressure boundary
is provided by four spring-loaded ASME Code safety valves
connected to the top of the pressurizer. These valves discharga
to the in-containment refueling water storage tank, where che
steam is released under water to be condensed and cooled. If-the
steam discharge exceeds the capacity of the in-containment
refueling water storage tank, it is vented to the containment
atmosphere.

Overpressure protection for the secondary side of the steam
generators is provided by spring-loaded ASME Code safety valves
located in the main steam system upstream of the steam line
isolation valves.

Components and piping in the RCS are insulated with a material
compatible with the temperatures involved to reduce heat losses
and protect personnel from high temperatures.

Principal parameters of the RCS are listed in Table 5.1.1-2.
| Table 5.1.1-3 lists RCS volumes at cold conditions.
Shielding requirements of the surrounding structures are
described in Section 12.3. Reactor coolant system shielding
permits limited personnel access to the containment building
during power operation. The reactor vessel sits in a primary
shield well. This and other shielding reduces the dose rate
within the containment and outside the shield wall during full
power operation to acceptable levels.

5.1.1 SCHEMATIC FLOW DIAGRAM

The principal pressures emperatures, and flow rates at major
components are listed in Table 5.1.1-1. These parameters are !

,

| referenced to Figures 5.1.2-1 and 5.1.2-3, the piping and !
instrument diagram, by numbered locations. Instrumentation i
provided for operation and control of the RCS is described in
Chapter 7 and is indicated on Figure 5.1.2-1.

O'
l

Amendment V |5.1-2 April 29, 1994 '
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TABLE 5.1.1-1
*

PROCESS DATA POINT TABULATION

Steam Reactor Steam
Generator 1 Pump 1-B Vessel Pump 1-A Generator 2 Pump 2-A Pump 2-B

-Parameter Pressurizer Midpoint Outlet Midpoint Outlet Midpoint Outlet Outlet

Data Point 1 2 3 4 5 6 7 8
-Fig. 5.1.2-1 &
Fig. 5.1.2-3 |

Pressure, i

psia 2250 2240 2330 2300 2330 2240 2330 2330

Temperature, i

"F 652.7 585.4 555.8 588.2 555.8 585.4 555.8 555.8

Mass Flow Rate,
lbm/hr N/A** 82.9x10' 41.5x10' 165.8x10' 41.5x10' 82.9x10' 41.5x10' 41.5x10'

Volumetric Flow
Rate, gpm N/A** 233,016 111,160 467,747 111,160 233,016 111,160 111,160

|

!

* For steady-state, 100% power conditions.
** Not applicable.

I
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TABLE 5.1.1-2

DESIGN PARAMETERS OF REACTOR COOLANT SYSTEM

i.

Design Thermal Power, Mwt
(Including Net Heat Addition from Pumps) 3931

Thermal Power, Btu /hr 1.342 x 10'
(Developed by the RCS)

Design Pressure, psia 2500

Design Temperature (Except Pressurizer), "F 650

Pressurizer Design Temperature, 'F 700-

6Coolant Flow Rate, lb/hr 165.8 x 10

Cold Leg Temperature, Operating, *F 555.8 >

Average Temperature, Operating, *F 585.4

Hot Leg Temperature, Operating, *F 615 I
d Normal Operating Pressure, psia 2250

System Water Volume, Ft3 (Without Pressurizer at full power) 13,625 -| j

Pressurizer Water Volume, Ft3 (Full Power) 1200

Pressurizer Steam Volume, Ft3 (Full Power) 1234 |

|

O
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: TABLE 5.1.1-3
;

REACTOR COOLANT SYSTEM VOLUMES

3Component Volume (ft )

. Reactor Vessel 5,758 |

Steam Generators 2'973 each | |,

!Reactor Coolant Pumps 134 each

Pressurizer 2400
'

Piping
.

Hot Leg 135.6 each

Cold Leg 213.7 each

Surge Line (nominal) 58.8 |

|

1

f

|

|

s
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5.1.3 ARRANGEMENT DRAWINGS

Reactor coolant system plan and elevation drawings are provided
as Figures 5.1.3-1 and 5.1.3-2.

Major components of the RCS are usually surrounded by concrete
structures, which provide support ' plus shielding and missile
protection. General Arrangement drawings, illustrating principal |
dimensions of the RCS in relationship to the surrounding building ;

'

structures, are presented in the figures of Section 1.2.

<

p

V

1
i

)

1

O
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5.2 INTEGRITY OF REACTOR COOLANT PRESSURE BOUNDARY

This section discusses the measures employed to provide and
maintain the integrity of the Reactor Coolant Pressure Boundary
(RCPB) throughout the facility's design lifetime. The RCPB is
defined in accordance with ANSI /ANS 51.1-1983. Included are all
pressure containing components such as pressure vessels, piping,
pumps, and valves which are:

A. Part of the Reactor Coolant System, or

B. Connected to the Reactor Coolant System, up to and including
the following:

1. The outermost containment isolation valve in piping
which penetrates the containment;

2. The second of two valves normally closed during reactor
operation in piping which does not penetrate the
containment.

5.2.1 COMPLIANCE WITH CODES AND CODE CASES

5.2.1.1 Compliance with 10 CFR 50.55a

The codes and component classifications are listed in Table 5.2-1
and are in accordance with the provisions of 10 CFR 50.55a. The
ASME Code Edition and Addenda used in the design and construction
of the reactor coolant pressure boundary components are specified
in Table 1.8-6 and discussed in Section 1.8. If ASME Code
Editions and Addenda other than those specified in Table 1.8-6
and Section 1.8 are used they will be identified to the
Commission by the COL applicant and shall have been endorsed by
10 CFR 50.55a.

5.2.1.2 Applicable Code Cases

Reactor Coolant Pressure Boundary components are fabricated in
accordance with the ASME Code, Section III. ;

I

The applicable ASME Code cases listed in Table 1.8-7 are utilized | I

in the plant design and manufacturing. I

If code cases other than those specified in Table 1.8-7 are used
they will be identified to the Commission by the COL applicant
and shall have been endorsed by Regulatory Guides 1.84, 1.85 or
1.147 as applicable. Code cases not endorsed by the above

i

Regulatory Guides may be used with specific authorization from !

the Commission under 10 CFR 50.55a. ,

!

w

Amendment U
5.2-1 December 31, 1993 l
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| 5.2.2.10.1 Dasign' Criteria
!

A discussion follows of the criteria considered.'in the. design of-
the overpressure mitigating system to provide low - temperature.

.

overpressure protection (LTOP) for the RCS.:
|

5.2.2.10.1.1 Credit ~for: Operator Action

No credit is taken for operator action in the analysis ' of
limiting transients described'in Section 5.2.2.10.2.1. -In the
analysis overpressure protection is provided only by the SCS

|

| relief valves.

5.2.2.10.1.2 Single Failure-,

f

'In the LTOP mode, each SCS relief valve-is' designed to' protect-
the reactor vessel given a f single' f ailure in' addition . to the
failure that initiated the pressure- transient. . The event ~
initiating -- the . pressure transient' tis . considered to result . from'
either an operator error or : equipment. malfunction. . The 'SCS

~

relief valve system is.. independent of a' loss offoffsite power.-

Each-SCS relief valve is a self actuating spring-loaded.-liquidL
relief: valve which does not. require control-circuitry. The: valve

,

| opens when the RCS' pressure exceeds its setpoint.

|
.

~

The redundant.SCS suction line trains-between the RCS and'SCS
relief valves meet the single failure criteria as' described.in
Section 5. 4. 7.1. 2 ' and Table 5.4.7-2. No single failure of 1 an
isolation valve or its associated interlock will ' prevent one

-

relief valve from performing its intended function.

5.2.2.10.1.3 Testability

Periodic testing of the SCS isolation valves is' defined'in the
Technical Specification, Sections 16.7/3.4.13 and'16.3.2/3.0.5.-

5.2.2.10.1.4 Seismic Design and IEEE Standard 279 Criteria
i

| The SCS suction line relief valves, isolation valves, associated
interlocks, and instrumentation are designed to Seismic Category
I requirements as discussed in Sections 3.2.1, 5.4.7.2.'4 and
Table 3.2-1. The interlocks and instrumentation associated with
the SCS suction isolation valves are discussed in Sections 5.4.7,
7.6.1, 7.6.1.1.1 and Table 7.6.-1, The interlocks satisfy the
appropriate portions of IEEE Standards'279, 308 and 603 criteria
as discussed in Sections 7.6.2.1.1 and 7.6.2.2.1. |

|

O
i-
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5.2.2.10.2 Design and Analysis

In demonstrating that the SCS relief valves meet the criteria
listed in Section 5.2.2.10.1, the following additional
information is provided.

5.2.2.10.2.1 Limiting Transients

Transients during the low temperature operating mode are more
severe when the RCS is operated in the water-solid condition.
Addition of mass or energy to an isolated water-solid system
produces increased system pressure. The severity of the pressure
transients depends upon the rate and total quantity of mass or
energy addition. The choice of the limiting LTOP transients is
based on evaluations of potential transients for System 80 plants
and their applicability to the System 80+ plant. The most
limiting transients initiated by a single operator error or
equipment failure are:

A. An inadvertent safety injection actuation (mass addition).

B. A reactor coolant pump start when a positive steam generator
secondary-side water to reactor coolant AT exists (energy
addition).

The most limiting transients are determined by conservative
analyses which maximize mass and energy additions to the RCS. In
addition, the RCS is assumed to be in a water-solid condition at
the time of the transient; such a condition has been noticed to
exist infrequently during plant operation since the operator is
instructed to avoid water-solid conditions whenever possible.

The analyses assumi an initial reactor vessel beltline fluid
pressure of 400 psia. The SCS and LTOP relief valves may be
aligned at RCS pressures up to 450 psia. However, sensitivity
studies have shown that the assumed initial pressure does not
significantly impact the peak transient pressure. Peak transient
pressures vary by less than 5 psi for initial pressures in the
400 to 500 psia range.

Figure 5.2-1 shows the results of the inadvertent safety
injection actuation transient analysis for a water-solid RCS,
when the RCS is in the LTOP mode. The mass addition due to the
simultaneous operation of four safety injection pumps and one
charging pump was considered, along with the simultaneous
addition of energy from decay heat and the pressurizer heaters.

|

Amendment U
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I Metallic materials in contact with reactor coolant shall be
' restricted in cobalt content to as low a level as practical for

all stainless steel or nickel base alloy components with a large
wetted surface area. Cobalt based alloys shall be avoided except
in cases where no proven alternative exists.

5.2.3.2.3 Compatibility with External Insulation and
Environmental Atmosphere

*
,

All metallic insulation used in the plant is of the stainless
steel reflective type, which minimizes insulation contamination
in the event of chemical. solution spillage. All non-metallic
insulation used in the plant is designed to meet the requirements
of Regulatory Guide 1.36, " Nonmetallic Thermal Insulation for
Austenitic Stainless Steel." Complying with this Regulatory
Guide assures that the nonmetallic insulation is designed in a

,

manner which minimizes the potential for stress corrosion of
stainless steel due to leaching of chloride or fluoride ions onto
the stainless steel surfaces.

5.2.3.3 Fabrication and Processina of Ferritic Materials

5.2.3.3.1 Fracture Toughness

5.2.3.3.1.1 NSSS Components

Fracture toughness requirements for Reactor Coolant Pressure
Boundary compenents are established in accordance with the ASME
Boiler and Pressure Vessel Code, Section III. Fracture toughness
testing of base, weld and heat affected zone materials will be
conducted in accordance with the ASME Code. Data from these
tests will be avaf.lable after the required testing has been
performed and may be examined upon request at the appropriate
manufacturing facility.

The reactor coolant pressure boundary also complies with 10 CFR
Part 50 Appendix G, " Fracture Toughness Requirements" as enacted |
May 1983.

Consideration is given to the effects of irradiation on material
i

toughness properties in the core beltline region of the reactor I

vessel to assure adequate fracture toughness for the service
|lifetime of the vessel. Refer to Section 5.3.1.6 for a

discussion concerning prediction of irradiation effects and the
material surveillance program.

Testing and measuring equipment for fracture toughness tests for
the reactor vessel, steam generators, pressurizer, piping and
reactor coolant pumps are calibrated in accordance with
Subarticle NB2360 of the ASME Code, Section III.

b
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| 5.2.3.3.2 Control of Welding

5.2.3.3.2.1 Avoidance of Cold Cracking

C-E complies with the recommendations of Regulatory Guide 1.50,
|

Control of Preheat Temperature for Welding of Low Alloy Steel,
May 1973, as discussed below.

Paragraph C.1.b implies that the qualification materials are an
infinite heat sink that would instantaneously dissipate the heat
input from the welding process. The qualification procedure

,
consists of starting the welding at the minimum preheat
temperature. Welding is continued until the maximum interpass'

temperature is reached. At this time, the test material is
permitted to cool to the minimum preheat temperature and the

| welding is restarted. Preheat temperatures utilized for low
| alloy steel are in accordance with Section III of the ASME Code.

| The maximum interpass temperature utilized is 500*F.
i
'

The paragraph C.2 recommendation is considered an unnecessary
extension of procedures which apply to low-alloy steel welds,
meeting ASME Code Sections III and IX requirements. The
recommendations of Regulatory Guide 1.50 are met by complying
with paragraph C.4. The soundness of all welds is verified by

| ASME Code acceptable examination procedures.

With regard to Regulatory Guide 1.43, major components are
fabricated with corrosion resistant cladding on internal surfaces
exposed to reactor coolant. The major portion of the material
protected by cladding from exposure to reactor coolant is SA-533B
Class 1 or SA-508, Class 2 or 3. Cladding of SA-508, Class 2
forging material is performed using low-heat-input welding
processes controlled to minimize heating of the base metal.
Low-heat-input welding processes are not Wwwn to induce
underclad cracking.

5.2.3.3.2.2 Regulatory Guide 1.34

Regulatory Guide 1.34 recommends controls to be applied during
welding using the electroslag process. The electroslag process
is not used in the fabrication of any RCPB components.
Therefore, the recommendations of this guide are not applicable.

5.2.3.3.2.3 Regulatory Guide 1.71

C-E complies with the recommendations of Regulatory Guida 1.71
except for the differences indicated below.

O
Amendment D
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Performance qualifications for personnel welding under conditions
of limited accessibility are conducted and maintained in
accordance with the requirements of ASME B&PV Code Sections III
and IX. A requalification is required when (1) any of the
essential variables of Section IX is changed, or (2) when
authorized personnel have reason to question the ability of the
welder to satisfactorily comply with the applicable requirements.
Production welding is monitored for compliance with the procedure
parameters, and welding qualifications are certified in
accordance with Sections III and IX. Further assurance of
acceptable welds of limited accessibility is afforded by the
welding supervisor assigning only the most highly skilled
personnel to these tasks. Finally, weld quality, regardless of
accessibility,- is verified by the performance of the required
non-destructive examinations.

5.2.3.3.3 Non-Destructive Examination of Tubular Products

The non-destructive examination requirements imposed by C-E for
tubular products are those specified by Section III of the ASME
code.

5.2.3.4 Fabrication and Processina of Austenitic Stainless
Steel

t
V 5.2.3.4.1 Avoidance of Stress Corrosion Cracking

5.2.3.4.1.1 Avoidance of Sensitization

5.2.3.4.1.1.1 NSSS Components

Fabrication of RCPB components is consistent with the
recommendations of Regulatory Guide 1,44 as described in items A
through D, below, except for the criterion used to demonstrate
freedom from sensitization. Either the ASTM A 708 Strauss
Test or the ASTM A 262 Practice E Modified Strauss Test is used
to demonstrate freedom from sensitization in fabricated,
unstabilized, stainless steel.

A. Solution Heat Treatment Requirements

All raw austenitic stainless steel material, both wrought
and cast, used in the fabrication of the major NSSS
components in the RCPB, is supplied in the annealed
condition as specified by the pertinent ASTM or ASME Code. |

Amendment V
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! Solution heat treatment is not performed on completed or
; partially-fabricated components. Rather, the extent of
| chromium carbide precipitation is controlled during all

stages of fabrication as described below.!

| B. Material Inspection Program
!

Extensive testing on stainless steel mockups, fabricated
using production techniques, has been conducted to determinei

I the effect of various welding procedures on the
l susceptibility of unstabilized 300 series. stainless steels

to sensitization induced intergranular corrosion. Only
those procedures and/or practices demonstrated not to
produce a sensitized structure are used in the fabrication
of RCPB components. The ASTM standard A 708 (Strauss Test)
or ASTM A 262 Practice E is the criterion used to determine

| susceptibility to intergranular corrosion. These tests have
! shown excellent correlation with a form of localized
I corrosion peculiar to sensitized stainless steels. As such,

| either ASTM A*708 or ASTM A 26 Practice E is utilized as a

|
go/no-go standard for acceptability.

As a result 'of the above tests, a relationship was
established between the carbon content of 304 stainless
steel and weld heat input. This relationship is used to
avoid weld heat-affected-zone sensitization as described
below.

C. Unstabilized Austenitic Stainless Steel

The unstabilized grades of austenitic stainless steels with
carbon content of more than 0.03% used for components of the
RCPB are 304 and 316. These materials are furnished in the
solution annealed condition. Exposure of completed or
partially-fabricated components to temperatures ranging from
800*F to 1500*F is prohibited.

1

Duplex, austenitic stainless steels containing more than SFN
delta ferrite (weld metal, cast metal, weld deposit

,

overlay), are not considered unstabilized since these alloys l
do not sensitize, that is form a continuous network of |
chromium-iron carbides. Specifically, alloys in this !

category are:

CF8M, CF8 Cast stainless steel (delta ferrite
SFN to 30FN, 8FN to 20FN for normal
operating temperature above 500*F)

308, 309 Singly and combined stainless steel
312, 316 weld filler metals (delta ferrite

controlled to 5FN-15FN deposited)

Amendment V
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In duplex, austenitic/ferritic alloys, chromium-iron
carbides are precipitated preferentially at the
ferrite /austenitic interfaces during exposure to
temperatures ranging from 800-1500*F. This precipitate
morphology precludes intergranular penetrations associated
with sensitized Type 300 series stainless steels exposed to
oxygenated or fluoride environments.

D. Avoidance of Sensitization j

Exposure of unstabilized austenitic Type 300 series
stainless steels to temperatures ranging from 800 to 1500*F
will result in carbide precipitation. The degree of carbide
precipitation, or sensitization, depends on the temperature,
the time at that temperature, and the carbon content.
Severe sensitization is defined as a continuous grain
boundary chromium-iron carbide network. This condition
induces susceptibility to intergranular corrosion in
oxygenated aqueous environments, as well as those containing
fluorides. Such a metallurgical structure will rapidly fail
the ASTM A708 Strauss Test or the ASTM A 262 Practice E
Test. Discontinuous precipitates (i.e., an intermittent
grain boundary carbide network) are not susceptible to
intergranular corrosion in a PWR environment.,- m

I 1

\_ / Weld heat affected zone sensitized austenitic stainless
steels (which will fail the Strauss Test, ASTM A 708) are
avoided by careful control of:

- Weld heat input to less than 60 kJ/in
i

- Interpass temperature to 350*F maximum

- Carbon content

Homogeneous or localized heat treatment in the temperature
range 800-1500'F is prohibited for unstabilized austenitic
stainless steel with a carbon content greater than 0.03%
used in components of the RCPB. When stainless steel safe
ends are required on component nozzles, fabrication
techniques and sequencing require that the stainless steel
piece be welded to the component after final stress relief.
This is accomplished by welding an Inconel overlay on the
end of the nozzle. Following final stress relief of the
component, the stainless steel safe end is welded to the
Inconel overlay, using Inconel weld filler metal.

,

l I
( ,/

_
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5.2.3.4.1.2 Avoidance of contamination causing Stress
Corrosion Cracking

5.2.3.4.1.2.1 NSSB Components

Specific requirements for cleanliness and contamination
,

protection are included in the equipment specifications for'

components fabricated with austenitic stainless steel. The
provisions described below indicate the type of procedures
utilized for NSSS components to provide contamination control
during fabrication, shipment, and storage as required by
Regulatory Guide 1.37.

Contamination of austenitic stainless steels of the 300 type by
compounds which can alter the physical or metallurgical structure
and/or properties of the material is avoided during all stages of

| fabrication. Painting of 300 series stainless steels is
prohibited. Grinding is accomplished with resin or
rubber-bounded aluminum oxide or - silicon carbide wheels which
were not previously used on materials other than austenitic
alloys. Outside storage of partially-fabricated components is
avoided and in most cases prohibited. Exceptions are made for
certain components provided they are dry, completely covered with
a waterproof material, and kept above ground.

Internal surfaces of completed components are cleaned to produce
an item which is clean to the extent that grit, scale, corrosion
products, grease oil, wax, gum, adhered or embedded dust or
extraneous materials are not visible to the unaided eye.
Cleaning is effected by either solvents (acetone or isopropyl
alcohol) or inhibited water (hydrazine). Water will conform to
the following requirements:

Halides

Chloride (ppm) < 0.60

Fluoride (ppm) < 0.40

Conductivity (pmhos/cm) < 5.0

pH 6.0-8.0

Visual clarity No turbidity, oil, or sediment

O
Amendment N
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\ To prevent halide-induced intergranular corrosion which could

occur in aqueous environment with significant quantities of
dissolved oxygen, f1*'shing water is inhibited via additions of
hydrazine. Results of tests have proven these inhibitors to be
completely effective. Operational chemistry specifications
restrict concentrations of halide and oxygen, both prerequisites
of intergranular attacks (refer to Section 9.3.4).

5.2.3.4.1.3 Characteristics and Mechanical Properties of
Cold-Worked Austenitic Stainless Steels for
RCPB Components

Cold-worked austenitic stainless steel is not utilized for
components of the RCPB.

5.2.3.4.2 Control of Welding

5.2.3.4.2.1 Avoidance of Hot Cracking

A. NSSS Components

1. Regulatory Guide 1.31

In order to preclude microfissuring in austenitic
b stainless steel welds, RCPB components are consistent
V with the recommendations of Regulatory Guide 1.31 as

follows:

The delta ferrite contant of each lot and/or heat of
weld filler metal used for welding of austenitic
stainless steel code components shall be determined for
each process to be used in production. Delta ferrite
determinations for consumable inserts, electrodes, rod
or wire filler metal used with the gas tungsten arc
welding process, and deposits made with the plasma arc
welding process may be determined by either of the
alternative methods of magnetic measurement or chemical
analysis described in Section III of the ASME Code.

Delta ferrite verification should be made for all other
processes by tests using the mignetic measurement
method on undiluted weld deposits described by Section
III of the ASME Code. The average ferrite content
shall meet the acceptance limits of SFN to 15FN for |
weld rod or filler metal.

2. Regulatory Guide 1.34

Regulatory Guide 1.34 is discussed in Section
5.2.3.3.2.2.

J
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3. Regulatory Guide 1.71

Regulatory Guide 1.71 is discussed in Section
5.2.3.3.2.3.,

5.2.4 INSERVICE INSPECTION AND TESTING OF REACTOR COOLANT
PRESSURE BOUNDARY

An Inservice Inspection (ISI) program will be provided for the
examination of the Reactor Coolant Pressure Boundary (RCPB)
components and supports defined as Code Class 1. The program
will reflect the principles and intent embodied in the ASME
Boiler and Pressure Vessel Code, Section XI. Specific Code
Editions and addenda required by 10 CFR 50.55a are referenced in
the Preservice Inspection (PSI) and ISI programs, however, the
PSI program will meet all requirements for Section XI of the same
edition as the ASME Code used for construction, and the ISI
program will meet the ASME Code Section XI in effect in
accordance with 10 CFR 50.55a(g). The purpose of the inservice
inspection program is to periodically monitor the systems or
components requiring Inservice Inspection in order to identify
and to repair those indications which do not meet acceptance
standards.

The ISI Program consists of three subprograms as follows:

A. The Component Inspection Program, which includes piping
system welds, hangers, supports, internal inspection of pump
and valve bodies and bolting. This includes ultrasonic
testing in accordance with Appendix VIII of ASME Section XI,
Edition and Addenda required by 10 CFR 50.55a.

B. The Pump and Valve Inservice Test (IST) Program, which
requires operability testing of selected pumps and valves,
and

C. The Hydrostatic Test Program.

The development of the PSI and ISI program plans is the
responsibility of the COL applicant and will be based on the ASME
Code Section XI, Edition and Addenda specified in accordance with

| 10 CFR 50.55a. For design certification, the NSSS designer is
responsible for designing the reactor coolant pressure boundary
for accessibility to perform the preservice and inservice
inspections. Responsibility for designing other components for
preservice and inservice inspection is the responsibility of the
COL applicant. The COL applicant is also responsible for
specifying the Edition of the ASME Code Section XI to be used,

| based on the procurement date of the component per 10 CFR 50.55a.

O
Amendment V

5.2-24 April 29, 1994
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Stean Generators

Sufficient space is provided within the stay cylinder to
. permit inspection of the welds. A 12x16 inch access opening | j

in the ' steam generator support skirt is provided. The !

insulation in this area is removable through .the support-
skirt opening.

The steam generators have removable insulation and access at
welds requiring examination. Manways -are provided for those i

Iinspections which must be made internally on the steam
generator.

D. Pressurizer

The pressurizer has sufficient' clearance around the shell
weld seams for manual ultrasonic examination of these welds.
The insulation is removable 'at each weld and access is
provided for ultrasonic and visual examinations in the area
of the bottom head and its nozzle penetrations of the
pressurizer. A manway is provided for those inspections
which must be made internally on the pressurizer.

E. Reactor Coolant Pumps jO i
y The reactor coolant pumps require inside visual examination.

To allow this, provisions are made in-the design for removal
and storage of the RCP motors and the disassembly of the
reactor coolant pumps.- Access is provided to the motor fly
wheels for ultrasonic examination.

F. Other Components

All other components, including portions of the steam
generators, reactor coolant pumps, pressurizer and primary
piping, are accessible for manual examination from the
outside surface.

General provisions are made for removable insulation,
removable shielding, installation of handling machinery,
adequate personnel and equipment access space and lay down
space for all temporarily removed or serviced components.
Storage space for the removable insulation panels is also
provided. Working room for a man is provided adjacent to
each weld in order to examine all piping system - welds
manually.

5.2.4.3 Examination Categories and Methods

c. Examinations include liquid penetrant, magnetic particle, or eddy
' ' current techniques when surface examination is specified,-

ultrasonic or radiographic techniques when volumetric examination
is specified, and visual inspection techniques will be used to

Amendment N
5.2-27 April 1, 1993
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determine surface condition of components and for evidence of
|leakage. Specific techniques, procedures and equipment,

including any special techniques or equipment will be in
accordance with the requirements of IWA-2200 of ASME Section XI
and will be defined in the inservice inspection program. I

'

Preservice Inspection (PSI) and subsequent Inservice Inspection
(ISI) will be conducted with equivalent equipment and techniques.

The data from the various baseline examinations, collected in
accordance with the above procedures, will be entered into a
comprehensive report tabulating all the results. The report will
describe the scope of the inspection, the procedures utilized,
the equipment utilized and names and qualifications of the
operators and all the examination results including all
instrument calibration criteria in sufficient detail to ensure
repeatability for each examination.

The categories and requirements appropriate for each examination
area follow the categories and requirements specified in Tables
IWB-2500-1 of ASME Section XI. An inservice inspection program
which discusses the examination categories will be provided in
accordance with IWB-2000.

For the preservice inspection, all of the items selected for
inservice inspection shall be performed once in accordance with
the ASME Code Section XI, Subsection IWB-2200, with the exception
of the examinations specifically excluded by the ASME Code
Section XI from the preservice requirements, such as the visual
VT-3 examination of pump casing and valve body internal
surfaces (B-L-2 and B-M-2 examination categories, respectively)
and the visual VT-2 examinations for categories B-E and B-P.

5.2.4.4 Inspection Intervals

The IWA-2000 examination program for the 120 month inspection
interval will be defined in the ISI plan. The ISI Plan for all
Code Class 1 systems and components will be in accordance with
the ASME Code Section XI edition in effect per 10 CFR 50.55a 12
months prior to the issuance of an operating license (initial

| interval) .
5.2.4.5 Evaluation of Examination Results

Evaluation of examination results for Class 1 components will be
conducted in accordance with Articles IWA-3000 and IWB-3000 of
ASME Section XI.

Unacceptable indications will be repaired in accordance with the
requirements of Articles IWA-4000 and IWB-4000 of ASME Section
XI. Criteria for establishing need for repair or replacement
shall be per IWB-3000.

Amendment U
5.2-28 December 31, 1993
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TABLE 5.2-2

(Sheet 1 of 5)

REACTOR COOLANT SYSTEM MATERIALS-

Component- Material Specification

Reactor Vessel I

Forgings SA-508 Class 2 and 3

Cladding (*)
with5Fhositedausteniticstainlesssteel-
Weld de

-18FN delta ferrite or NiCrFe i
alloy (equivalent to SB-166) ~|

4

DV1 Nozzle Safe Ends SA-182 F316 | ]

Reactor vessel head (""*) NiCrFe Alloy 690 (SB-166)
CEDM Nozzles

Vessel internals (*) Austenitic Stainless Steel and CrNiFe alloy

Flow skirt (*"*) NiCrFe Alloy 690 (SB-168)

Fuel cladding (') Zircaloy-4

p) Instrument nozzles ('"*) NiCrFe Alloy 690 (SB-166) !

,

,
%/ ,

Control element drive i
mechanism housings

Lower (*) Type 403 stainless steel according to Code

Case N-4-11 with gnd fittings to be
SB-166 Alloy 690g and SA-182 Type 348
stainless steel

Upper (*) SA-479 and SA-213 Type 316 stainless steel
with end fitting of SA 479 Type 316 and ;

vent valve seal of Type 316 and vent |

valve seal of Type 440 stainless steel seat )
Closure head bolts SA-540 B24 or B23 i

i

Pressurizer

Shell SA-533 Grade A or B Class 1 or SA-508 Class 3
Cladding (*) Weld deposited austenitic stainless steel- |

with 5 FN-18FN delta ferrite or NiCrFe i

alloy (equivalent to SB-166) j

,

O
I
l
'

Amendment V
April 29, 1994
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TABLE 5.2-2 (Cont'd)

(Sheet 2 of 5)

| REACTOR COOLANT SYSTEM MATERIALS
!

Component Material Specification

|

| | Forged nozzles SA-541, Class 3 or SA-508 Class 3

heater sleeves ,1,gs, and
NiCrFe Alloy 690 (S8-166)Instrumentnozp

| Nozzle safe ends (') SA-182, F316 or F347

Safety valve nozzle flange (*) SA-182

Studs and nuts SB-637

Steam generator

Primary Head SA-533 Grade B, Class 1 or SA-508
Class 3

Primary Nozzles SA-508 Class 2 or 3

Primar ,Qd,eInstrument NicrFe Alloy 690 (SB-166)
Nozzle

Primary head cladding ') Weld deposited austenitic stainless steelC

with 5FN-18FN delta ferrite

Tubesheet SA-508 Class 2 or 3

Tubesheet stay SA-508 Class 2 or 3

| Tubesheet cladding (') Weld deposited NiCrFe

Tube (""') NiCrFe Alloy 690 (SB-163)

Tube supports ASTM A-176, Type 409

Secondary shell SA-533 Grade A or B, Class 1, or )
SA-508, Class 3

|

Secondary head SA-516 Grade 70 or SA-508, Class lA |
Secondary nozzles SA-508 Class 1, 2 or 3

Secondary nozzle safe ends SA-508 Class lA

Secondary instrument nozzles SA-106 Grade B

Secondary studs and nuts SA-540 Grade B24, or SA-193 Grade B7

O
Amendment V
April 29, 1994
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k TABLE-5.2-2 (Cont'd)

(Sheet 3 of 5)

REACTOR COOLANT SYSTEM MATERIALS

Component Material Specification

Primary studs and nuts SA-564, Type 630H1100-or
SB-637, No.'771B

Reactor Coolant Pumps.

Casing (*) SA-508 Class 2 or 3 and cladded with-
austenitic stainless steel

Cladding (') Weld deposited austenitic stainless
steel with 5FN-18FN delta ferrite

Internals (*) SA-487 CA6NM, SA 336 Grade F8 or
austenitic stainless steel

Reactor Coolant Piping

-Pipe (30 in' and 42 in. 10) SA-516 Grade _70 or SA-508 Class 1(*).

Cladding (') Weld deposited austenitic stainless-
steel with 5FN-18FN delta ferrite

Piping nozzles and safe ends

Nozzle forgings SA-508 Class 1 or la(') or SA-182 |

Instrument' nozzles (*"*) NicrFe Alloy 690 (SB-166)

| Nozzle safe ends (*) SA-182

I Valves (*) SA-351 CF8M or SA-182

Surge Line(') SA-312 TP347 or TP316 (Piping);
SA-403 WP347 or WP316 (Elbows)
SA-182 F347 or F316 (Safe Ends)

Accumulator Line SA-312 TP316, TP304 or
SA-376 TP316, TP304

O
Amendment V
April 29, 1994
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TABLE 5.2-2 (Cont'd)

(Sheet 4 of 5)

REACTOR COOLANT SYSTEM MATERIALS

WELD MATERIALS FOR REACTOR COOLANT PRESSURE BOUNDARY COMPONENTS

Base Material Base
Type Material Type Type of Weld Material

1. SA-533 SA-533 a. SFA 5.5,cb> E-8018-C3, E-8018-G
Gr. B C1.1 Gr. B C1.1 b. MIL-E-18193, B-4

c. SFa-5. 23, EA3 (b'*)

2. SA-508 SA-533 a. SFA 5.5, E-8018-C3, E-8018-G
C1.2 Gr. B C1.1 b. MIL-E-18193, B-4

c. SFA-5.23, EA3(b'''

3. SA-508 SA-508 a. SFA 5.5, E-8018-C3, E-8018-G
C1.1 C1.2

4. SA-516 SA-516 a. SFA 5.1, E-7018
Gr. 70 Gr. 70

5. SA-182 SA-516 a. SFA 5.1, E-7018
F1 Gr. 70

|6. SA-105 SA-182 a. NiCrFe Filler Metal
Gr. 11 F347

| 7. SA-182 SA-182 a. NiCrFe Filler Metal
F1 F347

|8. SA-105 SA-182 a. NiCrFe Filler Metal
Gr. 11 F316

9. SB-166 SA-182 a. Root filler Metal NiCrFe
F316 Remaining Filler Metal NiCrFe

10. SB-167 SA-182 a. Root Filler Metal NiCrFe
F304 Remaining Filler Metal NiCrFe

| 11. SA-516 SA-351 a. NiCrFe Filler Metal
Gr. 70 CF8M

| 12. SA-182 SA-182 a. NiCrfe Filler Metal
F1 F316

13. SB-166 SA-533 a. Root Filler Metal NiCrFe
Gr. B C1.1 Remaining Filler Metal NiCrFe

O
Amendment V
April 29, 1994
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TABLE 5.2-2 (Cont'd)

(Sheet 5 of 5)'

REACTOR COOLANT SYSTEM MATERIALS

WELD MATERIALS FOR REACTOR COOLANT PRESSURE BOUNDARY COMPONENTS

Base Material Base
Type. Material Type TYDe of Weld Material i

14. SA-182 -SB-167 a. NiCrFe Filler Metal |

SFA 5.5,(b) E-8018-C315. SA-516 SA-508 a.
Gr. 70 C1.2

16. Austenitic a. SFA 5.9, ER-308
stainless SFA 5.9, ER-309
steel. SFA 5.4, E-309, E-308-
cladding

17. Inconel a. NiCrFe Filler Metal |
cladding

'
- 18. SA-508 SA-508 a. SFA 5.5,'b) E-8018-C3, E-8018-G

) C1. 3 C1. 3 b. MIL-E-18193, B-4
w/ c. SFA-5.23, EA3(b'*)

19. SA-508 SA-533 a.
-

SFA 5.5, E-8018-C3, E-8018-G
Cl. 3 Gr. B'C1.1 b. MIL-E-18193, B-4-

c. SFA-5.23, EA3(b'')

20. SA-508 SA-508 a. SFA 5.5, E-8018-03, E-8018-G
Cl. 3 C1. 2

21. SA-508 SA-516 a. SFA 5.5,'b) E-8018-C3
Cl. 3 Gr. 70

22. 58-166,167, SB-166,167, a. Filler Metal NiCrFe
168 168 Filler Metal NiCrFe

NOTES: a. Materials exposed to reactor coolant.

b. Special weld wire with low residual elements of copper, nickel and |phosphorous as specified for the reactor vessel core beltline
region.

c. Material to be provided in the thermally treated condition.

. b(,/I' i

;

Amendment V
: April 29, 1994
|
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O .35 REACTOR VESSEL
i

5.3.1 REACTOR VESSEL MATERIALS

5.3.1.1 Material Specifications

The principle ferritic materials used in the reactor vessel are
listed in Table 5.2-2. These materials are in accordance with )
the ASME Boiler and Pressure Vessel Code, Section III. |

5.3.1.2 Special Process Used for Manufacturinc and
Fabrication

The reactor vessel is fabricated in accordance with the ASME
Boiler and Pressure Vessel Code, Section III. No special
manufacturing methods that could compromise the integrity of the
vessel are used.

The reactor vessel is a vertically mounted cylindrical vessel
with a hemispherical lower head welded to the vessel and a
removable hemispherical upper closure head. The construction is
basically that of forged rings, forged hemispherical heads,
forged flanges on the closure head and vessel, and forged
nozzles. The internal s;urfaces that are in contact with the ;

/s\ reactor coolant are clad with austenitic stainless. steel. |

b
The reactor vessel consists basically of a vessel flange, three
shell sections (upper, intermediate and lower) and a bottom head.
The vessel flange is a forged ring with a machined ledge on the i

inside surface to support the core support barrel, which in turn !

supports the reactor internals and the ' core. The flange is
drilled and tapped to receive the closure studs and is machined
to provide a mating surf ace for the reactor vessel closure seals.
Each shell consists of one 360 degree forged ring. The bottom |

head is constructed of a single hemispherical forging. The three i
shell sections, the bottom head forging and vessel flange forging

'

are joined together by welding, along with four inlet nozzle
forgings, two outlet nozzle forgings, four direct vessel
injection (DVI) nozzle forgings, and sixty-one (61) incore
instrument nozzles to form a complete vessel assembly.

The closure head is fabricated separately since it is joined to
the reactor vessel by bolting. The closure head consists of a
head flange and a dome. The head flange is a forged ring. The
flange is drilled to match the vessel flange stud hole locations,
and the lower surface of the flange is machined to provide a
mating surface for the vessel closure seals. The dome is
constructed of a single hemispherical forging. The dome and
flange are welded together to form the closure head, and the

p control element drive mechanism (CEDM) nozzles are welded into
the head to complete the assembly.

Amendment V
5.3-1 April 29, 1994
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5.3.1.3 Special Methods for Nondestructive Examination

Prior to, during, and after fabrication of the reactor vessel,
nondestructive tests based upon Section III of the ASME Boiler
and Pressure Vessel Code are performed on all welds and forgings
as indicated. The nondestructive examination requirements
including calibration methods, instrumentation, sensitivity,
reproducibility of data, and acceptance standards are in
accordance with requirements of the ASME B&PV Code, Section III.
(See Table 5.2-1). These methods, procedures and requirements
are compatible with Section XI of the ASME Code so that results
of preservice inspections can be correlated with in-service
inspections. Strict quality control is maintained in critical
areas such as calibration of test instruments.

All full-penetration, pressure-containing welds are 100%
radiographed to the standards of Section III of the ASME Boiler
and Pressure Vessel Code. Weld preparation areas, back-chip

| areas, and final weld surfaces are magnetic-particle or
dye-penetrant examined. Other pressure-containing welds, such as'

used for the attachments of nonferrous nickel-chromium-iron
mechanism housings, vents, and instrument housings to the reactor
vessel and head, are inspected by liquid-penetrant tests of the
root pass, the lesser of one-half of the thickness or each
1/2-i'ich of weld deposit, and the final surface. Additionally,
the Lwe metal weld preparation area is magnetic-particle
examined prior to overlay with nickel-chromium-iron weld metal.

All forgings are inspected by ultrasonic testing, using
longitudinal beam techniques. In addition, ring forgings are
tested using shear wave techniques.

All carbon-steel and low alloy forgings and ferritic Nelds are
also subjected to magnetic-particle examination after stress
relief.

All vessel bolting material receives ultrasonic and
magnetic-particle examination during the manufacturing process.

| The bolting material receives a straight-beam, longitudinal and
radial-scan, ultrasonic examination with a search unit not|

exceeding 1 square-inch area.

|All hollow material excluding stud, nut, and washer material
receives a second ultrasonic examination using angle-beam, radial
scan with a search unit not exceeding 1 square inch in area. A
reference specimen of the same composition and thickness
containing a notch (located on the inside surface) 1 inch in
length and a depth of 3% of nominal section thickness, or 3/8-
inch, whichever is less, is used for calibration. Use of these
techniques ensures that no materials that have unacceptable
flaws, observable cracks, or sharply defined linear defects are
used.

| Amendment V
| 5.3-2 April 29, 1994
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fluence of the test specimens is expected to be approximately
1.15 times higher than that seen by the adjacent vessel wall, so
the measured changes in properties of the surveillance materials
will be able to predict the radiation induced changes in the
reactor vessel beltline materials.

The capsule assemblies are placed in capsule holders positioned
circumferentially about the core at locations which include the
regions of maximum flux. Figure 5.3-4 presents the typical
exposure locations for the capsule assemblies.

All capsule assemblies are inserted into their respective capsule
holders during the final reactor assembly operation. The design
also pep its the remote installation of replacement capsule
assemblies. The capsule holders are welded to the vessel
cladding on the inside surface, and the welds are subject to
inspection according to the requirements for permanent structural
attachments as given in the ASME Code, Sections III and XI.

5.3.1.6.6 Withdrawal Schedule

The capsule assemblies remain within their holders until the
specimens contained therein have been exposed to predetermined
removal schedule based on EFPYs. At that time, the capsule | |

( assembly is removed and the surveillance materials are evaluated.
The capsule assembly removal schedule and the associated target
fluence are presented in Table 5.3-7.

The target fluence levels for the surveillance capsules are
determined at the azimuthal locations for the recommended
withdrawal schedule of ASTM E-185-82, extended to a design life
of 60 years (48 EFPY). The fluence values in Table 5.3-7 are
accurate within +30%, -30%. The uncertainty is composed of
errors in the calculational method and errors in the combined
radial and axial power distribution.

Withdrawal schedules may be modified to coincide with those
refueling outages or plant shutdowns most closely approaching the
withdrawal schedule. The two standby capsules are provided in
the event they are needed to monitor the effect of a major core
change or annealing of the vessel, or to provide supplemental
toughness data for evaluating a flaw in the beltline.

5.3.1.6.7 Irradiation Effects Prediction Basis

Irradiation induced RTm shif t and reduction of upper shelf energy
are predicted based on Regulatory Guide 1.99 Revision 2,

" Radiation Enbrittlement of Reactor Vessel Materials." Predicted |
changes in RTm and upper shelf energy are used to select the
surveillance materials (Section 5.3.1.6.1) and to

w

Amendment R
5.3-11 July 30, 1993
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O Iformulate the initial heatup and cooldown limit curves for plant
operation, once actual post-irradiation survei" .iance data become
available for each reactor vessel, these data will be used to
adjust plant operating limit curves.

5.3.1.7 Reactor Vessel Fasteners

The bolting material for the reactor vessel closure head is I
fabricated from SA 540, B23 or B24, Class III material. This I

material conforms to the requirements of 10 CFR 50, Appendix G ;

and the intent of Regulatory Guide 1.65, " Materials and !

Inspections for Reactor Vessel Closure Studs." Nondestructive
examination will be performed according to Subarticle NB-2580 of
Section III of the ASME Code, during the manufacturing process,

Material for reactor vessel studs is specified to be tested in
accordance with the requirements of SA 540 Grade B24, Class 3, NB
2200 and NB 2300. Charpy V-Notch testing is required to be
performed at a temperature of 40*F or lower. Each specimen of
one test (consisting of three specimens) is required to exhibit

|a minimum of 25 mils lateral expansion and 45 foot-pounds
absorbed energy. These requirements also satisfy Reg. Guide 1.65
and Paragraph IV.A.4 of Appendix G to 10 CFR Part 50 at a
temperature of 40'F or lower depending on the actual test
temperature for the reactor vessel stud preload temperature or
lowest service temperature, whichever is lower.

Actual material property values will be reported on the CMTR's
for the reactor vessel stud material. Typical val. obtained
for stud materials have been evaluated from CMTR's c reviously
purchased materials. The results of this evalu- n, which
included 865 individual Charpy test data poir. can be
summarized as follows:

Summary of Charcy Impact Test Results

Test Absorbed Energy (ft-lbs) Lateral Expansion (mils)
Temperature Median Mean Std. Dev. Median Mean Std. Dev.

(*F)

10 52 51.3 6.9 34 33.1 4.9

40 52 51.4 3.9 32 31.4 3.5

70 57.5 56.3 10.1 40.5 40.2 7.9

These results demonstrate that the SA 540 B23 and B24, Class 3,
1fasteners will be able to meet the values of 45 ft-lbs. absorbed ;

energy and 25 mils lateral expansion required for the reactor
vessel closure studs. |

Amendment V
5.3-12 Apri1 29, 1994 j
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TABLE 5.3-7

CAPSULE ASSEMBLY REMOVAL SCHEDULE

Target
Azimuthal Removal Fluenge

Capsule Location Time (n/cm )

1 83* E0L' ------- |

2 97" Standby ------- | .|
3 104* 6 EFPY 9.0x10'8 j-

4 263* Standby ------- |'

5 277* 15 EFPY 2.2x10'' |
I

6 284* 32 EFPY 4.6x10'' |
|

-

Schedule may be modified to coincide with those refueling outages orNOTE:
schedule shutdowns most closely approximating the withdrawal schedule.

r

Amendment =V
April 29',-1994
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() 5.4.3 REACTOR COOLANT PIPING

5.4.3.1 Desian Basis

Applicable design codes are found in Table 5.2-1. The reactor
coolant loop piping is designed and analyzed for the transients |

specified in Table 3.9.1. In addition, those nozzles subjected
to local thermal transients, caused by fluid entering the Reactor
Coolant System from an auxiliary system, are analyzed to ensure
that the nozzles can accommodate the additional transients.

In addition to being specified as Seismic Category I, the piping
is designed to ensure that critical vibration frequencies are
well out of the range expected during normal operation and during
abnormal conditions. Additional presentations relating to t

seismic and dynamic analysis and criteria for the reactor coolant
| piping is contained in Sections 3.7.2 and 3.9.2, respectively.

5.4.3.2 Description |

Each of the two heat transfer loops contains five sections of
pipe: one 42-in. internal diameter pipe between the reactor
vessel outlet nozzle and steam generator inlet nozzle, two 30-in.
internal diameter pipes from the steam generator's two outlet

n nozzles to the reactor coolant pumps suction nozzle, and two 30-
in. internal diameter pipes from the pumps discharge nozzle toC}(
the reactor vessel inlet nozzles. These pipes are referred to as
the hot leg, the suction legs, and the cold legs, respectively.
The other major pieces of reactor coolant piping are the surge
line, a 12-in. pipe between the pressurizer and the hot leg, and
the spray line, a 4-inch pipe at the pressurizer end reduced to
a 3-inch pipe and connected to two cold legs.

The 42-in. and 30-in. pipe internal diameter are selected to |
obtain coolant velocities which provide a reasonable balance ;
between erosion-corrosion, pressure drop, and system volume. The |

surge line is sized to limit the frictional pressure loss through
it during the maximum in-surge so that the pressure differential
between the pressurizer and the heat transfer loops is no more
than 5 percent of the system design pressure. The spray line 1

sizing is discussed in Section 5.4.10. I

To reduce the amount of field welding during plant fabrication, j
the 42-in. and 30-in. pipes are supplied in major pieces, d

complete with shop-installed instrumentation nozzles and
connecting nozzles to the auxiliary systems. Where required, the
nozzles are supplied with safe ends to facilitate field welding
of the connecting piping.

I

D
+ \ .

,

tQ
||
1

Amendment N j
5.4-17 April 1, 1993 [

d
!
t



1,

| CESSAR E!SinCATI2N

Flow restricting orifices (7/32" dia. x 1" long) are provided in
the nozzles for the RCS instrumentation and sampling lines to
limit flow in the event of a break downstream of a nozzle.

|
5.4.3.3 Materials

The materials used in the fabrication of the piping are listed in
Table 5.2-2. These materials are in accordance with the ASME
Code, Section III. The provisions taken to control those factors
that contribute to stress corrosion cracking are discussed in
Section 5.2.3.

Fracture toughness of the reactor coolant piping is discussed in
Section 5.2.3.

The fracture toughness properties of all ferritic reactor coolant
pressure boundary (RCPB) materials are required to be in
accordance with the requirements of the ASME Code NB-2300 and
Appendix G to 10 CFR Part 50. The SA 516 Grade 70 or SA-508
Class la material used for reactor coolant piping is in
accordance with these requirements.

Piping materials are required to meet the impact test
requirements of NB-2300 at a temperature of (RTNDT + 60'F) or
less.

5.4.3.4 Tests and Inspections

Prior to, during and after fabrication of the reactor coolant
piping, nondestructive tests based upon Section III of the ASME
Code are performed. In addition, the fully assembled reactor
coolant system is hydrostatically tested in accordance with the
ASME Code.

Inservice inspection of the reactor coolant system piping is
discussed in Section 5.2.4.

5.4.4 MAIN STEAM LINE RESTRICTIONS

The steam generator outlet nozzles are one piece forgings with an
integral venturi type flow restrictor. The venturi section of
the nozzle is designed to reduce the flow area by 70%, such that
the throat area of each nozzle is no greater than 1.283 square
feet.

5.4.5 MAIN STEAM LINE ISOLATION SYSTEM
|

The Main Steam Line Isolation System (see Section 10.3.2 for more i
details) is composed of portions of the Main Steam System and the
Engineered Safety Features Actuation System. Discussed here are
those portions of these systems that respond to a Main Steam
Isolation Signal, as defined in Section 7.3. A discussion of |
radiological considerations is provided in Chapters 11 and 12. j

l

|
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4. Shutdown Cooling Flow

A shutdown cooling flow indicator in each train of the
SCS measures shutdown cooling flow, and indicates the
flowrate in the control room. A low flow alarm is
provided in the control room. The alarm alerts the
operator to a low flow condition that may lead to a
loss of shutdown cooling due to either a loss of
adequate pump suction or the closure of a system valve.

5. Shutdown Cooling System Valve Position Indication

Open/ closed position indication is provided in the*

control room for SCS pump local-manual isolation
valves SI-106, 107, 578 and 579. An alarm is
provided to alert the operator when a valve is not
fully open.

Open/ closed position indication is provided in the*

control room for IRWST recirculation line
isolation valves SI-300, 301, 688 nnd 693.

Open/ closed and full range 0-100% position*

indication is provided in the control room and at
a remote location for SCS heat exchanger and heat,_s

( ) exchanger bypass flow control valves SI-310, 311,
(,/ 312 and 313.

* Open/ closed and full range 0-100% position
indication is provided in the control room for
IRWST recirculation line flow control valves
SI-314 and 315.

Open/ closed position indication is provided in the*

control room for SCS/ CSS cross connect valves |
SI-340, 341, 342 and 343.

;
1

* Open/ closed and full range 0-100% position |
indication is provided in the control room and at I

a remote location for SCS DVI line isolation / flowcontrol valves SI-600 and 601.

Open/ closed position indication is provided in the*

control room and at a remote location for SCS
suction line isolation valves SI-651, 652, 653,
654, 655 and 656. Valve position alarms are
described in Section 5.4.7.2.3.
Open/ closed and full range 0-100% position*

indication is provided in the control room for SCS
warm-up line isolation / flow control valves SI-690

e and 691. Open/ closed position indication for(m'v') these valves is also provided at a remote
location.

Amendment V
5.4-25 April 29, 1994



. _ . . . _ ..

I
'

i (S EC C A D DE512Nw Ew &M R CERTIFICATION
,

i

i G
'l
i
,

.

I

I

i
i

'r

,

e

1
i

.

W

i

i
.

I

i

i

i

| O
j THIS PAGE INTENTIONALLY BLANK
i
i

!
;

!

!
:
:

!
!

i

i
i

i

i
1

1

1

O
Amendment V

5.4-z5a April 29, 1994

. . - . . - . . . . , . ., . . . . , ... .__



CESSAR ML"icari:n

n
( )
V The shutdown cooling and containment spray functions have

been evaluated to select a single pump to serve both
functions. The flow available with a single SCS pump is
sufficient to either maintain an acceptable cooldown rate
(75'F/hr maximum) during shutdown cooling operation or
supply the CSS. NPSH available exceeds NPSH required for
both pumps for all conditions under which the pumps will b?
operated.

SCS pump data is provided in Table 5.4.7-1. The design
temperature for the SCS pumps is based upon the temperature
of the reactor coolant at the initiation of shutdown cooling
(350*F nominal) plus a design tolerance, resulting in a
design temperature of 400*F.

The SCS pumps are vertical, single-stage centrifugal units
equipped with mechanical seals backed up by a bushing, with
a leakoff to collect the leakage past the seals. The seals
are designed for operation with a pumped fluid temperature
of 430*F. The pump motors are specified to have the
capaoility of starting and accelerating the driven
equipment, under load, to design point running speed within
5 seconds, based upon an initial voltage of 75% of the rated
voltage at the motor terminals, and increasing linearly with

'D time to 90% voltage in the first 2 seconds, and increasing
,) to 100% voltage in the next 2 seconds.

The pumps are provided with drain and flushing connections
to facilitate reduction of radiation levels before
maintenance. The pressure containing parts are fabricated
from stainless steel; the internals are selected for
compatibility with boric acid solutions. The pumps are
provided with minimum flow protection (recirculation lines)
to prevent damage when starting against an isolated
discharge pathway.

The SCS pumps are designed for operation at any point on the
characteristic curve from minimum bypass recirculation flow
(miniflow) to runout flow. A miniflow path is provided for
each pump to provide protection in the event that a pump is
inadvertently operated against a closed discharge line.
Each miniflow path is routed from pump discharge, back to
pump suction, and contains a heat exchanger for cooling and
an orifice sized to meet pump vendor miniflow requirements.
A locally operated manual valve ls also provided to
facilitate pump maintenance; the vahe is locked open during
all plant operating modes.

Runout flow for each SCS pump is limited when the SCS is set
up during preoperational testing. A flow limiting device,

[m'v)
-

located in each SCS division downstream of the SCS/ CSS
discharge side cross connect, prevents pump runout flow from
exceeding 6500 gpm to protect each SCS pump from possible

Amendment V
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O' damage. Vendor data for pumps having a mechanical seal
design that is similar to that of the SCS pumps indicates
that the SCS pumps are capable of operating at runout
conditions for a minimum of 12,000 continuous hours.

In the shutdown cooling configuration, each SCS pump takes
suction from an RCS hot leg and returns flow to the RCS
through a DVI nozzle. In this closed recirculation loop,
RCS pressure-does not affect the pump flow rate. The SCS
pumps are not required to operate at a reduced flow, such as
that which may occur in a safety injection application
following a small break LOCA. For post-accident long term
cooling, shutdown cooling is initiated after the RCS fluid
level has stabilized and RCS pressure and temperature have
been reduced to shutdown cooling entry conditions. SCS pump
flow is manually controlled by the operator from the control
room. SCS pump flow through each SCS heat exchanger is
adjusted to control the RCS cooldown rate, and flow
bypassing each heat exchanger is adjusted to maintain total
SCS pump flow in the range from the design point to the
runout limit. The ability to maintain a constant total pump
flow during shutdown cooling precludes low flow operations,
described in the NRC Bulletin 88-04, which may cause pump
damage resulting from flow instability phenomena.

5.4.7.2.3 Overpressure Prevention

A. Overpressurization of the SCS by the RCS is prevented in the
following ways:

1. The shutdown cooling suction isolation valves (SI-651,
652, 653, 654) are powered by four independent power
supplies such that a fault in one power supply or valve
will neither line up the RCS to either of the two SCS
trains inadvertently nor prevent the initiation of
shutdown cooling with at least one SCS train.

O
V

Amendment V
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2. Relief valves SI-179 and SI-189, located on the SCS
suction lines are sized to provide low-temperature
overpressure protection (LTOP) of the RCS (see Section |

5.2.2.10). Since the LTOP relief valve setpoint
pressure is much lower than the design pressure of the4

SCS, these valves also provide overpressure protection
of the SCS. An interlock associated with the shutdown
cooling suction isolation valves prevents the isolation

a valves from being opened at RCS pressures above 450
psia. The interlock setpoint is calculated considering
tolerances necessary to assure that the pressure at the
valves will not exceed the LTOP valve setpoint when the
SCS is aligned to the RCS. The instrumentation and
controls which implement the interlock are discussed in
Section 7.6.

3. The redundant SCS suction valves inside the containment
are designed for full RCS pressure with the second-

valve forming the pressure boundary and safety class
i change. "E valve operators are sized to ensure they

can be opened even if a pressure buildup of fluid
trapped between the valves occurs.

4. Alarms on SI-651, 652, 653 and 654 annunciate when the
SCS suction isolation valves are not fully open (with
concurrent low RCS temperature). Also, if SI-651 and
653 or SI-652 and 654 valves are open, and RCS pressure
increases to the maximum pressure for SCS operation, an
alarm will notify the operator that a pressurization
transient is occurring during low temperature
conditions.

5. Relief valves are provided as discussed in Section
5.4.7.2.2.

6. System piping is conservatively designed and maximum
utilization of welded connections is made.

5.4.7.2.4 Applicable Codes and Classifications

A. The piping and valves from the RCS, up to and including
SI-653 and 654, are designed to ASME B&PVC Section III,
Class 1.

B. The remainder of the piping, valves, and components of the
SCS, with the exception of those in Section 5.4.7.2.4 (A) are
designed to ASME B&PVC Section III, Class 2.

D. The component cooling water side of the SCS heat exchanger
is designed to ASME B&PVC Section III, Class 3.

E. The power operated valves are designed to applicable IEEE
Standards.

F. The SCS is a seismic Category I System.

Amendment U
5.4-28 December 31, 1993
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TABLE 5.4.7-2 (Cont'd)

(Sheet 5 of 7)

SHUTDOWN COOLING SYSTEM FAlltRE M(I)ES AID EFFECTS ANALYSIS

Symptcas and Local Effects Irderent temarts and
& Name Failure Mode Cause includirwa Depmdent Failures Method of Detection Compensatino Provision Other Effects

11) SCS/ CSS Punp a) Fails Elect. Malf., Loss of one SCS train Low tenperature in Redundant SCS train Valve is
Suction Cross- Open mechanical SCS periodic normally locked
Connect Valve binding testing, valve closed
51-340, SI-342 position indication

in the control room

b) Fails Elect. Malf., No effect on SCS oneration Periodic testing, None required
Closed mechanical valve position

binding indication in the
control room

12) SDCHX a) False Elect. Malf. Inability to control cooldown Conparison with R h t SCS train
Inlet / Outlet indica rate in affected train, redundant indicators,
Temperature tion Possible isolation of with att other
Recorder T-300, functional SCS train process
T-301 instrisaentation and

valve position
indications
consistent. Periodic
testing |

|

1

>
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TABLE 5.4.7-2 (Cont'd)

(Sheet 6 of 7)

SHUTDOWN COOllWG SYSTEM FAlltRE MODES AND EFFECTS ANALYSIS

Symptoms and Local Effects Irdiererit Remiarks and

NA Name Failure Mode Cause includinta Dependent Failures Method of Detection Compensatirw Provision Other Effects

13) SCS Miniflow HX a) Loss of Single failure Possible damage to associated Periodic testing Redundant SCS train
1,2 Cooling in CCWS system SCS ptrip

14) SIT Discharge a) Fails Elect. Malf., unable to isolate one Si tank Position indication None requi.ed During shutdown
Isolation Valve Open Mech. binding from the RCS. No effect on in control room; cooling these

SI-614, SI-624, SCS operation periodic testing valves are
SI-634, St-644 closed. However,

b) Fails Elect. Malf., No effect during shutdown Valve position None required if a LOCA occurs
Closed Mech. binding cooling indications in a SIAS will

control room; automatically
periodic testing open these

valves. Pressure
in SIT's can be
reduced if
necessary prior
to SCS entry

15) Shutdown a) Fails Corrosion, Mech. None during shutdown cooling Periodic testing Redundant isolation Valve is normally
Purification Open binding valves in series locked closed
Isolation Valve
SI-418, 51-419, b) Fails Corrosion, Mech. Inability to remove The failure to purify Redundant purification
St-420, 51-421 Closed binding contaminants from one SCS flow would be detected by connection to other

path during long-term cooling pericdic sampling SCS subsystem

Amendment IS O December 21, 1990

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ . __. _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .



.

^

h
-]

i

1

i
TABLE 5.4.7-2 (Cont'd)4

(Sheet 7 of 7)j

SHUTDOWN COOLING SYSTH4 FAILURE IEBES AfD EFFECTS AIIALYSIS

i

; Syuptoms and Local Effects Irdnerent Raumarks and

] h umme Failure Isode r= = Includire Dependent Faitures feethod of Detection Compensatirm Provision Other Effects

16) SCS Test Return a) Faits Corrosion, None High temperature Series isolation
<

Isolation Valve open unechanical indication from . valves in IRWS! return
4

i S1-314, 51-315 binding T-300, T-301;

i SI-688, SI-693 periodic testing
1

b) Falls Corrosion, No effect on SCS operation Periodic testing None required'

Closed mechanicat
binding'

i

: 17) SCS/ CSS Pusp a) Falls Elect. Malf., None Periodic testing, CSS is normally
Discharge Cross- Open sicchanical valve position isolated

. Connect Valve SI-341, binding, indication in the
! SI-343 control room I

f

b) Fails Elect. Malf., No effect on SCS operation Periodic testing, None required
Closed mechanical valve position

i binding indication in the
control room,

I,
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The plant is maintained at hot standby conditions for four (4)
hours in conformance with the BTP RSB 5-1 requirements. During the
hot standby period the pressurizer pressure and level decrease
slightly because of heat losses to ambient. The natural
circulation flow decreases because of the decreasing decay heat
produced.

After four (4) hours at hot standby conditions the operator opens
the pressurizer vent of the RCGVS to depressurize the RCS (see
Figure SD-4). The de-pressurization is terminated when the hot leg
subcooling decreases to 25'F. The conservative value of 25'F is !
selected to allow margin for possible additional subcooling by
other subsequent effects (e.g., SIS actuation, RCS pressure
decrease). The use of the pressurizer gas vent decreases the RCS
pressure to slightly below the shutoff head of the safety injection
pumps. The operator then manually starts the safety injection
pumps to borate the RCS and provide inventory control during the
subsequent plant cooldown (see Figure SD-5).

The operator then begins (at 4 hours, 10 minutes) a 50'F/hr
cooldown by manually controlling the ADVs and the emergency '

feedwater pumps. The increased steam flow reduces the secondary
pressure and the RCS temperatures (see Figures 5D-6 through SD-9). ;

The cooldown process also causes the pressurizer level to decrease '

| as the RCS volume decreases. The safety injectior. pumps are
i manually controlled to maintain the pressurizer level between 30 %

and 70 % consistent with the ABB-CE EOGs. The use of the safety |
injection pumps provides inventory control during the cooldown,
adds negative reactivity and increases the subcooling of the RCS. J

( The pressurizer pressure remains relatively constant during this '

| period because of the compensating effects of RCS pressurization
| due to the SIS mass addition, RCS cooldown due to the secondary
| steam release and the cooldown due to the injection of the cold SIS j

fluid. j
; I

| The RCS depressurization during a natural circulation cooldown may j
cause the pressurizer level instrumentation to read high due to |

,
reference leg dogassing. The postulated mechanism is the removal j

! of a small amount of reference leg liquid as the dissolved gases 1

(added to the RCS for chemistry control) expand and come out of
solution during a decrease in pressure. The maximum possible q

error, due to this degassing, has been determined to range from 10% |
(after the first depressurization) to 14% when SCS entry conditions
are achieved. This very conservative estimate of the worst
possible error is still within the assumptions of this analysis
which limits the indicated wide range pressurizer level from 30% to

,

'

70%. Applying the worst case' level error still results in an
actual pressurizer level of 16% to 84% which preserves the validity
of the analysis.

The actual error is expected to be much less because of
compensating effects during a natural circulation cooldown. Since
the depressurization is done in stages any reference leg fluid

Amendment U
5D-5 December 31, 1993
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would be expected to be replaced by steam condensing before the
next controlled depressurization. In addition, the small amount of
dissolved gases in the reference leg would probably not be able to
displace the surrounding liquid.

The cooldown proceeds until the hot leg subcooling reaches 50*F
(see Figure 5D-10) at which time (4 hours, 45 minutes) the operator
again opens the pressurizer gas vent. This will further reduce RCS

i pressure and allow more boration and inventory control by the SIS.
The depressurization is terminated when the pressurizer level
increases to 70% due primarily to a steam void forming in the RVUH
(see Figures 5D-12 and SD-13). The implications of a RVUH steam
void are not entirely negative since a large portion of the hot

| fluid trapped in the upper head is now forced out to the RCS where
I it is mixed with the cooler RCS fluid. When the pressurizer vent

| is closed the hot leg subcooling is approximately 35 F. The RVUH
' vent is now opened (see Figure 5D-11) to reduce the steam void and,
; to a lesser extent, depressurize the RCS. The cooldown via the
| ADVs continues throughout this process.

The size of the RVUH steam void is monitored during the venting
! process with the Heated Junction Thermocouple (HJTC) Probe

Assembly. This assembly uses with discrete HJTC sensors to measure
the coolant liquid inventory above the fuel alignment plate to the

| reactor vessel upper head. The principle of operation is the
| detection of a temperature difference between adjacent heated and
| unheated thermocouples. The output of the HJTC sensors is

processed through the Inadequate Core Cooling Monitoring System
| (ICCMS) and displayed on the Critical Function Monitoring System
| (CFMS). Approximately 250 ft' of RVUH steam void will not be
| visible because of the location of the uppermost HJTCs sensors.
I RVUH venting operation is terminated when the calculated steam void

volume is equal to the smallest measurable value.

The RVUH vent reduces the steam void to the minimum volume that can
l be monitored by the HJTCs and the SIS is manually operated to
l maintain the pressurizer level between 30 and 70%. The steam void
: is also collapsed by the insurge of relatively cold RCS fluid as
I the RVUH steam void decreases in size because of the venting

process. The plant cooldown via the ADVs in conjunction with the
emergency feedwater continues. When the hot leg subcooling reaches
145*F (at 7 hours, O minutes) the pressurizer vent is again
manually opened. This avoids exceeding the hot leg subcooling
limit and also reduces the RCS pressure. The size of the residual
steam void in the RVUH increases and the pressurizer venting
operation is terminated when the pressurizer level increases to
70%. The RVUH is again opened to reduce the void volume and
decrease RCS pressure. The formation of a larger steam void forces
a large amount of relatively hot fluid out of the RVUH into the RCS
where it is mixed with cooler RCS fluid and further cooled by the
steam generators. The re-opening of the pressurizer vent (at 9

Amendment R
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3.0 DESIGN REOUIREMENTS AND APPROACH

3.1 ISLOCA DEFINITION

An intersystem LOCA (ISLOCA) is defined in Reference 1 as a class
of events in which a break occurs outside containment in a system
connected to the RCS, causing a loss of primary system inventory.
This is interpreted as a beyond design basis event for systems
connected directly or indirectly with the RCS. The
pressurization pathway is established by an inadvertent opening
of a valve or valves, a failure of containment isolation, or the
pos'tulation that valves are fully open (e.g., check valves).
This interpretation is believed to address all sources that may
challenge low-pressure systems. Based on this definition of an
ISLOCA, an evaluatior was performed to assess the ability'of the
System 80+ design to. withstand an overpressure event.

3.2 ISLOCA ACCEPTANCE CRITERIA

The design responses to ISLOCA challenges described in this
report are evaluated against an acceptance criteria consistent
with NRC guidance found in Reference 1.

Systems susceptible to an ISLOCA are to be designed so that all
'

of the following conditions are satisfied without any operator
action...

(a) the system retains its structural integrity throughout the
event (structural integrity is preserved if, by definition,
the system maintains its pressure boundary despite
distortion and/or loss of function);

(b) any leakage caused by the event is limited to the makeup
system capabilities; and

(c) offsite doses are limited to a small fraction of those
specified in 10 CFR 100 as is assumed in the design bases
for the Chapter 15 analyses of Reference 9.

3.3 COMPLIANCE METHODS

Design responses to ISLOCA challenges discussed in this report
constitute

,

increasing the design pressure rating of equipment ore

systems, Option A, and

incorporating design features which terminate and limit thee

scope of the ISLOCA event, Option B.

b
P
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Option A design features rely on inherent physical attributes of
a system or subsystem which will prevent failure when it is
pressurized to normal RCS operating pressure. Option A features

*

do not require any immediate action by equipment or operators to
satisfy the ISLOCA acceptance criteria. This approach is
intended to provide the optimum protection against ISLOCA |

challenges and to allow the operator the necessary time to |
properly assess and restore the system to normal conditions. !

Examples of Option A features satisfying the ISLOCA acceptance |
criteria include

locating the system or subsystem completely withine

containment;

designing the system or subsystem to normal RCS designe e

pressure;

designing the system or subsystem to a pressure of at leaste

40% of the RCS normal pressure. Austenitic stainless steel
piping will use a minimum wall thickness corresponding to
standard weight for sizes less than 16 inch NPS and schedule
40 for 16 inch NPS and larger sizes;

physically separating the system or subsystem from the RCSe

during conditions when the RCS pressure exceeds its design
pressure.

,

Option B design features are design responses to ISLOCA events
consisting of specific equipment and instrumentation which,

perform actions to prevent or mitigate the consequences of an
j ISLOCA. Option B design responses that have been considered will

not require operators to prevent or mitigate the event, but will
eventually require operators to perform remedial action,
inspection of equipment following the event and returning the
plant systems to normal configuration.

Option B design features are intended to be applied to systems
for which it is impractical to apply Option A design features.

Examples of Option B design features are

the isolation of a system or subsystem in the pressurization*

pathway at the interface between the lower pressure system
or subsystem and its pressurization source; and

pressure relief to limit the pressurization to within the*

design capabilities of the system.

O
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4.2
SAFETY INJECTION SYSTEM (SIS)

4.2.1
DESCRIPTION OF INTERFACE

The SIS injection line is directly connected to the reactor
vessel and is a primary interface through which an ISLOCAcan begin.

Pressurization is postulated from the DVI nozzle andevent
out of containment through the containment isolation valves tothe low-pressure sections of the system.low pressure systems would be susceptible. Figure SE.3.4-3

Once pressurized, other
shows the various pathways an ISLOCA in this class can take and
the interfacing systems it will affect assuming allinterfacing valves are opened. downstream

,

This section will address the SISline and the CVCS. The SIS interface with the atmosphere,
Sampling System and Containment Spray System are discussed inSections 4.9.5, 4.8 and 4.1.

The interface with the ShutdownCooling System is covered in Section
4.1 as the SCS has adirectinterface with the RCS

the indirect interface through the SIS.and the enhancements made satisfy

4.2.2
DESCRIPTION OF DESIGN CHANGE

After evaluation of the current design for the SIS certain
improvements have been identified to satisfy ISLOCAcriteria.

Figure SE.4.2-2 shows the design response for thisacceptance
class of ISLOCA.

These improvements were either to increase the
s/ stem design pressure or to delete the low pressure interfacingsystems.

The design pressure for most of the SIS is 2050 psig. Thissatisfies the ISLOCA acceptance criteria
(i.e., at least 40% ofnormal RCS pressure, or 900 psig) .

containment not designed to 2050 psig have been increased to 900All other sections outside ofpsig.
This includes the section of the

the containment isolation valve to the containment and frIRWST return line fromcontainment to the SIS pump suction. Figure SE.4.2-1
om the

schematically shows the SIS and all
presented on the system P&ID's from CESSAR-DC, interfaces as is currently
presented on this figure are the interfaces which are the subject

Reference 9. Also
of the design improvement.

Ficure 5E.4.2-2 shows the design
.

response for this class of ISLOCA's.
i

containment and the EDT outside containment.The SIS drain line from the SIT's has connections to the RDT in
the RDT satisfies the ISLOCA acceptance criteria cince itThe connection to

.

containment and, by definition,
an ISLOCA is an event that

is in
occurs outside containment.
outside containment. However, the EDT drain connection is
connection was not necessary and was deleted.Upon evaluation it was determined that the
IRWST's capacity will satisfy the draining The RDT and the
SIT's without the use of the EDT.

, requirements of the
of the system where the connection was deleted. Figure SE.4.2-1 shows the area

{ SE-17 Amendment Q
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JUSTIFICATION OF DESIGN CHANGE4.2.3

These design responses protect the SIS line and all interfacingwithout adversely affectingchallengesystems from an ISLOCA These design responses satisfy the
or operations. line as all sections ofperformanceISLOCA acceptance criteria for the SISdesigned to at least 40% of

f the system and interfaces are This is in accordance with theoperating RCS pressure criteria.f NRC's position presented in Reference 3.
f The EDT interface was deleted since no practical approach to

protect the EDT from pressurization challenges from this class of
ISLOCA's (i.e., through the SIS) was identified, and the SISf draining requirements could be performed with other existing
tanks. The design improvement for the SIS line will be

of the SIS ITAAC, Reference 11.
incorporated into Section 2.4.4ITAAC will reflect the minimum design pressure for allThe SISsections outside of containment to be 900 psig.

CONSEQUENCE OF DESIGN CHANGE4.2.4

There is no impact to the SIS due to this design response.in the previous designs,are the same as
with the exception of procedures for draining the SIT for minorlevel adjustments and the minor changes will be included in the
Operating procedures

operating procedures. Also, none of the changes
applicable
impact the EPG's or the PRA analysis for this event.

O
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4.3.1 DESCRIPTION OF INTERFACE

The Containment Spray System is not directly connected to the RCS
during those modes of operation for which an ISLOCA challenge can
occur.

Technical Specifications require the CSS to be aligned for the
containment spray function during Modes 1, 2, 3 and part of 4.
This requires the CSS pumps to be aligned for suction from the
IRWST and discharge to the containment spray headers. With this
alignment, the CSS does not interface directly with the RCS.
There is, however, an indirect interface through the SCS.

The SCS pumps can be aligned to perform containment spray for
limited periods of time. With this alignment, the CSS still does
not interface directly with the RCS since the SCS pumps are
aligned for suction from the IRWST and discharge to the
containment spray headers.

During part of Mode 4 and for all of Modes 5 and 6, when shutdown
cooling operations are performed, the CSS pumps may be
substituted for SCS pumps. This requires the CSS pumps to be re-

/ aligned for suction from the RCS hot-legs (through the SCS) and
Q discharge to the DVI nozzles (again, through the SCS). While the

CSS pumps are directly connected to the RCS during this
configuration, ISLOCA's are not postulated since the RCS pressure
is less than the design pressure of the CSS.

For purposes of this ISLOCA evaluation the CSS is not directly
connected to the RCS. Figures SE.3.4-1 through SE.3.4-10 show
the various pathways an ISLOCA can progress to reach the CSS and
the interfacing systems it will affect, assuming all downstream
interfacing valves are opened.
4.3.2 DESCRIPTION OF DESIGN CHANGE

Since the CSS pumps and SCS pumps are interchangeable, all common
sections have been designed to 900 psig. Therefore, most of the
system satisfies the ISLOCA acceptance criteria. After
evaluation of the current design for the CSS, certain
improvements have been identified to satisfy ISLOCA acceptance
criteria. These improvements were either to increase the system
design pressure or to delete the low-pressure interface.

Most of the CSS already has a design pressure of 900 psig and
this satisfies the ISLOCA acceptance criteria. In response to
this evaluation, the design pressure for the remainder of the CSS
outside containment has been increased to 900 psig. Figure
SE.4.3-1 schematically shows the SCS supply line and all
interfaces as is currently presented on the system P&ID's from
CESSAR-DC, Reference 9. Also presented on this figure are the

Amendment Q
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interfaces which are the subject of the design improvement.
| Figure SE.4.3-2 shows the design response for this class of
ISLOCA's. This includes the section of the IRWST return line
from the containment isolation valves to the containment
penetration, from the containment penetration to the CSS pump
suction and from the spray header containment isolation valve to
the containment penetration.

'

The only low-pressure system interface with the CSS is the PCPS
connection to the refueling pool. This line has been relocated
from the SCS return line as described in Section 4.1.2. The
connection was installed in response to the EPRI URD requirement
number 4.3.1.2 in Volume II, Chapter 7 of Reference 10 to provide
the ability to fill the refueling pool directly rather than .

through the reactor vessel. However, the primary fill connection (
for System 80+ is through the reactor vessel. The alternate
connection through the CSS was retained to provide additional
flexibility in operations.

The design improvements for the CSS line will be incorporated
into Sections 2.4.6 of the CSS ITAAC, Reference 11. The CSS
ITAAC, will reflect the 900 psig design pressure for all sections
outside of containment and show the spool piece connection to the
Refueling Pool.

.

= 4.3.3 JUSTIFICATION OF CHANGE

These design responses protes ae CSS and all interfacing
systems from an ISLOCA challenge without adversely affecting
performance or operations. These design responses satisfy the*

ISLOCA acceptance criteria for the CSS as all sections of the
system and interfaces are designed to at least 40% of operating'

RCS pressure criteria. This is in accordance with the NRC's
position presented in Reference 3.

Installation of a spool piece in the refueling pool fill-line
provides physical separation of the low-pressure system (PCPS)
from any pressurization sources in the CSS and thereby satisfies
the ISLOCA acceptance criteria.

4.3.4 CONSEQUENCE OF DESIGN CHANGE

There is no impact to the CSS from this design response.
Operating procedures are the same as in the previous design, with
the exception of procedures for installing a spool piece should
this alternate fill c onnection be used. -This minor change will l

be included in the applicable operating procedures. Also, none
of the changes will affect the EPG's or the PRA analysis for this
event.

.

I
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4.8.3 PRESSURIZER STEAM SPACE SAMPLING

4.8.3.1 Description of Interface

The Sampling System has a direct. connection to the pressurizer
steam space, which results in a primary interface through.which
an ISLOCA can begin. Pressurization is postulated from the
sampling nozzle on the surge line through the containment
isolation valves and out of containment to the low-pressure
sections of the system. Figure SE.3.4-10 shows the various
pathways an ISLOCA in this class can take and.the interfacing.
systems' it will affect. This section will- address the
pressurizer surge line interface. By resolution of the direct
interface to the RCS, all other interfaces will be resolved. I

)
4.8.3.2 Description of Desian Chance

After evaluation of the current design of the Sampling System,
certain improvements were identified to satisfy ISLOCA acceptance |

criteria. Figure SE.4.8-2 shows the system currently presented I

on the system P&ID's from CESSAR-DC, Reference 9 along with the
improvement.
Most of the sample line from the pressurizer steam space is
designed to 2485 psig.' This exceeds the design pressure
requirement for ISLOCA in accordance with the NRC's position
provided in Reference 3. The low-pressure portion of the system

j is protected from overpressurization during sample system
operation by the upstream pressure drop in the sample line and a

,

flow restricting orifice.

To protect the low-pressure portion of the system for the
postulated event where the valve in the sample system discharge
line to the VCT is closed and all upstream valves are open, a
pressure relief valve has been added upstream of the flow
indicator F-550 with relief flow directed to the EDT. Figure i

'

SE.4.8-2 shows the areas of the system that were modified. The
relief valve is sized to limit the pressure in the. low pressure
portion of the Sample System to its design value.

4.8.3.3 Justification of Design Chance

The design of the sampling system for the pressurizer surge line
provides a fixed resistance orifice and a small line size that
limit the flow and pressure during all modes of plant operation.
This line discharges to the VCT, which is already protected from ,

overpressurization by a relief valve. The relief valve '

discharges to the EDT.

The only means of isolating the flow in the low pressure section
requires isolation of the discharge to the VCT and opening of the
containment isolation valves. For this event, a relief valve has
been added to provide protection for the system. The relief

O valve is sized to pass a flow rate that is equivalent to the hot

Amendment Q
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leg sample line flow rate prior to sample collection. With this
flow rate, the flow control orifice upstream of the pressure
relief valve will create a cressure drop that will limit the
pressure in the system to an acceptable value. The relief valve
discharges to the EDT. This flow rate will be limited to within
makeup capability. Furthermore, the EDT is provided with
indication and alarm for liquid level, temperature and pressure.
This would serve to alert the operator, in conjunction with the
indication of the CIV position, with sufficient time for operator
action to terminate the event.

In addition, the relief valve assures that pressures are
maintained low to prevent personnel injury and excessive airborne
contamination in the event a sample line is opened for sample
collection.

The design improvement for the Pressurizer Steam space will be
incorporated into Sections 2.7.9 of Sampling System's ITAAC,
Reference 11. The SS ITAAC will show the new relief valve.

4.8.3.4 Consequence of Desian Chance

There is no imprct to the Sampling System as a result of this
design response. Leakage from the relief valve will be detected
in the EDT and appropriate operator action will be taken to
terminate the event. Also, none of the changes will affect the
EPG's or the PRA analysis for this event.

,

|
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4.9 SPECGIC COMPONENT DESIGN RESPONSE-

4.9.1 FLANGES

4.9.1.1 Description of Interface

For those systems which may be subjected to an ISLOCA event, all
'

^ gasketed flange connections represent a possible leakage pathway
leading to the atmosphere. This pathway is only applicable in
those systems for which designing to 40% of normal RCS operating
pressure was chosen; other systems that are isolated from the RCS i

,

'

because of alternative design responses (such as those discussed
in Sections 4.4 and ' 4. 5) will not be pressurized to full RCS
pressure. Flanged- connections in the former case will,
therefore, have a minimum pressure rating of 40% of RCS operating
pressure, or 900 psig. This section addresses gasketed flanged

'

connections in those systems that may be subjected to full RCS
pressure.

;

1

4.9.1.2 DescriDtion of Desian 1

The flanges that may be subjected to full RCS pressure are
located in systems designed to 900 psig (40% of RCS operating
pressure). These flanges will be designed to a minimum of class'

600 of the ANSI Standard, Reference 12.

All bolting for flanges will meet or exceed SA193 GR B6 or 17-4PH
3 allowable stress limits as was for the System 80 design. These |

material specifications provide for higher preloading stress than i

used in the Reference 13 analysis, and therefore increase the )
maximum allowable pressure without leakage.

.

All systems ktth design conditions requiring flanges of a higher
rating than Class 600 satisfy the ISLOCA' acceptance criteria
because the pressure at which these flanges are tested" is
greater than RCS operating pressure.

4.9.1.3 Justification of Design

Reference 12 requires that Class 600 flanges meet, as a minimum,
the design conditions of 940 psig at 400 F. Reference 13 !;

^

presents an analysis to determine the leakage rate from gasketed '

; flange connections from pressurization for existing power plant
i
J

4

y

I . (O
11 Per Reference 12 flanged joints and flanged fittings may be subjected to

v) system hydrostatic tests at a pressure not to exceed 1.5 times the 100*F
(38aC) rating rounded off to the next higher 25 psi of 1 bar increment.

1
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2designs. The calculated leak rate at the Gross Leak Pressure
is one to two mg/sec, or approximately 3.5 to 7.0 drops of water

,

per minute. This is considered an acceptable leakage rate for'

; beyond design basis events. In addition, Reference 13 states
I that " ...the Gross Leak Pressures for all sizes of 600lb rated
| flanges are very high and greater than the range of interest.

Thus, 600lb flanges are not expected to leak when subject to
| pressures as high as the Reactor Coolant System operating

pressure."

Reference 13 indicates that the leak rate from a flanged joint is
dependent, in part, on the preloading on the gasket, The flange
bolts used in the Reference 13 study were SA 193 GR B8, which,
for a 600lb flange, caused the bolts to be stressed beyond their
yield point. The bolts used for System 80+ will be SA 193 GR B6
or 17-4PH, which will allow for higher preloading stresses and
therefore increase the maximum allowable pressure without
leakage.

The hydrostatic test pressure for all classes of flanges above
600 is at least 2700 psig. This exceeds the normal RCS opere. ting
pressure, and therefore meets the ISLOCA acceptance criteria.

O

12 Gross Leak Pressure is defined as the system pressure that produce
stresses on the bolts equal to the preload stresses. For the Class 600
flanges, this pressure was between 3183 psi and 7085 psi, depending on
the size of the flange.
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3.4 AUTOMATIC OPENING OF THE REACTOR COOLANT GAS VENT SYSTEM ON >

THE PRESSURIZER

3.4.1 DESCRIPTION OF CHANGE
i

The System 80+ Reactor Coolant Gas Vent System (RCGVS) is a safety grade system designed to
manually vent steam and non-condensible gases from either the pressurizer and/or the reactor vessel
upper head. The RCGVS consists of piping and valves which come off of the pressurizer and the
reactor vessel upper head and normally vent to the IRWST During operation of the system, the
operator manually aligns the piping train from either the reactor vessel or the pressurizer and
depressurizes the RCS by venting to the IRWST. The RCGVS is designed and required to be
operable during all design basis events.

A change considered to prevent MSSVs from opening during a tube rupture event is to automatically
open the RCGVS valve train off of the pressurizer. If a tube rupture occurs, a N-16 monitor in the
secondary system will generate a signal which, coincident with a reactor trip signal, will actuate the
RCGVS valves providing a vent path from the pressurizer to the IRWST. This will cause a
depressurization of the RCS and lower the primary to secondary leak rate, effectively extending the
time before operator action is required to prevent MSSV lifting.

3.4.2 BENEFITS

T There are minimal hardware and software changes,

'

3.4.3 LIMITATIONS

The RCGVS function is required for design basis events. Supplymg non-safety grade signals from
a new instrument control system to these valves for actuation will complicate the design of the system
and may impact the availability of the system for use during other required operations.

Depressurization is similar to using auxiliary pressurizer spray in that the safety injection pumps will
actuate and increase the RCS pressure. The RCGVS does not have the required capacity to remove
adequate safety injection flow to prevent the RCS from repressurizing above the MSSV lift pressure.

3.S AUTOMATIC INITIATION OF STEAM GENERATOR BLOWDOWN SYSTEM

3.S.1 DESCRIPTION OF CHANGE i

The System 80+ steam generator blowdown system is designed to operate manually and on a
continuous basis as required to maintain acceptable steam generator secondary side water chemistry.
Each steam generator is equipped with its own blowdown line with the capability of blowing down j
the hot leg and/or the economizer regions of the steam generator shell side. The liquid blowdown 1

effluent is routed outside containment to a blowdown flash tank and/or the condenser. During nonnal |
operation the blowdown system removes either 0.2% or 1 % (depending of water chemistry) of the I

main steam rate from the steam generators. High capacity blowdown (approximately 10% of the |
main steam rate) is us:d periodically to remove any corrosion products on the tube sheet. The

i

|

|
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blowdown system is isolated automatically on a Containment Isolation Signal, a Main Steam Isolation
Signal, or a Emergency Feedwater Actuation Signal. For a more detailed description see Section 5.4.

The blowdown system provides a potential pathway to remove mass and energy during a steam
generator tube rupture event, thus, preventing the MSSVs from opening. Because the isolation
function of the blowdown system is credited in the safety analysis, the direct pathway to the
condenser is unavailable (without manual override) during a tube rupture event. However, a
modification in the design of the system could help mitigate the consequences of a tube rupture event
(see Figure 5F-4). A new pipe line would tee off of the common blowdown line upstream of the first
containment isolation valve and bypass the containment isolation valves through a new containment

|

penetration. Outside containment, the pipe line would tee back into the blowdown line just outside
of containment to minimize new piping. Two normally closed isolation valves in series would be
provided to isolate this bypass route during normal operation. A control system using coincident
signal from a N-16 monitor, a high steam generator level and a reactor trip would open the bypass
isolation valves and the high capacity blowdown control valve to the condenser. This action would

,

! remove mass and energy from the affected steam generator and prevent MSSV lift.

| 3.5.2 BENEFITS

Major benefit from this design change is realized for the high capacity blowdown rate (8% full power
steam flow rate). This rate is adequate to accommodate the break flow from a 5 tube rupture.
Draining the steam generator fluid via the blowdown delays the generation of an MSIS on a high
steam generator level (greater than 10000 seconds) and actuation of the MSSVs subsequent to
isolation of the steam bypass system.

Figure 5F-5 illustrates the secondary side transient pressure for a rupture of 5 tubes. It shows that
automatic actuation of the steam bypass system and the high capacity steam generator blowdown
system maintains the secondary side pressure well below the MSSV actuation setpoint of about 1200
psia.

3.5.3 LIMITATIONS

The current design of the blowdown system is able to accommodate 3 blowdown rates,0.2%,1.0%
!
' and 8% of the main steam rate. The 8% blowdown rate is needed to remove the energy from

| multiple tube ruptures (up to five tubes). For a one tube rupture case, 8% blowdown is sufficient

|
to cause emergency feedwater to actuate and still dry out the steam generator. Automatic actuation
of blowdown without operator intervention results in a large pressure differential between primary
and secondary and a high flow rate from the break into the secondary and then out of containment
unless a level control system were also added.

The CIAS which isolates the blowdown cannot be interfaced with the control grade N-16 signal per
Regulatory Guide 1.75 and IEEE 384. Therefore, this redesign requires the addition of new
containment penetrations, one for each steam generator. The impacts of new containment
penetrations that are not isolated on a Containment Isolation Signal, or a Main Steam Isolation Signal
or a Emergency Feedwater Actuation Signal, will have to be assessed with regard to Containment
design, Safety Analyses, Inservice Test and Inspection, etc,

O
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remove decay heat from the system subsequent to reactor trip. For Case 5, decay heat removal is
accomplished by the cooling effect of the cold exiliary spray water and the safety injection flow and
the mass and energy removal through the break. Thus, for Case 7, safety injection flow tends to be
slightly higher to compensate for the lack of the auxiliary spray now. This flow assures that RCS
subcooling is maintained, thereby precluding core damage. In addition, for Case 7, RCS heat

i

removal through the steam bypass system is lower since the RCGVS removes some of the decay heat. I

Since the steam bypass system flow rate is slightly smaller than that is for Case 5, the damaged SG
level (Figure 5F-46 vs 5F-36) remains at a relatively higher value during the transient and the SG
fills up slightly faster. However, the damaged steam generator level remains below the MSIS
setpoint even at 10,000 seconds. As in Case 5, the pressurizer fills early in the transient (at about
2270 seconds) due to the relatively large safety injection flow.

For the five ruptured 'ubes case with RCGVS valves actuated (Case 8), the results are presented in
Figures 5F-49 through 5F-53 and the sequence of major events that occur during the transient is
listed in Table 5F-14. These results are also similar to those for Case 6 which is the base case with
automatic actuation of the auxiliary pressurizer sprays. Major difference is in the safety injection
flow rate (Figure 5F-50) which is larger for Case 8 in comparison to Case 6. This is because of the
RCS pressure (Figure 5F-49) reaching a lower quasi-steady state value for Case 8 due to the RCGVS
opening. Since the larger safety injection flow (Figure 5F-50) removes a larger portion of the decay
heat for Case 8, the break flow rate is smaller for Case 8 than for Case 6. This results in a slower
increase in the damaged SG level (Figure 5F-51), slightly longer duration in reaching the MSIS
setpoint (1850 seconds) and opening of the MSSVs (2000 seconds) for Case 8. The pressurizer fills

p up (Figure 5F-52) for this case at about 1325 seconds due to the safety injection flow and the opening
i of the RCGVS valves.4

LJ

Thus, a design change that automatically actuates the RCGVS valves flow does not result in a
significant benefit for either the one tube rupture (Case 7) or the five tube ruptures (Case 8). For
the one tube case the damaged SG does not overfill or the MSSVs are not challenged for more than
10,000 seconds (167 minutes) as in the base case (Case 1). However, the actuation of the RCGVS
valves results in the fill up of the pressurizer with water, which is undesirable from an RCS pressure
and inventory control point of view. For the five tube rupture case (Case 8), the RCGVS valves
actuation delays the fill up of the damaged SG only slightly (1590 seconds for the base case vs 1850
for Case 8). Hence the automatic actuation of the RCGVS valves does not appreciably delay the
challenge to the damaged SG MSSVs.

1

4.3.5 AUTOMATIC BLOWDOWN OF STEAM GENERATOR LIQUID I

l
This design change would automatically initiate the high capacity blowdown from the damaged steam f
generator to the condenser subsequent to a reactor trip and radiation indication in the SG that is a
characteristic of a steam generator tube rupture. The maximum blowdown flow rate would be about

,

10% of full power steam flow rate. The blowdown would be initiated on a 2 out of 4 channel reactor (
'

trip signal and a 2 of 2 channel N-16 SG radiation detector signal. Case 9 represents this design I

change for one tube rupture case and Case 10 denotes the design change for five tubes ruptured in
one steam generator.

Figures 5F-54 through 5F-58 provide the transient results and Table 5F-15 lists the sequence of major
n events for Case 9. An examination of Figure SF-56 indicates that actuation of the high capacity

k )v
)

1
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blowdown immediately after reactor trip results in the dryout of the damaged steam generator. This|

i is because subsequent to the reactor trip, the main feedwater is terminated and the break flow for one
tube rupture (about 50 lbm/sec) is significantly smaller than the high capacity blowdown rate (about:

195 lbm/sec). Subsequent to SG dryout the SG pressure (Figure 5F-54) decreases resulting in an
MSIS on low steam generator pressure at about 2868 seconds. Decay heat removal is accomplished
by safety injection flow to the RCS and removal of RCS mass and energy through th e break and into
the condenser via the SG blowdown. In order to prevent these occurrences for the single tube
rupture case, the blowdown flow would need to be controlled on SG level.

For Cese 10, the results are presented in Figures 5F-59 through 5F-63 and the sequence of major
events is listed in Table 5F-16. As can be seen from Figure 5F-61 the actuation of the high capacity
SG blowdown and quick openn g of the steam bypass valves subsequent to turbine trip cause a drastic
reduction in the damaged SG level. The bypass flow is terminated at about 415 seconds. )
Subsequently as the leak fic increases (due to the increase in RCS pressure) and essentially matches I

the blowdown flow, the damaged steam generator level reaches a quasi-steady state value of about
34 percent. The intact steam generator level decreases subsequent to reacor tiip due to termination
of main feedwater and actuation of the steam bypass flow. Eventually as the auxiliary feedwater flow
is actuated on low level in the steam generator the level increases.

For both the one tube rupture case (Case 9) and five tube ruptures (Case 10), the high capacity
blowdown results in a reduction in the damaged steam generator pressure and water level. Hence
the MSSVs of the damaged steam generator remains unchallenged for more than 10,000 seconds (167
minutes) thereby preventing containment bypass due to the SGTR. Ilowever, the high capacity
blowdown results in the dryout of the damaged steam generator for the one tube rupture case, which
is not desirable from containment of the iodine species in the SG water. To raevent this undesired
occurrence for the single tube case, the high capacity blowdown system flow ate must be controlled
on SG level signals.

4.3.6 AUTOMATIC REDUCTION OF STEAM BYPASS SYSTEM ACTUATION
PRESSURE

This design change focuses on automatic reduction of the steam bypass system actuation setpoint
subsequent to the turbine trip (on reactor trip) and initial opening of ihe bypass valves at the normal
setpoint (1078 psia). The automatic reduction of the serpoint result la a delayed closing of the bypass
valves subsequent to the initial opening and in the reopening of the steam bypass system at 900 psia.
This would allow relief of steam from the damaged steam generator (as well as from the intact steam
generator) for a longer period allowing for the removal of some of the steam generator inventory.

Case ii represents the one tube rupture case with the automatic resetting of the steam bypass system
actuation setpoint down to 900 psia from 1078 psia. Figures 5F-64 through 5F-68 provide the results
of this analysis and Table 5F-17 lists the sequence of major events occurring during the transient.
Figure 5F-64 shows that after the initial opening of'Se nypass valves at a setpoint of 1078 psia, the
steam generator pressures decrease below this value. riowever, the bypass valves do not close at this
time due to the resetting of the setpoint to 900 psia. Thus the bypass closes only after the pressure
reaches about 900 psia. A comparison of Figures 5F-66 (for Case 11) and 5F-16 (for one tube
rupture base case, Case 1) shows that the damaged steam generator level increases at a faster rate for
Case 11. This is due to the increase in the break flow rate as a result of lowering the steam bypass
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on one steam line leaving each steam generator. In the event of a tube rupture, the alarm will initiate
and then may clear as reactor power decays due to the reactor trip. Therefore, when a N-16
radiation monitor detects the high ganuna radiation condition, the alarm will be latched.
Acknowledging the alarm does not reset the latch, the alann latch must be reset separately by the
operator. This logic is presented by Figure 5F-96.

5.6.3 Primary-to-Secondary Leakage Monitoring Program
l

The instrumentation described above will be incorporated by the COL applicant into a primary-to- _I
secondary leakage monitoring program that addresses three specific scenarios:

a. Low Level and/or Slowly Increasing Primary-to-Secondary Leakage,

1

b. Rapidly Increasing Primary-to-Secondary Leakage (as described in IN-91-43 and IN-88-99), '

and

c. Steam Generator Tube Rupture (No Leak Before Break)

The program will also address instrumentation setpoints and methodology for equipment (including
N-16 monitors) used to detect steam generator tube leakage and ruptures commensurate with the {
above scenarios. |

5.7 REACTOR COOLANT GAS VENT SYSTEM

5.7.1 DESCRIPTION

The System 80+ design includes a safety grade Reactor Coolant Gas Vent System (RCGVS) used
to vent non-condensible gases and steam from the reactor vessel upper head and the pressurizer steam
space. The system is comprised to two independent piping trains, one from the reactor vessel and
one from the pressurizer each with parallel valve paths in each train allowing for single failure
operation. The parallel path from the pressurizer and the reactor vessel upper head contains two
isolation valves in series. The pipe trains are routed to the IRWST and the Reactor Drain Tank
(RDT). The valves are remote manually controlled.

;

5.7.2 OPERATION

The RCGVS is designed to be operable during all design basis events. In the event a void forms in
either the reactor vessel upper head, the RCGVS may be used to depressurize the RCS and semove
the void in the upper head. In the pressurizer, if pressurizer spray is not available, the operator
manually opens the RCGVS valves to vent steam and depressurize the reactor coolant system.

5.7.3 INSTRUMENTATION

Pressure indication is provided between the isolation valves in each RCGVS train which alarms and

provides the operator with indication that a valve did not reseat or the valve leaks. Temperature
indication is provided downstream of RCGVS isolation valves to monitor leakage from the reactor
coolant pressure boundary.

5F-41 Arnendment V - 04/29/94

_ , . _ . , . - _ - _ . _ . _ _ . _ . _ . . . . _ . . - . . - _ . . _ - -



CESSARSL5a mw
t i

l

| 9i 5.8 RAPID DEPRESSURIZATION SYSTEM

5.8.1 DESCRIPTION

The Rapid Depressurization System (RDS) is provided in the System 80+ design to mitigate the
consequences of the beyond design basis event of a total loss of feedwater. Two independent pipe
trains off of the pressurizer steam space provide a means to rapidly depressurize the RCS. Each train
has an isolation valve and a control valve to provide single failure proof operation. Both RDS trains
are routed to the IRWST.

5.8.2 OPERATION

The RDS is designed as a safety grade system to be employed in the event of a total loss of
feedwater. Once the operator diagnoses the event, he manually opens the RDS isolation and control
valves to depressurize the RCS and initiate safety injection flow to the RCS (feed flow). The RDS
removes energy from the RCS and the feed flow prevents core uncovery. With the RDS valves open,
the RCS will depressurize until the safety injection actuation pressure is reached. At this point safety
injection flow will be provided to the RCS to make up for the inventory being removed by the RDS.

5.8.3 INSTRUMENTATION

Pressure indication is provided between the isolation valves in each RDS train which alarms and
provides the operator with indication that a valve did not reseat or that the valve leaks. Temperature
indication is provided downstream of RDS isolation valves to monitor leakage from the reactor
coolant pressure boundary.

5.9 PRESSURIZER AUXILIARY SPRAY SYSTEM

5.9J DESCRIPTION

The Auxiliary Pressurizer Spray (APS) system is a non-safety grade system which is employed to
depressurize the RCS in the event that main pressurizer spray is unavailable. Auxiliary spray is part
of the Chemical Volume and Control System (CVCS) for the System 80+ design. The charging
pumps provide makeup water to the auxiliary spray system. The APS design consists of a pipe train
teeing off cf the charging line with a manual isolation valve which is normally closed.

5.9.2 OPERATION

In the event that main pressurizer spray is unavailable and the RCS requires depressurization, the
operator manually opens the APS isolation valve to allow makeup water from the CVCS to
depressurize the RCS. The operator has the capability to modulate the isolation valve to control the
APS flow entering the pressurizer.

5.9.3 INSTRUMENTATION

The operator uses the pressurizer pressure and level indications along with APS valve position
indication, pump performance and charging line flow indication.
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's / All raw austenitic stainless steel, both wrought and cast, used ,

to fabricate - pressure retaining components of the engineered i
safety features, is supplied in the annealed condition as
specified in the pertinent ASME Specification (i.e., 1900-2050*F
for 0.5 to 1.0 hour per inch of thickness and rapidly cooled
below 700*F). The time at temperature is determined by the size ,

and type of component. Vendor fabrication procedures will be l

audited to ensure that unstabilized austenitic stainless steel
with a carbon content greater than 0.03% is not exposed to the
. temperature range of 430*C to 820*C (800*F to 1500*F) other than
during welding.

Duplex, austenitic stainless steels, containing greater than SFN
delta ferrite (weld metal, cast metal, weld deposit overlay), are
not considered unstabilized, since these alloys do not sensitize;
i.e., form a continuous network of chromium-iron carbides.
Specifically, alloys in this category are:

CF 8M Cast stainless steels (delta ferrite controlled
CF 8 to 5FN to 30FN, 8FN to 20FN for normal operating

temperatures above 500*F)

Type 308 Singly and combined stainless steel weld filler
Type 309 metals (delta ferrite controlled to 5FN to 15FN\ Type 312 deposited)
Type 316

In duplex austenitic/ferritic alloys, chromium-iron carbides are
precipitated preferentially at the ferrite /austenite interface
during exposure to temperatures ranging from 800 to 1500*F. This
precipitate morphology precludes intergranular penetrations
associated with sensitized Type 300 series stainless steels
exposed to oxygenated or otherwise faulted environments.

6.1.1.1.3.2 Cleaning and Contamination Protection
Procedures

i

Specific requirements for cleanliness and contamination !protection are provided for NSSS components which provide |contamination control during fabrication, shipment, and storage '

as recommended in Regulatory Guide 1.37.

Contamination of Type 300 series austenitic stainless steels by
compounds that can alter the physical or metallurgical structure
and/or properties of the material is avoided during all stages of
fabrication. Painting of Type 300 series stainless steels is
prohibited. Grinding will be performed with resin or rubber
bonded aluminum oxide or silicon carbide wheels that have not
previously been used on any materials other than Type 300 series

p stainless alloys. Grinding wheels bonded with rubber

(' compositions that include halides or sulfur will not be used on
austenitic stainless steels.

Amendment V
6.1-3 April 29, 1994
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Internal surfaces of completed components are cleaned to produce
an item that is clean to the extent that grit, scale, corrosion
products, grease, oil, wax, gum, adhered or embedded dirt, or
extraneous material are not visible to the unaided eye.

|
Degreasing solvents, acetone or isopropyl alcohol, may be used on ;

| metallic surfaces. Water used for cleaning is inhibited with '

'

30-100 ppm hydrazine.

The specification for water quality is:

Halides

Chloride, ppm <0.60
Fluoride, ppm <0.40

Conductivity, pmhos/cm <5.0
pH 6.0-8.0

,

Visual clarity No turbidity, oil or sediment

To prevent halide-induced intergranular corrosion which could
occur in an aqueous environment with significant quantities of
dissolved oxygen, flushing water is inhibited via additions of
hydra::ine. Many experiments conducted by C-E have proven this
inhibitor to be effective.

Onsite and pre-operational cleaning of ESF components is in
accordance with the recommendations of Regulatory Guide 1.37.

6.1.1.1.3.3 Cold-Worked Stainless Steel

Cold-worked austenitic stainless steel is not utilized for
components of the ESF.

6.1.1.1.3.4 Non-Metallic Insulation

All non-metallic insulation materials installed on stainless
steel piping and equipment of the ESF are made of calcium
silicate, expanded pearlite, fiberglass fiber, or similar
materials (ASTM C533, C547, C553, C610, C612) and are consistent
with the recommendations of Regulatory Guide 1.36.

O
Amendment N
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6.1.1.1.4 Wald Fabrication and Assembly of Stainless Steel y
ESF Components H

l
The recommendations of Regulatory Guide 1.31 for the ESF q
components of the NSSS are followed as discussed below. -

7

The delta ferrite content of A-No. 8 (Table QW-442 of the ASME
Code, Section IX) austenitic stainless steel welding materials, {
except SFA-5.4 Type 16-8-2 and welding materials for weld metal 3
overlay cladding, used in the fabrication of components of the $
engineered safety features system, is controlled to 5FN-20FN.

]The delta ferrite content of each lot and/or heat of weld filler -

r
metal used for welding of austenitic stainless steel code

_

components shall be determined for each process to be used in -

production. Delta ferrite determinations for consumable inserts, i
electrodes, rod or wire filler metal used with the gas tungsten 3
arc welding process, and deposits made with the plasma arc "

welding process may be determined by either of the alternative
L methods of magnetic measurement or chemical analysis described in

Section III cf .he ASME Code. Delta ferrite verification should
be made for all other processes by tests using the magnetic -

measurement method on undiluted weld deposits described by j
Section III of the ASME Code. The average ferrite content shall ;

meet the accuptance limits of SFN to 15FN for weld rod or filler 4metal. g
For submerged Arc welding processes, the delta ferrite

-

determination for each wire / flux combination may be made on a -

production or simulated (qualification) production weld. ;

6.1.1.1.5 Ferricic Steel Welding h_
The recommendations of Regulatory Guide 1.50, ' Control of Preheat 5
Temperature for Welding of Low-Alloy Steel' and Article D, m

Section III of the ASME Code are followed. (
Moisture control on low hydrogen materials shall conform to the

_irequirements of the ASME Code and/or AWS D1.1, ' Structural g
Welding Code'. j

l6.1.2 ORGANIC MATERIALS y
=

6.1.2.1 Protective Coatings a
.M

-.

Many coatings which are in common industrial use may deteriorate j
in the post-accident environment and contribute substantial aquantities of foreign solids and residue to the containment sump. -

Consequently, protective coatings used inside the containment are
-1

demonstrated to withstand the design basis conditions and meet
the intent of ANSI N101.2 (1972), " Protective Coatings

-

I
:

Amendment N -
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(Paints) for Light Water Nuclear Reactor Containment Facilities,"
and recommendations of Regulatory Guide 1.54, " Quality Assurance
Requirements for Protective Coatings Applied to Water-Cooled
Nuclear Power Plants." In addition, the selection of coatings
are based on ASTM Standards D3842-86, " Standard Guide for
Selection of Test Methods for Coatings for use in Light Water
Nuclear Power Plants", ASTM D3911-89, " Standard Test Method for
Evaluating Coatings used in Light Water Nuclear Power Plants at
Simulated Design Basis Accident (DBA) Conditions", and ASTM
D3843-89, " Standard Practice for Quality Assurance for Protective
Coatings Applied to Nuclear Facilities". Any particulate debris
of appreciable size that does occur will either settle to the
bottom of the Holdup Volume Tank or will be trapped by the filter
screen at the bottom of the in-containment refueling water
storage tank (IRWST). The screen size is smaller than the line
piping diameter, the shutdown cooling heat exchanger tube
diameter, the containment spray heat exchanger tube diameter, and
the spray nozzle openings so that particles that could
potentially block the system are filtered out. A list of surface
coatings used inside containment and their applicable conditions
is given in Table 6.1-3,

6.1.2.2 Other Materials
i

A listing of other materials in the containment is included in i

Table 6.1-4. The materials listed are not protective coatings
applied to surfaces of nuclear facilities.

The COL applicant will ensure that the total amount of cable !
insulation is less than or equal to the amount listed in Table |

6.1-4.

!

|

|

|

9|
|

|

|Amendment V
6.1-6 April 29, 1994 i
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TABLE 6.1-4

_0_TffER ORGANIC MATERIALS IN CONTAINMENT

Approximate
Item Material Amount

Reactor coolant pump Petroleum base oil 620 gal
lubricant

Cable insulation EP/Hypalon 39,500 lbs |XLPE/ Neoprene
XLPE/Hypalon
FR-EP/CPE

O

Amendment V
April 29, 1994

. . . .
..

. .. .. _ _ _ - - - _ _ _ _ _ - _ _ .



.

CESSAR nninCATION

O
energy (see Section 6.2.1.3.8) were added to the mass and energy
release data for the DEHLS break, the containment peak pressure
would only increase to 46.72 psig. This is well below the 53
psig containment derign pressure and below the limiting MSLB
cases discussed in Section 6.2.1.1.3.4.
6.2.1.1.3.2 Analytical Techniques

6.2.1.1.3.2.1 Initial Conditions

A conservative prediction of containment response for the
spectrum of accidents was assured by considering the upper or
lower bounding values of containment initial conditions,
geometric parameters, and thermodynamic properties to produce the
maximum pressure results.

The initial conditions within the containment system and the
reactor coolant system prior to accidental initiation are given
in Table 6.2.1-18. The containment is assumed to be at the
maximum pressure, maximum inside and outside temperature and
minimum design humidity at normal operating condition, to
minimize the calculated heat transfer and maximize the calculated
peak pressure during the postulated accidents. Accident

O en.ronologies for LOCA and MSLB are presented in Part C of Tables
ch
6 2.1-4 through 6.2.1-16 and operating assumptions for the

gineered safety feature systems are provided in Table 6.2.1-19
and 6.2.1-20.

6.2.1.1.3.2.2 Containment Pressure Analysis
The containment pressure analyses are performed using the
CONTRANS computer program (Reference 1). The CONTRANS modelpredicts the pressure and temperature within the containment
regions and the temperatures in the containment structures. Itis assumed that separate blowdown and core thermal behavior
studies have been made to determine mass and/or energy input
rates from sources such as the release of reactor coolant,
chemical reactions, decay energy, and sensible heat release that
may cause heating or boil-off of residual water in the reactor
vessel or superheating of steam as it passes through the reactor
system and enters the containment through the postulated point of
an RCS rupture.

The CONTRANS model analyzes both active and passive heat transfer
within the containment following a LOCA. The CSS and the CSHX
models enable an accurate calculation of their effect in reducing
containment pressure and temperature. The efficiency of the
containment sprays for heat removal is discussed below.

O
Amendment V
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CONTRANS calculates a pressure-time transient with stepwise
integrations between the thermodynamic state points. The
integrations are based on the laws of conservation of mass and
energy together with their thermodynamic relationships.
Superposition of heat input functions is assumed so that any
combination of coolant release, metal-water reaction, decay heat
generation, and sensible heat release can be used with
appropriate ESF features to determine the containment pressure
time history associated with a LOCA.

The program uses a two region containment model consisting of the
containment atmospheres (vapor region) , the sump (liquid region) ,
and a primary system model (reactor vessel) which is used to
calculate mass and energy release data after the LOCA post
reflood period (see Section 6.2.1.3). Mass and energy is
transferred between the liquid and vapor regions by boiling,
condensation, and evaporation. The heat and mass transfer
coefficients between these two regions are calculated in CONTRANS
(Reference 1). Each region is assumed to be homogeneous, but a
temperature difference can exist between regions. Any moisture
condensed in the vapor reginn during a time increment is assumed
to f all immediately into the liquid region. Noncondensible gases
are included in the vapor region.

The thermodynamic assumptions used in CONTRANS and the modeling
of the atmosphere and sump regions, reactor vessel region (long
term release), safety injection system, containment spray system
and containment spray heat exchanger are discussed in

Reference 1. The modeling of heat transfer surfaces and
coefficients are also discussed in Reference 1.

The CONTRANS containment spray model is discussed in Reference 1.
The efficiency of the containment sprays fir heat removal is a
function of droplet size, fall height, nd the containment
atmosphere steam to air mass ratio. The efficiency of
containment spray heat removal for CONTRANS is based on an
assumed droplet size of 1000 microns and a fall height of 20
feet. The System 80+ spray nozzles meet the droplet size ,

irequirement and nave been located to provide a fall height
greater than 20 feet (see Sections 6.2.2.3 and 6.5). Thus, the
spray heat removal efficiency requirements are met. The volume
of the containment covered by the sprays does not affect the
total heat removal of the sprays. For a given efficiency, the
spray heat removal is only a function of the spray flow rate and
enthalpy and the containment atmosphere conditions.

6.2.1.1.3.3 Failure Mode and Effects Analysis

The failure mode and effects analyses (FMEA) of the SIS and the
CSS demonstrate that the redundancy of equipment permits at least
one train of the systems to function after experiencing either a
single active or passive failure.

Amendment U
6.2-8 December 31, 1993
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The thermophysical data used in the analysis are given in Table
6.2.1-21. The thermal properties of metal, concrete,
and protective coating materials are typical values for
temperature observed.

Figure 6.2.1-14 shows the condensing heat transfer coefficient as
a function of time for the double-ended pump discharge leg slot
break with maximum SIS. During the blowdown phase, the Tagami
heat transfer coefficient was used and thereafter Uchida heat
transfer coefficient was used to minimize heat removal to
containment heat sink. Detailed description of the heat transfer
correlations are discussed and justified in Reference 1.

6.2.1.1.3.6 Inadvertent Operation of the Containment Heat
Removal Systems

The containment systems which have the capability of developing
a negative pressure within the containment are the spray system,
the purge system, and the fan cooler system. The DBA for the
minimum containment pressure design has been determined to be the
inadvertent actuation of the CSS. Consideration was also given
to misoperation of the containment normal purging system, i.e.,
operation of the exhaust train with the supply train isolated,

c but the maximum feasible internal vacuum for this case is limited
l to a few inches of water (gauge) based on the exhaust fan
\ operating curve.

An inadvertent actuation of the CSS can result in a reduction in
the containment internal pressure. During normal operation, or
during shutdown, the containment is purged using either the low-
volume containment purge or the high-volume containment purge.
An inadvertent actuation of the spray system with the containment
purge valves open will result in a negligible decrease in the
containment internal pressure. When the containment happens to
be sealed and all purge valves are closed, at the time of the
spray actuation, a significant pressure reduction can occur. The
main parameters affecting the resultant negative pressure are the
pressure, initial containment temperature, relative humidity, and
the spray water temperature.

The analysis of minimum containment pressure, as a result of
inadvertent spray actuation, is based upon a conservative
calculation that assumes no heat transfer from the containment
structure, no containment volume reduction due to the addition of
spray water and disregard of the source of heat within the
containment. Initial containment parameters are specified in
Table 6.2.1-22 and final containment temperature is taken as the
spray water temperature. Dalton's law is applied to determine
the final containment pressure.

b
\

Amendment G
6.2-11 April 30, 1990
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In the analysis of this incident, the containment is assumed to
be initially at the maximum normal design conditions as 110'F.
The temperature of the IRWST, the source of the spray water, was

| conservatively assumed to be equal to 81*F, the lowest allowable
temperature for a containment atmosphere temperature of 110'F.
The CSS flow rate has a small impact on the minimum pressure.

| The minimum calculated pressure is -1.82 psig. A nominal
i pressure of -2.0 psig has been used for the containment design.
$

6.2.1.1.3.7 Sequence of Accident Events

The accident chronologies of the postulated LOCA and MSLB are
tabulated in Part C of Table 6.2.1-4 through Table 6.2.1-16.

6.2.1.1.3.8 Energy Inventories and Distribution

The energy inventories and distribution in the containment for
the most severe LOCA and secondary system pipe ruptures are
tabulated in Table 6.2.1-24.

6.2.1.1.3.9 Long-Term Containment Pressure and Temperature

The principal mechanisms that provide reduction in the
post-accident pressure are (1) the heat absorbed by heat
containment sinks inside the containment (2) the cooling provided
by the containment sprays, and (3) the effectiveness of the
containment spray heat exchangers (CSHX). The analytical
modeling of these containment heat-absorbing systems is described
in Reference 1.

The parameters describing the heat sinks credited with heat
absorption in the containment analysis are shown in Table
6.2.1-21. The heat sinks act as a temporary repository for a
part of the accident energy release, absorbing energy so long as
the containment atmosphere is at a temperature greater than that
of the exposed heat sink surfaces. Once other heat removal
systems, i.e., CSSs and CSHXs lower the containment atmosphere
temperature below that of the heat sinks, energy stored in the
heat sinks flows back into the containment atmosphere and IRWST
regions where it is rejected to the outside environment through
the action of the active heat removal systems mentioned above.

The CSS is described in Section 6.2.2. The spray system
transfers energy from the containment atmosphere to the
IRWST (liquid water region) through heat transfer to finely
divided water droplets originating at spray nozzles inside and at
the top of the containment building. The IRWST serves as a
source of spray water.

O
Amendment V

6.2-12 April 29, 1994
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TABLE 6.2.1-1

SPECTRUM OF POSTULATED ' ACCIDENTS

2Loss of Coolant Accident SIS Condition Break Area, ft

Double-Ended Suction Maximum SIS Flow 9.8175
Leg Slot [DESLS]

Minimum SIS Flow 9.8175

Double-Ended Discharge Maximum SIS Flow 9.8175
Leg Slot (DEHLS]

Minimum SIS Flow 9.8175

Double-Ended Hot Leg Slot [DEllLS] N/A 19.2423

2Main Steam Line Break Condition Break Area, ft

MSLB @ 102% Power Loss of One CSS Train 8.72 |

MSIV Failure 8.72

MSLB @ 50% Power Loss of One CSS Train 8.72

MSIV Failure 8.72

MSLB @ 20% Power Loss of One CSS Train 8.72

MSIV Failure 8.72

MSLB @ 0% Power Loss of One CSS Train 4.5*

MSIV Failure 4.5*

Subcompartment Pipe Rupture No Subcompartment
Pipe Ruptures Considered

Minimum Containment Pressure inadvertent Operation of
Containment Spray System

bG
* Break Area = 4.0 ft2 for 3914 MWt nominal core power.

Amendment V
April 29, 1994
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TABLE 6.2.1-2

CALCULATED VALUES FOR CONTAINMENT PRESSURE PARAMETERS

Peak
Calculated

EAtametet Desien-Basis Accident Value

Containment Peak Pressure, psig 0% Power MSLB with 48.11*
Loss of One CSS Train

Peak Subcompartment Differential There are no Sub<ompartment Pipe
Pressure psid Ruptures

External Containment Pressure, Inadvertent Operation of Containment -1.82 |
psig Spray System

Based on a nominal core power of 3914 MWt.*

O

O
|

Amendment V
April 29, 1994
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The design basis operation sequence is as follows:
,

A. The Annulus Ventilation System is activated by the Containment
Spray Actuation Signal.

B. The fans exhaust air to.the unit vent until annulus pressure
is at negative pressure control point.

C. When the annulus pressure is reduced to the negative pressure
control point, a differential pressure controller controls the
annulus pressure to maintain pressure by repositioning the
dampers to throttle flow through the exhaust line and initiate
flow through the recirculation line.

Annulus air that is recirculated in this operation is directed to
the lower annulus distribution duct. Air enters the annulus
through the grille of the lower duct and sweeps the annulus space
to the upper duct where the air enters the grille of the upper duct
above the containment vessel dome and is. recirculated through the
filter train.

All major components are located in the Nuclear Annex.

Two full capacity ventilation fans are provided with each one.

redundant of the other. The fans are supplied with power from the
Class 1E Emergency Diesel Generators on Loop.

>

The moisture eliminator consists of a mechanical demister which is
designed to remove entrained moisture droplets from the influent.
An electric heater is provided to decrease the influent relative
humidity.

Failure of the HEPA filters to perform the intended function will
be detected by a unit vent radiation monitor, which monitors the |
activity level of the system effluent.

6.2.3.3 Safety Evaluation

The Annulus Ventilation System shall be operable and capable of
*

performing its function during startup, power operation, hot
standby and hot shutdown. During the normal functioning of any of
these modes, this system is on standby and does not perform any
function.

The system is designed to function during a seismic event; its
location protects it from tornado / wind and missiles.

Amendment Q
6.2-41 June 30, 1993
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The system has no containment penetrations.

The system is 100% redundant, although ducting inside the annulus
is shared.

The system has complete electrical separation between the two
redundant trains. Each train is powered by its respective Class 1E
Emergency Diesel Generator.

The Annulus Ventilation System is an engineered safety feature and
is credited in analyzing the consequences of design basis

| accidents. No credit has been taken for the carbon adsorbers in
analyzing the consequences of a design basis accidents.

6.2.3.4 Inspection and Testina Requirements

| Test and inspections will be performed to assure and demonstrate
| the capability of components and the system to perform the assigned
! function in accordance with design criteria. Bypass leak paths

will be tested by local leak rate tests as defined in Appendix J of
,

| 10 CFR 50.

6.2.3.4.1 Manufacturer Testing

The manufacturer will be required to verify by appropriate tests
the following:

|
| A. High Efficiency Filters:

Testing in compliance with Regulatory Guide 1.52. HEPA filters
will be tested for ef ficiency, initially at the factory and at
the USNRC Quality Assurance Station in accordance with MIL-
STD-282.

B. Fan:

Certified head and flow characteristics.

6.2.3.4.2 System Testing and Inspection

operational testing will be performed prior to initial startup to
I demonstrate proper functioning of the system. Testing will include
l the following:

A. Leak tightness of components and system to be in accordance
with ASME N510.

B. System functional test (flow, vacuum pressure)

C. HEPA filter efficiency test.

Amendment V
6.2-42 April 29, 1994
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quadrant in which the associated ESF equipment and valve is
located (see Figure 1.2-1 showing quadrant separation, ESF
equipment location and sumps).

A single containment isolation valve is provided in each of the j
four SIS direct vessel injection lines and in each of the two
parallel SCS discharge lines and SIS warmup bypass lines. A
single isolation valve is acceptable because these line are in
engineered safety features (ESF) systems and meet the specific
criteria of SRP 6.2.4, Section II:

A. The System 80+ SIS /SCS provides redundant containment
isolation barriers with a single CIV. The two barriers
are:

i

(1) The MOV isolation valves in the lines outside
containment (or the water seal provided by the IRWST,
as described in Section 6.2.4.2) . These valves can be
remote-manually controlled from the Main Control Room.
Valve position indication is provided in the Main
Control Room.

(2) The closed system outside containment. As shown in
Figures 6.3.2-1A, B, and C, the SIS forms a closed3

) loop with the containment.
%)

B. The closed SIS outside containment is protected from
j missiles (see Section 6.3.1.2.3), is designed to Seismic
| Category I standards and classified Safety. Class 2 (see
| Table 3.2-1), and has a design temperature and pressure of

at least 350*F and 900 psig (see Figures 6.3.2-1A, B, and
C), which exceed the containment design internal pressure.
and temperature in Table 6.2.1-3.

.

|

C. The integrity of the closed SIS outside containment is
maintained during normal plant operations. The system is
periodically pressure tested in accordance with-the pre-
service and in-service inspection programs required by
10 CFR 50.55a and the ASME Code, as described in
Section 6.6. The integrity of the system is checked during '

in-service testing of safety related' pumps and valves, as
| described in Section 3.9.6.

D. A single active failure can be accommodated with only one
isolation valve in the line: if the active failure is the
MOV failing to close, the SI pump flow maintains a barrier
on the valves. If the active failure is the SI pump
failing to sttrt, the IRWST water level maintains a barrier
on the valves, as described below.

i O
'

t] E. System reliability is greater with only one isolation valves
in the line: SIS reliability to perform its ECCS functionI '

is enhanced by minimizing the number of valves in the line.

Amendment U
6.2-53 December 31, 1993
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SRP Section 6.2.4 requires, where single CIVs are used, a
leak tight or controlled leakage housing around the piping
between the containment and the valves unless the
conservative design of the piping and valves precludes a
breach of piping integrity.

A housing is not required around the System 80+ SIS /SCS piping
and valves because the specific criteria of SRP Section 6.2.4
are met, as follows:

1. The piping and valve designs conform to SRP
Section 3.6.2.

2. The piping between containment and the isolation
valves, and the valves, are conservatively designed
to a pressure and temperature of 2485 psig and 650*F2
(see Figures 6.3.2-1A, B, and C) , which greatly exceed
the containment design pressure and temperature.

3. Isolation valve a _am leakoff and bonnet liquid leakage
are collected by the Reactor Building Subsphere
equipment drains, and drained to the equipment drain
tank in the chemical and volume control system, or the
equipment waste tanks (see Section 9.3.3.2.2).
Gaseous leakage is removed by the Subsphere Building
Ventilation System, which includes filtration and
radiation monitoring equipment (see Section 9.4.5) .
Main control room indications and/or alarms are
available to alert the operator to conditions which
exist in the containment penetration areas.

Although the high volume containment purge system containment
isolation valves (supply and exhaust) are required by Technical
Specifications to be closed when the Reactor Coolant System
exceeds hot shutdown conditions, a CIAS is provided to them to
further assure closure. High volume containment purge system
containment isolation valves (supply and exhaust) isolate upon
detection of high exhaust effluent radiation levels by a
dedicated radiation monitor located in the high volume
containment purge system exhaust ducting. These containment
isolation valves also isolate upon receiving a high humidity
actuation signal (HHAS).

Pneumatically operated low volume containment purge system
containment isolation valves (supply and exhaust) isolate on a
CIAS and upon detection of high radiation by a dedicated
radiation monitor located in the low volume containment purge
system exhaust ducting. These containment isolation valves also
isolate upon receiving a high humidity actuation signal.

The closure time of the cc.:tainment isolation valves for the Low
Volume Containment Purge Sub-System and Containment Pressure
Control System is selected and justified by an analysis of:

Amendment U |
6.2-53a December 31, 1993 )
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TABLE 6.2.4-1 (Cont'd)

(Sneet 5 of 15)

CONTAINMENT ISOLATION VALVE AND ACTUATOR DATA

(Note 16) (Note 1) (Note 5) (Note 4) (Note 2) (Note 3) Vert (Note 6) (Note 17) - fLocation and
Relathre Flow Drain
to Direction Vefwe for JustlGcation "

,,

Item Vafwe Figure Velve Contain- Relative to Arrangement Velve Position Actuator Actuation Type-A Type-C for Not -Essential /No. Servtce No. No. Type ment Cente6nment (GDC) Normal Fait Safe She.h Ancident Type Signet Type Test Test Testing

23 Safety hjection Pump #1 and SL304 6 32-1 A Gate Outside Out - 15 . LO Al LO LO E - R,M ' No , No Note 8 Essenbal .-
Contenment Spray Pump #1 (56) |
Sudien Une '

24 Safety injection Pump #2 and SL305 6.3 2-1 B Gate Outside Out . 15 LO Al LO LO E R,M No No . Note 8 Essential -
'

Containment Spray Pump #2 (56)
Suetion Line

25 Se%ty Ingection Pump #3 SL308 8.32-1 A Gate Outside Out 15 LO Al LO LO E RM No No Note 8 Essentiel '
suchon ' (56) ,

26 Sahny intaction Pump #4 SL309 63218 Gate Outside - Out 15 LO ' Al ^ LO LO E - RM No No Note 8 Essential
Suction (56) *

27 SG Dwaion 1 Mmin w Retum SL300 6 32-1 A Gate Outsade in 12 C Al ' C' C E RM- No No Note 8 Essentialo
to afhv5T SL100 Check Insuse (56) C' - C O - - -

SL302 Gate Outside LO Al LO LO E - R.M
,

28 S!S Dnnsion 2 Maniflow Return SI-301 6.32-1 B Gate Outside in 12 C Al C C E - RM No No. . Note 8 Essonnel
to IFhvST SL101 Check inside (56) C - C O - . .

SL303 Gs!e Outside LO Al LO LO E ' R.M
i

29 Retum Head * from St Tanks Sk682 6.3.2-18 Globe kwide - In 11 C C QC C P SMS- A.R,M Yes Yes - - Nonessential1

SL293 & Globe Outside (55) LC - Dic LC HW .
. M

$6-474 6 3 2-1C Relief inside C - C C - RV Setpoint - -

.
30 CCW Supply to Letdown Heat CC-240 9.221.14 Butterfty* Outside in 19 . O Af ' O C E CIAS A.RM Yes Yes ' -- Nonessentisi

|Exchangee CC-241 Butterfly * 'nside (56) O Al . O C E CIAS A.RM 4

CC- Check inside 0 - O C -' - -

2622

* Maximum walve closure time on CIAS is 60 sec.

<

|
.

|
1

i

Amendment U
December 31, 1993
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TABLE 6.2.4-1 (Cont'd)

(Sheet 6 of 15)

CONTAINMENT ISOLATION VALVE AND ACTUATOR DATA

(Note 16) (Note 1) (Note 5) (Note 4) (Note 2) (Note 3) Vent (Note 6) (Note 17)
Location and
Relattve Flow Drain
to Direction Valve for Justfrication

item Vehre F6gure Valve Contah Relative to Arrangement Valve Position Actuator Actum16on Type 4 Type-C for Not * Essential / '
No. Servlee No. No. Tyne ment Containment (GDC) Normal Fall Sefe Shutdown Accident Type S6gnal Type Test Test Testing

31 CCW Return from Letdown CC-242 9.2.2-1.14 ButterMy * inside Out 16 O Al O C E CIAS A.R.M Yes Yes - Nonessentist

Heat Exchanger CC 243 Butter'iy* Outside (56) O Al O C E CIAS A.R.M
CC- Check inside C C C -

2629

32 CCW Supply to RCP Heat CC-130 92.21.5 Butterfly Outside in 19 O Al O C E CCm1 STAS A.R.M Yes Yes - Nonessential
Exchangers t A erid 1B CC 13t Butterfy insde (56) O Al O C E CCWLLSTAS AR,M

CC- Check inside 0 - O C - - -

1507

33 CCW Return from RCP Heat CC 137 922-1.5 Butterey Outside Out 16 O Al O C E CCWLLSTAS A.R.M Yes Yes - Nonessential
Exchangers I A and IB CC 136 Butterfly insde (56) O Al O C E CCWLLSTAS A.R.M

CC- Check insde C C C - - -

1548

34 CCW Suppy to RCP Heat CC.230 9 2.2-1.11 Butte % Outside ki 19 O Al O C E CCWLLSTAS AR.M Yes Yes - Nonessential
Exchangers 2A and 28 CCL231 Butter'ly inside (56) O Al O C E CCWLLSTAS AR,M"

CC- Check inside O O C - - -

2507

35 CCW Return from RCP Heat CC-237 92.21.11 Butterfly Outside Out 16 O Al O C E CCWLLSTAS AR,M Yes Yes - Nonessential
Exchangers 2A and 29 CC 236 Butterfry inside (56) O Al O C E CCWLLSTAS A.R,M

CC- Check inside C - C C - - -

2548

36 St IRWST Boron Recovery SL397 6.83 Gete* Outside Out 23 O/C Al C O/C E Ct.AS A.R.M Yes Yes Nonessential
Supply to CVCS S8-396 Gate * Insede M O'C Al C O/C E CtAS A,R M

37 intentionally Blank

38 CVCS tRWST Boron Recovery CH509 9.34-1.2 Gate * Outsde in 4 O'C Al O/C C E CIAS AR,M Yes Yes - Nonessential

} Return Cn199 Check inside (56) O/C - O'C C - - -

w 39 Shutdown Purr *ication Lme to CH-307 9.34-1.1 Gate Outsee in 9 LC - O'C LC HW M Yes Yes - Nonessential
| L etdown Heat Exchanger CH-304 Checle inside (55) C O'C C -

* Madwm valve closure tme on CIAS is 60 sec.

Amendment V
April 29,.1994
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TABLE 6.2.4-1 (Cont'd)

(Sheet 7 of 15)

pONTAfNMENT ISOLATION VALVE AND ACTUATOR DATA

(Note 16) (Note 1) (Note 5) (Note 4) (Note 2) (Note 3) Vent (Note 6) (Note 17)
Loce6on and
Ratative Flow Drain
to Directen Valve for Jussfication

hem WWwe Figure Vahre Contain. Relative to Asrangement Valve Posidan Actuator Actuation Type 4. Typ d for Not Essa stia&
No. Service No. No. Type ment Centamment (GDC) Normal Fall Safe Shutdown AccMent Type Signal Type Test Test Tee 9ng Noneesential

40 Letdown to Purif6 cat.on CH-523 9.3.4-1.1 Globe * Outside Out $4 O C C C P OAS A,R.M Yes Yes NonessentW
System CH 575 Globe * Inside ($5) O C C C P CIAS A,R.M

41 CVCS Charging Une CH-524 9.3. 4 - 1.1 Globe Outside in 5 0 Al C C E R.M Yes Yes - Nonessential
CH 747 Check insuse (5 55 O C C -

42 RCP Seallnpection CH-255 93.4-1.1 Globe Outsde in 5 0 Al O O E R,M Yes Yes Nonessential
CH 835 Check insafe (55) O O O -

43 RCP Seal Return Flow CH 505 9.3.4-1.2 Globe Oursde Out 14 O C C C P CSAS A.R.M Yes ' Yes NonessentW
CH- 506 Globe kwwte (555 O C C C P CSAS A.R.M

44 ROT Flow to RDPs CH-561 9.3.4-1.3 Globe * Outside Out 17 O/C C O/C C P OAS A.R.M Yes Yes Nonessential
CH- 560 Globe * hiside (56) O!C C O/C C P CtAS A,R,M

45 Rese Sluice Supply to CH-580 9.3.4-1.3 Globe * Outside In 6 C C C C P OAS A.R.M Yes Yes - Nonessential
Reactor Drain Tank CH-494 Check insufe (56) C C C -

46 Breathing At Supply 9.3.1 -3 Ga'e * Outside in 5 C At C C E OAS A.R.M Yes Yes - Nonessentral
- Check inside (56) C C C -

47 Station Air Supply - 93.1-2 Gate * OutsMe in 5 C Al C C E OAS A.R.M Yes Yes - Nonessentsal
Check inside (56} C C C - -

48 instrument Air Supply #1 9.3.1 - 1.2 Gate * Outside In 5 0 Al O C E CtAS A.R.M Yes Yes - Nonessential
Check Insate (56) O O C

49 instrument At Supply #2 9.3.11.2 Gate * Outside in 5 0 Al O C E CtAS A.R.M Yes Yes - Nones *wmtial
- Check inside (56) 0 - O C -

* Mammum vot g closure twne on CIAS is 60 sec.

!

Amendment R
July 30, 1993
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TABLE 6.2.4-1 (Cont'd!

(Sheet 8 of 151

CONTAINMENT ISOLATtON VALVE AND ACTUATOR DATA

(Note 16) (Note 1) (Note 5) (Note 4) (Note 2) (%te 3) Vent (Note 6) (Note 17)
location and
Relative Flow Drain
to Direction Velve for Justification

hem Valve Figure Valve Contain- Relative to Arrangement Valve Position Actuator Actuation Type A Type-C for Not Essential /

No. Service No. No. Type ment Containment (GDC1 Normal Fed Sete Shutdown Accident Type Signal Type Test Test Testing Noneesentini

50 Refuehng Pool Cleanup PC-258 9.1 -3 Pockless Outsde Out 21 LC - OIC LC HW M Yes Yes Nonessential

.

Suctw>n Line PC-25 7 Packless Insde (56) LC O/C LC HW M

51 Refueling Pool Cleanup Peturn PC.291 9.13 Packless Outsee in 21 LC O/C LC HW M Yes Yes Nonessential
Henckr PC,297 Packlegg inside (58) LC OIC LC HW M

S' Fuel Transfer Tube Quick - DBI.E Seal trside None 22 C - C C M No No Note 10 Nonessential
Closure Hatch RL Fisoge (NtA)

53 SIT Sample Line SS-236 9.3.2-1 Globe * Outside Out 20 C C C C S C!AS A.R.M Yes Yes Nonessentist
SS 235 Globe * kwide (55) C C C C S CIAS A.R,M

54 Pressuruer Liquid Samcie Line 55-201 9.3.2-1 Globe" Outside Out 20 C C C C S CIAS A.R.M Yes Yes - Nonessentist
SS- 204 Globe * Insde (55) C C C C S CIAS A.R,M

55 Pressurizer Steam Space SS-202 Gir3be * Outside Out 20 C C C C S CIAS A.R.M Yes Yes Nonessential
Sample line SS-205 9.32-1 Globe * Inside (5 51 C C C C S CIAS A.R M

56 Hot Leg Sample Line SS-200 9.32-1 Globe * Outsde Out 20 C C C C S CIAS A.R.M Yes Yes - Nonessential
[ SS 203 Globe * Ins =$e (8i5) C C C C S CtAS A,R.M

{ 57 Holdup Volume Tank Sample SS- 208 Globe * Outsde Out 24 C C C C S CIAS A.R.M Ves Yes - Nonessential
Une SS-210 Globe * Insde (56) C C C C S CIAS A.R.M

SS-211 Globe * insde C C C C S CIAS A.R.M

58 Steam Gener mr #1 Cold leg SC-219 - Globe * Outsale Out 27 O C C C S MSIS/EFAS/AFAS A,R.M No No Note 7 Nonessermal
Sample SC-204 Glabe * tonwie (57) O C C C S MSIS/EFASIAFAS A.R.M

53 Steam Generator #1 Hot leg SC-228 Globe * Outside Out 27 O C C C S MSIS/EFAS/AFAS A,R.M No No Note 7 Nonessential
Sample SC-211 Globe * insde f 5 7) O C C C S MSIS/EFAS/AFAS A.R, M

60 Steam Generator #1 SC-221 - Globe * Outside .Out 27 O C C C S MSIS/EFAS/AFAS A R.M No No Note 7 Nonessermal
Downcomer Sarnpfe SC 220 Globe * Ins <te 15 7) O C C C S MSIS/EFAS/AFAS A.R.M

* Mannsm valve closure time on CIAS is 60 sec.

Amendment V
April 29, 1994
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TABLE 6.2.4-1 (Cont'dl

(Sheet 11 of 151

CONTAINMENT ISOLATION VALVE AND ACTUATOR DATA

(Note 16) (Note 1) (Note 5) (Note 4) (Note 2) (Note 3) Vent (Note S) (Note 17)
locotien and
Reindve Flow Drain
to Direction Valve for Justification

item Valve Figure Velve Contain. Releeve to Arrangement Veive Posioon Actuator Actuation Type-A TypeC for Not Essentiell
No. Service No. No. Type ment Cent (GDC) Nor el Feil Sete Shutdown Accident Type signal Type Test Test Testing Nonessential

79 Contamment Radiaten Globe * Outside in 25 0 C O C E CIAS A.R.M Yes Yes - Nonessential
Morwtor (Outlet) Globe * Inside 15 6) O C O C E CIAS A,R,M

80 Contamment Pressure CH I . - Note 11 - - Yes Yes - Essenual
sensing Line CH 11 - (56) Note 11 - - -

CH lit Note 11
CHIV Note 11 -

81 ILRT Pressure Sensing Lire Globe Outside None 21 LC LC LC HW M No Yes Nonessennel
Globe msute (56) LC LC LC HW M Note 12

82 Demmerahred Water Gate * Outside ln 5 0 At O C E CIAS A,R.M Yes Yes Nonessennal
Check insule 15 6) O - O C -

83 Netrogen Supply to Safety - Globe * Outsuie in 4 C At C C E CIAS A.R.M Yes Yes Nonessentud
Insectv>n Tanks and RDT Check insnfe 15 5) C C C

84 TLRT Pressuruation Line - Globe Outssde in 26 LC - LC LC HW M Na Yes - Nonessential
Flange insufe (56) - - - Note 12

85 RCP Od Fell Lme Gate * Outside in 23 C Al C C E CIAS A.R.M Yes Yes - Nonessential
G ate * Insule (5 63 C At C C E CIAS A.R.M

86 Equepment Hatch DBLE Seal inside None 22 C C C - No No Note 10 N/A
BL Flange (N/A)

87 Personnel Asiock #1 - - - - - - - No No Note 10 N/A
(N/A)

88 Personnel Airtocit #2 - - - No No Note 10 N!A -
(N/A)

89 Personnel Artock #1 - Check Outswje None C - C C - - Yes Yes - NsA
Equalization tene Check Wade (N/Ap C - C C

* Maximum vafve closure teme en CIAS es 60 sec.

Amendment T
November 15, 1993
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T ABLE 6.2.41 (Cont'd)

(Sheet 12 of 15)

CONT AINMENT ISOLATION VALVE AND ACTUATOR DATA

INote 16) (Note 13 (Note 5) (Note 41 (Note 2) (Note 3) Vent (Note 6) (Note 17)
andlocation

DrainRelative Flow
to Direction Velve for Justification

ttom Velve Figure Valve Contain- Relative to Arrangement Valve Position Actuator Actuation Type-A Type.C for Not Essentiell

No. Service No. No. Type ment Conti (GDC) Normal Feil Sefe Shutdown Accident Type Signal Type T est Test Testing Nonessential

90 Personnel Aeriock #2 Check Outside None C C C Yes Yes N/A

Equahraten tme Check inside (N/A) C C C

91 Contamment Surnp Pump - Gate * Outside Out 14 O Al O C P CIAS/HRAS A.R.M Yes Yes Nonessentaal

Descharge tme G ate * Inside (56) O Al O C P OAStHRAS A.R.M

92 Contamment Ventilation Gate * Outside Out 16 O At O C E CAS/HRAS A.R.M Yes Yes Notessential

Units' Condensate Dram - Gate * Inside (56) O Al O C E CAS/HRAS A,R,M

Headet Check Insede C + C C -

93 Reactor Dram Tank Gas Globe * Outside In/Out 25 O At O C E CIAS A.R.M Yes Yes - Nonessential

Space to GWMS Globe * Inside (56) O Al O C E CIAS A.R.M

94 Decentammation Line - - Globe Outside in 21 LC LC LC HW - M Yes Yes - Nonessential
Globe inside (5 3) LC LC LC HW M

95 Division 1 Hydrogen - 6.2.5-1 Globe * Outside Out 23 C Al C O/C E CIAS A R.M Yes Yes - Essential

Recombiner Suction from Globe * Inside (56) C Al C O!C E CIAS A.R M
Containment

96 Division 2 Hydrogen 6.2.5-1 Globe * Outside Out 23 C Al C O/C E CIAS A.R.M Yes Yes - Essential
Recombeer Suction from Globe * Inside (56) C Al C O/C E CIAS A.R.M
Corwamment

] 97 Division 1 Hydrogen - 6.2.5-1 Globe * Outside In 4 C Al C OC E CtAS A.R.M Yes Yer Essennal
Recombiner Discharge to - Check inside (56) C C O/C CIAS
Contamment

| 98 Division 2 Hydrogen - 6.2. 5 - 1 Globe * Outsede in 4 C Al C O/C E CIAS A.R,M Yes Yes Essential
Recombeer Discharge to Check Insede (56) C - C O/C - OAS
Contemment

* Mammum vetve esosure time on CIAS is 60 sec.

Amendment V
April 29, 1994
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TABLE 6.2.4-1 (Cont"d)

(Sheet 13 of 15)

CONTAINMENT ISOLATION VALVE AND ACTUATOR DATA

(Note 16) (Note 15 (Note 5) (Note 43 (Note 2) (Note 3) Vent (Note 6) (Note 17)
,

Laceaan and
Rolanve Flow Drain
to Direction Valve for Justiscation

item Velve Figure Valve Contain. Rolanve to Arr_ . Valve Position Actuator Actuation Type-A Typ d for Not Essential /
No. Serv 6ce No. No. Type ment Containment (GDC) Normal Feil Safe Shutdown Ar :ident Type Signal Type Test Test Testing Nonessenesi

99 Steam Generator Wet Layup Gate Outsase in 9 LC O/C LC HW - M No No Note 7 Nonessentral |
Recyculaten Return to Steam Check inside 157) C - O/C C - -

|
Genarator #1

100 Steam Generator Wet Layup - Gate Outsute in 9 LC O/C LC HW M No No Note 7 Nonessential
Recwculaten Return to Steam Check Insu$e (57) C - OiC C -

Generatnr #2

Vas e arrangements are shown in Figure 6.2.41. The COL Apphcant is to provide penetraten pipe sizes and distances of isolaten vatve from contamment.N0ftS- 1. v

2, Defwntion of Actuaten Sqnals

CIAS - Contanwnent isolaten Actuaten Signal
CSAS - Contamment Spray Actuaten Segnal
MSIS - Maut Steam isolaten Senat4

EFAS - Emergency Feedwater Actuaten Segnat
i AFAS - Afternate Feedwater Actuaten S gnal

,

HRAS - Hgh Radiate Actuaten Sagnat
j HHAS - Hgh Humedsty Actuaten Sqnal

STAS - Safety infection Actuaten Signal
CCWLLSTAS - Comporont Coohng Water Low Low Surge Tank Actuaten Sqnat

i All of these signais are Engmeered Safety Features Actuaten Sqnais, except HRAS, HMAS, CCWLLSTAS, and AFAS. Valves receivmg ESF signals are class: fed as ESF valves.

a

f

i

|

Amendment V
April 29, 1994 ;.
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TABLE 6.2.4-1 (Cont'd)

(Sheet 14 of 15)

CONTAINMENT ISOLAT ON VALVE AND ACTUATOR DATA

NOTES: 3 Abbreviations for Actuation S gnal Types
(Cont'd)

A - Automaticafly leutiated
R - Remotely trutiated
M - Manua ty initiatedr

4 Actuator Type Abtreviations

E - Motor Opeeeted (Etectric Powered)
P - Pneumatically Operated (Compressed Aw Poweredi, encept as quahfund by NOTE 18.
HW Manual Handwheel Operated
S , Solenoid Operator

5 Valve Position Abbreviatens

0 Open
C Closed
04 - Either Open or Oosed for Condit.on
LO - Locked Opens
LC - Locked Closed *
Al - Fai s As isl

* - M other than handwheel operated manual valve. then valve actuator operabehty to be control!ed by admwustrative means, e g., removmg actuator power, air supply, using boy controlled switch, etc.

6. Alf potent:al bypass leakage paths en dual conteenment plants are requwed a Type-C test per Posetson No. 7, Section B, of Branch Techrucal Positen CSB 6-3, *Determenanon of Bypass Leakage Paths in Dual Containtnent Plants."

7. The Main Steam, Mam Feedwater. Emergency Feedwater. sample and blowdown hnes are au connected to the secondary side of the steam generator, whech as kept at a higher pressure than the primary sede soon after a LOCA occurs.
Any leakage between the primary and secondary saoes of the steam generators os dwected mward to the containment. Refer to Table 3 915 for quahtative inservice taskage testmg to periodically access ve!ve degradanon.

8 An effecths fluid seat on these penettetens is proveded by the iRWST (In-Contamment Refueling Water Storage Tank).

| 9 The Shutdown Coohng System (SCSL whech functens to remove reactor decay heat de rmg shutdown must be operated dunng Type-A tests to maintain the urut an a safe condetson_*

l .

I

Amendment U
December 31, 1993
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The SI pumps can also be utilized to provide injection flow
during feed and bleed operations when the Safety Depressurization
System (SDS) is used for decay heat removal; the SDS is described
in Section 6.7.

During normal operation, the SI pumps are isolated from the
reactor coolant system by motor-operated valves. During safety
injection, . the SI pumps deliver water from the IRWST to the
reactor vessel downcomer via DVI nozzles whenever RCS pressurei

l falls below pump shutoff head. During the long-term mode of
operation, the SI pumps continue to take suction from the IRWST.

The SI pumps are sized such that for breaks, up to a double-ended
| guillotine break, two SI pumps -in conjunction with the SITS
' provide the required minimum injection flow rate to the core to

meet the performance criteria of Section 6.3.1. The SI pumps are
also sized such that, after consideration of spillage directly
out through the break, one SI pump, in conjunction with the SITS,
will supply adequate water to the core to match decay heat
boiloff rates soon enough to rainimize core uncovery and allow
small break LOCAs to meet the performance criteria of Section
6.3.1. A typical SI pump characteristic curve is shown in
Figure 6.3.2-2. The effectiveness of the SI pump during a steam
line break is also analyzed to assure that the pumps arei

adequately sized. '

l Mechanical shaft seals are used and are provided with leakoffs
which collect any leakage past the seals. The seals are designed
for operation with a pumped fluid temperature of 350*F.

The SI pump motors are specified to have the capability of
starting and accelerating the driven equipment, under load, to

| design point running speed within 5 seconds based on an initial i
'

voltage of 75% of the rated voltage at the motor terminals,
increasing linearly with time to 90% voltage in the first 2
seconds, and increasing to 100% voltage in the next 2 seconds.
Cooling water is provided to the SI pump motor coolers by the
Component Cooling Water System (CCWS); the CCWS is described
in Section 9.2.2.

|

The SI pumps are provided with drain and flushing connections to
| permit reduction of radioactive contamination before maintenance.
| The pressure containing parts of the pump are stainless steel

with internals selected for compatibility with boric acid;
'

solutions. The materials selected are analyzed to ensure that
differential expansion during design transients can be
accomnodated.

I n

U'

Amendment I
| 6.3-13 December 21, 1990
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| The SI pumps are provided with minimum flow protection (miniflow
recirculation lines) to prevent damage resulting from operation
against a closed discharge isolation va]ve or RCS pressure
conditions that are higher than SI pump shutoff head. Also,
individual SI pump ultrasonic flow meters provide a low flow
alarm in the event an SI pump is operating at a flow rate that is
less than the required miniflow.

The arrangement of the SI pump miniflow recirculation lines
precludes pump deadheaded operation from the type parallel pump
interaction described in NRC Bulletin No. 88-04. The only cross
connections in the SIS arrangement tie together the two SI pumps
in each division at a junction downstream of an orifice and a
check valve installed in each pump's miniflow line. The miniflow
line is then routed to the IRWST, which is vented to the
containment atmosphere. There is no plausible operating
configuration in which the operation of one SI pump would cause
the other pump in the division to operate at less than the
required miniflow.

SI pump miniflow is specified to be limited within the range of
85 to 105 gpm at pump shutoff head. This represents
approximately 9.7 to 12 percent of the pumps best efficiency flow
and is within the range of 5 to 15 percent that has traditionally
been used. NRC Bulletin No. 88-04 stat 5s that some
manufacturer's are advising that their pumps should have minimum
recirculation flow capabilities of 25 percent to more than 50
percent of the pump's best efficiency flow. Using pump vendor
and utility information, ABB-CE conducted an evaluation of pump
requirements for the System 80+ application. The results of the
evaluation indicate that a miniflow rate of 85 to 105 gpm
provides adequate protection for the SI pumps at low flow
conditions. Limiting the maximum miniflow to 105 gpm prevents a |

reduction in the capability of the SI pumps to deliver flow to
the RCS. Testing that is performed to demonstrate acceptable SI
pump operation while operating at miniflow is described in
Section 6.3.4.1.1.

Maximum SI pump runout flow is limited to an acceptable value
when the system is setup during preoperational testing with the
RCS at atmospheric pressure. In the event of a large break LOCA,
the maximum SI pump flow rate will not exceed the preoperational
test flow rate, even at low RCS pressures.

The SI pumps are specified to limit the maximum required NPSH to
20 feet at pump runout flow. Pump vendor tests are conducted to
ensure that the actual required NPSH does not exceed the
specified limit. Available NPSH is calculated in accordance with
Regulatory Guide 1.1. The calculated margin between required
NPSH and available NPSH ensures that NPSH requirements are
satisfied; see Section 6.5.3.4. Testing to ensure adequate
available NPSH in the as-build arrangement is described in
Section 6.3.4.1.1

Amendment V
6.3-14 April 29, 1994
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The design temperature of the SI pumps is based on the saturation'

temperature of the reactor coolant at the containment design
pressure plus a design tolerance. The design pressure for the SI

^

pumps is based on the shutoff head plus. maximum containment
pressure plus a design tolerance. The pump-data is provided in
Table 6.3.2-1.

6.3.2.2.4 Piping
,

Piping is designed to deliver borated safety injection water from
3

the Safety Injection Tanks (SITS) and from the In-containment
Refueling Water Storage Tank (IRWST) via the Safety Injection,

i (SI) pumps, to the reactor vessel nozzles. The major piping
; sections are (refer to Figures 6.3.2-1A, 6.3.2-1B, and 6.3.2-1C) :

; A. From each SIT to its respective DVI nozzle.

B. An individual suction line from the IRWST to each of the SI
*

pumps.

C. An individual discharge line from each SI pump to each
pump's respective DVI nozzle. A hot leg injection path is,

! provided from the discharge of SI pumps 3 and 4 to allow hot
i leg injection via nozzle connections on each shutdown

cooling sucticn line.

'- Each reactor vessel DVI nozzle has an internal diameter no
greater than 8.5 inches and a flow area no greater. than 56.75.

square inches (see Figure 5.3-7). The DVI line piping' connected
to each nozzle has a nominal diameter of 12 inches. The DVI
nozzles restrict flow out of the reactor vessel in the event of
a DVI line break.

'

,

| The SIS piping is fabricated of austenitic stainless' steel and is
| designed to ASME Code Section III. Flexibility and seismic

loading analyses are performed to confirm the structural adequacy.

of the system piping..

' 6.3.2.2.5 Valves

The relative location, type, type of operator, position (during
j the normal operating mode of the plant) and failure position of

the SIS valves, is shown in Figures 6.3.2-1A, 6.3.2-1B and
6.3.2-1C.

A. Relief Valves

Protection against overpressurization of components within
'

the SIS is provided by conservative design of the system
piping, maximum utilization of welded connections,

I appropriate valving between high-pressure sources and

:

J Amendment T
- 6.3-14a November 15, 1990
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with flow resistance characteristics equal to or less than
a swing check valve of the same size as the connecting pipe.

6.3.2.3 . Applicable Codes and Classification

Refer to Section 6.3.2.2 and Table 6.3.2-1.
~

6.3.2.4 )(aterials Specifications and Compatibility

The materials used in the construction of the SIS components are
presented along with the component parameters in Table 6.3.2-1.
Basically, all materials in contact with reactor coolant are
austenitic stainless steel with stellite or equivalent material
being used for valve seats. The materials of construction used
in both the active and passive components have been evaluated and
in each case it has been concluded that the materials selected
are both compatible with the most severe environmental condition
they will be exposed to and in accordance with all ASME Code
requirements.

6.3.2.5 System Reliability

6.3.2.5.1 Safety Injection Tanks

The Safety Injection Tanks (SITS), containing borated water
C pressurized by a nitrogen cover, constitute the passive injection

system because no operator action or electrical signal is
required for operation. Each tank is connected to its associated
reactor vessel nozzle for DVI by a separate line containing two
check valves which isolate the tank from the RCS during normal
operation. When the RCS pressure falls below the tank pressure,
the check valves open, discharging the contents of the tank into
the reactor vessel.

The performance evaluation in Section 6.3.3 demonstrates the
adequacy of the quantity of coolant supplied. In order to
prevent accidental discharge from the SCS suction relief valves
(SI-179 and SI-189), SIT pressure can be decreased to an
acceptable value when reactor coolant pressure is below 640 psia |
and, subsequently, the isolation valves on the tanks are closed.
An interlock with pressurizer pressure prevents these valves from
being closed if pressurizer pressure is greater than 475 psia, if |
necessary.

Inadvertent repressurization of the SITS during shutdown cooling
due to a leaky nitrogen supply valve or the accidental tripping
of a valve switch is prevented by having two such fail-closed

Ov
Amendment Q

6.3-17 June 30, 1993
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supply valves in series with separate hand switches. The air
supply actuating the nitrogen supply valves is controlled by
solenoid valves. (The nitrogen supply line inside containment is
not normally pressurized).

The two nitrogen supply valve solenoids on each SIT are connected
to separate electrical buses via redundant and physically
separated electrical trains. This is to ensure that a fault in
one of the trains will not cause a spurious opening of both
nitrogen supply valves.

The motor-operated isolation valves on the SIT discharge are
interlocked with pressurizer pressure to open the valves
automatically as system pressure is increased to 600 psia. When
RCS pressure increases to 640 psia, the operator will
repressurize the SITS. Failure to do so will result in an alarm
at a pressurizer pressure of 700 psia. Further details of valve
control are provided in Section 7.6.

The atmospheric vents on the SIT are locked closed, fail closed
and power to their solenoid valve is interrupted during operation
with the RCS pressure greater than 700 psia. This ensures that
the tank will not be vented during RCS power operation.

6.3.2.5.2 Safety Injection Pumps

Each of the four SI pumps is provided with a separate suction
line from the IRWST and a separate discharge line to one of four
DVI nozzles. Two SI pumps and the associated injection valves
operate from one emergency power supply, the other two SI Pumps
and injection valves from a second, independent, emergency power
supply. This provides the automatic operation of one complete,
full capacity subsystem in the unlikely event of concurrent loss
of offsite power and the failure of an active component,
including a standby generator.

With the exception of check valves, the open or closed position
of all valves in the injection paths not receiving a SIAS signal
is administratively controlled.

Prevention of flow blockage in small diameter pipes, including
the above piping, is accomplished by control of particle size and
specific weight in the injection water through IRWST design; see
Section 6.8.

| The System 80+ SI pumps are specified to have the same operating
characteristics as the High Pressure Safety Injection (HPSI)

i pumps specified for the System 80 design and used at the Palo
| Verde Nuclear Generating Station (PVNGS). The System 80+ SI
| pumps and the System 80/Palo Verde HPSI pumps are similar in

design to boiler feed pumps used in fossil power plants. Boiler

! Amendment V
6.3-18 April 29, 1994
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Yk '1 feed pump operational requirements are equal to, or more

demanding than those of the SI pumps. An evaluation of plant
data indicates that numerous boiler feed pumps have operated,
meeting boiler feed demands, for periods of five years or more
w.ithout requiring a complete overhaul. The reliability of the
System 80+ SI pumps for extended operation is expected to be as
good or better than boiler feed pump reliability.

6.3.2.5.3 Power Sources

Independent electrical divisions supply power to the SIS
equipment. Each division may receive power from:

,

|

,3,
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TABLE 6.3.2-1

(Sheet 1 of 3)

SAFETY INJECTION SYSTEM-
COMPONENT PARAMETERS

Safety In-loction Pumps

Quantity 4
Type Multistage, Horizontal,

Centrifugal
Safety Classification 2
Code ASME III, Class 2
Design Pressure 2050 psig
Maximum Operating Suction Pressure 100 psig
Design Temperature 350*F
Design Flow Rate 815 gpm*-
Design Head 2850 ft
Materials Stainless Steel, type

304, 316 or approved-
alternate

Shaft Seal Mechanical
Brake Horsepower 910

* Does not include minimum bypass flow

b
Amendment I
December 21, 1990
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e! TABLE 6.3.2-1 (Cont'd)

(Sheet 2 of 3)

SAFETY INJECTION SYB'HH
COMPONENT PARAMETERS

l

Safety Iniection Tanks

Quantity 4
| Safety Classification 2

Code ASME III, Class 2
Design Pressure, Internal / External 700 psig/100 psig
Design Temperature 200*F;

j Operating Temperature 120*F

| Normal Operating Pressure 610 psig

3Nominal internal volume 2406 ft

3Normal Liquid Volume 1858 ft

Fluid Borated Water,
4400 ppm, max.
2000 ppm, min.

Material Clad - Stainless Steel,
type 304, 316, or
approved alternate

Body - Carbon Steel, type
| SA-516 Gr. 70 or

approved alternate

O
Amendment V
April 29, 1994
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oxidation are obtained from the STRIKIN-II calculation. Also,
input into STRIKIN-II are steam cooling heat transfer coefficients l

which are calculated using the HCROSS (Reference 14) and PARCH )
(References 11 and 14) computer programs. The core-wide cladding j

oxidation is obtained from the results of both the STRIKIN-II and '

COMZIRC (Reference 5, Supplement 1, Appendix C) computer programs.
!

6.3.3.2.2 Safety Injection System Assumptions

The SIS consists of four Safety Injection (SI) pumps and four
Safety Injection Tanks (SITS). Automatic operation of the SI
pumps and valves is actuated by either a low pressurizer pressure | 1
signal or a high containment pressure signal. Flow is initiated 1

from the SITS by the opening of a check valve when the reactor !

vessel downcomer pressure drops below the SIT pressure. SI flow )
is delivered by Direct Vessel Injection (DVI) connections.

l
Appendix 6A documents a study of possible single failures. It
shows that no single failure in the SIS or the diesel-generator )
system is the worst condition for the large break analysis. The i

study analyzed three cases: failure of a diesel generator,
failure of a SI pump, and no failure. In all three cases, there
is sufficient safety injection flow to mGintain the reactor vessel

('m) downcomer water level at the elevation of the bottom of the
(,/ reactor vessel inlet nozzle. Therefore, all three cases provide

the same head for reflooding the core. The no failure case is
more limiting than the other two because it results in the lowest
minimum containment pressure. This is because it maximizes heat
removal from the containment through the containment sprays and
fan coolers relative to the diesel generator failure case and
through increased spillage of SI flow relative to the SI pump |
failure case. Minimizing the containment pressure minimizes the I
core reflooding rate. |

Therefore, the following SIS conditions are used in the large
break analysis:

A. Flow from all four SITS assuming maximum initial liquid
inventory.

B. Maximum flow rate from all four SI pumps.

The SI pumps are assumed to begin injecting after the lower plenum
and downcomer have been filled by the SITS. This maximizes the
time to fill the lower plenum and downcomer.

Amendment U
6.3-25 December 31, 1993
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6.3.3.2.3 Core and System Parameters i

l

The significant core and system parameters of the large break I
analysis are presented in Table 6.3.3.2-2. The PLHGR is selected I

to occur in the top of the core, the limiting location as
identified in Appendix A of Supplement 3-P-A of Reference 2. A;

conservative beginning-of-life moderator temperature coefficient
4

(+ 0.5 x 10 Ap/*F) is used in all large break cases.

The large break analysis accounts for 10% steam generator tube
plugging which may occur during the plant's lifetime.

The initial steady state fuel rod conditions are determined as a
function of burnup using the FATES 3 computer program (Reference
7). The limiting condition for SIS performance is determined to

| occur for a hot rod average burnup of 26,000 MWD /MTU. A parameter
study demonstrates that cladding temperature and oxidation are

j maximized at this burnup. The results of this study are presented
in Figure 6.3.3.2-12.

6.3.3.2.4 Containment Parameters

Section 6.2.1.5 presents the containment parameters used in the
SIS performance analysis. The values for these parameters are
chosen to minimize containment pressure such that a conservative
determination of the core reflood rate is made.

6.3.3.2.5 Break Spectrum

The 1.0 DEG/PD break is aralyzed at a core power of 3992 MWt (102%
of nominal) . This is the limiting break size as determined by a
break spectrum analysir, performed at 3876 MWt. The break spectrum
analysis is performed for nine breaks that pnclude slot and
guillotine breaks, ranging in size from 0.5 ft to full double-
ended break area. Break locations include the reactor coolant'

pump suction and discharge legs and the hot leg. Table 6.3.3.2-3
lists the various break sizes, types and locations analyzed.

As previously demonstrated in Reference 2, the limiting break
location is the pump discharge leg. Pump discharge leg breaks are
limiting because both the blowdown core flow rate and reflood rate
are minimized for this location.

6.3.3.2.6 Results and CCnclusions

The important results of this SIS performance analysis are
summarized in Table 6.3.3.1-4 and the figures listed in Tables
6.3.3.2-5 and 6.3.3.2-6.

O
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TABLE 6.3.3.3-1

SAFETY INJECTION PUMPS MINIMUM DELIVERED FLOW TO RCS
(ASSUMING ONE EMERGENCY GENERATOR FAILED)

Flow Rate Per Injection Point *. (QDm).

RCS Pressure
(psig) A B |

1600' 0 0

1400 296 296
1200 432 432
1000 560 560
800 676 676
600 784 784
400 892 892
200 920 920
140 940 940
100 956 -956
60 964 964
20 976 976

p 0 '980 980

s.J

:

For breaks assumed at the DVI location, Injection Point A is assumed to be*

the broken line. Injection Point B is the intact injection line. There is no
flow delivered to the two injection points in the other loop due to the-
assumed failure of one emergency generator.

Amendment V
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TABLE 6.3.3.3-2

GENERAL SYSTEM PARAMETERS AND INITIAL CONDITIONS
SMALL BREAK SIS PERFORMANCE ANALYSIS

'

l Quantity Value Units

3992 MWt 3876 MWt
Core Power Core Power

Core Power Level 3992 (102% 3876 MWt

of Nominal
.

Average Linear Heat Generation 5.6 5.7 kw/ft
Rate

| Peak Linear Heat Generation Rate 15.0 15.0 kw/ft
I

(PLHGR)

2Gap Conductance at PLHGP 2123 1543 Btu /hr-ft _.7

Fuel Centerline Temperature at 3638 3743 'F
PLGHR

Fuel Average Temperature at PLHGR 2239 2341 'F

Hot Rod Gas Pressure 1061 1118 psia

Moderator Temperature Coefficient 0.0x10 0.0x10-4 @/ * F
-4

6 6Initial RCS Flow Rate 165.8x10 165.6x10 lbs/hr
6 6Initial Core Flow Rate 160.8x10 160.7x10 lbs/hr

Initial RCS Pressure 2250 2250 psia

Init. Reactor Vessel Inlet Temp. 555.8 558 'F

Init. Reactor Vessel Outlet Temp. 615 616' 'F

| Low Pressurizer Pressure Reactor 1555 1555 psia
| Trip Setpoint

SIAS Setpoint on Low Pressurizer 1555 1555 psia
Pressure !

SIT Gas Pressure 584.7 584.7 psia

01
|
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" PARCH, A FORTRAN-IV Digital Program to Evaluate Pool
Boiling, Axial Rod and Coolant Heatup," CENPD-138, |
Supplement 2-P, January 1977 (Proprietary).

12. Letter, O. D. Parr (NRC) to F. M. Stern (C-E), June 13,
1975.

Letter, O. D. Parr (NRC) to_A. E. Scherer (C-E), December 9,
1975.

Letter,.Karl Kniel (NRC) to A. E. Scherer (C-E), September
'

27, 1977.

Letter, D. M. Crutchfield (NRC) to A. E. Scherer (C-E) , July
31, 1986. ;

13. Letter, Robert L. Baer (NRC) to A. E. Scherer (C-E),
July 30, 1979.

14. LD-81-095, Enclosure 1-P, "C-E ECCS Evaluation Model Flow '. |
Blockage Analysis," December 1981 (Proprietary).

|

O
|

|

|

!

| I

|

.

|
!
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6.3.4 INSPECTION AND TESTING REQUIREMENTS |

During fabrication of the SIS components, tests and inspections
are performed and documented in accordance with code rcquirements
to assure high quality construction. As necessary, performance
tests of components are performed in the vendor facilities. The
SIS is designed and installed to permit in-service inspections
and tests in accordance with the ASME Code, Section XI.

6.3.4.1 SIS Performance Tests
'

Prior to initial plant startup, a comprehensive series of system
flow tests, as detailed- in Section 14.2, will be performed to
verify that the design performance of the system and individual
components is attained.

Preoperational tests and analyses will be performed to confirm
that the as-built SIS fulfills operability requirements and
provides a level of performance that satisfies safety analyses.

6.3.4.1.1 Flow Testing

Each installed SI train will be tested to measure SI pump
developed differential pressure at miniflow, measure runout flow
through the DVI lines and, for SI pumps 3 and 4, measure runout
flow through.the hot leg injection lines. Runout flow testing
will be conducted with the RCS at atmospheric pressure
conditions. Test results will be used to confirm SI pump
performance characteristics over the operating range of the pump
and to confirm system resistance characteristics. Test
conditions, including fluid temperature, suction and discharge
side fluid elevations, and potential instrument uncertainties
will be taken into account in performing an analysis. The
analysis will use test results, with adjustments made for test
conditions, to determine system performance during postulated
accident conditions. The calculated system performance shall be
within the limits used to perform safety analyses in Section
6.3.3 and Chapter 15.

Testing will be performed to confirm that the SI pump miniflow
rate in the installed system meets or exceeds the pump vendor's
minimum flow requirements. The pump vendor will perform a type
test with fluid conditions representative of those during a
natural circulation cooldown to generate data that verifies the
SI pumps' ability to operate continuously within the design
limits at minimum flow for the mission time. The pump type test
will monitor the normal pump qualification test parameters and
will use the following as acceptance criteria:

Amendment V
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Bearing oil equilibrium temperature: The testing will' e

demonstrate that its temperature will not exceed the
maximum safe limit for lubrication (typically, vendors
have endorsed a limit of 180*F for bearing oil-

temperature),
,

Pump shaft seal leakage temperature: The testing willo

demonstrate that the temperature will not exceed the
maximum safe limit for the seals (typically, vendorse

have endorsed a limit of 175*F for the shaft seal
cooling water),

Pump bearing housing vibration: Pump bearing housinge

vibration will be measured in accordance with
"

ISTB 4.6.4 from the ASME OM Code. Testing will
demonstrate that vibrations are within the criteria

'

established in Figure ISTB 5.2 from the ASME OM Code,,

and
,

Pump inspection: After completion of the test, the SIo

pump will be disassembled and the internals inspected
with the conditions of the parts being evaluated for
excessive wear as a result of degradation during the

[g pump test.
f-

The duration of the test, or mission tir.c, is either eight hours
or until the bearing oil temperature, the pump shaft seal leakage
temperature and the pump bearing hcusing vibration stabilize,
whichever is longer. Eight hours represents the maximum time the
SI pumps are required to operate at minimum flow as discussed in
Appendix SD for a natural circulation cooldown.

Testing will be performed to confirm that the SI pump return line
to the IRWST allows each SI pump to be operated at a flow rate
equal to or greater than design flow during inservice testing.

The available NPSH to the SI pumps will be determined based on
the as-built elevations, piping arrangements, and system
performance parameters measured during testing. Measured pump
suction pressures and flow rates will be used in an analysis to
demonstrate that adequate available NPSH is provided to each SI
pump assuming the following post-accident conditions:

- minimum IRWST level during an accident;

- saturated IRWST fluid conditions;

- as-built pressure losses for pump inlet piping and-
components.

The calculated minimum available NPSH shall exceed the NPSH
required by the pump vendor.

Amendment V
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6.3.4.1.2 Safety Injection Tank Testing

A test will be conducted to demonstrate that the SITS can be
depressurized by venting for entry into shutdown cooling. During
the test, each SIT will be pressurized and its isolation valve
shut. The test will confirm that each SIT vent valve can be
opened from the control room and that SIT pressure decreases,

j while each SIT is being vented.
|

| Each SIT will be tested to measure changes in SIT pressure and
| level during SIT blowdown. The test results will be used in an
' analysis to demonstrate that the as-built resistance coefficient

of each tank's discharge line is within the limits used to
perform safety analyses in Section 6.3.3 and Chapter 15.

6.3.4.2 Reliability Tests and Inspectiong

6.3.4.2.1 System Level Tests

After the plant is brought into operation, periodic tests and
inspections of the SIS components and subsystems are performed to

, ensure proper operation in the event of an accident. The
'

scheduled tests and inspections are necessary to verify system
. operability, since during normal plant operation, SIS components
| are aligned for emergency operation and serve no other function.

The tests defined permit a complete checkout at the subsystem and
component level during normal plant operation. Satisfactory
operability of the complete system can be verified during

i

normally scheduled refueling shutdown. The complete schedule of '

SIS tests and inspections is detailed in Chapter 16.

6.3.4.2.2 Component Testing

In addition to the system level tests described in Section |
6.3.4.1, tests to verify proper operation of the SIS components )
are also conducted. These tests supplement the system level '

tests by verifying acceptable performance of each active
component in the SIS. Pumps and automatic valves will be tested
in accordance with the ASME Code, Section XI.

6.3.5 INSTRUMENTATION REQUIREMENTS

| 6.3.5.1 Desian Criteria

The instrumentation and controls for the SIS are designed in
accordance with the applicable portions of the IEEE standards as
delineated in Section 7.1.2. The controls automatically provide
the sequence of operations required to initiate SIS operation.
The instrumentation and controls which actuate and control the
SIS are designed on the following basis:

Amendment Q
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A. Redundant instruments are provided for initiation of SIS
actions. Four sensors are used for each of the critical
parameters. A trip from any two .of these four sensors
initiates the appropriate SIS action.

B. Electric power required for SIS controls and instruments is
supplied via two preferred AC buses. Emergency generators
provide an alternate source of power.

Where required to assure proper system alignment, the open/ closed
r position of remotely actuated valves is administrative 1y

| controlled in the control room. Required valve positions are
indicated in Figures 6.3.2-1A, 6.3.2-1B, and 6.3.2-1C.

The status of all valves (except check valves) that are not
required to operate on initiation of safety injection in the |

jsafety injection flow path is controlled to ensure they are
maintained in the appropriate safety injection position during '

operation. ;

i \

| A further discussion of the instrumentation and associated analog I

j and logic channels employed for safety injection initiation is |

| given in Section 7.3.
i

i !

6.3.5.2 System Actuation Signals

|
Operation of the SIS is controlled by the Safety Injection 1

Actuation Signal (SIAS) which initiates operation of the SIS in I
| the event of low Reactor Coolant System pressure or high !

containment pressure. Both of these parameters provide an |indication of a Loss-of-Coolant-Accident which requires operation l

of the SIS. An SIAS may be manually initiated from the control
room.

6.3.5.2.1 Safety Injection Actuation Signal (SIAS)

Initiation of safety injection is derived from four independent
pressurizer pressure sensors and four independent containment
pressure sensors. Coincident trip signals from two-out-of-four
sensors for either parameter will automatically initiate safety
injection. Automatic Safety Injection System operation is

! actuated at a low pressurizer pressure or a high containment
| pressure. |
|

During startup and shutdown operations, a variable setpoint on
low pressurizer pressure is used. A further discussion of the
SIAS is given in Section 7.3.

|

i

Amendment I
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| 6.3.5.3 Instrumentation Durina Operation

The instrumentation provided for monitoring Safety Injection
System (SIS) components during SIS operation is discussed in this
section. See Figures 6. 3. 2-1A through 6. 3. 2-1C for instrument
readout locations.

6.3.5.3.1 Pressure

, A. Safety Injection Tank Pressure
|

.

Pressure transmitters mounted on each DIT provide indication
| of the pressure in each SIT. Wide ral.ge pressure channels

| P-311, 321, 331, 341 provide pressure indication in the
control room and at the remote shutdown panel. Narrow range,

| pressure channels P-312, 322, 332, 342, and P-313, 323, 333,
j 343 provide pressure indication in the control room. Alarms

are provided in the control room to alert the operator toI

high or low SIT pressure conditions.

B. Safety Injection Pump Discharge Pressure

i Pressure channels P-306, 307, 308, and 309 provide an
'

indication of SI pump discharge pressure in the control
room. The operator uses the pressure channels to monitor SI
pump operation.

6.3.5.3.2 Valve Position

i A. Safety Injection Tank Isolation Valve Position

Redundant valve position indication is provided in the
control room and at a local panel for valves SI-614, 624,
634, and 644. The position indication verifies either the
fully open or fully closed position, with an alarm if the
valve is not fully open.

B. Hot Leg Injection Isolation Valve Position

Open/ closed valve position indication is provided in the
control room for valves SI-604, 609.

i

|
C. Hot Leg Injection Flow Control Valve Position |

Open/ closed and full range 0-100% position indication is
provided in the control room for valves SI-321, 331. Full
range 0-100% position indication is used to monitor
intermediate valve positions when the valves are used for I
throttling SI pump flow to the RCS hot legs. |

Amendment Q
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D. SIS Injection Line Isolation Valve Position

Open/ closed and full range 0-100% position indication are |
provided in the control room for valves SI-616, 626, 636,
and 646. Full range 0-100% position indication is used to |
monitor intermediate valve positions when the valves are
used to throttle SI pump flow the DVI nozzles.

E. SIS Injection Line Low Flow Control Valve Position
i

Open/ closed and full range 0-100% position indication is |
provided in the control room for valves SI-602, 603. Full
range 0-100% position indication is used to monitor |
intermediate valve positions when the valves are used to
throttle SI pump flow to the DVI nozzles.

F. In-Containment Refueling Water Storage Tank (IRWST)
Isolation Valve Position

Open/ closed position indication is provided in the control
room for valves SI-304, 305, 308, and 309.

! [ s}
G. SI Pump IRWST Recirculation Line Valve Position

|

| \m- Open/ closed position indication is provided in the control
' room for valves SI-302, 303.

H. SIT Vent Valve Position

Open/ closed position indication is provided in the control
room and at the remote shutdown panel for valves SI-605,
606, 607, 608 and SI-613, 623, 633, 643.

I. Check Valve Bleedoff Line Valve Position

Open/ closed position indication is provided in the control
room for valves SI-322, 332, 618, 628, 638 and 648.

J. SIT Fill and Drain Line Isolation Valve Position

Open/ closed position indication is provided in the control i

room for valves SI-611, 621, 631 and 641. '

!

! K. SIT Fill Line Isolation Valve Position

Open/ closed position indication is provided in the control
room for SI-682.

(''} L. IRWST Return Line Isolation Valve Position

'' open/ closed position indication is provided in the control i

room for SI-670.

Amendment Q '
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M. Reactor Drain Tank Isolation Valve Position

Open/ closed position indication is provided in the control
j room for SI-661.

N. SIT Nitrogen Supply Line Isolation Valve Position
!

| Open/ closed position indication is provided in the control
| room for SI-612, 622, 632, 642, and SI-619, 629, 639, 649.

O. SI Pump Manual Isolation Valve Position

i Open/ closed position indication is provided in the control
room for SI-130, 131, 402, 435,-447, 470, 476 and 478. An!

alarm is provided to alert the operator when a valve is not
fully open.

| 6.3.5.3.3 Level

A. Safety Injection Tank Level

Water level for each safety injection tank is indicated in
the control room. Channels L-311, 321, 331, 341 provide
wide range level indication. Channels L-312, 322, 332, 342,
and L-313, 323, 333, 343 provide narrow range indication.
Alarms are provided in the control room to alert the

,

operator to high or low level conditions.
'

6.3. 5..t.4 Flow

A. DVI Nozzle Injection Line Flow

A flow measurement channel is provided to indicate the DVI
nozzle injection line flow rate. Channels F-311, 321, 331,
and 341 provide flow indication in the control room for each
of the SI pumps.

B. SI Pump Hot Leg Injection Flow

Channels F-390, 391 provide control room indication of the
SI pump 3 and 4 flow rate to the RCS hot legs.

C. SI Pump Ultrasonic Flow Measurement Channels

Ultrasonic flow measurement channels F-306, 307, 308, and
309 provide local indication of SI pump discharge flow, )
including miniflow recirculation flow back to the IRWST. An i

alarm is provided in the control room to alert the operator I

when pump flow is less than the minimum recirculation flow |
'required for pump protection.

I
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6.3.5.3.5 SI Pump Motor Current

A. Channels I-306, 307, 308 and 309 indicate SI pump motor
current in the control room to allow the operator to monitor.
pump operation.

6.3.5.4 Post-Accident Monitorina Instrumentation (PAMI)

The instrumentation available for evaluation of post-accident
performance is identified in Tables 7.5-2 and 7.5-3.

i

I
|

|

|

|

O
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O. Fire Protection

A fire protection system is provided to protect- the
Containment Spray System consistent with the requirements of
GDC 3, and includes the following features:

1. Facilities for fire detection and alarming.

2. Facilities or methods to minimize the probability of
fire and its associated effects.

3. Facilities for fire extinguishment.

4. Methods of fire prevention such as use of fire
resistant and non-combustible materials whenever
practical, and minimizing exposure of combustible
materials to fire hazards.

5. Assurance that fire protection systems do not adversely
affect the functional and structural integrity of
safety-related structures, systems, and components.

6. Assurance that rupture or inadvertent operation of fire
o protection systems does not significantly impair the
( capability of safety-related structures, systems, and

components.

P. Environmental

Each CSS train is provided with an independent environmental |

control system, which is powered by the same emergency power
associated with that train, such that the safety-related
equipment in each train operates within the environmental
design limits specified in Section 3.11.

6.5.2 SYSTEM DESIGN

6.5.2.1 System Schematic

The CSS is shown on the SIS Flow Diagram shown in Figures
6.3.2-1A through 6.3.2-1C. The major components of this system
are two identical containment spray-pumps, two containment spray
heat exchangers, two containment spray miniflow heat exchangers,
containment spray headers, and associated valves. The major
components are described in the following section.

6.5.2.2 ConDonent Description

A summary of design parameters and codes for the major components
is given in Table 6.5-1.

Amendment I
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6.5.2.2.1 Containment Spray Pumps

The function of the CSS pumps is to provide flow through the CS
headers and CSS heat exchangers to provide fission product
control and containment atmosphere temperature and pressure
control resulting from a plant accident.

The two containment spray pumps are vertical, single stage,
centrifugal pumps driven by induction motors. The pump motors
have the capability of starting and accelerating the driven
equipment, under load, to design running speed within 5 seconds
based on an initial voltage of 75% of the rated voltage at the
motor terminals, increasing linearly with time to 90% voltage in
the first 2 seconds, and increasing to 100% voltage in the next
2 seconds.

Minimum flow orifices are installed in lines running from the
pump discharge, returning back to the pump suction. These paths
include a miniflow heat exchanger and ensure that the pumps are
not deadheaded if they are inadvertently run against a closed
system. A locally operated manual isolation valve is installed
in each minimum flow recirculation path to facilitate pump
maintenance; the valve is locked open during all plant operating
modes.

Cooling water is provided to the CS pump motor coolers and CS
pump miniflow heat exchangers by the Component Cooling Water
System (CCWS); the CCWS is described in Section 9.2.2.

CS pump data is provided in Table 6.5-1. The CS pumps are
designed to the same specifications as the Shutdown Cooling
System (SCS) pumps. This makes the CS pumps and SCS pumps
functionally interchangeable and allows each pump to provide a
back up when the pumps are not needed for their requisite
function. Alignment of the SCS pumps to the CSS and alignment of
the CS pumps to the SCS is accomplished by repositioning several
remotely actuated valves located in the pump suction and
discharge piping. see Section 6.5.2.2.3.2. This permits the SCS
pumps to back up the CS pumps during long-term post-LOCA
operations when the SCS pumps are not required for shutdown
cooling.

The pump shaft seal materials are compatible with the spray
fluids. They are designed to operate at a temperature of 400*F,
although the maximum temperature to which they will be exposed
following an accident will not exceed 350 F.

A flow restrictor is provided to minimize the loss of fluid in
the event of a gross seal failure. Vent and drain connections
are provided. An internal drain to the pump section is provided
within the pumps casing. Complete draining and flushing of the
pump can be achieved prior to maintenance, thus reducing
radiation levels.

Amendment V
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The outer ring is located at a radius of 87 ft 10 in. (88 ft 2
in.) from the centerline of containment at an elevation of 198 ft
2 in. (197 ft 5 in.). This ring has 79 nozzles. Fifty-eight
(58) of the nozzles are equally spaced on the header and are
oriented to spray away from the center of containment. The
remaining 21 nozzles are equally spaced on the header and spray
straight down. These nozzles are aligned to spray between the
spray patterns from the inner ring.

Region III consists of a partial ring header with 40 nozzles.
The header is located at a radius of 54 ft 9 in. (54 ft 3 in.)
from the centerline of containment at elevation 142 ft 0 in. The
header extends between 252 degrees (255.6 degrees) and 172.8
degrees (176.4 degrees). The nozzles are equally spaced and are
oriented to spray away from the center of containment.

The nozzles on Train B are offset from Train A nozzles such that
Train B sprays between the spray patterns of Train A. Although
not credited, this arrangement increases the spray effectiveness
of the system as well as avoids any interference problems between
the trains when both trains are operating.

6.5.2.2.5 In-containment Refueling Water Storage Tank
f3

(V See Section 6.8 for a description of the IRWST.)

6.5.2.2.6 Piping

Piping is designed to deliver borated containment spray water
from the IRWST via the Containment Spray Pumps to the containment
spray nozzles. The major piping sections are (Refer to Figures

,

|
6.3.2-1A, 6.3.2-1B, and 6.3.2-1C): 1

A. From each CSHX to its respective containment spray header.

B. Redundant piping from the IRWST to the CS pumps.

C. Piping from each CS pump discharge to its respective CSHX.

The CSS piping is fabricated of austenitic stainless steel and is
designed to ASME Code Section III. CSS piping response envelopes
have been developed.

6.5.2.2.7 Instrumentation

Containment spray pump operation is automatically initiated by
either an SIAS or a CSAS. Containment spray flow to the
containment is not provided until a CSAS opens the containment

/~N
! \

V
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spray header isolation valves. The SIAS and CSAS are part of the
Engineered Safety Features Actuation System and are described in
Section 7.3. An SIAS is automatically generated upon the
occurrence of either a two-out-of-four low pressurizer pressure
signal or a two-out-of-four high containment pressure signal. A

| CSAS is automatically generated upon the occurrence of a two-out-
of-four high-high containment pressure signal. CSS operation may
also be initiated in the control room by manually initiating a
CSAS.

Display instrumentation is available to the operator to allow him
to adequately monitor conditions in the Containment Spray System
and to perform any required manual safety functions. The
information provided is sufficient to allow the operator to

| accurately assess the conditions within the Containment Spray
System and in a timely manner perform those actions to maintain'

appropriate system conditions. In addition, the information
assures positive indication that pumps and valves have actuated
and that flows have been established.)

l

CSS instrumentation is listed in Table 6.5-2. Instrumentation
identified by an asterisk (*) in the table is provided for post-
accident monitoring of system operation.

| The following instrumentation is provided:

A. CS pump suction and discharge pressure indication is

| provided in the control room to allow the operator to
monitor CS pump operation. An alarm is provided in the'

control room to alert the operator to low pump discharge
pressure conditions that occur during pump operation. An
alarm is also provided in the control room to alert the
operator to low pump suction pressure conditions that occur
when the CS pump is used for shutdown cooling during reduced
RCS inventory operations.

B. CS pump flow indication is provided in the control room to
allow the operator to monitor CS pump flow during
containment spray operation and during shutdown cooling
operation using the CS pumps. A low flow alarm is provided
to alert the operator when the pump flow rate falls below
the flow rate required for shutdown cooling operation. This
alarm allows the operator to take corrective actions that
may prevent a loss of shutdown cooling flow. The alarm
receives a pump status input signal to prevent nuisance
alarms.

C. Valve open/close position indication and full range 0-100%
position indication is provided for spray header isolation
valves SI-671, 672. The valves are normally closed and
receive a signal to open on a CSAS.

D. Valve open/close position indication is provided for spray
header block valves SI-687, 695. The valves are
administratively controlled in the open position from the
control room.

Amendment V
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E. Valve open/close position indication is provided for IRWST

return line isolation valves SI-686, 696. The valves are
normally closed to ensure that the CS pumps are aligned to
the CS header.

F. Valve open/close position indication and full range 0-100%
position indication is provided for IRWST return line flow
control valves SI-657, 658. The valves are normally closed
to ensure that the CS pumps are aligned to the CS header.
During CS pump testing, the valve position is throttled to
establish the flow rate at the CS pump design flow rate.

G. CS pump on/off indication is provided in the control room to
identify pump status. A pump status signal is provided to
the shutdown cooling low flow alarm to prevent nuisance
alarms when a CS pump is used for shutdown cooling.

H. CS pump motor current indication is provided in the control
room to allow the operator to monitor pump operation. A low
indicated current when the CS pumps are aligned for shutdown
cooling operation may indicate air entrainment in the pump
suction line and the potential loss of shutdown cooling.

I. CS heat exchanger outlet temperature indication is provided
in the control room to monitor heat exchanger performance

/'' during containment spray operation.
\ _f J. CS Pump Discharge Manual Isolation Valve Positions

open/ closed position indication is provided in the control '

room for SI-488 and SI-489. An alarm is provided to alert )the operator when a valve is not fully open. i

See Section 19.8A.2.8 for additional information on CS
instrumentation used during reduced RCS inventory operations.
6.5.2.3 OverDressure Protection

Protection against overpressure of components within the CSS is
provided by conservative design of the system piping, appropriate
valving between higher pressure sources and lower pressure
piping, and by relief valves. Relief. valves are provided as
required by the applicable codes. All relief valves are of the
totally enclosed, pressure tight type, with suitable provisions
for gagging to allow testing.

When the CSS is aligned for shutdown cooling operation,
overpressure protection of the CSS is provided by relief valves
located in the shutdown cooling suction line.
6.5.2.4 ADolicable Codes and Classifications
A. The CSS is a Safety Class 2 System.
B. The piping valves and components of the CSS are designed to

ASME B&PVC Section III, Class 2 except as noted in C below.

Amendment V
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C. The component cooling water side of the CSS heat exchanger

is designed to ASME B&PVC Section III, Class 3.

D. The CSS is a Seismic Category I System.

6.5.2.5 System Reliability Considerations

The CSS is designed to perform its design function assuming a
single failure. A failure modes and effects analysis is
presented in Table 6.5-3.

To assure availability of the CS when required, redundant
components and power supplies are utilized.

The instrumentation, control, and electric equipment pertaining
to the CSS is designed to applicable portions of IEEE Standards
279, 308, and 603.

In addition to normal offsite power sources, physically and
electrically independent and redundant emergency power supply
systems are provided to power safety-related components. See
Chapter 8 for further information.

For long-term performance of the CSS without degradation due to
corrosion, only materials compatible with the pumped fluid are
used.

Environmental envelopes are specified for system components to
ensure acceptable performance in normal and applicable accident
environments (see Section 3.11).
In the event of a limited leakage passive failure in one train of
the CSS, continued spray is provided by the unaffected
independent CSS train. The limited leakage passive failure will
be identified via appropriate leak detection provisions.

A limited leakage passive failure is defined as the failure of a
pump seal or valve packing, whichever is greater. The maximum
leakage is expected to be from a failed CSS pump seal.

This leakage to the pump compartment will drain to the room sump.
From there it is pumped to the waste management system. The sump
pumps in each room will handle expected amounts of leakage. If
leakages are greater than the sump pump capacity, the pump will ;
be isolated. )

O
Amendment N
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of ignoring these forces the mixing values used in these
calculations are conservatively low.

6.5.3.2 Containment Scray DH Control

The borated containment spray solution contains no additive for
pH control during the initial stage of a LOCA. The effectiveness
of the CSS in removing elemental iodine from the containment I

atmosphere during a LOCA is discussed in Section 15.6.5.

For post-accident iodine control and to minimize corrosion of the
stainless steel in the containment, the pH of the water in the
IRWST and thus of the recirculated containment spray solution, is
maintained at a minimum of 7.0, based on a reference temperature |
of 298'K (25aC). Trisodium phosphate dodecahydrate stored in I

baskets -in the IRWST holdup volume becomes immersed in wat,ar
during a LOCA and the resulting solution overflows into the
IRWST. The stainless steel baskets, which are attached to the
walls of the holdup volume tank, have a solid top and botton with
mesh sides to permit submergence of the trisodium phosphate
dodecahydrate. The elevation of the baskets is above the normal
operating water level in the holdup volume and below the IRWST
spillway. Access is provided to the baskets for inspection and

O sampling.

O
The volume of trisodium phosphate dodecahydrate required to
establish a minimum pH of 7.0 in the recirculated containment
spray solution is 926 cubic feet based on the following |
assumptions:

A. The recirculated containment spray solution is at a maximum i

allowable boron concentration of 4400 ppm B. The required !
amount of trisodium phosphate dodecahydrate for pH control
of containment spray is based on the volume of chemical
required to neutralize the maximum expected volume of
containment spray water.

B. Materials introduced into containment as a result of the
LOCA (i.e. fission products, thermally produced products,
compounds produced by radiation) are not considered.* |

4

*
A sensitivity study is provided in Section 6.5.3.3 which
demonstrates that the reduction in pH due to the addition of
acids generated from fission products and decomposition of
electrical insulation is not significant.

Amendment V
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C. Following a LOCA the following sources of water combine to

form the maximum expected recirculated containment spray
solution:

1. IRWST (Normal Operating Volume)
2. Reactor Coolant System, including the Pressurizer
3. Safety Injection Tanks (SITS)
4. Safety Injection System Piping
5. Containment Spray System Piping

D. The configuration of the IRWST spillway piping promotes
mixing of the containment spray solution. The time required
to achieva a pH of 7.0 in the containment spray solution is
equivalent to tne time required to pump the maximum expected
solution volume through the containment spray system.
Assuming one containment spray pump running with a flow rate
of 5000 gpm, this time was estimated to be 2.5 hours.

The addition of trisodium phosphate dodecahydrate to the.
containment spray solution results in the following composition
in the IRWST:

4400 ppm boron as boric acides

V) 2000 ppm PO4e

\me

Amendment V
6.5-23b April 29, 1994
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| 6.5.3.3 Airborne Fission Product Removal Coefficient

i

l
The removal of airborne fission products in particulate form is i

'considered to a first order with respect to particulate
concentration and is mathematically described as follows:

-hC (6.5-1)=

| which integrates to

C=Ce" (6.5-2)g
t
'

where

particulate concentration in the containmentC =

atmosphere
,

!

I h particulate removal coefficient=

! C initial particulate concentration in the=

| containment atmosphere
i

time after the spray operationt =

| The particulate removal coefficient is related to the spray
| parameter as follows:

A=c (6.5-3)y

where

removal efficiencye =

| *

| h average spray drop fall height=

F spray flow rate=

containment sprayed volume| V =

l

l d drop diameter=

This particulate removal is augmented by diffusiophoretic
deposition due to steam condensation on the dispersed spray
droplets which is predicted by:

h.n= ( ' ' '" ) (6.5-4)*
i a

#. (7. /M. + Y. k)I

|

Amendment N
j 6.5-24 April 1, 1993

.



CESSAR !a9carieu

Ci '

V
TABLE 6.5-2

CONTAINMENT SPRAY SYSTEM O! SPLAY INSTRUMENTATION

Identification No.
Parameter Train 1 / Train 2 Type of Readout Indicator location

CS Pump P-338 P-348 Indicator / Alarm Control Room |
Discharge
Pressure

CS Pump P-310 P-320 Indicator /Al arm (2) Control Rooni |
Suction

iPressure

Pump' Flow (" F-338 F-348 Indicator Control Room
F-302 F-305 Indicator / Alarm (2) |

Spray Header SI-672 SI-671 Open/ Closed Control Room
Isolation Status

.

Valve Position 0-100% Position Control Room
l Indication

Spray Header SI-687 SI-695 Open/ Closed Control Room
p Block Valve Status

Q Position
IRWST Return SI-686 SI-696 Open/ Closed Control Room,

Line Isolation Status|

Valve Position 4

! IRWST Return SI-657 SI-658 Open/ Closed Control Room
Line Flow Status
Control Valve 0-100% Position Control Room
Position Indication
CS Pump SI-488 SI-489 Open/ Closed Control Room
Discharge Manual Status
Isolation Valve
Position

{

Pump Status (" CSP 1 CSP 2 Indicating Lights Control Room {,

Pump Motor I-338 I-348 Indicator / Alarm Control Room |
Current'

|

CS Heat T-303X T-303Y Indicator Control Room i
'

Exchanger
Outlet |
Temperature

(D Required for post-accident monitoring

(2)
| Specified function provided when CS pump is used for shutdown cooling. |

| Amendment V
i April 29, 1994
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| TABLE 6.5-3 (Cont'd) [

(Sheet 5 of 6)

CDNTAIISENT SPRAY SYSTEK FAILURE IE(BES AIO EFFECTS AIIALYSIS

i

Sympteas and Local Effects Irdierent Reauerks and

h Baane Failure Itode Case includine Dependent Faitures Method of Detection .C w tina Provision Other Effects

11) Contairunent Spray a) Fails Corrosion, Diversion of flow from RCS Valve position Parallel *edundant
IRWST Return Line open mechanical header indicator, pericdic containment sprayi

Isolation Valves binding, train, series

SI-686, SI-696 . operator error, isolation valve >

*

electrical failure

b) Fails Corrosion, No effect during CSS Periodic testing None required
| closed mechanical operation
'

birxling

'

12) IRWST a) Fails Corrosion, Effective loss of one Low flow indication Farallel redundant
IIsolation closed mechanical contairunent spray punp F-338, 348; containment spray path

st-304, S1-305 binding,
'

periodic testing
.

,

operator error, ,

electrical
failure

.i

b) Fails Corrosion No effect on CSS operation Periodic testing None required;
- open

!
.i

!

;

i
,

I.

N

i -

I

,

4

j ,i

i
' '

!
3 Amendment I
4 December ~21, 1990
t
!

k
.

. _ _ . _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ._ . . _ - . , . - . . -. -____ . _ _ _ . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _



TABLE 6.5-3 (Cont'd)

(Sheet 6 of 6)

CDNTAINMENT SPRAY SYSTEM FAILURE MCDES AND EFFECTS ANALYSIS

Symptoms and Local Effects Inherent Remarks and
g Name Failure Mode Cause Including Dependent Failures Method of Detection Compensatina Provision Other Effects

13) CS Pump /SCS a) Falls Corrosion, Effective loss of one Low flow indication SCS is normally
Pump Suction open mechanical contairrnent spray pump F-338, F-348; high isolated
Cross-Connect binding, CS pwp suction
Valves operator error, pressure indication
S1-340, SI-342 electrical P-310, P-320,

failure periodic testing,
valve position
indicator

b) Falls Corrosion, No effect on CSS operation Periodic testing, None required
closed mechanical valve position

binding, indicator
electrical
failure

14) CS Pum/SCS a) Fails Corrosion, Effective loss of one High flow SCS is normally
Ptsnp Discharge open mechanical containment spray pw p indication isolated
Cross-Connect binding, F-338, F-348;
Valves operator error, periodic testing,
51,341, S1-343 electrical valve position

failure indicator

b) Fails Corrosion, No effect on CSS operation Periodic testing, None required
clas3d mechanical valve position

binding, indicator
electrical
failure

15) PCPS Isolation a) Fails Mech. binding None Periodic testing Blind flange Valve is normally
Valve open provides isolation locked closed at

valve
SI-450. 51-454 b) Fails Mech, binding None Periodic testing

closed'

Amendment V
April 29, 1994
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6.6 INSERVICE INSPECTION OF CLASS 2 AND 3 COMPONENTS 1

I
6.6.1 COMPONENTS SUBJECT TO EXAMINATION I

A Preservice Inspection (PSI) Program and an Inservice Inspection
(ISI) Program will be provided for the examination of Code Class
2, Code Class 3 and other safety-related components in accordance
with Section XI of the ASME Boiler and Pressure Vessel Code. The ;

PSI Program will meet all requirements for Section XI of the same I
edition as the ASME Code used for construction, and the ISI
Program will meet the ASME Code Section XI in effect in
accordance with 10 CFR 50. 5 5a (g) '. CESSAR-DC Table 3.2-1
specifies the Safety Classes for components that have a safety ;

function in accordance with ASME Code, Section III, '

Article NCA-2000; CESSAR-DC Section 3.2.2 defines the
relationship between these Safety Classes and the Regulatory
Guide 1.26, Rev. 3, Quality Groups. The purpose of the inservice

|inspection program is to periodically monitor the systems or
components requiring inservice inspection in order to identify

iand to repair those indications which do not meet acceptance
standards.

Class 2 and 3 pressure retaining components are examined in
accordance with the requirements of ASME Code Section XI Articles |
IWC-2500 and IWD-2500, respectively. |

A detailed inservice inspection program, including information on f
areas subject to examination, method of examination, and extent
frequency of examination will be provided as required by 10 CFR i

50.35a(g). |

The ISI Program consists of three subprograms as follows:

A. The Component Inspection Program, which includes piping
system welds, hangers, supports, internal inspection of pump
and valve bodies and bolting. This includes Ultrasonic
Testing in accordance with Appendix VIII of ASME Section XI,
1989 Addenda.

B. The Pump and Valve Inservice Test (IST) Program, which |
'

requires operability testing of selected pumps and valves,
and

C. The Hydrostatic Test Program, which requires flow testing
and hydrostatic testing of systems.

The development of the PSI and ISI program plans is the
responsibility of the COL applicant and will be based on the ASME
Code Section XI, Edition and Addenda specified in accordance with
10 CFR 50.55a. The COL applicant will be responsible for |
designing components for preservice and inservice inspection.
The COL applicant will be responsible for specifying the editiong
of the ASME Code Section XI to be used, based on the procurement'

dates of Class 2 and 3 components, per 10 CFR 50.55a. |

Amendment V
6.6-1 April 29, 1994
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6.6.2 ACCESSIBILITY AND INSPECTABILITY |

Accessibility to equipment for maintenance, testing, 'and
inspection is a basic element of the System 80+ design process,
as indicated in Table 1.2-1 (Item A.2) . Provisions have been
made in the design and layout of Code Class 2 and 3 Systems to
allow for compliance with the inservice inspection requiremente
contained in ASME Code Section XI, Articles IWC-2000 and
IWD-2000, and as defined in the inservice inspection program.
Code Class 2 and 3 components requiring inspection will be
designed for and be provided with access to enable the
performance of Section XI inspections onsite. Systems and
components are designed such that design, materials, and geometry
do not restrict inspections required by Section XI of the ASME
Code.

Welds and other areas requiring periodic inspection are made
accessible. Reinforcing pads, supports, piping and equipment
have been located not to obstruct welds. Insulating materials
are removable to provide accessibility for the required in-
service inspection.

6.6.3 EXAMINATION TECHNIQUES AND PROCEDURES

The examination techniques to be used for inservice inspection
will include radiographic, ultrasonic, magnetic particle, liquid
penetrant, eddy current, and visual examination methods. For all
examinations, both remote and manual, specific procedures will be
prepared describing the equipment, inspection technique, operator
qualifications calibration standards, flaw evaluation, and
records. These techniques and procedures will meet the
requirements of Articles IWC-2000 and IWD-2000 in the ASME Code,
Section XI edition in effect as stated in Section 6.6.1. Pre-
service Inspection (PSI) and subsequent Inservice Inspection
(ISI) will be conducted with equivalent equipment and techniques.

For the preservice inspection, all of the Atems selected for
inservice inspection shall be performed once in accordance with
the ASME Code Section XI, Subsections IWC-2200 and IWD-2200, with
the exception of the examinations specifically excluded by ASME
Section XI from preservice requirements, such as the VT-2
examinations for Category C-H.

For Class 2 and 3 piping systems subject to volumetric and
surface examination, the following piping designs are not used:

1. Valve to valve

2. Valve to reducer

3. Valve to tee

4. Elbow to elbow

Amr ndment U
6.6-2 December 31, 1993



CESSARU$ncem
!

O
V

5. Elbow to tee
,

6. Nozzle to elbow

7. Reducer to elbow
'

8. Tee to tee

9. Pump to valve

6.6.4 INSPECTION INTERVALS
1

The examination program for the 120-month inspection interval
will be defined in the in-service inspection plan. The in-
service inspection plan for all Code Class 2 and 3 systems and
components will be in accordance with the requirements of the
ASME Code Section XI edition in effect, per 10 CFR 50.55a, 12
months prior to the issuance of'an operating license (initial
interval). |

6.6.5 EXAMINATION CATEGORIES AND REQUIREMENTS

The examination categories and requirements shall meet Section XI
in effect as stated in Section 6.6.1 except where specific relief
has been requested in accordance with NRC guidelines.

-

6.6.6 EVALUATION OF EXAMINATION RESULTS

Evaluation of nondestructive examination results for Code Class
2 and 3 systems and components will be made in accordance with
Articles IWC-3000 and IWD-3000 of Section XI and'as defined in
the inservice inspection program. Where acceptance standards
for a particular component or Examination Category are in the
course of preparation, evaluation will be based on acceptance
standards for materials, and welds specified in the Section III
edition applicable to the construction of the component. The
results of the examinations and evaluations will be documented in
accordance with Article IWA-6000 of Section XI.

Repair procedures for Code Class 2 and Class 3 components and the
extent of their agreement with IWC-4000 and IWD-4000 respectively
will be described in the inservice inspection program.

6.6.7 SYSTEM PRESSURE TEST

Class 2 systems subject to system pressure tests will be tested
in accordance with Articles IWA-5000 and IWC-5000 and Table IWC-
2500-1, of ASME Code Section XI.

Class 3 systems subject to system pressure tests will be testedps i in accordance with the requirements of Articles IWA-5000, IWD-,O 5000, and Table IWD-2500-1, of ASME Code Section XI.

Amendment U
6.6-3 December 31, 1993
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6.6.8 AUGMENTED IN-SERVICE INSPECTION

Main steam, main feedwater, steam generator blowdown and
emergency feedwater piping located in the containment penetration
areas and designated break exclusion piping is subject to
augmented in-service inspection in accordance with SRP 6.6, BTP
ASB 3-1 and BTP MEB 3-1.

Information concerning areas subject to examination, method of
examination and frequency of examination is contained in the In-
service Inspection Progra.

6.6.9 CODE EXEMPTIONS

As provided in ASME Code Section XI, Subsection IWC-1220, the
following Class 2 components or parts of Class 2 components are
exempted from the volumetric and surface examination requirements
of IWC-2500:

I. Components within Shutdown Cooling, Safety Injection, and
Containment Spray Systems or portions of Systems

A. For the Shutdown Cooling System and Containment Spray
System:

1. Piping NPS 4 and smaller

2. Vessels, pumps, and valves and their connections
in piping NPS 4 and smaller. Piping is defined as
having a cumulative inlet and a cumulative outlet
pipe cross-sectional area neither of which exceeds
the nominal OD cross-sectional area of the
designated size.

B. For the Safety Injection System:

1. Piping NPS 1 1/2 and smaller

2. Vessels, pumps, and valves and their connections
in piping NPS 1 1/2 and smaller. Piping is
defined as having a cumulative inlet and a
cumulative outlet pipe cross-sectional area !
neither of which exceeds the nominal OD cross- |
sectional area of the designated size.

~

C. Vessels, piping, pumps, valves, other components, and
component connections of any size in statically
pressurized, passive (i.e., no pumps) Safety Injection

|System Safety Injection Tanks (SITS).
|

D. Piping and other components of any size beyond the last
shutoff valve in open ended portions of systems that do

.

not contain water during normal plant operating I

conditions.

Amendment U
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the time primary safety valves lift. Analyses show a.
margin to core uncovery of at least two feet, using
best estimate methods which includes tripping the RCPs
10 minutes after reactor trip. This assumption is
valid based on the requirements, 'specified in
ANSI /ANS.58-8-1984,-Time Response Design Criteria for
Nuclear Safety Related Operator Actions, and System 80+
Emergency Operating Guidelines, being satisfied.
Tripping the RCPs earlier;in the transient, i.e., at
reactor trip, would increase the time from reactor trip
to steam generator dryout, because RCP heat input to
the RCS is removed and forced circulation is lost.
This delay in steam generator dryout causes a delay in
primary safety valve lift which delays the time at
which the operator must act to open the RDS valves.

3. Each rapid depressurization path is remote manually
controlled to allow primary pressure to be reduced
below the Shutdown Cooling System initiation pressure.
Remote manual flow control is provided by modulating
flow control valves.

4. The total rapid depressurization (bleed) flow is
O designed for an initial flow which provides the

capability to depressurize the RCS from 2500 to'250
psia prior to reactor vessel melt-through for the
severe accident.

5. The RD function is designed for a Total _ Loss of
Feedwater (TLOFW) event. Included in these conditions
are loadings which result from the discharge of the
safety relief valves, RCGV valves, and bleed valves.

6. The RD function provides a means to rapidly
depressurize the RCS. It provides a connection to the
RCS at the top of the pressurizer and the RD vents
through the Primary Safety Valve (PSV) discharge lines
going to the IRWST. Redundant' flow paths are provided ;

lto ensure that the RD function is single failure proof.

l
7. Piping and valves may be subjected to fluctuating >

pressure loadings. This is a result of the formation
of'a pressure wave in the rapid depressurization bleed
lines as the valves open and/or close. Piping support
and isolation valves are designed to be as close as
practicable on both sides of these components and the
design includes these loads in the design basis for the
supports.

8. Provisions are made for manual initiation of the RD
V function. Operation of all power operated components

can be performed from the control room.

Amendment V
6.7-7 April 29, 1994
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9. The mass flow through each RD bleed valve shall be

sufficient to meet the requirements of Section C.1 and
C.2.

10. Two valves in series are provided in redundant bleed
paths to ensure that the bleed flow can be isolated in

| the event of a single failure.

11. Electrical Power

Active RD components are designed to be powered from<

! the DC bus. Power connection is such that in the case
of a total station blackout and the loss of one battery

| bank, a rapid depressurization bleed path from the
pressurizer can be established. See Table 6.7-1.

!

! 12. Protection from Pipe Failure

The RD function is designed to be protected from the
effects of postulated high energy pipe breaks. A

| passive failure of piping in any other system will not
cause the loss of function of any rapid
depressurization flow path.

13. Separation

Adequate physical separation, as recommended by
Regulatory Guide 1.75 and IEEE Standard 384-1981, is
maintained between the redundant systems used for
emergency control and safe shutdown of the reactor.

Adequate separation is provided between the redundant
flow paths of the RD function to ensure that the
f ailure of one flow p&th does not result in the failure
of the redundant flod path.

14. Operational Controls

The Safety Depressurization System is not required to
operate during normal power operation. To preclude
inadvertent operation of the system, valves are subject
to administrative controls prior to placing the RCGV or
the RD functions iin service.

1

Rapid Depressurization or bleed function remotely
actuated valves are maintained closed in the control
room during normal operation.

15. Materials

The equipment included in the RD function are
classified Seismic Category I up to the first seismic

| Amendment N
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restraint or support beyond any safety class /non-safety
class interface.

The classification of RD components and supports is
made in accordance with ANSI /ANS-51.1. All piping,

fittings, and valves are designed in accordance with
the ASME Code, Section III.

16. System / Component Arrangement

A RD flow path is provided from the pressurizer steam
space to the IRWST. Redundant active valves are
provided in each flow path such that no single active
failure can prevent the establishment of a vent path
from the pressurizer to the IRWST.

The RD valves are not used for any safe shutdown
function or mitigation of any design basis event.
However, they are designed and qualified to the same
criteria that are used for safety related equipment.

The RD piping layout is pitched downward so that the

(m) fluid within the piping drains toward the IRWST.
,

w-
17. Environmental Requirements

Each RD component operates within the environmental
limits specified in Section 3.11.

1

D. Transport, Distribution and Discharge Functions |
|

Downstream of the PSVs and RDVs, the SDS provides non-safety
related paths for the discharge fluid to be transported to
the IRWST water. The transport of this discharge to the
IRWST is an investment protection feature, not a safety
function.

The fluid transported is then distributed so as to
ef?ectively utilize the water inventory of the IRWST. The
fluid is then discharged into the IRWST water where it is
condensed and cooled. The arrangement of the spargers
promotes adequate mixing with the fluid inventory and limits
the possibility of local boiling. The piping is adequately
supported both outside and within the IRWST for all design
basis events. The piping contains vacuum breakers to
minimize reflooding of the piping upon cessation of the
discharge.

( )
'wJ

Amendment N
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6.7.1.2.2 Reliability Design Data

Table 6.7-3 provides the Failure Modes and Effects Analysis
(FMEA) for the SDS.

6.7.2 SYSTEM DESIGN

The Safety Depressurization System (SDS) performs three
functions:

A. Venting of the RCS.

B. Rapid depressurization of the RCS.

C. Transport discharges of steam or water from the RCS into the
IRWST.

6.7.2.1 System Schematic

Listed below are descriptions of the Reactor Coolant Gas Vent,
and the Rapid Depressurization, and discharge transport
functions:

6.7.2.1.1 Reactor Coolant Gas Vent Function

Figure 5.1.2-3 provides a flow diagram of the SDS. The RCGV
portion of the SDS provides a safety-grade means of:

A. Venting non-condensible gases from the pressurizer and the
reactor vessel upper head.

B. Depressurizing the RCS in the event that the pressurizer
Main Spray or Auxiliary Spray systems are unavailable during
plant cooldown.

Non-condensible gases are removed:

A. From the pressurizer through a vent line to the RDT through
one or both of the parallel isolation valves.

B. From the reactor vessel upper head through a vent line to:

the RDT and one or both of the parallel isolation valves.
|

| If the operator determines that non-condensible gases have
'

collected in the reactor vessel upper head or in the pressurizer
steam space, the operator manually opens the RCGV valves to vent
the reactor vessel upper head or the pressurizer steam space
from the main control panel. The system is operable following

O
|
! Amendment N
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6.8.3.3 Pressure ,

|

A. In-Containment Refueling Water Storage Tank i

Two wide range channels powered by the vital instrument bus ,

are provided. Each channel provides an indication of IRWST !

pressure in the control room. The range of the ;

instrumentation is adequate to cover the maximum pressure
expected to occur during safety depressurization system
operation.

6.8.4 HYDRODYNAMIC LOADS ON THE INCONTAINMENT REFUELING
WATER STORAGE TANK (IRWST)

A general discussion of SDS and IRWST hydrodynamic loads is given.
in Secti 6.7.6.1.

Pressure variations within the IRWST are related to the discharge
of water, air, and single and two phase steam from the SDS into
the IRWST, Figure 6.8-4. The primary time varying pressure load
on the IRWST is due to the discharge of air present in the lines
prior to actuation. This air coalesces into bubbles resulting in
periodic variations in pressure within the fluid as the bubbles

~

oscillate prior to the start of steam injection. Oscillatory
loads could occur near the end of the discharge due to

s
intermittent condensation related to low quality steam or IRWST'

inventory approaching saturation.-

6.8.4.1 Air Clearinq Loads

The largest dynamic loads on the IRWST are dependent on the
pressure and frequency of the air bubble formed during the air
clearing phase. Based on methods developed and verified by ABB-
Atom, scaling factors where developed for System 80+ from BWR
test results. Pressure calculations were performed based on a
source pressure of 22 psia, which, for conservatism, has a design
margin of 20% above the scaled pressure. The dominant bubble
frequency was scaled as a 4 hertz with a maximum range up to 20
hertz. Predictions included the effect of the asymmetry in
sparger location relative to the boundaries of the IRWST.

Figure 6.8-5 shows a representative pressure distribution at the
bottom of the inner wall of the IRWST as a function of angular
position.

6.8.4.2 Intermittent Condensation Loads

Single cell tests of prototype designs and in-plant confirmatory
tests have shown that the sparger design chosen for System 80+ is

( capable of minimizing dynamic air-clearing loads on the SDS lines
and IRWST walls. These spargers exhibit smooth steam
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condensation over the range of mass flow rates and condensation
pool temperatures expected for System 80+.

An evaluation of the average temperature of the IRWST following
discharges during design basis events shows temperature will
remain well below 200aF. Thus the intermittent condensation
conditions will not occur for design basis events.

6.8.4.3 Mechanical Loads

The time varying pressures result in dynamic excitation of the
reactor building and the NSSS components. An evaluation based on
a beam model representation of the NSSS components coupled with
the containment, Figure 6.8-6, was performed.

| The dynamic excitation, when combined as the square root of the
sum of the squares of the SSE and SDS discharge loads, increase
the loads about 2% above the SSE seismic loads, with a minimum
frequency of about 4 hertz, typical of seismic excitation. These
loads are within the design capability of the IRWST structural
elements.

6.8.5 TESTING AND INSPECTION

6.8.5.1 Preoperational Testina

Preoperational testing of the IWSS and its components is
described in Section 14.2.12.1.42. Testing and inspection are
performed to verify:

instrument alarm setpoints,-

- valve response to control signals,

- reactor cavity flood flow paths and spillway flow
paths, and

- pressure relief damper operation.

Hydrostatic pressure testing will be perfomed on IWSS components
that are required to be tested in accordance with Section III of

! the ASME Boiler and Pressure Vessel Code.

6.8.5.2 Inservice Inspection and Testing

Inservice inspection and testing of ASME Code Section III,
Class 2 and 3 components is conducted in accordance with the
programs described in Sections 3.9.6 and 6.6.
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1.0 INTRODUCTION

In the course of a small break LOCA there is a span of time during which steam is generated in the
core and is condensed in the steam generator tubes. The steam that is generated in the core is largely
devoid of the boric acid which remains dissolved in the highly borated liquid in the core. Thus, the
condensate formed from the steam is also largely devoid of dissolved boric acid.

A portion, perhaps 50%, of the condensate runs down the upflow side of the steam generator tubes -

and returns to the reactor vessel. This process is designated reflux boiling and it serves to transfer
heat from the core to the steam generators when the primary side liquid level falls below the tops of - !

the steam generator tubes so that natural circulation of the RCS liquid ceases. Condensation, in the
steam generators, continues so long as the primary side temperature exceeds that of the secondary
side. The remaining portion of the condensate forms and runs down the downflow side of the steam
generator tubes and collects in the cold side of the RCS, the lowest portions of which are the loop'

'

seals between the steam generator outlet plena and the main coolant pumps.

A problem may occur if the unborated condensate which has accumulated in the cold side _of the RCS [
returns to the reactor vessel without sufficient mixing with the highly borated inventory in the reactor
downcomer and lower plenum. The resulting reduced boron concentration of the coolant entering<

the core may result in a return to a critical condition. A critical core will result in neutron power
generation which will affect the fuel rod (clad) temperature. This latter parameter must be assessed 4

for compliance with the ECCS acceptance criteria (Reference 1). ;

There are two means by which the condensate in the loop seals may be driven into the core. These
'are restart of a RCP, or reestablishment of natural circulation in the RCS.

!
'

Operator restart of an RCP is prevented by the Emergency Operating Guidelines (EOGs)
(Reference 2). The LOCA recovery EOG instructions require confirmation of heat removal,
pressurizer level and RCS subcooling prior to RCP restart. - In addition, the EOGs now prescribe a '

delay of RCP restart until natural circulation has been operating for at least 20 minutes so that any !

unborated water can pass through the core. Thus, the rate of reactivity addition to the core from any I

unborated water will be based on the relatively slow natural circulation flowrate. This situation is i

shown in the following discussion to be acceptable; a more detailed assessment of operator restart
of a RCP is given in Appendix 6C.

The reestablishment of natural circulation occurs when the HPSI pump (s) refill the RCS with highly
borated liquid to the tops of the steam generator tubes so that a liquid circuit exists. Also, the
primary side temperature must exceed that of the secondary side so that heat can be rejected and the
resultant cold, dense, primary liquid can return to the core via gravity.

2.0 SUMMARY

A bounding analysis has been performed without crediting any of the mixing of borated and
unborated water that is expected to occur in the RCS. Instead, the condensate was assumed to enter
the core as a slug of pure water moving at a natural circulation flowrate consistent with that of a
small cold side break at the time of RCS refill. The size of the unborated slug was assumed to be
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unlimited. That is, unborated condensate was assumed to continue to enter the bottom of the core
for the full duration of the calculated transient. The effective size of the slug that had entered the>

! core up to the end of the calculated transient was greater than that of the core liquid volume.

The analysis showed that the core returned to a critical condition when the unborated slug had
progressed partly into the core. As the slug progressed further into the core the resultant neutron
power function experienced a very brief spike which was terminated by Doppler feedback in the fuel.
The power then dropped further as coolant heatup resulted in moderator density reactivity feedback.
The power underwent several oscillations of diminishing amplitude and finally settled at a level which

| was a small fraction of full power. If the analysis had accounted for borated water entering the core
j behind the slug then the power would have rapidly decreased towards zero.

The analysis of the fuel rod temperature response accounted for the higher core axial and radial
peaking factors which exist for control rods inserted and the unborated slug partially entering the
core. The latter is similar to the partial insertion of a strong CEA group in its affect on the axial

, peak,
l

| The transient analysis of the hot fuel rod showed that the peak clad temperature remained fairly low
owing to the fact that the fuel rod surface remained in a pre-DNB heat transfer mode. In addition,
the fuel centerline temperature, at the hot spot, remained well below the melting value. The analysis

I revealed that boron dilution during a small break LOCA, even when calculated with the highly
conservative assumption of an unborated slug of water entering the core, results in fuel rod conditions
which are well below the acceptance criteria for ECCS (Reference 1).

| A separate analysis was performed to determine the minimum boron concentration required to avoid
recriticality at beginning of cycle. The results, which varied with coolant temperature, were about
550 ppm at 300"F and 200 ppm at 500 F.

3.0 SEOUENCE OF EVENTS

The transport oflarge amounts of steam generator condensate from the loop seals to the core during
a small break LOCA occurs several hours after the start of the accident. Because of the long times
involved, this transient spans the times for both the small break LOCA and ir the post LOCA long
term cooling behavior (presented in Chapter 6.3.3). A representatise sequence of events for this
transient is given in Table 6B-1.

4.0 ANALYTICAL ASSUMPTIONS

Several assumptions have been factored into the analysis which serve to increase the conservative

| nature of the results. These assumptions are as follows:
|

| 1. The condensate that is produced in the steam generators was assumed to have zero boric acid
'

concentration. Actually, there is a small boric acid concentration in the condensate which
depends on the distribution coefficient for the water-steam boiling process in the core. In
addition, during a portion of the decompression transient the velocity of the steam generated

O
|
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in the core may be great enough to entrain borated water droplets and carry them over the tops
'

of the steam generator tubes to the cold side.

2. The unborated condensate which was assumed to exist in the loop seals was' further assumed
to travel to the core as a slug without mixing with any of the borated water. Actually, there
are several opportunities for mixing. These include:

Backflow of borated safety injection or initial inventory liquid into the loop seals after*
.

the liquid level in the annulus rises to the cold leg elevation.
)
iMixing between the unborated condensate and the borated liquid as the condensate*

moves down the vessel annulus, i

Low density (hot) unborated condensate rising up in the annulus and mixing with the* o

dense (cold) borated HPSI liquid which is falling in the annulus from its injection 1

location. |
I

Mixing between the unborated condensate and the borated liquid as the condensate I*

passes through the flow skirt and then turns 180 degrees in the vessel lower head.

3. The axial and radial power peaks were conservatively determined and were assumed constant
for the unborated slug passing into the rodded core (see IIERMITE and ROCS descriptions,

b below). This served to maximize the fuel rod temperature results. _Actually, the power peaksO vary with position of the slug and with the reactivity feedback from fuel temperature and
moderator reactivity.

.

!

5.0 ANALYTICAL PROCEDURE

The analytical procedure employed to assess the effects of an assumed unborated slug of water ;

entering the core involved the use of several computer codes. The analytical procedure is as follows:
'

5.1 ESTABLISII INITIAL CONDITIONS

The initial conditions are the RCS pressure, natural circulation flowrate, decay heat magnitude and
inlet enthalpy at the time that the unborated slug ofliquid enters the core. This is effectively the time
that the RCS is refilled and natural circulation flow is reestablished.

The initial conditions (except for natural circulation flowrate) were obtained from the small break
analytical results for the post-LOCA, long term cooling analysis of CESSAR-DC (see Section
6.3.3.4) at approximately the time that the RCS was refilled.

The RCS depressurization transient as well as the liquid enthalpy were determined by the CELDA
code (Reference 3). The associated decay heat is an input to the CELDA code. CELDA is approved
by the NRC (Reference 3).

6B-3 Amendment V - 4/29/94
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CEFLASH-4AS/ REM is a realistic evaluation model (REM) code for small break LOCA analysis.
CEFLASH-4AS/R.EM was developed from the CEFLASH-4AS code which is the evaluation model
code for small break LOCA analysis. CEFLASH-4AS is documented in References 6 and 8 and is

| approved by the NRC (Reference 9).

Given the above initial conditions, the CEFLASH-4AS/ REM code was then used to represent the
,

RCS at the time of refill. The natural circulation flowrate, at the time of RCS refill and thereafter,

( was taken from the results of the analysis with the CEFLASH-4AS/ REM code. The documentation
i for the REM methodology with CEFLASH-4AS/ REM is currently being completed and has been

| partially submitted to the NRC for review (Reference 10).
|

| For the present analysis the REM code version was used because of certain operational features such
as restart capability and an ability to input a decay heat function. However, every effort was made
to replicate the approved evaluation model approach; this included type nodalization, equilibrium
thermodynamics (the REM has non-equilibrium capability), and representation of the cold legs.

The review of the post LOCA, long term cooling results showed that the RCS refills most rapidly
for the smaller break sizes (see Figure 6.3.3.4-4). An early time of refill is associated with a slightly
greater decay heat level than is a later time of RCS refill. The natural circulation flowrate, at the
time that the slug enters the core, is driven by the decay heat rate. Hence, the slightly higher natural
circulation flowrate, for a smaller break, results in a higher rate of reactivity addition as the
unborated slug enters the core.

For the present analysis the time of RCS refill, and associated decay heat, are for a conservatively

| selected cold side break size of 0.005 ft .2

!

5.2 CORE PHYSICS AND RCS THERMAL HYDRAULICS ANALYSES

The core physics analysis was performed in order to determine reactivity, power peaking and
transient power as the unborated slug passed into the core. The RCS thermal hydraulics analysis was
performed in order to determine the change in pressure and in natural circulation flowrate as the
energy from the core entered the coolant.

The physics and RCS thermal hydraulics analyses were performed in an iterative manner because the
variation in pre ure and flowrate affected the two-phase moderator density which, in turn, affected
the moderator reactivity feedback and the power.

The major computer codes used for the physics portion of this analysis are ROCS and HERMITE,
which are described in Section 4.3.3. ROCS and HERMITE are approved by the NRC (References
4 and 5).

| ROCS was used in 3D quarter core geometry to determine the best-estimate of reactivity and changes
in reactivity for conditions ranging from cold, fully rodded, highly borated shut-down to an unborated
return-to-power at intermediate temperatures, including a significant moderator void feedback. Note
that ROCS is routinely used for the generation of physics input for essentially all Chapter 15 events,

O
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for input to the Chapter 6 LOCA events, and in the determination of cold shutdown margin. Also,
ID axial space-time llERMITE is used directly for the loss of flow and seized-rotor / sheared-shaft
events in Chapter 15.

ROCS was first used to determine the absolute reactivity (that is, the reactivity with no power being
produced and therefore no reactivity feedback) of the system for selected states of interest. For the
nominal post-LOCA conditions with highly borated moderator and all CEAs inserted, the core was,
as expected, well sub-critical. For a hypothetical adverse condition with un-borated moderator and
a presumed isothermal moderator the core would be several dollars super-prompt critical. Such a
reactivity condition will never actually occur in this LOCA scenario, since the intrinsic nuclear
feedbacks will come into play before extreme positive reactivities can exist. That is, the fuel
temperature and moderator density feedbacks are much faster than the natural circulation rate of
water.

As with other events starting from zero power (e.g., CEA withdrawal, steam line break, CEA
ejection) it is possible for the reactivity to exceed the prompt critical condition for a very short period
of time. This excess reactivity results in a classic power spike. Ilowever, as in this case, such
spikes are of very short duration, and usually result in acceptable deposited energy.

The similar zero power safety events mentioned above are eith::r terminated by a rapid reactor trip
(most frequent occurrence) or reach a new pseudo-steady state (infrequent, but possible). In the

,q hypothetical LOCA scenario described here a reactor trip is not possible, since all rods are initially;

(V1 ; inserted. Thus, a new pseudo-steady state will be achieved. The power level in this time period is
determined by the excess reactivity, which is balanced by the thermal feedbacks.

,

Determining the core response required several steps. First, the IIERMITE code (ID axial model)
was used to determine a transient power as the slug of un-borated water passed through the core.
Ilermite was run with estimates of the core flowrate and pressure. These parameters change as the
core generated heat enters the coolant. They affect the power transient through the moderator density
reactivity feedback. The HERMITE generated power transient was then input to the CEFLASH-
4AS/ REM code. The CEFLASH-4AS/ REM code was run with the HERMITE generated power and

| the initial conditions. The CEFLASH-4AS/ REM results (pressure and flowrate) were then input to
| a ID axial HERMITE model to more accurately determine the core power response. The transient
! power results from the final HERMITE analysis were input to the STRIKIN-Il code in order to

determine the fuel rod temperature response.

Power peaking information was also provided with ROCS and HERMITE. The core average axial
power distribution results directly via a static, isothermal,1D axial HERMITE analysis. The largest
value of the axial power peak. F,, after the excess reactivity reached prompt critical was selected.
The associated hot-channel radial peaking factor, F,, was determined from a zero power, isothermal
3D ROCS analysis. No credit was taken for either fuel temperature nor moderator density feedback
in the determination of power peaking.

n.
I i
\ /U
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As a cross-check of the ID axial HERMITE modeling, the pseudo-steady state condition was |
simulated using 3D ROCS, manually-iterating the power to critical. The resulting power level was
about half of that determined by the ID modeling. The three-dimensional peaking factor, F , wasq

also about half that supplied for the fuel rod temperature analysis.

5.3 FUEL ROD TEMPERATURE ANALYSIS

The transient fuel rod temperature analysis, performed with the S TRIKIN-Il code (Reference 7), was )
uct to assess compliance with the NRC acceptance criteria for ECCS (Reference 1). In particular,
the analysis was performed in order to determine the peak clad temperature and the amount of local
zirconium-water reaction at the hot spot. The analysis also provided information on the variation of
the fuel pellet centerline temperature at the hot spot. STRIKIN-II is approved by the NRC
(Reference 9). )

STRIKIN-II was used to model the hot fuel rod. The axial power distribution and the radial peaking
factor were based on the ROCS and HERMITE analyses described above. Transient input to
STRIKIN-il consisted of core power (neutron power plus decay heat), pressure and the natural
circulation flowrate. The inlet enthalpy was constant during the transient.

1

6.0 ANALYTICAL RESULTS AND CONCLUSIONS |

The resultant reactivity of the core after criticality is achieved, as deterrnined by the procedure
described above, is given in Figure 6B-1. The reactivity undergoes an increase as the unborated slug
continues to pass into the core. The positive reactivity causes an increase in power and in fuel
temperature. The increased fuel temperature then provides Doppler feedback which causes the net
reactivity to become negative. This, in turn, reduces the power. As the heat passes from the fuel
rod to the coolant both the Doppler and moderator density reactivities change. The net reactivity
undergoes oscillations with a decreasing trend.

The resultant, normalized (to full power) core average power transient is given in Figure 6B-2, The
results given in Figure 6B-2 are for the neutron (kinetics) power. The total power also includes a
steady decay heat contribution of 1.09E (The total power was used for the determination of clad
temperature). The time scale for Figure 6B-2 starts when the core reaches a critical condition. This
is several seconds after the unborated slug of condensate has entered the bottom of the core. The
power trace in Figure 6B-2 shows a spike which was rapidly terminated by Doppler feedback in the
fuel. The power then leveled off at a small fraction of full power and then dropped further as coolant
heatup resulted in moderator density reactivity feedback. The power underwent several oscillations
of diminishing amplitude and finally settled at a level which was a fraction of full power.

The power calculation assumed, very conservatively, that the unborated slug was unlimited in size.
That is, unborated condensate was assumed to continue to enter the bottom of the core for the
duration of the calculated transient. The effective size of the slug that had entered the core up to the
end of the calculated transient was greater than that of the core liquid volume. If the analysis had
assumed that borated water entered the core behind the slug then the power would have rapidly

j decreased towards zero.

6
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The resultant clad surface and fuel centerline temperatures for the core hot spot are given in Figure
6B-3. The time scale for the temperatures starts when the core reaches a critical condition, in I

consonance with the reactivity and power traces.

The temperatures for the core hot spot varied in accord with the transient core power and with the ,

3D power peaking factor. The clad surface temperature remained very low because the fuel rod J
surface remained in a pre-DNB condition throughout the transient. Also, the associated clad
zirconium-water reaction remained very low because the clad temperature remained well below the
temperature range (> 1600 F) where the zirconium-water reaction becomes significant. The hot spot
centerline temperature remained well below the melting value. j

The analysis reported above was based on an unborated slug of water entering the core. A separate j
'

analysis (using the core physics codes described above) was performed to determine the minimum
critical boron concentration required to avoid recriticality at beginning of cycle with all rods inserted.
This concentration depends on the temperature of the coolant. An average boron concentration of
about 550 ppm is required to avoid recriticality at 300 F but only 200 ppm is required at 500 F.

The results of this very conservative, bounding analysis show that even if an arbitrarily large slug
of totally unborated coolant is assumed to pass through the core the peak clad temperature and
oxidation values remain well below the limits of the acceptance criteria for ECCS (Reference 1).

,
,
I !

'R J

|

|
|

\
i, \

<

LJ
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TABLE 6B-1

(Sheet 1 of 2)
!

SBLOCA REPRESENTATIVE SEOUENCE OF EVENTS

1. A small break occurs in the cold side of the RCS. Typically, the break size is less than about
20.05 ft . A much larger size break will not allow the RCS to refill. For such larger break

sizes a natural circulation flow will not develop to drive any condensate from the loop seals-
to the core.

'l
2. The RCS loses mass through the break and the tops of the steam generator tubes uncover. |

This breaks the liquid loop in the RCS. Thus, the natural circulation of liquid flow from the '

core to the SGs ends. |

|

3. As the RCS pressure drops the liPSI pump (s) deliver borated safety injection water (minimum
of 4000 ppm) through the DVI line(s) to the vessel annulus.-

4. The core is cooled by boiling liquid, The liquid consists of initial borated inventory, incoming -
borated !! PSI liquid (minimum of 4000 ppm) and unborated liquid that has refluxed from the -
steam generator (hot side) condensate.

i
4% 5. The steam evolved in the core has a very low boric acid concentration.-

6. The steam condenses in the steam generators so long as the primary side temperature exceeds
that of the secondary side. The condensate has a very low boric acid concentration.

7. Approximately, half of the condensate refluxes to the core and the remainder collects in the
cold legs. The condensate is at the saturation temperature.

8. The operator initiates a secondary side cooldown after it has been established that a small
break LOCA has occurred. This maintains the secondary side temperature below the primary
side temperature and causes continued condensation in the RCS.

9. Between 2 to 3 hrs. the HPSI flow is realigned from the DVI line(s) to both the DVI line(s)
and the hot legs.

10. The 50 percent portion of the liPSI flow into the hot legs enters the top of the core and is
heated to saturation. Some steam is evolved and flows to the steam generators.

I1. The 50 percent portion of the llPSI flow into the DVI lines enters the upper part of the
annulus. This, together with the flow from the core, fills up the annulus.

-Q
V
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TABLE 6B-1

'

(Sheet 2 of 2)
i

SBLOCA REPRESENTATIVE SEOUENCE OF EVENTS )

12. When the annulus level rises above that of the cold legs there is a backflow of borated HPSI
liquid into the cold legs. This backflow should mix with the unborated condensate in the loop
seals.

13. Continued HPSI liquid inflow to the RCS causes the liquid levels to rise in both the cold and
the hot sides of the steam generator tubes.

14. When the RCS is filled to the top of the shortest SG tubes there will be an initiation of natural
circulation.

15. When all of the SG tubes are filled the RCS natural circulation flow will attain its full value
based on the decay heat magnitude.

16. The natural circulation flow drives the dilute mixture of condensate and borated liquid from
the loop seals into the annulus. Because of temperature and density differences between the
condensate and the liquid in the annulus, mixing is expected to occur between the two liquids
as they progress down the annulus, turn in the lower plenum and approach the core.

17. A mixture of highly borated water (from the HPSis) and dilute mixture from the RCS cold side
enters the core.

!

O
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1.0 INTRODUCTION

System 80+ core response to a boron dilution event during a small break LOCA was shown in
Appendix 6B. The results demonstrated that the core remains adequately cooled even if it is assumed

1that unborated water enters the System 80+ core at natural circulation flow rates.

An additional situation that could arise is restart of a RCP after a quantity of reflux condensate has ,

accumulated in the loop seal piping between the steam generator outlet and the main coolant pumps. |
!This appendix demonstrates the response of System 80+ to a RCP restart event during a small break

LOCA.

2.0 SUMMARY OF RESULTS

Restart of a RCP could introduce unborated water into the core at an unacceptable rate. This . ;

appendix demonstrates that:

1) The possibility of unborated water in the RCS is limited to a very small range of break sizes
(1 to 3 inch diameter),

2) The amount of unborated water produced is very limited because the boiling-condensing time !

is very short (< l 5 hours for the most limiting break),

3) Unborated water entering the core at RCP flow rates would only be significant for the first
third of core life, and

;

)

| 4) The minimum concentration of borated water entering the core is well above that required for i

j criticality.

Finally, in order to reduce the probability of this event to a level that is considered an engineering
impossibility, the EOGs have been modified to further ensure that the operator cannot erroneously'

restart a RCP.

3.0 SMALL BREAK LOCA SCENARIOS

3.1 BREAK SIZES OF CONCERN

| In order for unborated condensate to accumulate in the cold side of the RCS after a Small Break (SB)
LOCA, the liquid circulation loop across the tops of the steam generators must be broken and the SG
secondary side temperature must be less than that of the primary. This forces the core to boil steam
in order to reject heat. The steam is condensed back to liquid in the steam generators and a portion
flows into the cold side.

The break sizes of concern are in the range from 0.05ft2 (3"dia.) to 0.0055ft2 (1"dia.). For break
sizes smaller than 0.0055ft2 the liquid loop in the RCS is generally intact, the RCS refills very
quickly and very little condensate is formed.

6C-1 Amendment V - 4/29/94

.



CESSARENGem

O
2For break sizes larger than 0.05ft the RCS may not refill and condensation is minimized by

'

removing much more energy through the break. This will minimize the condensate available to be
delivered to the core should an RCP be restarted.

3.2 EOUIPMENT OPERATING (RCPS AND SIS)

If power is not available for restart of an RCP, this mode of introducing boric acid to the core is
ruled out.

If it is assumed that offsite power is available, then the possibility of RCP restart does exist.
However, the same offsite power is also available to power all four of the Safety Injection (SI)
pumps. On a best estimate basis all four of the Si pumps are available to deliver highly borated
liquid to the reactor vessel. Thus, the analysis described below considers the availability of offsite
power and four operating Si pumps.

3.3 CONDENSATE PRODUCED AND REFILL TIMES

Analyses have been performed with the NRC-approved CELDA code (Reference 1) to estimate the
amount of low boration condensate produced on the cold side of the RCS for the long term after a
SBLOCA. Break sizes of 0.05ft2 and 0.0055ft2 were analyzed. The calculations were based on
operator cooldown of the SG secondary side starting at one half hour after the SBLOCA occurred.
In addition, the maximum cooldown rate permitted by the EOGs was assumed. The time dependent
decay heat function employed is based on the licensing model described in Reference 1. The results
are given in Table 6C-1 on a per cold leg basis.

3.4 REACTOR VESSEL BORIC ACID CONCENTRATIONS AT REFILL

The boric acid concentration in the inner vessel (core support barrel) continues to rise during the long
term following the SBLOCA for a cold side break. This is a result of the input of highly borated SI
liquid from the vessel annulus and the boiloff of low boration steam in the core (only half of which
refluxes back from the hot side of the steam generators). The highly borated liquid in the cold
discharge legs, the vessel annulus and inside the CSB is available to mix with the assumed unborated
condensate arriving from the RCPs, loop seals and steam generators.

Values for the concentration of the condensate inside the CSB at the RCS refill time are given in
Table 6C-1. These values were obtained with the NRC-approved BORON code (Reference 1).

4.0 CRITICAL BORON CONCENTRATIONS

The effect of the critical boric acid concentration and transient xenon effects on a hypothetical return
to power after a SBLOCA have been investigated. The following conclusions are applicable.

1) Cycle Time Effects (Burnup)

At BOC the maximum boric acid concentration is approximately 1500 ppm at hot full*

power. The minimum boric acid concentration at EOC is essentially zero.

I

1
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The variation of boric acid concentration with burnup is fairly linear. The fraction of i*

the cycle time with any risk of post LOCA return to power is about one third. ;

For post-LOCA conditions about 550 ppm of boric acid will maintain the core*

suberitical at BOC and 300*F. Zero ppm will maintain the core suberitical after the
first third of the fuel cycle.

2) Xenon Effects

Xenon peaks occur after shutdown from hot full power in all commercial PWRs. The*

magnitude of the peak xenon is worth about 250 ppm in terms of soluble boric acid.

The presence of xenon is worth about 200 ppm in temis of soluble boric acid from*

about 5 to 15 hours after trip.

. If xenon effects are accounted for then the fraction of cycle life with any risk of j
*

post-LOCA return to_ power, while near peak xenon (Xe worth > 200 ppm equivalent), 1

is about 0.20.

3) Critical Concentrations vs; Temperature

The critical concentrations of boron are a function of temperature. Values of the critical*

boron concentration, at BOC, are given in Table 6C-2 where no credit has been taken
for the negative reactivity effects of xenon.

|

5.0 BORON MIXING ANALYSIS

Starting from a conservative estimate of the volume of an unborated slug of water which is assumed
'

;

to collect in the suction legs of the primary coolant pumps, a computational fluid dynamic analysis
demonstrates substantial mixing in the lower annulus and lower head of the reactor vessel with the
start-up of one reactor coolant pump (RCP). This mixing is sufficient to ensure the core remains 1

adequately borated to remain subcritical.

5.1 FLUENT CODE DESCRIPTION

FLUENT (2) is a general purpose computational fluid dynamic computer program for the modeling
of fluid flow, heat transfer, and chemical reaction. The following list of capabilities make it a very
suitable candidate for the boron mixing analysis in the reactor vessel:

* -2-D/3-D geometries in cartesian, cylindrical, or generalized curvilinear coordinates,
Steady state or transient flow,*

incompressible or compressible flow.
_|

e

Laminar or turbulent flow,* '

Chemical species mixing or reaction,*

* - Coupled conduction / convection heat transfer, and
p Flow through porous media.*-

;
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The coupled conservation equations for mass, momentum, energy and chemical species are solved

|
using a control volume based finite difference method. The conservation equations are discretized
using the power law scheme, and the pressure-velocity coupling is made using the SIMPLE I

!

algorithm. The resulting set of discrete algebraic equations are solved using line-iterative procedures. |

? |
| This solution technique has been the basis for incompressible computational fluid dynamic programs, '

including the two tools sponsored by the NRC and DOE: TEMPEST (Reference 3) and COMMIX
(Reference 4). It is also the basis for other contemporary computational fluid dynamic programs such

! as PHOENICS and FLOW 3-D. There are three turbulence models available including the standard

| ee model. The others are a renormalization-group based ce model and the higher-order Reynolds
Stress Model.

A porous media approach is applied to model pressure loss characteristics for which component detail
is finer than the grid size. For the purposes of this application, the approach includes an inertial
resistance term for such pressure losses.

5.2 FLUENT CODE VALIDATION

Validation of FLUENT, or any other computational fluid dynamic tool, has not specifically been
conducted for this problem. However, the basic features of FLUENT applicable to this problem are
validated (Reference 5). Validation of other computational fluid dynamic tools are conducted in the
same manner (References 6,7). Since these tools are, in general, based on the same solution
methodologies, the qualification of one program to represent a particular flow physics is sufficient
to support that the others are also capable. In addition, the process of validating a program on
specific elemental examples is the same type of procedure used to validate finite element analysis
structural evaluation programs. Finally, FLUENT is being applied by approximately 800 licensees,
and the combined user-base for this type of methodology is approximately 3000 licensees. The
fcamres of interest to this problem are the basic numerical solution procedure, turbulent boundary
lapr flows, unsteady flows, and species transport. The FLUENT validation manual contains 14
sample problems which address these concerns and the concerns of other cpplications.

The laminar flow examples are proof that the numerical procedures are correct. These are the basic
stepping-stones giving confidence that the program can model flow physics. One such problem,
laminar flow in a tube with a constriction, tests the inlet and outlet boundary conditions and the
power law discretization scheme. The results show the flow separation and reattachment on the tube
wall downstream of the constriction. The size of the separated zone is demonstrated to increase with
Reynolds number, and the agreement with experimental measurements is good.

An example of laminar flow around a circular cylinder demonstrates the ability of the program to
model steady and unsteady flow around a bluff body and the flow separation and vortex shedding
downstream of the body. The size of the recirculation regions and the frequency of the vortex ;

shedding are shown to agree fairly well with experimental data.

The prediction of the turbulent flow over a backward-facing step illustrates the capability of the x-e
turbulence model and boundary layer development. Although the reattachment length is under
predicted by about 25%, the overall velocity profile is well predicted at the point of attachment.

|

|
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Ilere, the near-wall velocities are over predicted because the x-e model suggests d boundary layer
has already begun to redevelop.

A final example considers reacting flow in a conical combustor. This example tests the x-e
turbulence model in axisymmetric flow and the mass transport capability. Without accurate
representation of turbulent mass diffusion the combustion could not be correctly predicted. The mole
fraction profiles of a reactant and product of combustion are quite well predicted considering the
complexity of the processes and the approximations taken.

The preceding represent a sampling of problems which exercise the basic modeling capabilities
needed to model this reactor problem. They yield sufficient confidence in FLUENT's ability to
model mixing of boron in a reactor vessel.

5.3 DESCRIPTION OF 2-D MODEL

A two-dimensional axisymmetric model (radial plane) of the reactor vessel from the top of the fuel
alignment plate to the bottom of lower head is applied to model the turbulent chemical species
mixing. This model begins at an elevation just below the inlet nozzles. The radial grid of the
downcomer annulus is selected to be fine enough to allow the direct simulation of the annulus
downflow pressure drop and radial mixing. In the lower head region, the grid structure is also fine
enough for the prediction of turning losses and associated shear-generated turbulence and mixing.
The inertial resistance factors of the perois media model are applied to the flow skirt, lower core

O) support structure, and active core to rept sant flow resistances.(v

A uniform downward velocity is specified on the core barrel side of the annulus to represent the
lower portion of the planar jet caused by ne inlet nozzle. This inlet velocity is time dependent to
reflect the pump flow rate accelerab. Lased on a conservative maximum pump speed acceleration
and ignoring reactor coolant inertia effe::ts, the maximum pump flow rate is achieved in 15 seconds.

Reactor coolant system hydraulic analyses for System 80+ indicate the maximum RCP flow rate with
one-pump operation is 150% of nominal. In the reactoc vessel annulus, this flow rate splits such that
98% passes through the core and reverse flows exist in the three, non-operating cold legs. Although
98% of the pump flow rate passes downward through the annulus, the mixing analysis is conducted
with an inlet velocity boundary condition for both 98% and 150% of the pump flow rate.

Before the unborated slug from the RCP inlet pipe may enter the reactor vessel, it must first pass
through the RCP and the RCP discharge pipe. These volumes are considered as a delay of the
injection, and the delay is accounted for in the time dependence of the model inlet velocity.

The volume of the slug of unborated water immediately injected into the reactor vessel by the start-up
of one RCP is chosen to be the volume below the centerline of the entire cold leg from the reactor

3vessel nozzle to the steam generator outlet plenum. This volume is 262 ft . Since there are two
RCP's connected to one steam generator, there may be a second unborated slug which could be
drawn into the RCP. Ilowever, this second slug must first pass through the steam generator outlet
plenum. The boron dilution analysis is conducted for two volumes of the unborated slug: 262 and

O 524 ft3 The latter volume exceeds the maximum amount of condensate that can occur (Section 3.3).
V
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The initial condition of the reactor coolant is assumed stagnant with a uniform 4000-ppm boron
concentration and 300 F temperature. The actual boron concentration is much higher, as discussed
in Section 3.4, and the temperature would likely be higher than 300 F when incorrect RCP starting
is assumed. Since buoyancy forces generated by variations in the boron concentration and
temperature are expected to be small relative to the inertia forces, the flow is assumed to be constant
density without heat transfer.

5.4 JUSTIFICATION OF 2-D MODEL

This axisymmetric approach is a simplified model of very complex 3-dimensional mixing hydraulics.
However, the approach is representative of the flow physics, and there are a number of reasons to
judge this simplified analysis of mixing in the downcomer annulus and lower head leads to a
conservative approximation to predicting a minimum boron concentration in the active core..

1. No mixing is included in the RCP and pump discharge pipe. The total volume associated with |
3these components is 251 ft This volume, however, is included as a delay time to represent j

the velocity of the slug at the inlet to the model as the pump flow rate accelerates. i
!

2. No mixing is included in the annulus at and above the elevation of the inlet nozzle. The i

associated volume is 439 ft3 Deductions from the Dow patterns known to exist from 4-pump
operation (Figure 6C-1) and 1-pump operation (Figure 6C-2) suggest a planar mixing jet will
form opposite the inlet nozzle, and much of this volume well participate in the mixing.

3. The entrainment of the volume of highly borated water in the downcomer annulus is
3significantly underestimated. This volume totals 719 ft In the axisymmetric model, the bulk

of the mixing occurs at the slug front. In planar jets, substantial entrainment occurs along the
lateral edges. At a distance of 10 jet-diameters from the inlet nozzle, roughly the height of
the downcomer annulus, the entrainment rate may be 3-times the jet volumetric Dow rate
(Reference 8). This entrainment represents a substantial amount of mixing.

4. Flow mixing through the flow skirt is underestimated. Although the porous media approach
correctly models the pressure loss of the Dow skirt, it does not model the intense turbulence
producing shear layers created by the jets through the skirt. Representation of this turbulence
generation would greatly increase mixing downstream of the Dow skirt.

5. Flow mixing in the lower head and lower support structure is underestimated. The lower head
contains many instrument lines in crossuow and a horimntal plate which create turbulence and
additional mixing. The lower support structure is modeled using the porous media approach
which, again, does not represent the additional turbulence production caused by the bluff
bodies and orifices in the flow stream. The volume associated with items 4 and 5 totals

3679 ft

6. The larger assumption for the unborated slug volume does not consider mixing of the second
slug as it passes through the steam generator outlet plenum. This volume likely contains
highly borated water which will mix with the second slug as it travels toward the core. The

3volume of the steam generator outlet plenum is 423 ft In addition, a substantial Cow rate
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(120% of the pump flow rate) of highly borated water is injected into this volume by flow
from the steam generator tubes. |

!

7. In Reference 9, a boron dilution analysis conducted with another computational fluid dynamic
tool for start of the RCP's in a different PWR yields similar results to the current analysis.

5.5 MINIMUM BORON CONCENTRATIONS '

The minimum boron concentration in the active core is found to be a function of time and position.
As the pump starts and accelerates, approximately 5 seconds elapse before the unborated slug reaches
the reactor vessel. Another 2 to 3 seconds elapse before the slug, which has been mixing with the .
borated water in the annulus, starts to enter the core. This small deviation in annulus transport time
is due to the different assumptions for the flow rate. After entering the core, the larger, initially

j
unborated slug delays attainment of the minimum boron concentration about 2.5 seconds.

As the mixing slug enters the core, boron concentration first decreases at the base and outer radius
of the core, and the minimum boron ' concentration during the transient occurs at this location.
Afterward, the minimum concentration sweeps radially inward and then upward through the core as
the highly borated water which follows flushes the mixing slug out of the core.

Time traces of the spacial minimum core boron concentration are shown in Figure 6C-3. At a slug
3

O
volume of 262 ft , there is a slight reduction of minimum boron concentration at the lower annulus
downflow rate. Since specie diffusion is both a function of turbulent ciffusion and time, the
increased turbulence due to the higher annulus Reynolds number increased the mixing at the higher
flow rate.

The minimum core boron is dominated by the initial slug volume. For either annulus flow rate,
doubling the initial slug volume reduced the minimum boron concentration by approximately 35%
(Table 6C-3). Case 5 is a special case with reduced time . step size and grid size to tighten '

' convergence of the solution. This case represents the minimum concentration predicted by this
analysis and a conservative approximation of the minimum boron concentration,1350 ppm, in the

3core due to an initial t.nborated slug volume of 524 ft .

|
6,0 EOG MODIFICATIONS '

6.1 OBJECTIVE ,

I

The Emergency Operations _ Guidelines (EOGs) were modified to reduce the likelihood of an
erroneous restart of an RCP following a LOCA which results in significant reflux boiling.

| v.

|
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6.2 MODIFICATIONS

A. Originally, the RCP restart steps of the EOG were presented in the following order:

i 1. Determine if RCP restart is needed and desired.

| 2. Verify that all RCP restart criteria are met.
I 3. Restart RCP.

| 4. If RCP not running, verify adequate single-phase natural circulation.
5. If single-phase natural circulation cannot be established, verify adequate two-phase

natural circulation.;

It was determined through consultation with human factors experts and operations personnel,
that this may mislead the operator into believing that it is more important to restart an RCP
than it is to verify natural circulation. While it is obvious that this is not the case, the EOG
bases clearly state (Introduction section) that the EOG procedure steps are presented in the
order which is most commonly expected during the event for which the EOG Optimal

| Recovery Guideline is designed. Therefore, the EOG was modified (along with its bases) to
| re-order the steps as follows:

| 1. Verify adequate single-phase natural circulation.
| 2. If single-phase natural circulation cannot be established, verify adequate two-phase

| natural circulation.
| 3. Determine if RCP restart is needed and desired.

4. Verify that all RCP restart criteria are met.

| 5. Restart RCP.

B. Add Supplementary Information item:

The EOGs contain a " Supplementary Information" section located after each guideline and
prior to the bases section. This Supplementary Information section contains data that is helpful
to the operator, but is not a procedure step (i.e., not an action statement). The EOG intends
this information to become a site specific procedure " Caution" or " Note", and/or become
information which is placed in the site operator training program.

|

| Since it is important for the operator to consider whether or not condensate could have built
up in the suction leg of the RCP prior to RCP restart, Supplementary Information was added
to the LOCA guideline that cautions the operator about this possibility prior to RCP restart. |
In addition, the Supplementary Information item specifies that this should become a caution

|
in the plant specific procedures. It is intended for this caution to be placed prior to the RCP l
Restart Desirability Determination step (step #3 above) in the plant specific procedure.

!

C. Modifications to step #3 above (RCP Restart Desirability);;

!
,

1. The EOGs were originally written with the assumption that if the performance of a step
| was optional (e.g., restarting RCPs after a LOCA), the operator would check with the
!

Technical Support Center (TSC) to obtain concurrence on its performance before
implementing it. It was felt by many that because the consequences of restarting an

!
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RCP post-LOCA were potentially unacceptable, rather than assume the operator would
follow this process, it would be best to require the operator to obtain a reconunendation
from the TSC as to whether or not RCP restart was desirable. Therefore, a step
requiring a TSC evaluation was added to the RCP restart desirability determination step
(#3 above).

2. Since this event is concerned with the buildup of condensate in the suction leg of an
RCP following prolonged two-phase natural circulation (post-LOCA), a criterion was
added to this step to require the operator and the TSC to consider the length of time the

| plant had been in two-phase natural circulation.

|
'

3. Studies have demonstrated that if single-phase natural circulation has been established
for at least 20 minutes prior to RCP restart (following prolonged two-phase natural
circulation), the consequences of RCP restart are acceptable. Therefore, this step was
modified to require the operator and the TSC to consider the length of time the plant
has been in continuous single-phase natural circulation (after it exited two-phase natural
circulation) when evaluating the desirability of RCP restart.

D. Modifications to step #4 above (RCP Restart Criteria):

1. As was the case with step #3 above, the EOGs were originally written with the
assumption that if the performance of a step was optional, the operator would checkp) with the TSC prior to implementing it. Therefore, this step originally did not require'

(d'

TSC permission prior to RCP restart. However, for the same reason as was stated |
above in explanation B.1), rather than assume the operator would follow this process, !

this step was modified to require the operator to obtain permission from the TSC prior
to starting an RCP.

2. Originally, the criterion to verify that at least 20 minutes of continuous single-phase )
natural circulation has been established prior to restarting an RCP, had been listed last. ;

However, it was felt by many that even though all RCP restart criteria receive equal !

weight, if this was listed inunediately following the criterion to obtain TSC permission
to restart an RCP and the criterion could not be met, there would be no need for the

| operator and the TSC to observe the rest of the criteria. Since this would be more
efficient, the step was modified accordingly.

E. Modifications to the Bases:

Since the steps were modified, it was necessary to modify the bases. All bases match the new
step order, and the new steps all have bases explanations.

F. Summary of Procedure Implementation

The operator will reach these steps after attempting to isolate the leak. First, the step to verify
i adequate single-phase natural circulation will be reached, if adequate single-phase natural
r3 circulation exists, the operator will skip the next step (verification of two-phase natural

(v) circulation) and proceed to the step to determine the desirability of restarting an RCP.l

| 6C-9 Amendment V - 4/29/94
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If the operator cannot verify adequate single-phase natural circulation, he/she will proceed to
the next step which verifies adequate two-phase natural circulation.

Once the "RCP restart" steps are reached, the caution will be read alerting the operator to the
possibility of condensate buildup in the RCP suction leg.

Next, the operator will request that the TSC determine the desirability and need to restart an
RCP. The operator will make a concurrent determination. Since the caution was just read by
the operator, its information will be factored into the evaluation. Both the operator and the
TSC will base their decisions on at least the following criteria:

Adequacy of core heat removal using natural circulation*

The need for main pressurizer spray capability*

Existing RCS pressure and temperature*

The duration of CCW interruption to the RCPs*

RCP seal staging pressures and temperatures*

Time the plant was in two-phase natural circulation*

Time the plant has been in single-phase natural circulation.*

If any of the above criteria do not indicate that an RCP restart is desirable, the operator will
skip the remaining RCP steps. Otherwise, he/she will proceed to the next step.

The operator next determines if an RCP restart can be performed based on at least the
following criteria:

* The TSC has recommended RCP restart
Single-phase natural circulation has been established for at least 20 minutes*

Power available to the RCP bus*

RCP auxiliaries are operating*

At least one SG is available*

Pressurizer level > 33%*

RCS is subcooled*

Other criteria satisfied per RCP operating instructions.*

If any of the above criteria do not indicate that an RCP restart is desirable, the operator will
skip the remaining RCP steps. Otherwise, he/she will proceed to the next step.

Once it has been determined that RCP restart is desirable, and the restart criteria are met, the
operator will proceed to the next step and restart an RCP.

6.3 HUMAN RELIABILITY ANALYSIS

A Human Reliability Analysis (HRA) was performed to determine the probability of erroneously
restarting an RCP prior to the establishment of at least 20 minutes of continuous single-phase natural
circulation. The analysis is described below.

O
!
l

!
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A. Model Assumptions

The analysis provides a reasonable and conservative estimate of the frequency of erroneous
RCP restart, given the existence of the physical plant conditions necessary for the event to
occur. The following conservative assumptions are part of the model:

Operating experience suggests that it is unlikely that the operating crew would have*

reason to restart an RCP after prolonged post-LOCA two-phase natural circulation.
However, having such a reason is not necessarily an error, and HRA is thus not an
appropriate rnethod for estimating its probability. Therefore, the model conservatively
assumes that the cetrol room staff will always want to restart an RCP.

Other than the lack of 20 mettes of single-phase natural circulation, it is assumed that*

no plant conditions exist to preclude RCP restart (even though at least 12 conditions
must be considered).

No credit is taken for improved plant or procedure ergonomics.*

Activities required for pump restart are assumed to require no execution time (a*

potential mitigating factor), and to be 100% successful.

Three other reasonable assumptions have been made to limit the model complexity:fm
/ \
\ /
V = No single (i.e., random) error will cause an RCP restart.

If the TSC is asked to consider the RCP restart, it will proactively communicate to the*

Main Control Room (MCR) if any of the RCP restart criteria are not met.

The Main Control Room will follow the TSC directions if hey are given.* t

B. Model Structure

Two HRA event trees were constructed to determine the probability of erroneously restarting
an RCP (Figures 6C-4 and 6C-5). The event tree of Figure 6C-4 determines the lower bound
of probability and the event tree of Figure 6C-5 determines the upper bound.

There are several decisions / evaluations / actions the operator and the TSC could take.
Therefore, the model structure for both trees incorporates the f llowing actions:o

In Node A, the MCR staff requests the TSC staff to evaluate the need and acceptability*

of restarting an RCP.

In Nodes B and F, the MCR staff notes that the criterion for ensuring the establishment*

of 20 minutes of single-phase natural circulation prior to starting an RCP, is not met.

I m
' I )
| 'd
|
l

l
i
'
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| In Nodes D and E, the TSC staff notes that the criterion for ensuring the establishment*

of 20 minutes of single-phase natural circulation prior to starting an RCP, is not met.

In Node C, the MCR staff verifies that the TSC will permit the restarting of an RCP.*

Any time movement along the event tree is downward and to the left, the correct actions are
being taken. If movement is made down and to the right, errors are being made.

C. Model Quantification
i

THERP models are highly sensitive to the adjustment of their individual event weights (i.e.,
performance shaping factors). In addition, decision research has shown that model structure,
rather than weighting, is the more frequent strength of " experts" (Dawes,1979). Thus, two
quantifications of the same model were used to provide reasonable limits for discussion and
assessment.

|

The lower limit was obtained by using unweighted nominal HEP values (i.e., 3.0 E-3) for each

|
event in the tree (Figure 6C-4). The unweighted quantification is presented as a best estimate
result for this model. This produced a total HEP of 2.7 E-6 for the event tree.

The upper limit was obtained by "overweighting" the model with a set of hyperconservative
values (Figure 6C-5). Relatively poor procedure ergonomics were assumed. Therefore, a
larger-than-nominal value (1.0 E-2) was used as the basic Human Error Probability (HEP).
The effects of stress and dependency were then incorporated at unfavorably high levels. This
produced a total HEP of 5.54 E-2 for the event tree.

Finally. the geometric mean of the two values was taken to account for uncertainty as follows:

Geometric mean is the Nth root of the product of N terms.*

For this case:

* N=2
A = Lower Bound = 2.75 E-6 (unweighted estimate)*

B = Upper Bound = 5.54 E-2 (overweighted estimate)*

Therefore:

The geometric mean = (A x B)34

= (2.75 E-6 x 5.54 E-2)10

= 3.91 E-4

This value of 3.91 E-4 is presented as a conservative estimate of the total HEP for this event.

O
6C-12 Amendment V - 4/29/94

._.



- _ . _ _ . _ _ _ _ _ _ _ _ __ _ _ _ . _ _ . _ _ _ . _ _ _

,

i

'

ICATION

|
|

7.0 OVERALL RISK ASSESSMENT

The overall risk associated with boron dilution during a small LOCA is assessed in this section of
the report. The assessment involves the description of two potential scenarios of concern and the
quantification of the scenario probabilities. The impact of the scenario probabilities on the
Probabilistic Risk Assessment results presented in Section 19.9 is also assessed in this section.

7.1 SCENARIO PROBABILITIES

Two small LOCA scenarios were assessed:

1. A small LOCA during which all safety injection pumps operate, and the operator
initiates an incorrect restart of a Reactor Coolant Pump (RCP) during the first third of
the fuel cycle,

2. A small LOCA during which only two of the four safety injection pumps operate, and
j

|
the operator initiates an incorrect restart of a RCP during the first third of the fuel
cycle.

The probability of Scenario 1 can be expressed as follows:

SLOCA * HEPacp * X,yci,F,3 =

where,

Scenario probability of small LOCA and incorrect restart ofF,i =

a RCP during the first third of fuel cycle
Small LOCA initiator (3.0E-03 per year)SLOCA =

Human error probability for un-desired restart of a RCPHEPace =

(3.9E-04)
Probability multiplier of a small LOCA occurring during theX =

eyci,
first third of cycle (0.33) -

The above frequency of a small break LOCA is used in the System 80+ PRA and is obtained from
Table 19.3.3-2. The human error probability (HEP) for incorrect restart of a RCP is based on the
procedures for mitigating a small LOCA and is estimated as shown in Section 6.3 of this Appendix.,

The cycle time reflects the fact that boron is required during the first third of the fuel cycle and the 1

| small LOCA must also occur during this time in order for the scenario to be of safety significance.
By substituting the values in the above expression, the probability for Scenario 1 becomes:

F,i 3.0E-03 * 3.9E-04 * 0.33=

3.9E-07 per year.=

|
|
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The probability of Scenario 2 can be expressed as follows: |

|
P SLOCA * SI * HEPacp * Xcyci,=

s2 2

,

'

where,

| Ps2 Scenario probability of small LOCA, failure of two of four=

safety injection pumps to operate, and incorrect restart of a
RCP during the first third of the fuel cycle

| SLOCA Small LOCA initiator (3.0E-03 per year)=

| SI: Failure probability of 2 of 4 safety injection pumps to=

| operate (2.2E-04)
Human error probability for un-desired restart of a RCPHEPacp =

(3.9E-04)
i Xcgi, Probability multiplier of a small LOCA occurring during the=

| first third of cycle (0.33)
|

| The frequency of a small LOCA, the HEP for incorrect restart of a RCP, and the probability
I multiplier for the cycle time are the same as describe for Scenario 1. The dominant contributors to

the probability of 2 of 4 safety injection pumps failing to operate include conunon cause failure of
the pump breakers to close, common cause of the pumps to start, and common cause failure of the
pumps to operate. Simultaneous independent failures of the pumps are not significant contributors

| to the overall failure probability of the pumps. The failure probability of 2 of 4 safety injection
| pumps to operate is 2.2E-04 per demand. This probability is based on failure rates used in the
| System 80+ PRA. By substituting the values in the above expression for Scenario 2, the probability
'

becomes:

Fs2 3.0E-03 * 2.2E-04 * 3.9E-04 * 0.33=

8.5E-11 per year.=

7.2 IMPACT ON PRA RESULTS

The PRA results presented in Table 19.9.1-4 show that the core damage frequency of internal events
is 1.67E-06 per year. If Scenario 1 described in Section 7.1 is assumed to cause core damage, the

| overall core damage frequency for internal events would increase. The core damage frequency for
j internal events would increase from 1.67E-06 to 2.06E-06 per year. Scenario 2 would have no

impact on the core damage frequency for internal events. Therefore, from a deterministic standpointi

j this scenario is not considered.

i
| If the worst case conditions are assumed and boron mixing is ignored, the outcome of the limiting
| small LOCA boron dilution event is a damaged but otherwise coolable core. Core recovery is
! considered likely because of (1) the availability of safety injection, (2) the short duration of the
| induced core power spike, (3) the RCS pressure relief through the existing hole in the RCS, and (4)

the pressure absorption capability in the partially voided upper portions of the RCS when the
reactivity insertion event takes place. Severe accident analyses, as well as experience with TMI-2,
indicate that adequate core cooling can be established even in the presence of severely damaged core,!

1

|
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provided an adequate internal water supply is available. As long as the RCS pressure does not
produce material stresses that exceed the ASME Service Level C limits, emergency core cooling
system integrity is expected. As a consequence of items 2, 3, and 4 above, pressurization of the RCS
to levels that exceed Service Level C stresses is highly unlikely.

In the event that an unrecoverable core damage event occurs, containment spray and cavity flooding
systems would be capable of arresting the event within the intact containment. Since the systems
required to mitigate the post-vessel breach corium progression are not influenced by the small LOCA
boron dilution event, and both AC power and component cooling water are available, at least one
train of the containment spray system will be available and containment integrity will not be
compromised.

Based on the guidelines and requirements of the Advanced Light Water Reactor (ALWR) Utility
Requirements Document, the industry has established a mean core damage frequency goal of 1.0E-05
per year. Even if Scenario I causes core damage, the increased core damage frequency is well within
this goal. Since in-vessel recovery of the scenario will occur if the RCS pressure remains below the
Level C stress limits, and since essential containment safeguard systems are available even if the RCS
pressure exceeds the Level C stress limits the increase in overall plant radiation releases will be
negligible. The PRA conclusions are preserved even when the worst case boron dilution scenario
is considered.

p 8.0 CONCLUSION

kU) Although there is a potential to produce some unborated condensate during some small break LOCAs,
this condensate will be mixed with highly borated water in the RCS upon the onset of single-phase
natural circulation. Appendix 6B provides a very conservative core coolability assessment of the
natural circulation case assuming no mixing of the condensate.

This appendix provides Emergency Operating Guideline (EOG) modifications which significantly
reduce the probability of RCP restarting prior to achieving adequate mixing by natural circulation.
It also provides a demonstration that, even if RCP restart is assumed to occur at the worst time,
sufficient mixing occurs to ensure the core remains suberitical and adequately cooled,

n
\

(O
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TABLE 6C-1

SYSTEM 80+ UNBORATED CONDENSATE DURING A SMALL BREAK LOCA*

Parameter Value Value

2Break size (cold side) (ft ) 0.05 0.0055

Operating Si pumps 4 4

SG cooldown starts after LOCA (hr) 0.5 0.5

RCS fill time (hr.) 1.4 1.1

Condensate volume available 375 290
3per cold leg (ft )

Boric acid concentration
inside CSB at RCS refill time
(percent by weight)" 14.6 12.3
(ppm) 25,500. 21,500.

f%

Above results based on licensing decay heat model which maximizes core boiloff and*

unborated condensate formation.

These results are based on those presented in Figure 6.3.3.4-3.
**

b\
U
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TABIE 6C-2

CRITICAL HORON CONCENTRATION AT BOC*
(no boron required after the first third of the fuel cycle)

Temperature Concentration **

500*F 200 ppm

300*F 550 ppm

These values do not credit the negative reactivity effect of xenon.*

Prompt critical values are about 70 ppm lower."

O

.
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TABLE 6C-3

|

MINIMUM BORON CONCENTRATION IN CORE FOR l-PUMP START

Case Description Boron Concentration, upm

1. 1.5X-PUMP ANNULUS FLOW RATE
262-FT3 UNBORATED VOLUME 2900

2. 1.5X PUMP ANNULUS FLOW RATE
524-FT3 UNBORATED VOLUME 1870

3. 0.98-PUMP ANNULUS FLOW RATE
262-FT3 UNBORATED VOLUME 2820

4. 0.98-PUMP ANNULUS FLOW RATE
524-FT3 UNBORATED VOLUME 1850

5. 0.98-PUMP ANNULUS FLOW RATE
524-FT3 UNBORATED VOLUME 1350

g (Reduced time step and grid size for
better solution convergence)

,

|

l

|

I

O
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A mR OUTS REQUEST
FOR TSC EVAL

MCR REQUESTS 003TSC EVAL OF
RCP RESTART
(RfS NEED, MCR FAILS-TO-NOTE THAT
ACCEPTABluTY) MCR NOTES B SINGLE PHASE NATURAL CIRC.

SPNC TD (SPNC) ESTD FOR < 20 MIN
.003

.997

NO QVERS C MCR FAILS-TO-VERIFY
R/S Omission TSC (NON) APPROVAL

.003.997

RCP 2.7 x 10-8
TSC NOTES E TSC FAILS TO TSC NOTES D TSC FAILS TO R/S

NOTE SPNC SPNC ESTD NOTE SPNCSP C D ESTD < 20 MIN < 20 MIN .003 ESTD < 20 MIN
,

: .003
.

2.7x d
hO

; S < 20 NC STD
< 20 MIN

@ UNWEIGHTED ESTIMATENO RCP 4R/S R/S 2.7 x 10
- All HEPs = .003
(Generic HEP from WASH-1400)

- No PSFs (+/- weights) Applied*

- Total HEP = 2.75 x 10-6,

i

4

,

4

|
2

'
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.1 i

.9 \
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R/S OMISSION TSC (NON) APPROVAL

*I
.9

4
E TSC FAILS TO TSC NOTES D TSC FAILS TO 1 x 10 |

NOTE SPNC SPNCESTD/ NOTE SPNC
NC EST ESTD < 20 MIN < 20 MIN .55 ESTD < 20 M!N< 20 MIN .55 ,

\ )
44.95 x 106 SI O NO< 20 M N

.1 SPNC ESTD RTS< 20 MIN

@ OVERWElGHTED ESTIMATENO RCP
4.95 x 10 2R/S R/S

- Poor Proceduros [ HEP = .01]

- High Stress [x 10]
]

- High Dependency [(1+T/}/2]

- Total HEP = 5.54 x 10 2
'

_
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7.2 REACTOR PROTECTIVE SYSTEM

7.2.1 DESCRIPTION

7.2.1.1 System DescriDtion

The Reactor Protective System (RPS) portion of the Plant
Protection System (PPS) (as shown on Figure 7.2-1) is a vital
system which consists of sensors, calculators, logic, and other
equipment necessary to monitor selected plant conditions and to
effect reliable and rapid reactor shutdown (reactor trip) if

monitored conditions approach specified safety system settings.
The system's functions are to protect the core fuel design limits
and Reactor Coolant System (RCS) pressure boundary for

Anticipated Operational Occurrences, and_ also to provide
assistance in mitigating.the consequences of accidents. Four
measurement channels with electrical and physical separation are
provided for each parameter used in the direct generation of trip
signals, with the exception of Control Element Assembly (CEA)
position which is a two channel measurement.

The Reactor Protective System (RPS) portion of the PPS includes |
the following functions: bistable trip, local coincidence logic,
reactor trip initiation logic and automatic testing of'PPS logic, i

Tha bistable trip processors generate trips based on the j

measurement channel digitized value exceeding a digital setpoint.
The bistable trip processors provide their trip signals to the
coincidence processors located in the four redundant PPS
channels. The coincidence processors evaluate the local
coincidence logic based on the state of the four 'like trip
signals and their respective bypasses. The coincidence signals
are used in the generation of the Reactor Trip Switchgear System
(RTSS) or Engineered Safety Features-Component Control System
(ESF-CCS) initiation. Software is developed and tested for the
above processors, as stated in Section 7.1. A coincidence of
two-out-of-four like trip signals is required to generate a
reactor trip signal. The fourth channel is provided as a spare
and allows bypassing of one channel while maintaining a
two-out-of-three system.

The NPX80+ Plant Protection System (PPS) has four pairs of
cabinets housing the Plant Protection Calculator (PPC). Each
pair of cabinets is located in a separate equipment room and
contains the bistable processors, coincidence processors and
interface hardware of one of the four PPS safety channels
designated A, B, C and D.

O
Amendment N

7.2-1 April 1, 1993
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The design is based upon the use of Programmable Logic Controller
(PLC) type equipment in each safety channel. All protective
channel process loop inputs, protective channel trip functions,
and the 2/4 Logic Matrix functions will be processed within the
PLC's in that safety channel.

The reactor trip signal deenergizes the Control Element Drive
Mechanism (CEDM) coils, allowing all CEAs to drop into the core.

PPS interfaces (RPS and ESFAS) for functions, such as operator
interaction, alarm annunciation and testing (manual and
automatic), are shown on Figure 7.2-2.

The local and main control room PPS operator's module (one per
channel) provides for entering trip channel bypasses, operating
bypasses, and variable setpoint resets. These modules also
provide indication of status of bypasses, operating bypasses,
bistable trip and pre-trip. The local operator module provides
the man-machine interface during manual testing of-bistable trip
functions not tested automatically.

The main control room (MCR) panels provide means to manually
initiate engineered safeguards.

The Remote Shutdown Panel (RSP) provides selected functions
needed for safe shutdown and cooldown, as described in Section
7.4.

Each PPS channel cabinet contains a manual transfer switch that
enables the RSP or MCR for PPS channel functions that are common
to both.

The Interface and Testing Processor (ITP), one per channel,
consists of a data bus and three functional blocks: 1.e., two
gateway blocks and one test / bypass block, as shown in Figure 7.2-
17. Gateway #1 interfaces to: the PPS Operators Module at the
RSP; the Data Processing System, to provide selected PPS and CEAC
channel status and test results information; and the CEAC, to
retrieve status information. Gateway #2 interfaces to: the PPS
operators Module at the MCR; the Discrete Indication and Alarm
System, to provide selected PPS and TLC channel status and test
results information; the TLC, to retrieve status information; and
the Power Control System, to retrieve status information. The
test and bypass processor performs automatic on-line and manual
testing of the PPC, processes the bypass logic and interfaces to
the ITP's in other PPS channels via the data bus interfaces to
the bistable processors and coincidence processors. A data bus
bridge interfaces to the ESF-CCS.

O
Amendment Q

7.2-2 June 30, 1993
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7.2.1.1.1 ' Trips

! 7.2.1.1.1.1 Variable overpower

The variable overpower trip is provided to trip the reactor when
!

! indicated neutron flux power either increases at a great enough
rate, or reaches a preset value. The flux signal used is the
average of the three linear subchannel flux signals originating
in each nuclear instrument safety channel. The nominal trip
setpoints are provided in Table 7.2-4.

Pre-trip alarms are initiated below the' trip value to provide
audible and visible indication of approach to a trip condition.

7.2.1.1.1.2 High Logarithmic Powel Level

The high logarithmic power level trip is provided to trip the
reactor when indicated neutron flux power reaches a preset value.
The flux signal used is the logarithmic power signal originating
in each nuclear instrument safety channel. The nominal setpoint.
is provided in Table 7.2-4. The trip may be manually bypassed by
the operator. This bypass point is provided in Table 7.2-1.

[ Pre-trip alarms are initiated below the trip value to provide

. ( ]) audible and visible indication of approach to a trip condition.
The trip bypass also bypasses the pre-trip alarms.'v

7.2.1.1.1.3 High Local Power Density

The high local power density trip is provided to trip the reactor
when calculated core peak local power density reaches a preset
value. The preset value is less than that value which would

~

cause fuel centerline melting. The calculation of the peak local
power density is performed by the Trip Logic Calculators (TLC) in
the Core Protection Calculators (CPCs), which compensate the
calculated peak local power density to account for the thermal
capacity of the fuel. The calculation considers axial
distribution, average power, and radial peaking factors (based on
target CEA position) and CEAC penalty factors to calculate the
current value of compensated peak local power density. A trip
results if the compensated peak local power density reaches the
preset value. The calculated trip assures a core peak local
power density below the safety limit for peak linear heat rate
(kW/ft). The nominal trip setpoint is given in Table 7.2-4. The
effects of core burnup are considered in the determination of the
local power density trip.

Pre-trip alarms are initiated below the trip value to provide
audible and visible indication of approach to a trip condition.

k )v

Amendment I
7.2-3 December 21', 1990
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7.2.1.1.1.4 Low Departure from Nucleats Boiling Ratio

| The low Departure from Nucleate Boiling Ratio (DNBR) trip is'

provided to trip the reactor when the calculated DNBR approaches
a preset value. The calculation of DNBR is performed by the TLCs
based on core average power, reactor coolant pressure, reactor
inlet temperature, reactor coolant flow, and the core power
distribution. The calculations include allowances for sensor and
processing time delays and inaccuracies such that a trip is
generated within the TLCs before violation of the DNBR safety
limit in the limiting coolant channel in the core occurs during
Anticipated Operational occurrences. The nominal trip setpoint;

is given in Table 7.2-4.

( | The low DNBR i. rip incorporates three auxiliary functions. First,
| a low pressurizer pressure floor, with the value given in Table
: 7.2-4; second, a combined low pressurizer pressure and low DNBR
| with the values given in Table 7.2-4; and third, a low pump speed
j with value given in Table 7.2-4. Under these conditions, a low
| DNBR trip will automatically occur.

Pre-trip alarms are initiated above the trip value to provide
audible and visible indication of approach to a trip condition.
7.2.1.1.1.5 High Pressurizar Pressure

The high pressurizer prmsure trip is provided to trip the
reactor when measured pressurizer pressure reaches a high preset
value. The nominal trip setpoint is provided in Table 7.2-4.

Pre-trip alarms are initiated below the trip setpoint to provide
audible and visible indication of approach to a trip condition.
7.2.1.1.1.6 Low Pressurizer Pressure

The low pressurizer pressure trip is provided to trip the reactor
when the measured pressurizer pressure falls to a low preset
value. The nominal trip setpoint for normal operation is |
provided in Table 7.2-4. At pressures below the normal operating i
range, this setpoint can be manually decreased to a fixed '

increment below the existing pressurizer pressure down to a
minimum value. The incremental and minimum values are given in

|Table 7.2-4. This ensures the capability of a trip when required
during plant cooldown.

The trip may be manually bypassed by the operator. This bypass
point is provided in Table 7.2-1. The bypass is automatically
removed as pressure is increased above a fixed value and the low
pressure setpoi.e automatically increases, maintaining the fixed
increment between the plant pressure and the setpoint. These
values are shown in Table 7.2-4.

Amendment V
7.2-4 April 29, 1994
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\. detects the remaining CEAC to also have failed, it !

applies the maximum possible penalty factor after a
short time delay (discussed below). This penalty
factor will result in a reactor trip under all

operating conditions (with the exception of some
extremely low power configurations). Each TLC will l

also alarm if the penalty factors.from the two CEACs
are different. Operators can remove deviating or |

failed CEACs from service. Restricted operation may
continue under Technical Specification-LCO with one or
two CEACs failed or out of service. The time delay
identified above is intended to allow the plant to
reach the LCO prior to the trip occurring.

7.2.1.1.2.3 Ex-core Neutron Flux Measurements

The ex-core nuclear instrumentation includes neutron detectors
located around the reactor core, and signal conditioning
equipment located within the containment and the auxiliary
building. Neutron flux is monitored from source levels through
full power operation, and signal outputs are provided for reactor
protection, control and information display. There are 4

channels of safety instrumentation (see Figure 7.2-8).

The four safety channels provide neutron flux information fromjy near startup neutron flux levels to 200% of rated power covering'

a single range of approximately 2 x 10-7 to 200% power (9 |

decades). Each safety channel consists of three fission
chambers, a preamplifier and a signal conditioning drawer <

containing power supplies, a logarithmic amplifier (including
combination counting and mean square variation techniques),
linear amplifiers, test circuitry, and a rate-of-change of power
circuit. These channels provide the RPS information for
rate-of-change of power display, DNBR, local power density, and |

overpower protection.

The detector assembly provided for each safety channel consists
of three identical fission chambers stacked vertically along the i

I

length of the reactor core. The use of multiple subchannel
detectors in this arrangement permits the determination of axial
power shape during power operation.
The fission chambers are mounted in holder assemblies, which in
turn are located in four dry instrument wells (thimbles) at or in
the primary shield. The wells are spaced around the reactor
vessel to provide optimum neutron flux information.

,O
G

Amendment V
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Four safety channel preamplifier / filter assemblies for the
fission chambers are mounted outside the reactor containment
building in the cable chase of the subsphere. Physical and
electrical separation of the preamplifiers and cabling between
redundant channels is provided.

7.2.1.1.2.4 Reactor Coolant Flow Measurements

The speed of each reactor coolant pump motor is measured to
provide a basis for calculation of reactor coolant flow through
each pump. The measurement of reactor coolant pump speed is
accurate to within 0.43% of the actual pump speed. Two metal
discs, each with 44 uniformly spaced slots about its periphery
are scanned by proximity devices. The metal discs are attached
to the pump motor shaft, one to the upper portion and one to the
lower portion (see Figure 7.2-9). Each scanning device produces
a voltage pulse signal. The pulse train that is input to the
CPCs to calculate flow rate is based upon a variable number of
pulses from the scanning device. The frequency of this pulse
train is proportional to pump speed. Adequate separation between
proximity devices is provided.

The mass flow rate is obtained using the pump speed inputs from
the four reactor coolant pumps, the cold leg temperatures, and
the hot leg temperatures. The volumetric flow rate through each
reactor coolant pump is dependent upon the rotational speed of
the pump and the pump head. This relationship is typically shown
in pump characteristic curves. Flow changes resulting from
changes in the loop flow resistances occur slowly (i.e., core
crud buildup and increase in steam generator resistance).
Calibration of the calculated mass flow rate will be performed
periodically using instrumentation which is not part of the
Reactor Coolant Pump Speed Sensing System.

Flow reductions associated with pump speed reductions are more
rapid than those prootced from loop flow resistance changes.
Mass flow rate is calcunted for each pump from the pump speed,
the density of cold leg coolant and a correction term based on
the hot leg temperature.

The mass flow rates calculated for each pump are summed to give
a core mass flow rate. This flow rate is then used in the CPC
DNBR and AT power algorithms.

The RCP speed is also transmitted from each CPC channel over
isolated fiber-optic data links to the DPS where signal cross-
channel validation is performed prior to use for display and use
in the Core Operating Limit Supervisory System (COLSS). |

O
Amendment N

7.2-12 April 1, 1993
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g ) Arkansas Nuclear One Unit 2", Dochet No. 50-368, May 1965.
'd

14. "CPC Protection Algorithm Software Change Procedure",
CEN-39(A)-P, Revision 3-P-A, November 1986.
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15. " Reload Data Block Constant Installation Guidelines",
CEN-323-P-A, Revision 1-P, December 1986.

.

; | 16. "Nuplex 80+ Software Program Manual", NPX80-SQP-0101.0.

I
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i

O
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i

|
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processors for each design basis event. Similarly, within
ESF-CCS Division A and B, ESFAS functions such as SIAS and EFAS
are distributed to separate control processors. Within the
Process-CCS critical plant control functions, such as inventory
control, heat removal, etc., simultaneous errors in these
multiple processors is minimized, since functional diversity is
utilized and since software execution is asynchronous.

Diversity offers the final defense against commonDiversity -

mode failures. All critical safety functions, such as reactivity
control, inventory control and heat removal, can be controlled by
both the control systems and the protection systems. These
systems are functionally diverse, as are the fluid / mechanical
systems they control. In addition, to correspond with the
hardware diversity of these fluid / mechanical systems, both
hardware and software diversity is employed between control and
protection I&C systems to eliminate the potential for common mode
failures to affect both the control and protection functions.
This diversity exists in all software based aspects of these
systems, including controllers, multiplexors, communication
networks and MMI devices. This same diversity philosophy is
applied between DIAS and DPS to ensure availability of control
room information.

Independent of the above design features, System 80+ implements a
means for manual actuation of Engineered safety Feature functions
using two safety grade channels which utilize hardwired inputs
that bypass all data links, network communications, and all
computers with large software applications. Switches located in
the Main Control Room provide for system level actuation of two
trains of safety injection and one train each of containment
spray, emergency feedwater, closure of main steam isolation
valves, closure of containment air purge valves and closure of a
letdown isolation valve as shown in Figure 7.3-25. The switches
for safety injection, containment spray and emergency feedwater
have 3 positions, as follows: normal, actuate and stop.

A control signal from each switch is directed to Loop Controllers
which are PLC based devices at the lowest level in the digital
control hierarchy. The Loop Controllers provide hardwired output
signals to switchgear in motor control centers and electrical
distribution panels that control plant components. Under normal
plant operating conditions, the Loop controller provides output
signals to the plant components in response to digitized input
signals received through a communication network interface. The
hardwired manual input signal from the control room switches will
override input data received from the network communication
interface to actuate the plant components. Diverse manual
actuations status indication is provided in the main control
room.

\

Amendment V
7.3-23 April 29, 1994
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OReliability of implementing this override function at the Loop
Controller PLC can be assured due to the simplicity of the
device. The software in the Loop Controller PLC's resides in
memory that is typically less than 6 Kbytes. The PLC responds to
a limited number of digital input signals which direct the
software to start or stop a pump, or open or close a valve with
consideration of only a limited number of interlocking signals.
Testing will be performed on loop controller PLC's for which the
manual override function is implemented to assure that a common
mode failure of the protective system software will not prevent
the hardwired manual signals from actuating their associated ESF
functions. This feature of the System 80+ design provides an
additional level of protection against a postulated common mode
failure of protective system software.

7.3.1.1.7 Sequencing

Component sequencing methods are discussed in Section
7.3.1.1.2.3. Component sequencing requirements are provided in
Chapter 8.

7.3.1.1.8 Testing

Provisions are made to permit periodic testing of the complete
ESFAS. These tests cover the trip actions from sensor input
through the protection system and actuation devices. The system
test does not interfere with the protective function of the
system. Overlap between individual tests exists so that the

sentire ESFAS can be tested.

The testing system meets the criteria of IEEE Std. 338-1977,
"IEEE Standard Criteria for the Periodic Testing of Nuclear Power
Generating Station Class 1E Power and Protection Systems," and
the intent of Regulatory Guide 1.22, "Periodi' Testing of
Protection System Actuator Functions."

The frequency of testing is given in the Technical
Specifications.

7.3.1.1.8.1 Sensor Checks

During reactor operation, the measurement channels providing an
input to the ESFAS are checked by the methods described in
Section 7.2.1.1.9.1.

7.3.1.1.8.2 Trip Bistable Test

Testing of the ESFAS trip bistables, located in the PPS, is
accomplished as described in Section 7.2.1.1.9.2.

O
Amendment Q !

7.3-24 June 30, 1993 I

i



..

CESSAR !!Since,.
1

i 4

G.

1

The instrument sensor package selected to monitor the ICC event
progression consists of:

A. Resistance Temperature Detectors (RTDs)
!

| B. Pressurizer Pressure Sensors
!

C. Reactor Vessel Level Monitors employing the Heated Junction
Thermocouples (HJTC) design concept

D. Core Exit Thermocouples

The signals from the RTDs, unheated thermocouples in the HJTC system,
| and pressure sensors can be combined to indicate the loss of )
,

|
subcooling, occurrence of saturation and achievement of a subcooled
condition followir g core recovery. The reactor vessel leve1<. monitors'

provide information to the operator on the decreasing liquid inventory
|

in the reactor pressure vessel (RPV) regions above the fuel alignment |

| plate (FAP), as well as the increasing RPV liquid inventory above the
i FAP following core recovery. The core exit thermocouples (CETs)

monitor the increasing steam temperatures associated with ICC and the
Idecreasing steam temperatures associated with recovery from ICC.

As shown in Figure 7.5-1, these sensors are inputs to:'

A. DIAS channel P processing equipment for continuous display along
with other Regulatory Guide 1.97 Category 1 variables located onI

the Safety Monitoring Panel in the Main Control Room.

B. DIAS channel N processing equipment for display along with other
plant parameters used by the operator for normal monitoring as
well as post-accident monitoring.

C. Data Processing System for integration into the CRT plant process
|'

display pages. The DPS also processes saturation margin, reactor
vessel level and ICC algorithms for critical safety functions for
display and alarming.

|
All of the above display methods provide validated information to the
operator as further described in Sections 7 . 7 .1. 4 , 7 . 7 .1. 7 and Chapter
18.

7.5.1.1.7.1 Sensor Design
1

Detailed information on the associated ICC sensors is presented in the f
following sections. |

!

(V3 |
i
|

Amendment D
! 7.5-7 September 30, 1988
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| 7.5.1.1.7.1.1 Saturation Margin Sensors

Saturation Margin Monitoring (SMM) provides information to the reactor
operator on:

(A) The approach to and existence of saturation.

(B) The existence of core uncovery.

The SMM utilizes inputs from the RCS cold and hot leg temperatures
| measured by RTDs, the maximum temperature of the top three Unheated
i Junction Thermocouples (UHJTC) , and pressurizer pressure sensors. The

UHJTC input comes from the output of the Heated Junction Thermocouple
(HJTC) processing units. In summary, the sensor inputs are as
follows:

!

Innut Rance

Pressurizer Pressure 0-750 psia
|

Pressurizer Pressure 600-1650 psia

Pressurizer Pressure 1500-2500 psia

RCS Pressure 0-4000 psia

Cold Leg Temperature 50-750*F

Hot Leg Temperature 50-750*F

Maximum UHJTC Temperature of 32-2300*F
top three sensors (from HJTC
processing)

Representative CET Temperature 32-2300*F

7.5.1.1.7.1.2 Heated Junction Thermocouple (HJTC) Probe !

Assembly

The HJTC probe assembly measures reactor coolant liquid inventory
above the fuel alignment plate with discrete HJTC sensors located at
different levels within a separator tube ranging from the top of the,

l fuel alignment plate to the reactor vessel head. The basic principle
of operation is the detection of a temperature difference between
adjacent heated and unheated thermocouples.

As pictured in Figure 7.5-2 the HJTC sensor consists of a Chromel-
Alumel thermocouple near a heater (or heated junction) and another
Chromel-Alumel thermocouple positioned away from the

Amendment O
7.5-8 May 1, 1993
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TABLE'7.5-2-
,

(Sheet 1-of 5)
r

ENGINEERED SAFETY FEATURE SYSTEM MONITORING

Number Number
of of IE Minimum-

cz' d
Parameter Channels Channels Indicated Ranae Location '

Containment Isolation System

Containment Isolation Valve 1 pair / Open/Close Control Room
-Position valve

Safety In.iection System

Safety Injection 1 pair / (Note 3) Open/Close ' Control Room
. Valve Position valve

-Safety Injection 1/ Tank -1/ Tank 0-100% (34 ft. scale) Control Room
/ Tank. -- 0-100% ( 4 ft. scale) Control Room2-Tank Level

In-containment Refueling 1 pair / 1 Open/Close Control' Room
Water Storage Tank Isolation valve-
Valve Position

In-containment Refueling 2- 2 0-100% Control Room
Water Storage-Tank Level

In-containment Refueling 2 2 50-250*F Control Room-
Water, Storage Tank Temperature

In-containment Refueling '2 2 0-100 psig Control Room |
-Water Storage. Tank Pressure

Safety Injection Flow 4- 4- 0-1500 gpm Control Room

Amendment V
April 29, 1994
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TABLE 7.5-2

(Sheet 2 of 5)

ENGINEERED SAFETY FEATURE SYSTEM MONITORING

Number Number
of of IE Minimum

Parameter Channels Channels Indicated Rance'2) location"3

Safety Injection 2 2 0-1500 gpm Control Room
Hot Leg Flow

Safety Injection 4 -- 0-2500 psig Control Room
Pump Discharge Pressure

Safety Injection 1/ Tank 1/ Tank 0-750 psig Control Room /RSPTank Pressure 2/ Tank 1/ Tank 450-650 psig Control Room

Direct Vessel and Hot 6 -- 0-2500 psig Control Room
Leg Injection Line
Pressure

Shutdown Coolina System

Shutdown Cooling Heat Exchanger 2 2 40-400*F Control Room /RSPInlet Temperature

Shutdown Cooling Return 40-400*F Control Room /RSPLine Temperature

Shutdown Cooling 2 -- 0-1000 psig Control Room
| Pump Discharge Pressure

Shutdown Cooling Flow 2 2 0-7500 gpm Control
Room / Local

Amendment U
December 31, 1993
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TABLE 7.5-2

(Sheet 5 of 5)

ENGINEERED SAFETY FEATURE SYSTEM MONITORING

Number Number
of of IE Minimum d

Parameter Channels Channels Indicated Range (2) Location '

SDS Pressure 2 2 0-2500 psia Control Room

Containment Soray System

2 2 0-20 psig Control Room _|
CS Pump Suction Pressure
CS Pump Discharge 2 2 0-1000 psig Control Room

CS Pump Flow 2 2 0-7500 gpm Control Room

Spray Header Isolation 1 pair / -- Open/Close Control Room
Valve Position valve and 0-100% Control Room

1 per valve
CS Pump Status 1 pair / -- On/Off Control Room

pump

CS Pump Motor Current 2 2 0-150 Amps Control Room

CS Heat Exchanger 2 2 40-400*F Control Room
Outlet Temperature

Control Buildina/ Control Room
Ventilation System

Inlet Radiation Monitor 2/ inlet 2/ inlet 10~3 - 10' R/hr Control Room

Inlet Chemical Monitor 2/ inlet 2/ inlet Site Dependent Control Room |

NOTES: 1. See Chapter 18 for type of readout.
2. Display channel inaccuracies negligible due to digital processing and display.
3. All indication on electrically actuated valves in the Safety Injection, Shutdown Cooling, and

Containment Spray Systems with exception of SI-661, receive IE power.

i 4. Valves which are required to bring the plant to cold shutdown have open/close position indicated outside
the Control Room also.

Amendment V
April 29, 1994 ,
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TABLE 7.5-3

(Sheet 1 of 6)

POST-ACCIDENT MONITORING INSTRUMENTATION

.

Number of
Sensed Minimum Minimum Reg. Guide

'

Parameter Channels'5) Sensor Ranaes('*33 Indicated Range Location"*2' 1.97 Category

RCS Pressure 2 0-4000 psig 0-4000 psig Control Room 1,2-

Primary Safety Valve Position 1/ Valve N/A Closed /Not Closed Control Room 2

(Acoustic Leak Detector)
,

In-containment RWST Level 2 0-100% 0-100%. Control Room 2
.

In-containment RWST Temperature 2 50-250*F 50-250*F- Control Room 2 i'

,

Coolant Temperature (Hot) 4 50-750*F 50-750*F Control Room 1
*

Coolant Temperature (Cold) 4 50-75C"F 50-750*F Control Room 1,3
!,

,

Containment Pressure (Wide Range) 2 -5 psig to 4 times -5 psig to 4 times . Control Room 1

'

! ' design ps y design psig' i

|
Containment Pressure (Narrow Range) 4 -5 psig.to 1 times -5 psig to I times Control Room 1

design psig design psig

Steam Generator Pressure 2/SG' 15-1500 psia 0-1485 psig Control Room 1,2 |-L

| Steam Generator Level (Wide Range) 2/SG 0-100% 0-100% Control Room 1

Pressurizer Level 2- 0-100% 0-100% Control Room 1
.

Pressurizer Heater. Status 1 pair /. N/A On/0ff Control Room 2
'

i
heater bank ~

!
?

?

i

Amendment Q
June 30,.1993
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TABLE 7.5-3

(Sheet 2 of 6)

POST-ACCIDENT MONITORING INSTRUMENTATION

Number of
Sensed Minimum Minimum Reg. Guide

Parameter Channels (5) Sensor Ranges (''3' Indicated Rance Location ('*2' l.97 Catecory

Pressurizer Pressure (High Range) 4 1500-2500 psia (') Note 4 Control Room 1

Pressurizer Pressure (Mid Range) 4 600-1650 psia (') Note 4 Control Room 1

Pressurizer Pressure (Low Range) 4 0-750 psia"' Note 4 Control Room 1

Degree of Subcooling 2 Note (4) 200*F subcooling Control Room 1

to 35*F superheat
-7 -7| Neutron Flux Power Level 2 2x10 to 200% 2x10 to 200% Control Room 1

(Safety Channels)

Reactor Cavity Level 2 0-100% 0-100% Control Room 1,2
8 8Containment Area Radiation 2 1R/hr - 10 R/hr IR/hr - 10 R/hr Control Room 1,3

Containment Hydrogen Concentration 2 0-15% by volume 0-15% Control Room 1

| Containment Spray Flow 2 0-7500 gpm 0-7500 gpm Control Room 2

Containment Atmosphere Temperature 2 0-400*F 0-400*F Control Room 2

Containment Isolation Valve Position 1 pair / N/A Closed /Not Closed Control Room I
valve

Core Exit Temperature 61 32-2300*F 32-2300*F Control Room 1,3

Amendment V
April 29, 1994
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One valve is powered from vital A power and one is powered from
vital B power.

Reactor Cavity instrumentation consists of two level transmitters
which provide indication of Reactor Cavity level in the control

A level switch is also provided in the sump which providesroom. '

an alarm in the control room to alert the operator of the
presence of water in this area.

7.7.1.1.14.2 Hydrogen Mitigation System (HMS) |

The Hydrogen Mitigation System (HMS) allows adiabatic, controlled
burning of hydrogen at low concentrations during degraded core

i accident conditions. Channelized HMS ignitors are manually,

actuated from the control room. HMS controls and instrumentation
are discussed in Section 6.2.5 and 19.11.4.4.2.1.1. Electrical | t

power distribution is defined in Section 8.3.

7.7.1.1.15 Reduced Inventory Instrumentation

f The following system is provided to aid in the prevention of a i

| loss of shutdown cooling. The Reactor Coolant System's (RCS) ]
|

Reduced Inventory Instrumentation System provides a means of ,

monitoring RCS water level, RCS temperature, Shutdown Cooling )| ( System (SCS) flowrate and temperatures, SCS pump and Containment| ~

|
Spray (CS) pump operation, and SCS valve position during shutdown

| operations.

The refueling water level instrumentation includes differential
pressure (DP) sensors and clustered heated junction thermocouple
probes to monitor RCS level during shutdown operations. The DP
sensors provide continuous redundant narrow and wide range
indication during reduced inventory operations. Narrow range DP
sensors measure RCS level in the hot leg region. The narrow | q

range instrumentation includes low and low-low alarms which j
annunciate in the control room. The wide range DP sensors
measure RCS level in the hot leg to the top of the pressurizer.
The wide range instrumentation also includes low and low-low
alarms which annunciate in the control room. The indication and
alarms allow the operator to monitor RCS level from the control'

room during shutdown operations which require reduced RCS

inventory.
|
! Two redundant Refueling Water Level Probes (RWLP) provide
! independent level indication from the top of the vessel to the I

fuel alignment plate. The narrow range RWLP assemblies measure
reactor coolant liquid inventory in the hot leg region during
reduced inventory periods when the reactor head is installed.
The wide range RWLP assemblies measure reactor coolant liquid

j inventory in the upper portion of the vessel to the fuel'

alignment plate. The basic principle of operation is the

Amendment Q
7.7-25 June 30, 1993
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detection of a temperature difference between one of the heated
thermocouples and the unheated thermocouple at the bottom of the
RWLP assembly. Each RWLP assembly includes multiple HJTC
sensors, an outer sheath, a seal plug and electrical connectors.

The RWLP thermal hydraulic operating environment is relatively
uncomplicated,- The narrow range RWLP is used only during non-
power operation while the reactor vessel head is in place. The
probe assembly is housed in a stainless steel structure that
protects it from flow loads.

The narrow range RWLP heated junction thermocouple sensors are
more closely spaced in the hot leg region to provide improved
resolution. The RWLP's provide indication, high, high-high, low,
and low-low alarms in the control room.

RCS temperature is measured using the existing CET temperatures,
HJTC unheated sensor temperatures, and F.CS Hot Leg RTD
temperatures. The CETs and HJTC unheated ser. sors have high and
high-high alarms to annunciate the approach to bulk boiling in
the core. The RTDs have a high alarm annunciation. The HJTC
unheated sensor temperature is not available when the head is
off.

Each train of the SCS has a measurement of SCS flow. This
measurement provides indication of return flow to the RCS when
either the SCS pump or CS pump is being used for shutdown
cooling. Low flow is annunciated in the control room.

To monitor the performance of the SCS and CS pumps, pump suction
I pressure, discharge pressure and motor current are monitored and

annunciated in the control room.

The performance of the SCS heat exchanger is monitored and
annunciated by measuring the temperature in the inlet and return
lines. Valve position indication is provides indication of the
system lineup and provides the status of the available flowpaths.
7.7.1.1.16 Steam Generator Tube Rupture Detection

Instrumentation

System 80+ incorporates N-16 gamma detection with a scintillation
detector and microprocessor based signal conditioning on a header
leaving each steam generator. A description and the
applicability of using N-16 gammas in detecting steam Generator
tube leaks is provided in Section 5.6 of Appendix SF. The
detection system will alert the operator to a SG tube leak
condition originating at power and identify which steam generator
is affected.

The addition of N-16 radiation detection and monitoring equipment
further enhances the diagnosis of steam generator tube leaks or
ruptures and provides the operator with more accurate information

:

Amendment V
7.7-26 April 29, 1994
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Refer to Stci;. ion 3.11 for the definition of environmental design !

requirements (temperature, humidity, radiation, pressure)
a

relevant to the ACC equipment. Monitoring of the environmental
space where the equipment cabinets are located is provided by the
Heating, Ventilation, Air Conditioning (HVAC) system which is
discussed in detail in Section 9.4, and by the Fire Protection ;

.

system which is discussed in Section 9.5.
The main control and remote shutdown panel . ngements, layouts, '

information displays and controls on these panels are designed,
4

verified and validated in accordance with the- human factors#

design criteria and analyses provided in Chapter 18. Refer to
that chapter for panel layouts and information displays atilized.i

7.7.1.3.1 Main Control Room and Panels
;

.
Conformance to the GDC 19, " Control Room," is achieved by the

| implementation of the Nuplex 80+ Advanced Control Complex. The
controlling workspace of the main control room is designed to
continuously accommodate the normal operating crew and
accommodate the shift crew defined in Section 18.3.2 during
emergencies. The main control room, which includes offices
adjacent to the controlling workspace, can accommodate the
operating staff as defined in Section 18.3.2.

The main control panels are designed' as compact ;orkstations
segmented as shown on Figure 7.7-14. Each workstation integrates
in a human engineered fashion miniaturized back lighted component

,

control switches, process controllers, discrete indicators, alarm
tiles, message windows and video display units (CRTs, plasma and
electro-luminescent displays) such that both safety and non-
safety display devices are routinely used by the operator.
Descriptions of the DIAS, IPLO and DPS which drive these,

.

information display devices are contained in Sections 7.7.1. 4,
7.7.1.5, 7.7.1.7 and Chapter 18.

,

The main control panels are designed to maintain structural
integrity, such that no control rcom missile hazards result as a
consequence of a seismic event. Any safety-related Class 1E
components mounted in the panels are seismically qualified to
perform their safety functions. Modular equipment is used and

j the panels are designed for rear access to accommodate most
routine maintenance activities.
All NSSS and BOP instrumentation, controls and alarms interface
with tY DIAS, DPS or CCS for routing to the control panels;
excep+ 'or operator's modules dedicated to specific plant'

compe r en''s (e.g., Plant Protection System, Turbine Control
Syste. CEDMCS).

Amendment N
7.7-31 April 1, 1993
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The Nuplex 80+ main control panels are designed to ensure an
adequate man-machine interface while meeting requirements for
independence of redundant circuits. This is accomplished through !
a defense in depth approach that takes advantage of the intrinsic |
reliability of low energy circuits and the independence of the l

Main Control Panels and Remote Shutdown Panels. To minimize the
potential for multiple channel damage within the Main control
Panels or Remote Shutdown Panels the following design features

j are employnd:

A. Low energy circuits (less than 50 volts) are used to the
maximum extent practical. This includes, for example,
switch sense, lamps, indicators and alarm tiles.

B. Fire retardant non-metallic materials meeting UL-94 rating
or similar are used throughout the panel enclosures, and the
enclosures are equipped with smoke detectors. Fire
resistant insulation material for control panel wiring meets
the applicable requirements of IEEE Standard 383.

C. Electrical independence of channelized circuits is
maintained throughout the panel enclosures.

Although the design features above minimize the potential for
multiple redundant channel damage, the following design features
accommodate such a catastrophic event:

A. All main control room circuits are fault isolated from the
electronics to which they interface. Similarly, all remote
shutdown panel circuits are fault isolated from the
electronics. Therefore, the main control room and remote
shutdown panel circuits are inherently isolated from each
other and share no common failure modes.

B. All Main Control Panel and Remote Shutdown Panel circuits
are passive. Momentary contacts are used for all switches
with the memory of control panel commands retained only in ;

electronics located in the I&C equipment rooms. This
passive design is used for discrete state component controls j
as well as setpoint change commands and position change
commands from process controllers for analog components.
This passive design ensures that transfer of control from
the main control room to the remote shutdown panel (or vice
versa) is bumpless (i.e., no setpoints or component states
will be affected). This design also ensures that all open
circuit failures have no impact on control setpoints, modes
or component states.

C. The main control room, remote shutdown panel and the I&C
equipment rooms are each located in separate fire zones.
Therefore, the plant can be safely shut down with a
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power integrals corresponding to the five Rh detector segments
are constructed. These take into account the signal-to-power
conversion factors which are a function of burnup in the
surrounding fuel. The five power integrals are expanded into a ,

'

forty node core average axial power distribution using a Fourier
synthesis technique. Employing tables of factors relating power
in the hot pin to the core average, the axial power profile in
the hot pin is computed.

Halpesitioning of a CEA or CEA group, the uncontrolled insertion
or withdrawal of a CEA or CEA group, or a dropped CEA, will be
detected by COLSS with inputs received from the CEA position
indicating systems. Should these deviations occur, adjustments i

*

to the planar radial peaking factors are performed to ensure that
'

the COLSS DNBR and peak linear heat rate calculations remain
conservative. It is noted that with the HDS out of service,
COLSS only provides a monitoring function. The protective action i

'

for the CEA related events is provided by the RPS.

Flux tilts are detected by comparison of signals from
symmetrically located sets of fixed in-core detectors at various
levels in the core. The flux tilts are included in the

r3 computation of margin to the power operating limit. In this way, |

j postulated nonseparable asymmetric Xenon shifts are identified |(d and reflected in the power distribution assessment. Alarms are'

provided by COLSS when the tilt exceeds the allowances for these
effects carried in the Core Protection Calculators as penalties. ;

An alarm will also occur when the tilt exceeds an absolute limit |

(imposed by technical specifications) indicating possible power |

distribution abnormalities.

The possibility of inoperable fixed in-core detectors is allowed i
for by provision of redundant detector strings within each region I

of the core. If an inoperable fixed in-core detector is
identified during internal consistency checks of the data, that
detector is dropped from COLSS calculations prior to replacement
(e.g., at a subsequent refueling).

Once in operation periodic confirmation of the COLSS assessment
of the power distribution, including the suitability of any
updated stored constants, is obtained by comparison with a more
detailed, off-line processing of an extensive in-core flux map
produced by the fixed in-core instrument system. One means of
analyzing the detailed flux map is to compare it with detailed
calculations of the power distribution which include computations
of the flux at the instrument location. Folding this together
with other analyses of the ability of the detailed calculation to
estimate the local pin-by-pin power distribution enables an

( )
N./
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overall assessment of the COLSS power distribution error. This
is factored into the margin assessment as noted in Section
7.7.1.8.1.4.

7.7.1.8.1.3.4 Core Power Operating Limit Based on Peak
Linear Heat Rate

The core power operating limit based on peak linear heat rate is
calculated as a function of the core power distribution (F ).The power level that results from this calculation corresponcfb to
the LCO on linear heat rate margin.

7.7.1.8.1.3.5 Core Power Operating Limit Based on Margin to
DNB

The core power operating limit based on margin to DNB is
calculated as a function of the reactor coolant volumetric
flowrate, the core power distribution, the maximum value of the
four reactor coolant cold leg temperatures, and the Reactor
Coolant System pressure. The CE-1 correlation is used in
conjunction with an iterative scheme to compute the operating
power limit. (See Section 4.4 for a detailed discussion of the
CE-1 correlation). The power level that results from this
calculation corresponds to the LCO on DNB margin.

7.7.1.8.1.4 Calculation and Measurement Uncertainties

The uncertainties in COLSS algorithms can be categorized as:

A. Uncertainties associated with the computation methods used
to correlate the monitored variables to the calculated
parameters.

B. The measurement uncertainties associated with the COLSS
process instrumentation.

The COLSS is designed to accurately calculate power operating
limits for normal core operating conditions. A large number of
cases spanning the expected core operating conditions (1200 cases
each at BOC, MOC, and EOC) are run using the COLSS modified
statistical combination of uncertainties simulation code and on
ROCS, a 3-D reactor simulator code. These runs establish the
modeling error between COLSS and the reactor simulator. This
information, along with other appropriate data, such as CECOR
errors and instrument errors, is used to determine COLSS power
operating limit uncertainty factors which are then installed in
the data base. The reactor simulator and error analysis codes
are certified under the quality assurance program described in
Chapter 17 (since they are also used for CPC analysis) while
the COLSS uncertainty factors are

i
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reviewed independently. The uncertainty analysis methodology is
documented in Reference 1. |

7.7.1.8.2 NSSS Monitoring Programs

The DPS application programs, exclusive of COLSS, that provide
either a reactor monitoring or Plant Protection System monitoring
function are described below:

A. CEA Position Monitorina Procram

The DPS receives CEA positions from 2 sources, the CEACs (2
channels) and the CEDMCS (1 Channel). CEA position
determination by these 2 separate sources is diverse. The
CEAC utilizes reed switch position transmitters to sense CEA
position while the CEDMCS senses the up and down movement of
each drive mechanism to determine CEA position.

The CEA position, as obtained from the CEDMCS, is used
directly as input to NSSS application programs. CEA
positions determined by CEAC and CEDMCS are compared and
validated to derive a validated CEA position for each rod.
Differences in position, as determined by the diverse CEA

h position systems (CEDMCS and CEAC) , are alarmed via DIAS.
Q The validated CEA position information is used for display ,

and data logging purposes.

B. CEA Trio Reoort Proaram

Upon detection of a reactor trip, a CEA trip processing,
program is activated within the CEDMCS which determines the
rod drop time. This information is then sent to the DPS }
which compares them to the maximum allowable drop time and j
generates a report of the CEA trip behavior.

|
1

C. CEA Reassianment Procram

Provisions to reassign individual CEAs to various CEA groups
are provided to allow reconfiguration as would occur during
a refueling outage.-

1

D. CEA Exoosure Accumulation Procram

The CEA exposure accumulation program determines the
approximate thermal megawatt hours of exposure for each CEA
element based on average core power.

J

gu
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E. CEA Related Alarm Procrams

The following alarms are included in the system design to
provide information to the operator to assist in maintaining
proper CEA control and to aid in the monitoring of CEA
limits:

1. Power-Decendent Insertion Limits (PDILs) Alarms
,

|

| An alarm is provided in the event CEA insertion exceeds
| predetermined limits required to maintain adequate

shutdown margin, to ensure CEA insertion consistent'

j with the CEA ejection analysis and to maintain fuel
integrity. The PDILs use reactor power and CEAi

| position signals.
|

| 2. Pre-Power-DeDendent Insertion Limits (PPDILs) Alarm

! This alarm is provided to advise the operator of an
impending approach to PDILs.

3. Out of Secuence Alarm

| An alarm is provided to alert the operator in the event
the CEA groups are inserted in a sequence other than

i the predetermined acceptable sequence as described in
| Section 7 . */ .1.1.1. The actual sequencing logic is

located within the CEDMCS. The DPS performs an
independent check to detect any abnormal sequence
condition.

4. CEA Deviation Alarm

An alarm is provided to alert the operator in the event
the deviation in position between the highest and
lowest CEA in any group exceeds a predetermined
allowable deviation.

5. Core Operatina Limit SuDervisory System A13_ ras

CEA position data is provided as input to COLSS. These
data are used in the COLSS power distribution
calculations and alarms are initiated in the event the
COLSS limits are reached. The basis for the COLSS )

| alarms is discussed in Section 7.7.1.8.1.
'

F. In-core Detector Sianal Processino Procram

This program processes electrical signals from the Rhodium
fixed in-core neutron detectors to calculate neutron flux
levels. For each detector the program stores information on

Amendment N
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10. Vital auxiliary systems control
11. electric generation control
12. ultimate heat rejection control

B. Success Path Monitorina

The Success Path Monitoring (SPM) program continuously
monitors the status and performance of the plant systems and
components to determine their ability to satisfy the ,

critical safety functions (items A.1 thru A.8 above) .
|

I
The SPM program provides the capability to display the j

success path status for each critical safety function and j
initiates alarms when they become bypassed or inoperable.

'

C. CFM Man-Machine Interface
,

I
The CFM operator interface consists of DPS human-engineered |

graphic and alphanumeric displays, alarms, and user input
,

capability as described in Section 7.7.1.7.1. !

The CFM provides the user with concise, understandable,
f3 integrated information to assist in assessing plant status !
( ) during all modes of plant operation. The CFM displays meet j
i~ / the human-engineering principles discussed in Chapter 18.

Movement through the display hierarchy is provided by using
the DPS touch screen CRT menus.

7.7.2 ANALYSIS

The plant control systems and equipment are designed to provide i

high reliability during steady state operation and anticipated |
transient conditions. The RPS analysis of Section 7.2.2

'

encompasses the failure modes of these control systems and
demonstrates that these systems are not required for safety.

The safety analyses of Chapter 15 do not require these systems to
remain functional.

The man-machine interface for the control complex are designed in
accordance with the Human Factors Engineering criteria describedi

} in Chapter 18 which meet applicable TMI Action Plan guidance,
i

|
.

7-
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8.0 ELECTRIC POWER

8.1 INTRODUCTION

An offsite power system and an onsite power system are provided
to supply the unit auxiliaries during. normal operation and-the
Reactor Protection System and Engineered Safety Feature Systems
during' abnormal and accident conditions.

8.1.1 OFFSITE POWER SYSTEM

The typical offsite power transmission system grid may consist of
interconnected hydro plants, fossil-fueled plants, combustion
turbine units, and nuclear plants supplying energy to the service
area at various voltages.

The unit is connected to a switchyard and to the transmission
system via a transmission line. The switchyard is connected to
the onsite generator circuit breaker through the unit main
transformer, which allows this line not only to supply power to
the transmission system during normal operation, but also to
serve as an immediately available source of preferred power.
Another separate transmission line is connected to the preferred
switchyard interface II via the switchyard and . two reserve
auxiliary transformers,- to provide an- independent. second
immediate available source of offsite power to the onsite power
distribution system for safety, non-safety and permanent
non-safety loads.

A description of a representative offsite power system is
provided in Section 8.2.

8.1.2 ONSITE POWER SYSTEMS

The onsite power system for the unit, as depicted on Figures
8.3.1-1 and 8.3.1-2, consists of the main generator, the
generator circuit breaker, unit main transformer, the unit <

auxiliary transformers, reserve auxiliary transformers, the 1

diesel generators, an alternate AC source, the batteries, and the I
auxiliary power system. Under normal operating conditions, the I

main generator supplies power through an isolated phase bus'and I
generator circuit breaker to the unit main and unit. auxiliary l

transformers. The unit auxiliary transformers are connected'to
the bus between the generator circuit breaker and the unit main
transformer. During normal operation, station auxiliary power is
supplied from the main generator through these unit auxili v
transformers. During startup and shutdown, the generator circuit
breaker is open, and station auxiliary power is supplied from the
transmission system through the unit main and unit auxiliary

O
power transformers.

Amendment-Q
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The Class 1E safety loads are divided into two redundant and
independent load group Divisions I and II. Each Load Division is !
capable of being supplied power from the following sources,
listed in decreasing order of priority:

A. Unit Main Turbine Generator

B. Unit Main Transformer (Offsite Preferred Bus-1) l

C. Reserve Auxiliary Transformer (Offsite Preferred Bus-2)

D. Emergency Diesel Generators

E. Alternate AC Source

If both the offsite power sources and the standby emergency
diesel generators are unavailable, either one of the Divisions
may be powered independently from the Alternate AC (AAC) Source.
The AAC is a Non-Class 1E gas turbine which provides an
independent and diverse power source. The AAC source is
furnished with a battery and charger to provide power to its
associated DC loads.

A 125V DC Vital Instrunentation and Control Power System is
available to provide power to the Class 1E DC loads and the
diesel generators. Additionally, this system provides power to
Class 1E 120V AC loads through inverters.

The unit also has a 125V DC Auxiliary Control Power System and a
250V DC Auxiliary Power System to supply essential Non-Class 1E
DC loads. Additionally, this system also provides power to
Non-Class 1E 208/120V AC loads through inverters.

The onsite power systems are described in detail in Section 8.3.

8.1.3 DESIGN BASES

The design bases for the offsite power system and the onsite
power system are presented below.

A. Offsite Power System

1. Each of the two offsite power circuits has sufficient
capacity, is normally energized, and is available to
supply power to the plant safety-related systems within
a few seconds following a loss-of-coolant accident
(LOCA) to assure that core cooling, containment
integrity, and other vital safety functions are
maintained.

O
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voltage tap setting calculations for all transformers in the
plant electrical distribution system will be performed in
order to optimize the voltage levels in the plant.

!
Relay and timer settings for the first and second level of
undervoltage protection provided for the Class 1E and
permanent nonsafety switchgear are calculated to be in
compliance with' Branch Technical Position PSB-1.

G. Branch Technical Position PSB-2- (SRP 8.1) "_ Criteria for
Alarms and Indications Associated with Diesel-Generator Unit
Bypassed and Inoperable Status"

The provisions of Branch Technical Position PSB-2 (SRP 8.1) ,
in conjunction with Regulatory. Guide 1.47, regarding
availability of the Emergency Diesel Generators, are ,

described in Section 8.3.1.1.4.5.

8.1.4.5 COL Action Items

A. The COL applicant will specify the immediate and alternate
sources of offsite power for the 4.16 kv ESF buses. This
will be decided based on site reliability analysis.;

!
O'

B. The COL applicant will specify all items with periodic
testing commitments not covered by the technical
specifications.

I

C. The COL applicant will periodically test relay sensors such
as current transformers and potential transformers before

| installing them and periodically thereafter.

D. The COL applicant will provide a process for periodically
verifying and calibrating relay trip setpoints. t

E. The COL applicant shall establish a reliability based
maintenance program for plant electrical power systems.

:

F. The COL applicant shall develop a program for maintaining
markings and labeling of safety-related components and
cabling.

G. The COL applicant will provide provisions and procedures to
test the status and operability of protection circuits which
are bypassed during accident conditions.

|

(h|

i

Amendment *
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k- The secondary of a typical transformer is connected to a 480V |

load center bus through a 480V load center circuit breaker.
i

Connected to the load centers are large motors, large heaters and
480 volt motor control centers located throughout the plant in
areas of concentrated 480V loads,

b\
V

i
1

|

(x
t
b
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The 480V load center main and feeder breakers are selectively
coordinated such that the breaker closest to a fault trips.
Their interrupting capacity exceeds their required fault duty.

The main breakers are equipped with overcurrent trip devices
having long-time and short-time delay functions, and the feeder
breakers are equipped with overcurrent trip devices having
long-time and instantaneous functions. Each breaker in the
auxiliary power system is provided with an anti-pump device.

] 8.3.1.1.1.5 Preferred Offsite I, Preferred Offsite II and
AAC Circuit Separation

The normal and alternate offsite circuits are separated such that
a single failure event to one circuit will not effect the other
circuit. This results in two physically and electrically

| reliable independent lines. The Preferred I and Preferred II
offsite circuits are routed overhead from the grid to their
respective switchyards. From the switchyards these lines are
again routed overhead to their respective transformers. The Unit
Auxiliary Transformers are separated from each other and from the
Reserve Auxiliary Transformers and main transformer by a minimum
distance of 50 ft. Each switchyard has redundant 125 VDC power
and controls which are physically separated by routing cables in
redundant raceways, ductlines or trenches, from the device in the
switchyard to the relay house and from the relay house to the
plant.

The isolated phase bus, non-segregated phase bus and/or cables
located outside the Turbine Building and the Nuclear Island
associated with the Unit Auxiliary Transformers, will be
separated by a minimum of 50 ft. from the Reserve Auxiliary
Transformers. Likewise, the non-segregated phase bus or cables
located outside the Turbine Building and the Nuclear Island that
are routed from the Unit Auxiliary Transformers to switchgear in
the Turbine Building will be separated by a minimum of 50 ft.

| from other Unit Auxiliary and Unit Main Transformers.

Once cables enter the plant, separation is maintained such that
Ja single failure will not effect both circuits. The separation 1

| of Preferred I and Preferred II offsite power circuits within the
Turbine Building and the Nuclear Island will be maintained by
fire-rated floors and fire-rated walls, except within the
switchgear room where they will be routed on opposite sides of
the room and will be connected to the switchgear lineup on the

,

opposite ends. The circuits associated with the AAC and the
'

offsite power circuits will be routed on different floors within
the Turbine Building to the Permanent Non-Safety Switchgear with
the "X" and "Y" circuits separated by routing in different areas
or on opposite walls to maintain separation. The non-Class 1E
Permanent Non-Safety Switchgears ("X" and "Y") are located in the
Turbine Building which contains only non-Class 1E cables, thus
ensuring they are physically isolated from Class-1E circuits.

Amendment V
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The AAC is located in a separate area inside the plant protected
area in a self-contained metal enclosure and surrounded by a
security fence. This building contains no Class 1E cables. The
"X" and "Y" circuits are routed to the Turbine Building in a
dedicated raceway (conduit /ductline/ cable tray). Physical
separation is maintained such that a single failure will not
affect both circuits. Once in the Turbine Building, the AAC
circuits are routed directly to the two Permanent Non-Safety

,

| Switchgear ("X" and "Y") within the non-Class 1E Turbine
Building. IEEE Std. 384-1981 does not apply because there are no
Class 1E cables in this area. Physical and electrical separation
of "X" and "Y" circuits is maintained between the combustion
turbine generator and the offsite circuits. There are no
electrical interconnections between the Preferred I offsite
circuit and the Preferred II offsite circuit, instrument and
control circuits except where the power circuits connect to
common Class 1E and non-Class 1E switchgear lineups. At the
common switchgear, one open and one closed circuit breaker
maintain electrical independence. These circuit breakers are
interlocked so that the closed breaker must be opened before the
open breaker can be closed. Similarly, the power, instrument and
control circuits of the AAC source are electrically independent
from that of the Preferred I and Preferred II offsite power |
circuits.

Cables from the Reserve Auxiliary Transformer to the Class 1E
Switchgear are routed with the cables from the same Reserve
Auxiliary Transformer to the Permanent Non-Safety Switchgear to
the point where the cables terminate at the Non-Safety
Switchgear. From this point to the Class 1E Switchgear, the
Preferred II of fsite circuit shall maintain separation from Class,

j 1E circuits and its redundant Preferred I non-safety circuit
'

routed between the Permanent Non-Safety Switchgear and the Class
1E Switchgear. After the cable enters the Nuclear Island, IEEE
Std. 384-1981 are met.

The instrumentation and control cables that are affiliated with
the Preferred I offsite power circuits are routed in dedicated |
metal raceways. Similarly, the instrumentation and control
cables that are affiliated with the Preferred I offsite circuit
are routed in dedicated raceways. The Preferred I offaite
instrumentation and control cables do not share raceway with~any
other cables.

The separation between Preferred I and Preferred II offsite |instrumentation and control cables is the same as the separation
.

between normal and alternate offsite power cables (i.e., fire- i
rated floors, fire-rated walls, or 50 ft. of physical
separation).

o
l

l
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8.3.1.1.2 Class 1E AC Power Systems

8.3.1.1.2.1 4,160 Volt Class 1E Auxiliary Power System :

Each unit has two redundant and independent 4,160 volt Class 1E
| Auxiliary Power Systems, identified as Safety Divisions I and II,
'

which normally receive power from the 4,160 volt Normal Auxiliary
Power System. The incoming source breakers trip upon loss of
normal power, and emergency power is provided to each of the
redundant 4,160 volt Class 1E Auxiliary Power System Divisions by
two (one per division) separate and completely independent
emergency diesel generators (EDGs). In the event of a diesel
generator out-of-service or failure condition, the Alternate AC
source can be aligned to provide emergency power to either Class
1E Safety Load Division.

Each of the redundant 4,160V safety power systems is provided
with undervoltage protection to monitor bus voltage.

Preliminary fault studies under bounding conditions will be
performed using IEEE 141-1986 and/or other acceptable industry
standards or practices to determine the fault levels to which the
electrical distribution equipment must be specified. Final fault
studies will be performed using actual systems data.

The 4160V switchgent are selectively coordinated such that the
breaker closest to a fault trips. Their interrupting capacity
exceeds their required fault duty.

Class 1E equipment is not prevented from performing its safety
functions by harmonic distortion waveforms.

The under-voltage setpoint is selected such that relay operation
will not be initiated during normal motor starting; however,
these relays will detect loss of voltage and initiate action in
a time frame consistent with the accident analysis.

All safety-related equipment in the plant requiring electrical
power during a Loss of Offsite Power, Loss of Coolant Accident,
or major secondary system break condition is fed from the 4,160V
Class 1E Auxiliary Power System, either directly if at 4,160V or
through transformers if at a lower voltage. All Engineered
Safety System loads are assigned to the two 4,160V Class 1E
Auxiliary Power Systems with capacities and quantities such that
the failure of any component in one of the two Class 1E Auxiliary
Power Systems does not affect the other system's ability to
mitigate the accident / event. Refer to Tables 8. 3.1-2 and 8. 3.1-3
for listing of Class 1E equipment, loads and design ratings.

O
Amendment U
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A' i
-/ With such an arrangement of emergency diesel generators,

electrical distribution system and loads, complete redundancy of
the entire Class 1E Auxiliary Power System is provided.

In addition, the non-Class 1E onsite Alternate AC Source is also
provided to help cope with effects of Loss of Offsite Power and
Station Blackout scenarios.

8.3.1.1.2.2 480 Volt Class 1E Auxiliary Power System

| Each of the redundant 4,160 volt class 1E Auxiliary Power
Systems, Divisions I and II, includes two load centers (one per
bus), each normally fed from a separate 4,160/480V load center

| transformer connected to tha 4,160 volt Class 1E Auxiliary Power
System buses. Circuit breakers are provided on both the primary

-

\ |
w,

I

|
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\v],

|
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and secondary sides of the transformer. As shown on Figure
8.3.1-2, this results in four redundant load centers designated
A, C for Division I and B, D for Division II.

The load centers furnish power to large heater loads, large 480
volt motors, and 480V motor control centers which are located in
concentrated load areas in the station. Connected to the motor
control conters are all of the 480V loads which require power
during LOOP or accident conditions. A list of Class 1E
equipment, loads and design ratings are provided in Tables
8.3.1-2 and 8.3.1-3. Redundancy is provided in order to assure
proper operation of Engineered Safety Feature Systems in the
event of the f ailure of any single component in the 480V AC Class
1E Auxiliary Power Systems.

Preliminary fault studies under bounding conditions will be
performed using IEEE 141-1986 and/or other acceptable industry
standards or practices to determine the fault levels to which the
electrical distribution equipment must be specified. Final fault
studies will be performed using actual systems data.

The 480V load center main and feeder breakers are selectedly
coordinated such that the breaker closest to a fault trips.
Their interrupting capacity exceeds their required fault duty.

The main source breakers are equipped with overcurrent trip
devices having long time and short time delay functions, and the
feeder breakers are equipped with overcurrent trip devices having
long time and instantaneous functions.

Although the Backup Pressurizer Heaters, Emergency Lighting, RCP
Seal Injection Pump, and RCP Seal Injection Pump Room Ventilation
Fan are classified as non-Class 1E, they are directly connectable
to the Class 1E buses via double isolation breakers in series.
The cabling downstream of these breakers is treated as Associated
Cabling in accordance with IEEE Standard 384-1981.

Class 1E equipment is not prevented from performing its safety
functions by harmonic distortion waveforms.

All Class 1E motor-operated valve starters are equipped with
thermal overload devices which are connected to alarm only.
8.3.1.1.3 Tests

8.3.1.1.3.1 Preoperational Tests

Preoperational tests are performed on the Onsite AC Power System
equipment to assure proper installation and operation as

O
escribed in Chapter 14d and in accordance with IEEE 415-1986.

Amendment U
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both in the control room and at the diesel generator unit ni

accordance with Branch Technical Position PSB-2.

8.3.1.1.4.6 Load Shedding and Sequencing

All Class 1E .switchgear and load center. breakers that are
| required to automatically close following an accident', LOOP
t and/or station blackout condition are controlled by the ESF-CCS

load sequencer associated with each emergency diesel generator.

Each ESF-CCS has redundant internal processors and also redundant
! data highways which connect to the individual processors that

'

control the loads. One of the ESF-CCS's two internal processors
runs the sequencing program while-the other remains in.a standby
condition. If the one processor fails, the other takes over
control of the load sequencing from the point where the first,

| left off.
!

! Load shedding of- all loads at the 4,160V level (except the
| 4,160/480V load center transformers) occurs whenever a sustained
| bus under voltage condition is detected by the ESF-CCS logic.
!

t

| Following the load shedding operation, _he emergency diesel
'

generator load sequencer automatically sequences the required
loads per Tables 8.3.1-2 and 8.3.1-3, as-described in Section

O 7. 3.1.1. A time delay will be provided between load shedding and
sequencing to allow motor residual voltages to decay to less than

| 25% of rated voltage.

A load sequencer is used when of fsite power is available to
prevent a large voltage dip on the bus which results from
multiple large 1E' pump motors being started simultaneously by ESF!

actuation signals. The load sequence logic to be used when
; offsite power is available is essentially the same as.used for
| sequencing the loads on the diesel, however, when offsite. power
| is available power, the load sequence used is an accelerated
| sequence which allows the voltage to return to 95 percent before

sequencing the next load group. The key difference between the
two sequences is that when offsite power is available, there is
no lad shed. A niinimum time delay is utilized after sequencing
a load onte a bus to insure bus stabilization. This is combined
with bus. frequency and voltage signals to insure bus conditions
have been adequately restored prior to sequencing the next load
group.

|

8.3.1.1.4.7 Lube Oil System

Reference Section 9.5.7 for a description of the Diesel Generator
Engine Lube Oil system.

8.3.1.1.4.8 Fuel Oil System

Reference Section 9.6.4 for a description of the Diesel Generator
Engine Fuel Oil System.

Amendment V
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8.3.i.1.4.9 Cooling System

Re"erence Section 9.5.5 for a description of the Diesel Generator
Er, no Ccoling System.

.

8.3.1.1.4.10 Emergency Diesel Generator Proven Technology

The emergency diesel generators are of proven technology that has
been applied successfully for several years in existing LWRs.

8.3.1.1.4.11 Preoperational and Periodic Testing

In addition to the factory tests, the following preoperational
onsite acceptance tests and periodic tests are conducted on each
diesel generator and its associated auxiliary systems.

A. Preoperational Testing

Preoperational acceptance tests meet the intent of the
following:

1. IEEE Standard 387-1984, Sections 6.4 and 6.5.

2. Regulatory Guide 1.9, Section C.3 and C.4.

3. Regulatory Guide 1.41, Section C.

4. Regulatory Guide 1.68, Appendix A, Section 1.g.3.

5. Regulatory Guide 1.108, Sections C.2.a and C.2.b.

6. Regulatory Guide 1.137, Section C.1.c.

7. ANSI N195, 1976, Section 6.1.

These preoperational tests conform with the provisions of
Regulatory Guide 1.108, C.2.a and C.2.b regarding tests to
be performed on emergency diesel generators.

B. Periodic Testing

Periodic testing of the emergency diesel generator meets the
intent of Regulatory Guide 1.108 and NRC Generic Letter
84-15. Testing is performed by manually synchronizing the
diesel generators with the offsite power system. This

; synchronization is supervised by a synchronism check relay.

The emergency diesel generator (EDG) is removed from service in
; accordance with approved procedures. Any maintenance work on the

diesels is performed and inspected by qualified personnel in'

accordance with approved procedures. The COL Applicant will
provide diesel operator training to operations and maintenance
personnel.

Amendment Q
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O'/ A root-cause analysis maintenance program shall be implemented to
track and to resolve repetitive failures of EDG components,
including replacement of components with acceptable substitutes,
if u rranted. Upon completion of maintenance work, appropriate |
tests are completed to assure operability of the diesel 1

generatur. Upon completion of testing, appropriate operating
procedures restore the diesels to standby readiness. After
periods of operating the EDG in unloaded condition, the EDG will
be run loaded per manufacturer's recommendation to clean any
deposits from cylinders, etc.

8.3.1.1.4.12 125V DC Emergency Diesel Control Power

125V DC control power for each emergency diesel generator is
provided by the Class 1E 125V DC Power System batteries as
described in Section 8.3.2.1.2.

8.3.1.1.4.13 Operational Requirements
|

The COL applicant shall provide a complete training program for |
'

all mechanical and electrical maintenance, quality control, and '

operating personnel, including supervisors who are responsible I
for maintenance and availability of the diesel generators. The !

depth and quality of training shall be at least equivalent to
that provided by the diesel generator manufacturer.

The COL applicant shall establish a preventative maintenance i
program which encompasses investigative testing of components I

which have a history of repeated repair and replacement of those
components with other products of proven reliability.

8.3.1.1.5 Non-Class 1E Alternate AC Source Standby Power
Supply

The Alternate AC Source (AAC) is a non-Class 1E combustion | |
turbine power source provided to cope with Loss of Offsite Power 1

(LOOP) and Station Blackout (SBO) scenarios. This standby unit
is independent and diverse from the Class 1E standby emergency
diesel generators.

The gas turbine-generator and supporting auxiliaries are
non-safety related, and are provided as a packaged unit, mounted
in a self contained metal enclosure. The AAC facility is located
within the plant protected area, outside of the turbine missile
impact zone, and is surrounded by a perimeter security fence and
intrusion alarm system. The security fence is locked, and
monitored in the site security office. The combustion turbine |
fuel tank is surrounded by a dike, sized to retain the entire
contents of the tank. Additional details of the combustion |

O
turbine-generator and fuel storage structures are provided in
Section 1.2.16.2. The location and arrangement of the AAC |
components / structures is shown on Figure 1.2-1.

Amendment V
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~O- B. Starting System

The AAC is provided with redundancy in the starting systems
and controls. The system is designed with sufficient
capacity for five starts.

C. Cooling System

The AAC is equipped with a self-contained cooling system.

D. Lubrication System

The AAC design includes a pre / post lubrication system that
utilizes redundant components.

8.3.1.1.5.4 AAC Periodic Testing

The AAC is designed to be routinely inspected and maintained
while the plant is at power.

Instrumentation and controls are provided to permit its
synchronization and loading during' refueling periods to
periodically demonstrate its operability.

Appropriate plant operating procedures shall . include periodic.
testing and/or analysis to verify the adequacy of the AAC to meet
the requirements for station blackout and to support its use in

(# Section 3.8 of the Technical Specifications. As a minimum, such
procedures shall verify the following:

i

A. For each Class 1E Division (on an 18 month staggered testing
frequency), verify by operating the AAC from the main
control room, that the AAC starts within 2 minutes and is
capable of energizing the Division's Class 1E buses and
supplying all required loads (as defined'in the DBA/ LOOP
LOADS of Tables 8. 3.1-2 and 8.3.1-3) within 10 minutes. The
steady-state AAC voltage and frequency shall be 23744 V and
$4576 V, and 258.8 Hz and $61.2 Hz. All AAC starts may be
preceded by an engine prelube period.

; B. Demonstrate the functionability of all breakers required for
the AAC to energize the Class 1E Divisions. This may be |

| performed as part of the above outlined testing, or by
| separate breaker testing.

C. Each 92 days, verify the AAC starts and achieves steady
istate voltage (23744 V and $4576 V), and frequency (258.8 Hz

and $61.2 Hz) within 2 minutes. Load the AAC to 290% and
$100% of its continuous rating and operate it with this load
for at least 60 minutes. All AAC starts may be preceded by
an engine prelube period.

D The reliability of the AAC is at least 0.95 as calculated by
g methods defined in NSAC 108, "The Reliability of Emergency

Diesel Generators at US Nuclear Power Plant."w
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O' 8.3.1.1.5.5 AAC Quality Assurance

The intent of the quality assurance guidelines to incorporate a
lesser degree of stringency as identified in Regulatory Guide
1.155 Section 3.5 will be implemented. The QA program as
described in Chapter 17 contains all the necessary elements to
address the guidance given in Regulatory Guide 1.155 Appendix A.
Selected features of this program-will be used to address all
applicable AAC Q/A requirements.

\
I

| 8.3.1.1.6 Protective Relaying System )

The basic criterion for the Protective Relaying System is that it
shall, with precision and reliability, promptly initiate the
operation of isolation devices that serve to remove from service |
any element of the Onsite Power System when that element is i

subjected to an abnormal condition that may prove detrimental to
the effective operation or integrity of the unit. '

!

Protective device coordination studies will be performed using
IEEE 141-1986, IEEE 242-1986 and/or other acceptable industry
standards or practices to verify that breakers closest to a fault
open before upstream breakers.

| .
The basic protective relaying for the unit main power system has
zone-over-lapping diff.'erential relaying with redundant circuits.

'

Each circuit has independent current sources, separate DC
sources, independent lockout relays and independent trip coils.

,

Each redundant circuit is composed of independent channels of 1

relaying. Each channel is also comprised of diverse relaying. I

Tripping of the independent lockout relays is achieved through a |
coincidence of like trip signals.

I
i

f

j |

1

I

l
|

|t[
b
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O'This requirement prevents a false trip of the lockout relays due !

to a malfunction of one relay. The scheme also allows for
testing and maintenance of each channel without causing a false
trip and without removing the protection from the system. The
inherent quality of this scheme is that each primary channel
provides the redundancy needed for proper operation in case one
relay fails and assurance of not tripping due to false operation J

of one relay.

Overcurrent protection for motors will be set to pickup at
between 5 and 25% above the motor continuous service rating.
This allows the relay to be set such that the trip curve lies
between the motor starting curve and the motor thermal damage
curve. The overload protection for transformers will be set to
pickup at a value greater than 125% of the maximum (forced
cooled) rating of the transformer. The relay time dial will be
set to coordinate between the inrush characteristic of the load
and the transformer thermal damage curve. There will be a margin
of 15% or greater between the relay setting and the transformer
thermal damage curve to assure operation of the relay prior to
transformer damage.

Class 1E Division buses and permanent non-safety buses are
provided with separate bus voltage monitoring and protection
schemes for degraded voltage and loss of voltage conditions,
respectively. These schemes are designed according to the
recommendations of IEEE Standard 741-1986 "IEEE Standard Criteria
for the Protection of Class 1E Power Systems and Equipment in
Nuclear Power Generating Systems" and NRC Branch Technical
Position PSB-1, " Adequacy of Station Electric Distribution System
Voltages." Two separate time delays are selected for degraded
voltage protection as recommended in IEEE Standard 741-1986,
Appendix A.

There are a total of 3 first level undervoltage relays (to detect
loss of voltage) and 3 second level undervoltage relays (to
detect degraded voltage) on each of the four safety buses. The
first level of undervoltage protection are definite time
undervoltage relays with built-in time delays of approximately 10
cycles to ride out power system transients. The initiation of
any two of the first level undervoltage relays within a single
switchgear will start the diesel and, if voltage has not returned
by the time the diesel is up to speed and voltage, (1) the main
breakers for both 1E switchgear in the division are tripped,
(2) load shed occurs, (3) diesel breakers close on both of the
division's switchgear and (4) sequencing begins. This takes
place approximately twenty seconds after the undervoltage.
(Note: Each of the division's Class 1E switchgear groups has a
diesel generator breaker. A third breaker at the generator
itself is normally closed and used for maintenance purposes.)

The initiation of any two of the second level instantaneous
undervoltage relays within a single switchgear starts a timer

Amendment Q
8.3-18 June 30, 1993
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1\ main breaker. The transfer is completed when an
! undervoltage relay fed from VTs located on the bus indicate i

I- the bus voltage has decayed to 25%. |

| i

B. A sustained _ loss-of-voltage on the permanent non-safety
buses, as measured by the. permanent non-safety bus voltage
sensors, will cause the AAC to start and restore power to
permanent non-safety bus loads.

C. A sustained loss-of-voltage on either of the safety buses
will cause the affected safety bus to isolate themselves |
from any non-safety circuits and to start the divisional EDG
via the Diesel Generator Load Sequencer. This-process is
further described in Section 7.3.1.1 and Tables 8.3.1-2'and
8.3.1-3.

D. For a Loss-of-Offsite-Power concurrent with failure of the
EDGs to start and with the AAC available, the degraded
voltage sensors monitoring the safety buses will cause the
safety buses to be completely isolated from non-safety
circuits. Operator action may then be taken to manually
align'the AAC to power the safety buses.

The relay zones in the Onsite Protection System overlap to
| h maintain protection throughout the system. Any fault-condition

in a particular tripping zone trips the circuit breakers in that
zone by its associated protective relays.

8.3.1.1.7 Monitoring Instrumentation and Controls for
Onsite Power System

.

The monitoring instrumentation associated with the Onsite Power
| System provides a reliable source of information in the control

room and protective functions for major components. The
instrumentation provides quantitative values and status
conditions for the operator in the control room. This
instrumentation provides the operator with the information

! necessary for efficient operation of the unit. The
i instrumentation also provides pertinent quantitative values and I

status conditions for alarming and tripping action. All control |

room instrumentation and controls are designed in accordance with l
the Human Factors Engineering design criteria and implementation
methods, as described in Chapter 18.

Manual and automatic controls are prov,ided in the main control
room and locally to permit the following operations:

A. Selection of the most suitable power source for the various
onsite distribution systems.

|(m)
!

B. Disconnection of appropriate loads when normal and emergency
! v power are not available.

Amendment V
8.3-21 April 29, 1994 |
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O !In addition to the controls provided in the main control room and
in the remote shutdown control room, local (near equipment)
controls are also provided for:

A. Switchgear operation, in particular, for the circuit
breakers that transfer Class 1E buses and Class 1E loads
from preferred to standby sources.

B. Operation of auxiliary supporting systems, e.g, transformer
fans, heaters, etc..

C. Startup of standby power sources.

Class 1E local controls are located behind doors or otherwise
protected against operation by inadvertent contact, e.g.
protected with keys or interlocks.

All Class 1E 4,160V Safety Division cwitching devices are
equipped with redundant trip coils. Each Class 1E medium voltage
switchgear assembly is provided with two separate sources of
control power, one per redundant tripping circuit. One of the
power sources is the Class 1E 125VDC Vital Instrumentation
battery of the switchgear's safety division; the other power
source is the Class 1E Divisions battery used to power the
Standby Emergency Diesel Generator of the same division.

The 4,160V switchgear used to connect the onsite standby
non-safety AAC source to the plant Permanent Non-safety loads is
provided with two separate sources of control power, one of which
is the dedicated starting battery of the standby AAC source.

Provisions are included to permit opening and closing all 13,800V
and 4,160V switching devices manually in the absence of any DC or
AC power supply.

8.3.1.1.8 Design Bases for Class 1E Motors

As a minimum, Class 1E motors, except motor operated valve (MOV)
motors, are capable of accelerating their loads within the
required time with an initial starting voltage as low as 75% of |
rated motor voltage. MOV motors shall be capable of accelerating
as required with a starting voltage as low as 80 percent.

Regulatory Guide 1.9, Regulatory Position C.4 specifies that "the
diesel-generator unit design should be such that at no time
during the loading sequence should the frequency and voltage
decrease to less than 95 percent of nominal and 75 percent of
nominal, respectively". The nominal voltage for the diesel
generator is 4160 volts. Nominal voltage at the Class 1E
switchgear is also 4160 volts and nominal voltage at the load
centers and motor control centers which feed motors and MOV
motors is 480 volts. The nominal voltage for the motors is less
than for the buses that feed them. Large motors fed from the

Amendment Q
8.3-22 June 30, 1993
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j Cable routing documentation is prepared to establish a permanent
record of the cable numbers (Class 1E cables have a uniquei

identifier in the number), cable types, origin, terminations,;

routing, restriction code, and color code. Where safety-related,

i cabinets contain only circuits and components of one channel or
one electrical division, component wires of a color coded field

*

3
cable are not themselves color coded following entry into a

| safety-related cabinet. However, all such wires are

j appropriately labeled, and permanent documentation is maintained.
i In safety-related cabinets where more than one channel or
: electrical division enter a panel section, appropriate color

coding identification will be maintained for that cabling.!

i
j All cable trays, conduits, and wireways containing Class 1E
1 cables are also color coded for ease of identification and to
! assure that separation is maintained. These raceways are marked

at each end, at all entrances and exits to rooms, and at
intervals not to exceed 15 feet. Raceways are marked prior to
the installation of their cables.

A program for maintaining markings and labeling of safety-related
components and cabling will be provided by the owner / operator.

8.3.1.4 Independence of Redundant Systems

The physical layout of Class 1E systems is designed to minimize
the vulnerability of redundant equipment and cabling to damage.
Special consideration is given to potential hazards in the
various areas of the plant where Class 1E systems are located.
In particular, these areas are analyzed for potential pipe whips, '

missiles, and other hazards. Separation and/or barriers are
provided such that damage from potential hazards does not
preclude the performance of a required safety function. The
routing of power circuits from the reserve auxiliary transformers
and unit auxiliary transformers to the input terminals of the
Class 1E buses along with associated instrumentation and control j
circuits, shall minimize to the extent practicable the likelihood
of simultaneous failure of both normal and alternate offsite
power circuits under operating and postulated accident and
environmental conditions.

In the electrical Power Distribution System, physical separation
or electrical isolation exists between Class 1E Divisions.
Physical separation or electrical isolation exists between Class
1E Channels. Physical separation or electrical isolation exists
between these Class 1E Divisions / Channels and non-Class 1E
equipment. Raceways containing Class 1E cables do not contain
non-Class 1E cables.

I

l

Amendment V I
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The criteria established to assure the preservation of the
independence of Class 1E systems is discussed below:

8.3.1.4.1 Emergency Diesel Generators

Two mutually redundant. emergency diesel generators are provided
and are physically separated in individual Category 1 structures
to . preserve their independence and integrity and to assure their
maximum availability. No common failure mode exists which may
jeopardize independence for any design basis event.

O

!

l
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8.3.1.4.2 switchgear and Load Centers

Redundant divisions of Class 1E switchgear and associated load
centers are provided and are located in physically separated
individual Category I structures, thereby establishing maximum
availability through their separation and independence. No
common failure mode exists which may jeopardize independence
between the redundant groups for any design basis event.

8.3.1.4.3 Motor Control Centers

Redundant groups of Class lE motor control centers are provided.
Physical separation is employed to provide the required
independence of the groups. No common failure mode exists which
may jeopardize independence between the redundant groups for any
design basis event.

8.3.1.4.4 Batteries, Chargers, Inverters and Panelboards

Each of the four channels of the 125V DC and 120V AC Vital
Instrumentation and Control Power System is located in a separate
compartment in a Category I structure to preserve its
independence. No common failure mode exists which may jeopardize
independence between the redundant groups.

8.3.1.4.5 Cable Installation and separation

Cables of redundant systems are routed separately to preserve
their independence. Separation criteria are established based on
location of the cables within the station to preclude any single
credible event from preventing the safe shutdown of the unit.

8.3.1.4.5.1 Cable and Conduit Installation and Support

Cables are installed in open ventilated ladder type trays, open
ventilated electray channels, conduit, or wireways. A
seismically qualified cable support system is provided for all
raceways containing Class 1E cables. Additionally, all raceways
are of non-combustible construction.

Cables are routed in separate raceway systems according to
voltage level and function. Where practical, a vertical stack of
trays is arranged such that the highest voltage level is on top
with the lower trays in descending order of voltage levels and
finally control and instrumentation trays at the lowest level.
The voltage levels in descending order are as follows:

l
! A. 15 KV power cables;

| | B. 5 KV power cables;

C. Low voltage power ac and de cables; i

| Amendment U
| 8.3-34 December 31, 1992
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A. The two independent devices will be independent such that

failure of one device will not adversely affect the other. 4

I

B. The two independent devices will be located on separate ;

panels or will be separated by barriers. |

C. The two independent _ devices will not depend on the same power
| supply to provide overcurrent protection of the containment

electrical penetration assembly.

D. Fault current clearing time curves ' for the containment
electrical penetration assembly's primary and secondary
current interrupting devices plotted- against the thermal
capability curve of the contaj' ment electrical penetration
assembly will show proper coordination.

E. The devices will be capable of being functionally tested and
calibrated.

8.3.1.5 Cable Deratinct and Cable Trav Fill -|
|

8.3.1.5.1 Cable Derating !

The cable ampacities for both AC and DC power cables are deratedO per IEEE Standard S-135 and IPCEA P-4 6-4 2 6 - to assure minimum i

degradation of cable insulation caused by high temperatures, i

should the cables be loaded to their maximum ampacity_ rating.

The maximum ampacities for all power cables are determined by i

multiplying the appropriate cable manufacturer's IPCEA cable
ampacity rating by 0.7. This provides a 30% margin between each

|

|

l
J

|

V
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'- / Although the Containment Equipment Hatch Trolley, the Reactor
Cavity Flood Valves, the Holdup Volume Flood Valves, and the
Hydrogen Ignitors are non-Class 1E, they are directly
connectable to the Class 1E buses via double isolation breakers
in series. The cabling downstream of the breakers is treated
as Associated Cabling in accordance with IEEE Standard 384-
1981.
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TABLE 8.3.1-2 (Cont'd) I

(Sheet 3 of 19)

DIVISION I CLASS 1E LOADS

!
COMPONENT EQUIV LOSS OF OFFSITE DBA/ LOOP IDAD

COMPONENT ESTIMATED IIP M01DR LOAD POWER LOAD
EQUIPMENT (NOTE A) # PER BUS VOLTS (NOTE K) pf EFFICIENCY KW SAFETY BUS A SAFETY BUS C SAFETY BUS A SAFETY BUS C

Division I Control Room I 480 8 BIIP 0.9 0.9 6.7 6.7 0 6.7 0
Air llandling Unit

Division I Control Room I 480 1.0 BHP 0.9 0.9 0.9 0.9 0 0.9 0
Mechanical Equipment
Room Air flandling Unit

Esser.tial Chilled Water 1 480 13 BIIP 0.9 0.9 . 10.8 10.8 0 10.8 0
Pump IB (NOTE O)

CCW Pump 1 A Room Air i 480 3 BIIP 0.9 0.9 2.5 2.5 0 2.5 0
IIandling Unit

50' Elev. Vital Inst. & 2 480 10 BIIP 0.9 0.9 8.3 8.3 0 8.3 0
Equip. Room Channel A NOTE M
AIIU's

70' Elev. Division I 1 480 3 Blip 0.9 0.9 2.5 2.5 0 2.5 6
Channel Equipment Room NOTE M
Air IIandling Umt A |
Penetration Room A Air 2 480 1 BIIP 0.9 0.9 0.9 9.9 0 0.9 0
llandling Unit NOTE M

SO' Elev.125 VDC Vital I 480 1 BHP 0.9 0.9 0.9 0.9 0 0.9 0
Bauery Room Exhaust Fan
Channel A

Division I Essential 1 480 3 BilP 0.9 0.9 2.5 2.5 0 2.5 0
Chdier Room Air flandling
Unit

Amendment V
April 29, 1994
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TABLE 8.3.12 (Cont'd)

(Sheet 4 of 19)

DIVISION I CLASS IE LOADS

COMPONENT EQUlv. LOSS OF OFFSfrE DBA/ LOOP LOAD

COMPONENT ESTIMATED HP MOTOR LOAD POWER LOAD

EQUIPMENT (NOTE A) # PER BUS VOLTS (NOTE K) pf EFFICIENCY KW SAFETY BUS A SAFETY BUS C SAFETY BUS A SAFETY BUS C

70' Elev. Division I 1 480 iBHP 0.9 0.9 0.9 0.9 0 0.9 0

Channel Equipment 125
VDC Banery Room Exhaust
Fan

SSW Pump Strainer 1 480 0.75 BHP 0.9 0.9 0.7 0.7 0 0.7 0

Backwash Drive Motor I A NOTE M

Shutdown Cooling Pump 1 1 480 3 BHP 0.9 0.9 2.5 2.5 0 2.5 0

Room Air Handling Unit

Shutdow n Cooling Heat 1 480 3 BHP 0.9 0.9 . 2.5 2.5 0 0 0

Exchanger Room 1 Air
Handling Unit

Division I 125 VDC Vital 1 480 16.1 KVA 0.9 - 14.5 14.5 0 14.5 0

Battery Chargers

Safety injection Pump 1 1 480 3 BHP 0.9 0.9 2.5 0 0 2.5 0

Room Air Handling Unit

| SUBTOTAL LOADINGS FOR LOAD SEQUENCE GRP A: 275 0 275 0

Amendment V
April 29, 1994
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TABLE 8.3.12 (Lost'd)

(Sheet 5 of 19)

DIVISION I CLASS 1E LOADS |

COMPONENT EQUIV. LOSS OF OFFSITE DBA/LOOPIDAD
COMPONENT ESTL4ATED HP MOTOR IDAD POWER IDAD

EQUIPMENT (NOTE A) # PER BUS VOLTS (NOTE K) pf EFFICIENCY KW SAFETY BUS A SAFETY BUS C SAFETY BUS A SAFETY BUS C

load Sequence Group 1

(NOTE D)

Safety injection Pump 2 1 4160 938 BHP 0.9 0.9 778 0 0 778 ';

SUBTOTAL LOADINGS FOR LOAD SEQUENCE GRP 1: 0 0 778 )

Load Sequence Group C

(NOTE E)

Division I Subsphen 2' 480 40 BHP 0.9 0.9 30 0 30 0- 30

Ventilation Exhaust Fan NOTE M

Division I Subsphen 1 480 23 KW -1.0 - 23 0 23 0 23

Exhaust Filter Train
Heating Element

Division 1 Annulus 1 480 63 BHP 0.9 0.9 52.3 0 0 0 52.3
Verailation Exhaust Fan

Division I Annulus Exhaust 1 480 83 KW 1.0 ' - 83 0 0 0 83
Filter Train Heating
Element

Amendment U
December 31, 1993
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TABLE 83.1-2 (Cont'd)

L%et 6 of 19)

DIVISION I CLASS IE LOADS

COMPONENT EQUIV. LOSS OF OFFSITE DBA/ LOOP IDAD

COMPONENT ESTIMATED HP MOTOR IAAD POWER LDAD

EQUIPMENT (NOTE A) # PER BUS VOLTS (NOTE K) pf EFFICIENCY KW SAFETY BUS A SAFETY BUS C SAFETY BUS A SAFETY BUS C

Division I Fuel Pool 1 480 75 BHP 0.9 0.9 62.2 0 62.2 0 0

Exhaust Fan

Division I Fuel Pool 1 480 116 KW 1.0 - 116 0 116 0 0

Exhaust Filter Train
Heating Element

Disision I Fuel Pool I 480 3 BIIP 0.9 0.9 2.5 0 2.5 0 0

Cooling Hx/Pumproom Air
Handling Unit

CCW Pump IB Room Air 1 480 3 BHP 0.9 0.9 2.5 0 2.5 0 2.5

Handling Unit

50' Elev. Vital Inst. & 2 480 10 BHP 0.9 0.9 83 0 83 0 83
Equip. Room Channel C NOTE M
AHU

70' Dev. Division I I 480 3 BHP 0.9 0.9 2.5 0 0 0 0

Channel Equipment Room NOTE M

| Air Handling Unit C

Penetration Room C Air 2 480 1 BHP 0.9 0.9 0.9 0 0.9 0 0.9
Handling Unit NOTE M

50' Elev.125 VDC Vital I 480 1 BHP 0.9 0.9 0.9 0 0.9 0 0.9
Bauery Room Exhaust Fan
Channel C

Amendment V
April 29, 1994
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TABIE 83.1-2 (Cont'd)

(Sheet 7 of 19) ~I

DIVISION I CLASS IE LOADS |

COMPONENT EQUIV. LDSS OF OFFStrE DBA/ LOOP LOAD
COMPONENT ESTIM ATED HP MOTOR IDAD POWER LDAD e

EQUIPMENT (NOTE A) # PER BUS VOLTS (NOTE K) pf EFFICIENCY KW SAFETY BUS A SAFETY BUS C SAFETY BUS A SAFETY BUS C

SSW Pump Strainer 1 480 0.75 BHP 0.9 0.9 0.7 0 0 0 0
Backwash Drive Motor IB NOTE M

Containment Spray Pump I 1 480 3 BHP 0.9 0.9 2.5 0 0 0 2.5
Room Air Handling Unit

Containment Spray Heat 1 480 3 BHP 0.9 - 0.9 2.5 0 0 0 2.5
Exchanger Room 1 Air
Han11ing Unit

Service Water Pump House 1 480 7.5 BHP 0.9 0.9 63' O 63 0 63 i
House DivisionI
Ventilation Fan

Division I Emergency 2 480 ' 3 BHP 0.9 0.9 5.0 0 5 0' 5
Feedwater Pump Rooms'
Air Handling Units

safety injection Pump 3 1 480 3 BHP 0.9 0.9 2.5 0 L0 0 2.5
Room Air Handling Unit

Channel C 125 VDC Vital I 480 50 KVA 0.9 - 45 0- 45 0 45
Battery Chargers for I&C |

Amendment U
December 31, 1993
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TABLE 8.3.1-2 (Cont'd)

(Shed 8 of 19)

DIVISION I CLASS 1E LOADS

COMPONENT EQUIV. LOSS OF OFFSITE DBAllAOP IDAD

COMPONENT ESTIMATED HP MOTOR LOAD POWER LOAD

EQUIPMENT (NOTE A) # PER BUS VOLTS (NOTE K) pf EFFICIENCY KW SAFETY BUS A SAFETY BUS C SAFETY BUS A SAFETY BUS C

Division I Diesel Generator 1 480 5 HP 0.9 0.9 4 0 4 0 4

Building Sump Pump IB

Division 1 Diesel Generator 1 480 120 HP 0.9 0.9 90 0 90 0 90

Building Ventilation Fan IB

Control Room and Rernote 1 480 12.5 KW l.0 - 12.5 0 12.5 0 12.5

Shutdown Panet Division i
Lighting

Division I Class 1E Motor - 480 42.5 HP 0.9 0.9 32 0 32 0 32

Operated Valves Powered
from Safety Bus C

Quadrant C Reactor 2 480 15 IIP 0.9 0.9 22.4 0 22.4 0 22.4

Building Subsphere Floor
Drain Sump Pumps I and 2

Division I control Room I 480 7 BHP 0.9 0.9 5.8 0 0 0 5.8

| Filtration Unit Fan

Division 1 Corarol Room 1 480 10 KW l .0 - 10 0 0 0 10

| Filtration Unit Heating
Element

SUBTOTAL LOADINGS FOR LOAD SEQUENCE GRP C: 0 464 0 441

Amendment V |G G April 29, 1994
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TABLE 8.3.1-2 (Cont'd)

(Shed 9 of 19)

|DIVISION I CLASS IE LOADS

COMPONENT EQUIV. IDSS OF OFFSITE DBAllDOP IDAD

COMPONENT ESTIM ATED HP MOTOR LOAD POWER LDAD

EQUIPMENT (NOTE A) # PER BUS VOLTS (NOTE K) pf EFFICIENCY KW SAFETY BUS A SAFETY BUS C SAFETY BUS A SAFETY BUS C

lead Sequence Group 2

(NOTE D)

Safety Injection Pump 3 1 4160 938 BHP 0.9 0.9 778 0 0 0 778

i

SUBTOTAL LOADINGS FOR LOAD SEQUENCE GRP 2: 0 0 0 778

load Sequence Group 3

(NOTE F)

Mokw Driven Emergency I 4160 850 HP 0.9 0.9 635 0 635 0 635

Feedwater Pump 1

SUBTOTAL LOADINGS FOR LOAD SEQUENCE GRP 3: 0 635 0 635

',

Amendment U
December 31, 1993
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TARLE 83.1-2 (Cent'd)

(Sheet 10 of 19)

| DIVISION I CLASS IE LOADS

COMPONENT EQUIV. LDSS OF CFFSITE DBA/ LOOP LOAD
COMPONENT ESTIMATED HP MOTOR LOAD POWER IDAD

EQUIPMENT (NOTE A) # PER BUS VOLTS (NOTE K) pf EFFICIENCY KW SAFETY BUS A SAFETY BUS C SAFETY BUS A SAFETY BUS C

Imd Sequence Group 4

(NOTE G)

Coraminmers Spray Pump 1 1 4160 618 HP 0.9 0.9 461 0 0 0 461

SUBTOTAL LOADINGS FOR LOAD SEQUENCE GRP 4: 0 0 0 46I

Inad Sequence Group 5

(NOTE H)

Component Cooling Water 1 4160 1250 BHP O.9 0.9 1037 1037 0 1037 0
Pump I A

SUBTOTAL IDADINGS FOR LOAD SEQUENCE GRP 5: 1037 0 1037 0

9 9 Amendment U
December 31, 1993

_ -_- _ _ - _ _ _ _ _ _ _
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TABLE 8.3.1-2 (Cont'd)

(Sheet 12 of 19)

| DIVISION I CLASS IE I.OADS

COMPONENT EQUIV. LOSS OF 0FFStrE DBA/IDOP LOAD
COMPONENT ESTIMATED HP MOTOR LOAD POWER LDAD

EQUIPMENT (NOTE A) # PER BUS VOLTS (NOTE K) pf EFFICIENCY KW SAFETY BUS A SAFETY BUS C SAFETY BUS A SAFETY BUS C

load Sequence Grwp 8
(NOTE 10

Component Cooling Water 1 4160 1250 BilP 0.9 09 1037 0 1037 0 1037
Pump IB

SUBTOTAL LOADINGS FOR LO AD SEQUENCE GRP 8: 0 1037 0 1037

Load Sequence Grwp 9

(NUTE D

Station Service Water Pump I 4160 700 BIIP 0.9 0.9 581 0 581 0 581
IB

SUBTOTAL LOADINGS FOR LOAD SEQUENCE GRP 9: 0 581 0 581

G G Amendment U
December 31, 1993

. _ _ _ _ . _ _ _ _ _ _ _
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TABLE 83.1-2 (Cont'd)

(Sheet 13 of 19)

DIVISION I CLASS 1E LOADS
|

COMIONENT EQUIV. IDSS OF OFFSITE DBA/ LOOP LOADCOMPONENT ESTIMATED HP M(7 TOR LOAD POWER LOAD
EQUIPMENT (NOTE A) # PER BUS VOLTS (NOTE K) pf EFFICIENCY W SAFETY BUS A SAFETY BUS C SAFETY BUS A SAFETY BUS C

-_.

Loed Sequence Group 10
(NOTE G)

Shutdown Cooling Pump i I 4160 618 HP 0.9 0.9 461 461 0 461 0

SUBTOTAL LOADINGS FOR LOAD SEQUENCE GRP 10: 461 0 461 0

Manual Load Group (NOTE
I)

Containment flydrogen 1 480 20 KW 1.0 - 20 0 0 20 0Recombiner 1

Spent Fuel Pool Cooling I 480 75 HP 0.9 0.9 56 0 56 0 56Pump 1

Essential AC Lighting - 120 225 KW l.0 - 225 110 115 110 115

RCP Seal Injection Pump I 480 100 HP 0.9 0.9 74.6 0 74.6 0 0
Essential Chilled Water 1 480 13 BHP 0.9 0.9 10.8 0 0 0 0Pump 1 A (NOTE O)

Amendment U
December 31, 1993



TABLE 8.3.1-2 (Cont'd)

(Sheet 14 of 19)

DIVISION I CLASS IE LO ADS

COMPONENT EQUIV. LOSS OF OFFSTTE DBA/IDOP LOAD

COMPONENT ESTIMATED HP MOTOR IDAD POWER LDAD

EQUIPMENT (NOTE A) # PER BUS VOLTS (NOTE K) pf EFFICIENCY KW SAFETY BUS A SAFETY BUS C SAFETY BUS A SAFETY BUS C

RCP Seal Injection Pump 1 480 3 BHP 0.9 0.9 2.5 0 2.5 0 0

Roon. Ventilation Fan

Div I Backup Pnssurizer 1 480 200KW l.0 - 200 0 200 0 0

Heaters

SUBTOTAL LOADINGS FOR MANUAL LOAD SEQUENCF GRP: 110 371 130 171

|
Total Diesel lead on LOOP Including Manual lead - (NOTE L) 3766

| Toul Diesel Load on LOOP Excluding Manual lead - (NOTE L) 3208

| Total Diesel lead on DBA/ LOOP including Manual lead - (N0 RTE L) 5503

| Total Diesel lead on DBA/ LOOP Excluding Manual lead - (NOTE L) 5202

G G Amendment V
April 29, 1994

_ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ - _ _
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TABLE 8.3.12 (Cont'd)

(Sheet 19 of 19)

DIVISION I CLASS IE IA) ADS
DIESEL CENERATOR LOAD SEOUENCER ASSUMlilONS .6ND ISTORMATION

Station Service Water Pump 10.0 seconds

Ecsential Chiller 15.0 seconds

Motor Driven EFW Pump After 20.0 seconds (if req'd)

NOTE M

E:.ch of the two Division I ventilation areas for the 50' Elev. Vital last. & Equip. Rooms (Channels A and C) is serviced by two 100 percers air handling units. The electrical load from only one of the two air

htndling units in each ventilation area is allocated in the calculation for diesel generator sizing.

Each of the two Division I electrical penetration rooms (A and C)is serviced by two 100 percent air handling units. The electricalload from only one of the two air handling units in each penetration room is
r,Ilocated in the calculation for diesel generator sizing.

De ventilation area for the 70* Elev. Division I Channel Equipment Room has two 100 percent air handling units, one powered from Channel A, and the other powered from Channel C. The electrical load for only
one of these air handling units (Channel A) is allocated in the calculation for diesel generator sizing.

There are two 100 percent capacity Division i Subsphere Exhaust Fans. The electrical load from only one fan is allocated in the calculation for diesel generator sizing.

Only the SSW Pump Strainer Backwash Drive Motor electricalload for the operating SSW Pump (SSW Pump 1 A)is allocated in the calculation for diesel generator sizing.

NOTE N

Initiation of Priority 1. cad Group by the ESF actuation signal results in suspension of the sequencing of non-priority load groups at any point in the sequence. Sequencing of nontriority load groups is een resusned

after reload of applicable priority load group (s).

NOTE O
-

Essential Chilled Water Pump I A is powered from safety bus C. No load for this component is assigned in the manual load summation, since Essential Chilled Water Pump IB is assumed to have been automatically

sequenced by load sequence group A.

Amendment V
April 29, 1994

_ _ - _ _ _ _ _ _ _ _ _ _ - _ _ _ _



- - - - - - - - - - - - - ~ - - - - - - ' - - - ' - - - - ~ - - - - - ~ -- ~ - ' - ' - - - - - ~ ~ ~-

,

\ .,.

,

i

TABLE 83.13 (Cont'd)

(Sheet 3 of 19)*

DIVISION II CLASS IE IAADS

i COMPONENT- EQUIV. LOSS OF OFFStrE . DBA/LDOP LOAD

COMPONENT ESTIMATED HP MOTOR LOAD POWERIDAD -

,
EQUIPMENT (NOTE A) - # PER BUS VOLTS (NOTE K) pf EFFICIENCY . KW - SAFETY BUS A - SAFELY BUS C SAFETY BUS A SAFETY BUS C

' ' '

. s. . .
E '

Division H Control Room 1 '480 8 BHP - 0.9 - 0.9 6.7 ~ 6.7 ' 'O 6.7 ' O *4

Air Handling Unit

Division U Control Room - I 480 1.0 BHP 0.9 0.9 0.9 - 0.9 C 0.9 ' O

| Mechanical Equipment
Room Air Handling Unit

- Essential Chilled Water 1 480 13 BHP 0.9 0.9 10.8 10.8: 0 10.8 J 0'

Pung 2B (NCrTE P)
,

CCW Pump 2A Room Air 1 480 3 BHP 0.9 0.9 2.5 2.5 'O 2.5 0
,

Handling Unit
i

! 50' Elev. Vital Inst. & 2 480 10 BHP 0.9 0.9 83 . 8.3 0 8.3 0

;- Equip. Room Channel B NOTE M
AHU's .

70' Elev. Division H - I- 480 3 BHP 0.9 0.9 ^ 2.5 . ' 2.5 - 0 2.5 0~

'

Channel Equipment Room NOTE M
|Air Handling Unit B

4

| Penetration Room B Air - 2 480 1 BHP- 0.9 0.9 - 0.9 ' O.9 . 0 0.9 - 0

i Handling Unit NOTE M
! .

.
.

; 50' Elev.125 VDC Vital I 480 1 BHP 0.9 0.9 - 0.9 ' 0.9 - 0 0.9 0
'~

Bauery Room Exhaust Fan
. Channel Ba

|Division 11 Essential I 480 - 3 BHP 0.9 0.9 2.5 2.5 'O - 2.5 0

1

.

:

Amendment V :

April 29,1994 -

4
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.
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TABLE 8.3.1-3 (Cont'd)

(Shat 4 of 19)

DIVISION II CLASS 1E LOADS

COMPONEffr EQUIV. LDSS OF OFFSITE DBA/ LOOP IDAD
COMPONENT ESTIMATED HP MOTOR LOAD POWER LDAD

EQUIPMENT (NOTE A) # PER BUS VOLTS (NOTE K) pf EFFICIENCY KW SAFEIY BUS A SAFETY BUS C SAFELY BUS A SAFETY BUS C

70* Elev. Division II 1 480 1 BHP 0.9 0.9 0.9 0.9 0 0.9 0
Channel Equipment 125
VDC Battery Room
Exhaust Fan

SSW Pump Strainer 1 480 0.75 BIIP Q.9 0.9 0.7 0.7 0 0.7 0
Backwash Drive Motor 2A NUTE M

Shutdown Cooling Pump 2 1 480 3 BHP 0.9 0.9 2.5 2.5 0 2.5 0
Room Air Handling Unit

Shutdown Cooling Heat - 1 480 3 BHP 0.9 0.9 2.5 2.5 0 0 0
Exchanger Room 2 Air
Handling Unit

Division 11125 VDC Vital 1 480 16.1 KVA 0.9 - 14.5 14.5 0 14.5 0
Battery Chargers

Safety Injection Pump 2 1 480 3 BHP 0.9 0.9 2.5 0 0 2.5 0
Room Air Handling Unit

| SUBTOTAL LDADINGS FOR LOAD SEQUENCE GRP B: 273 0 273 0

Amendment V

9 9 April 29,1994

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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TABLE 8.3.1-3 (Cont'd)

(Sheet 5 of 19)

DIVISION II CLASS 1E LOADS

COMPONEFr EQUIV. LOSS OF OFFSITE DBA/ LOOP LOAD
COMPONENT ESTIMATED HP MOTOR LOAD POWER IDAD

EQUIPMENT (NOTE A) # PER BUS VOLTS (NOTE K) pf EFFICIENCY KW SAFETY BUS A SAFETY BUS C SAFETY BUS A SAFETY BUS C |
.

Imed Sequence Gmup 1

(NOTE D)

Safety injection Pump 2 1 4160 938 BHP 0.9 0.9 778 0 0 778 0

SUB1UTAL LOADINGS FOR LOAD SEQUENCE GRP 1: 0 0 778 0,

1

i,

j Iead Sequence Group D

{- (NOTE E)
!
| Division H Subsphere 2 480 40 BHP 0.9 0.9 30 0 30 0- 30

I Ventilation Exhaust Fan NOTE M
|

| Division H Subsphere 1 480 23 KW l.0 - 23 0 23 0 23
i Exhaust Filter Train
'
j Heating Element
i
j Division H Annulus 1 480 63 BHP 0.9 0.9 52.3 0 0 0. 52.3

Ventilation Exhaust Fan;

DivisionII Annulus 1- 480 83 KW l.0 - 83 0 0 0 83.

l' Exhaust Filter Train
j Heating Element

!
!

:

,

,

! Amendment U'
! December 31,1993
1

r

!
. _ _ _ _________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _
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TABLE 8.3.1-3 (Cont'd)

(Sheet 6 of 19)

DIVISION 11 CLASS IE LOADS

COMPONENT EQUIV. LOSS OF OFFStrE DBA/IDOP LOAD
COMPONENT ESTIMATED HP MOTOR IDAD POWER LOAD

EQUIPMENT (NOTE A) # PER BUS VOLTS (NOTE K) pf EFFICENCY KW SAFETY BUS A SAFETY BUS C SAFETY BUS A SAFETY BUS C

Division 11 Fuel Pool 1 480 75 BHP 0.9 0.9 62.2 0 62.2 0 0
ExhaustFan

Division 11 Fuel Pool 1 480 116 KW l .0 - 116 0 116 0 0
Exhaust Filter Train
Heating Element

Division 11 Fuel Pool 1 480 3 BHP 0.9 0.9 2.5 0 2.5 0 0
Cooling Hx/Pumproom
Air Handling Unit

CCW Pump 2B Room Air 1 480 3 BHP 0.9 0.9 2.5 0 2.5 0 2.5
Handling Unit

50' Elev. Vital Inst. & 2 480 10 BHP 0.9 0.9 8.3 0 8.3 0 8.3
Equip. Room Channel D NOTE M
AHU

70* Elev. Division 11 1 480 3 BHP 0.9 0.9 2.5 0 0 0 0
Channel Equipment Room NOTE M

| Air Handling Unit D

Penetration Room D Air 2 .480 1 BHP 0.9 0.9 0.9 0 0.9 0 0.9
Handling Unit NOTE M

50' Elev.125 VDC Vital 1 480 1 BHP 0.9 0.9 0.9 0 0.9 0 0.9
Battery Room Exhaust Fan
Channel D

Amendme.it V
April 29,1994
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TABLE 83.1-3 (Cent'd)

(Sheet 7 of 19)

DIVISION 11 CLASS 1E LOADS

COMIONEPTT EQUIV. LOSS OF OFFSTTE DBA/LDOP LOAD

COMPONENT ESTIMATED HP M(7 TOR IAAD POWERIDAD

EQUIPMENT (NOTE A) # PER BUS VOLTS (NOTE K) pf EFFICIENCY KW SAFETY BUS A SAFETY BUS C SAFETY BUS A SAFETY BUS C |

SSW Pump Strainer 1 480 0.75 BHP 0.9 0.9 0.7 0 0 0 0

Backwash Drive Motor 2B NOTE M

Remote Shutdown Panet 1 480 iBHP 0.9 0.9 0.9 0 0.9 0 0.9

Room Air Handling Unit NOTE O

Containment Spray Pump 1 480 3 BHP 0.9 0.9 2.5 0 0 0 2.5

2 Room Air Handling Unit

Containment Spray Heat 1 480 3 BHP 0.9 0.9 2.5 0 0 0 2.5

Exchanger Room 2 Air
Handling Unit

Service Water Pump 1 480 7.5 BHP 0.9 0.9 6.3 0 6.3 0 6.3

llouse House Division H
Ventilation Fan

Division H Emergency 2 480 3 BHP 0.9 0.9 5.0 0 5 0 5

Feedwater Pump Rooms'
Air Handling Units

Safety Injection Pump 4 1 480 3 BHP 0.9 0.9 2.5 0 0 0 2.5

Room Air Handling Unit

Channel C 125 VDC Vital 1 480 50 KVA 0.9 - 45 0 45 0 45

Battery Chargers for I&C

|
.

i
1

I

Amendment U
December 31,1993

- _ - _ _ _ . - _ - _ - _ _ _ - _ _ _ - _ _ - _ _ _ _ - .__ _ _ _ _ _ _ _
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TABLE 8.3.1-3 (Cont'd)

(Stret 8 of19)

DIVISIPN H CLASS 1E LOADS

COMPONENT EQUIV. LOSS OF OFFSTrE DBA/IDOP LOAD

COMPONENT ESTIMATED HP MOTOR LOAD POWER 1 DAD

EQUIPMENT (NOTE A) # PER BUS VOLTS (NOTE K) pf EFFICIENCY KW SAFETY BUS A SAFETY BUS C SAFETY BUS A SAFETY BUS C

Division H Diesel 1 480 5 HP 0.9 0.9 4 0 4 0 4

Generator Build' g Sumpm

Pump 2B

Division H Diesel 1 480 120 HP 0.9 0.9 90 0 90 0 90

Generator Building
Ventilation Fan 2B

Control Roorn and Remote 1 480 12.5 KW 1.0 - 12.5 0 12.5 0 12.5

Shutdown Panet Division
H Lighting

Division II Class IE - 480 42.5 HP 0.9 0.9 32 0 32 0 32

Motor Operated Valves
Powered from Safety Bus
D

Quadrant D Reactor 2 480 15 HP 0.9 0.9 22.4 0 22.4 0 22.4
Building Subsphere Floor
Drain Sump Pumps 1 and
2

Division II control Room I 480 7 BHP 0.9 0.9 5.8 0 0 0 5.8

| Filtration Unit Fan

Division H Control Room 1 480 10 KW l .0 - 10 0 0 0 10

| Filtration Unit Heating
Element

SUBTOTAL LOADINGS FOR LOAD SEQUENCE GRP D: 0 465 0 443

Amendment V
April 29,1994
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TABLE 8.3.1-3 (Cost'd)

(Sheet 9 of 19)

DIVISION II CLASS IE LOADS

. COMPONENT EQUIV. IDSS OF OFFStrE DBNLOOPIDAD
COMPONENT - ESTIMATED HP MOTOR IDAD POWERIDAD

' EQUIPMENT (NOTE A) ' # PER BUS VOLTS (NOTE K) pf EFFICIENCY KW SAFETY BUS A. ~ SAFETY BUS C SAFETY BUS A SAFETY BUS C -|
,- ;;;i, .t.

' 1 4es;.::gs ..M.... - . i. .i.*. .
- * ~ j.)

.

. . . .

Ioad Sequence Group 2

(NOTE D)

Safety Injection Pump 3 1 4160 938 BHP 0.9 0.9 778- 0 0 0 -778

SUBTOTAL IDADINGS FOR LOAD SEQUENCE GRP 2: 0 0 0 778

Imed Sequence Group 3

(NOTE F)

Motor Driven Emergency 1 4160 850 HP 0.9 0.9 635 0 -635 0 635

Feedwater Pump 2

SUBTOTAL LOADINGS FOR IDAD SEQUENCE GRP 3: O' 635 0 635

Amendment U
-December 31,1993

- . _- .

_ _ _ _ . - - --

_ - - _ _ _ _ _ _
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TABLE 8.3.1-3 (Cont'd)

(Shed 10 of 19)

DIVISION 11 CLASS lE LOADS

COMPONENT EQUIV. LOSS OF OFFSITE DBA/IDOP LOAD
COMPONENT ESTIMATED HP MO1VR IDAD POWIR LOAD

| EQUIPMENT (NorE A) # PER BUS VOLT 3 (NOTE K) pf EFFICIENCY KW SAFETY BUS A SAFETY BUS C SAFETY BUS A SAFETY BUS C

Imd Sequence Group 4
(NOTE G)

Containmers Spray Pump 1 4160 618 HP 0.9 0.9 461 0 0 0 4614

2

SUBTOTAL IDADINGS FOR IDAD SEQUENCE GRP 4: 0 0 0 451

Imd Sequence Group 5
(NOTE H)

Componers Cooling Water 1 4160 1250 BHP 0.9 0.9 1037 1037 0 1037 0
Pump 2A

SUBTOTAL IDADINGS FOR LOAD SEQUENCE GRP 5: 1037 0 1037 0

Amendment U9 9 December 31,1993

_ - _ - _ _ - _ _
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T ABLE 83.1-3 (Comt'd)

(Sheet 11 of 19)

DIVISION 11 CLASS IE LOADS .

|

1 COMPONEPTT EQUIV. IDSS OF OFFSITE DBA/IDOP LOAD

COMPONENT ESTIMATED HP MOTOR IDAD PO%TR IDAD
|EQUIPMENT (NOTE A) # PER BUS VOLTS (NOTE K) pf EFFICIENCY KW SAFETY BUS A SAFETY BUS C SAFEIY BUS A SAFETY BUS C ,

y >~ * a I

I;

i
! Ioad Sequence Group 6 |

!
(NOTE I)

f Station Service Water 1 4160 700 BHP 0.9 0.9 581 581 0 581 0

Pump 2A
..

SUB10TAL LOADINGS FOR LOAD SEQUENCE GRP 6: 581' O 581 0
|

b

i [
1 *

i lead Sequence Group 7

Essential Chiller 2 1 4160 260 BHP 0.9 0.9 216 216 0 216 0 ;

SUBTOTAL IDADINGS FOR LOAD SEQUENCE GRP 7: - 216 0 216 0 i

.:
b

i

t.

: -

4

i
i

,

'

i
Amendment U _;,

December 31,1993 ' -!

4
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TABLE 8.3.1-3 (Cont'd)

(Sheet 12 of 19)

DIVISION II CLASS 1E LOADS

COMPONEPfr EQUIV. LOSS OF OFFStrE DBA/ LOOP IDAD
COMPONENT ESTIMATED HP MOTOR LOAD POWER IDAD

| EQUIPMEt(T(NOTE A) # PER BUS VOLTS (NOTE K) pf EFFICIENCY KW SAFETY BUS A SAFETY BUS C SAFETY BUS A SAFETY BUS C

lead Sequence Givup 8

(NOTE H)

Componera Cooling Water 1 4160 1250 BHP 0.9 0.9 1037 0 1037 0 1037
Pump 2B

SUBTOTAL LOADINGS FOR IDAD SEQUENCE GRP 8: 0 1037 0 1037

Imad Sequence Group 9

(NOTE I)

Station Service Water 1 4160 700 BHP 0.9 0.9 581 0 581 0 581
Purnp 2B

SUBTOTAL LOADINGS FOR LOAD SEQUENCE GRP 9: 0 581 0 581

G G Amendment U
December 31,1993

_ _ - _ _ _ _ _ _ _ - _
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TABLE 8.3.1-3 (Cont'd)
.

(Sheet 13 of 19)

'
DIVISION 11 CLASS 1E LOADS

COMPONENT EQUIV. . IDSS OF OFFSTTE DBA/ LOOP IDAD

COMPONENT . ESTIMATED HP MOTOR IDAD POWER IDAD

EQUIPMENT (NOTE A) # PER BUS VOLTS (NOTE K) pf EFFICIENCY KW SAFETY BUS A SAFETY BUS C 5AFETY BUS A SAFETY BUS C ' |

Load Sequence Group 10

(NOTE G)

Shutdown Cooling Pump 2 1 4160 618 HP 0.9 0.9 461 461 0 461 0

SUBTOTAL IDADINGS FOR IDAD SEQUENCE GRP 10: 461 0 461 0
!

Manual 1.oad Group

(NOTE J)

Corsainmera Hydrogen 1 480 20 KW l.0 - 20 0 0 20 0
-

Recombiner 2
!

Spers Fuel Pool Cooling I 480 75 HP 0.9 0.9 56 0 56 0 56
,

Pump 2

Essential AC IJghting - 120 225 KW I.0 - 225 110 115 110 115'

Esse mial Chilled Water 1 480 13 BHP 0.9 0.9 10.8 0 0 0 0
,

Pump 2A (NOTE P)

?

!
4

1

a

:
Amendment U
December 31,1993!

i
a

k
'
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TABLE 8.3.1-3 (Cont'd)

(Shed 14 of 19)

DIVISION 11 CLASS 1E LOADS

COMPONENT EQUIV. LOSS OF OFFStrE DBA/LDOP IDAD

COMPONENT ESTIMATED HP MOTOR LOAD POWER LOAD

EQUIPMENT (NUTE A) # PER BUS VOLTS (NOTE K) pf EFFICIENCY KW SAFETY BUS A SAFETY BUS C SAFETY BUS A SAFETY BUS C

Div II Backup Pressurizer 1 480 200KW l .0 - 200 0 200 0 0

Heaters

SUBTOTAL LOADINGS FOR M ANUAL LOAD SEQUENCE GRP: 110 371 130 171

| Total Diesel load on LOOP including Manual lead - (NOTE L) 3688

| Total Diesel Iond on IDOP Excluding Manual Imd - (NOTE L) 3207

| Total Diesel Load on DBA/ LOOP including Manual load - (NUTE L) 5503

| Total Diesel load on DBA/ LOOP Excluding Manual lead - (NOTE L) 5202

9 9 Amendment V
April 29,1994

_ - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _
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TABLE 8.3.1-3 (Cent *d)

(Sheet 19 of 19)

DIVISION 11 CLASS IE LOADS
DIESEL GENERATOR LOAD SEOUENCER ASSUMPTIONS AND INM)RMATION

Sution Service Water Pump 10.0 seconds

Essential Chiller 15.0 seconds

Motor Driven EFW Pump After 20 seconds (if req'd)

N(TfE M
4

Erxh of the two Division 11 ventilation areas for the 50' Elev. Vital Inst. & Equipment Rooms (Channels B and D) is serviced by two 100 percent air handling units. He electrical load from only one of the two air

hscdling units in each ventilation area is allocated in the calculation for diesel generator sizing.

Each of the two Division I clectrical penetration rooms (B and D) is serviced by two 100 percent air handling units. He electrical load from only one of the two air handling units in each penetration room is allocated
.

in the calculation for diesel generator sizing.

ne ventilation area for the 70* Elev. Division 11 Channel Equipment Room has two 100 percent air handling units, one powered from Channel B and the other powered from Channel D. He electrical load for only
one of these air handling units (Channel B) is allocated in the calculation for diesel generator sizing.

There are two 100 percent capacity Division 11 Subsphere Exhaust Fans. He electrical load from only one fan is allocated in the calculation for diesel generator sizing.

Only the SSW Pump Strainer Backwash Drive Motor electricalload for the aperating SSW Pump (SSW Pump 2A) is allocated in the calculation for diesel generator sizing.'

NOTE N

Initiadon of Priority Load Group by the ESF actuation signal results in suspension of the sequencing of non-priority load groups at any point in the sequence. Sequencing of non-priority load groups is then resumed
after reload of applicable priority load group (s).

NOTE O

Renzte Shutdown Panel Room is located in the Division I area. Normally this room is cooled by the 70' Elevation Division I Channel Equip. Room Air Handling Unit. For redundancy purposes, the Remote
Shutdown Panel Room is also cooled by a Division Il owered air handling unit.t

NOTE P

Essential Chilled Water Pump 2A is powered fan Safety Bus D. No load for this component is assigned in the manual load summation, since Essential Chilled Water Pump 2B is assumed to have been automatically

sequenced by load sequence group B.

Amendment V
April 29,1994
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CESSAR !!nbua

O TABLE 8.3.1-4

\
(Sheet 1 of 7)-

4

i E1ECTRICAL BUS LOADS #
;

Component Load (KW)

) 4.16 KV Safety Bus A:
1

1

Safety Injection Pump 778 j
Station Service Water Pump 581 i

;

i Component Cooling' Water Pump 1037
Shutdown Cooling Pump 461-

! Essential Chiller 216
j Balance of Other Loads 504

j

I
| Safety Bus A Total - 3577 KW

!

4.16 KV Safety Bus C:
4

* Safety Injection Pump 778

h3 Station Service Water Pump 581
V Component Cooling Water Pump 1037

.,

1 Containment Spray Pump 461
1 Motor Driven EFW Pump 635
; | Balance of Other Loads 1087

| Safety Bus C Total = 4579 KW
; 4

i

i
# The COL applicant will perform final sizing calculations using actual j,

procured equipment..

i l

.

I

4

1,

1

; D |

kt

4
-

Amendment V
April 29, 1994- i
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|

9)TABLE 8.3.1-4 (Cont'd)

(Sheet 2 of 7)

ELECTRICAL BUS LOADS #

Component Load (KW)

4.16 KV Safety Bus B:

Safety Injection Pump 778
Station Service Water Pump 581
Component Cooling Water Pump 1037
Shutdown Cooling Pump 461
Essential Chiller 216
Balance of Other Loads 502 |

Safety Bus B Total - 3575 KW |

4.16 KV Safety Bus D:

Safety Injection Pump 778
Station Service Water Pump 581
Component Cooling Water Pump 1037
Containment Spray Pump 461
Motor Driven EFW Pump 635
Balance of Other Loads 1011 |

Safety Bus D Total - 4503 KW |

# The COL applicant will perform final sizing calculations using actual
procured equipment.

O
Amendment V
April 29, 1994
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O TABLE 8.3.1-4 (Cont'd)

(Sheet 3 of 7)

ELECTRICAL BUS LOADS #

Component Load (KW)

X - 4.16 KV Permanent Non-Safety Bus:

CVCS Pump 448

| CEDM Cooling Fan 68

Containment-Ventilation Fan 75

Containment Ventilation Fan 75

Non-Essential Chiller 719

Non-Essential Chiller 719

IA Compressor 262

IA Compressor 262
'

Non-Essential Lighting 270

*Startup.Feedwater Pump 635

* Motor-Driven Fire Pump 232

DG Starting Air Compressor 45,

DG Starting Air Compressor 45

| Fuel Pool Supply Fan 18:

|

Miscellaneous loads 200-

| X - Permanent Non-Safety Bus Total - 4073 KW '|

Single component capable of being powered by either X or Y.*

# The COL applicant will perform final sizing calculations using actual
procured equipment.

I

O
.-

Amendment V
April 29,--1994
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TABLE 8.3.1-4 (Cont'd)

(Sheet 4 of 7)

ELECTRICAL BUS LOADS #

Component Load (KW)

Y - 4.16 KV Permanent Non-Safety Bus:

CVCS Pump 448

CEDM Cooling Fan 68 |

Containment Ventilation Fan 75

Containment Ventilation Fan 75

Non-Essential Chiller 719

Non-Essential Chiller 719

IA Compressor 262

IA Compressor 262

Non-Essential Lighting 270

*Startup feedwater Pump 635

* Motor-Driven Fire Pump 232

DG Starting Air Compressor 45

DG Starting Air Compressor 45

Fuel Pool Supply Fan 18 |

Miscellaneous Loads 200

Y - Permanent Non-Safety Bus Total - 4073 KW |

| Single Component capable of being powered by either X or Y.*

: # The COL applicant will perform final sizing calculations using actual i

| procured equipment. I

O1
l

Amendment V
| April 29, 1994
|

t
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IABLE 8.3.1-4 (Cont'd)

(Sheet 5 of 7)

ELECTRICAL BUS LOADS #

Component load (KW)

X - 4.16 KV Non-Safety Bus: ;

TBSWS Pump 224
TBCWS Pump 75

** Containment High Purge Exhaust Unit 195
Containment High Purge Supply Fan 75

Nuclear Annex Exhaust Unit Fans (2-60 KW ea.) 120
NA Exhaust Unit Heater 40
Nuclear Annex Supply Fans (2-18 KW ea.) 36

* Main Pressurizer Heaters 2400
Miscellaneous Loads 300

| X - Non-Safety Bus Total - 3465 KW

p Y - 4.16 KV Non-Safety Bus:

U TBSWS Pump 224
TBCWS Pump 75

** Containment High Purge Exhaust Unit 195
Containment High Purge Supply Fan 75

Nuclear Annex Exhaust Unit Fans (4-54 KW ea.) 216
NA Exhaust Units Heaters (2-40 KW ea.) 80
Nuclear Annex Supply Fans (2-29 KW ea.) 58

* Main Pressurizer Heaters 2400
Miscellaneous Loads 300

| Y - Non-Safety Bus Total = 3623 KW

# The COL applicant will perform final sizing calculation using actual
procured equipment.

Main Pressurizer Heaters capable of being powered from X or Y*

Non-Safety Buses.

Single component capable of being powered by either X or Y Non-Safety**

Buses.

O
Amendment V
April 29, 1993
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TABLE 8.3.1-4 (Cont'd)

(Sheet 6 of 7)

ELECTRICAL BUS LOADS #

Component Load (KW1

13.8 KV Non-Safety Bus X-1:

RCP Switchgear 8217

FW Booster /FW Pump 16,007

Condensate Pump 3275
:

Condensate Polisher Pump 1824 |

Circulating Water Pump 2940

13.8 KV Non-Safety Bus X-1 Total - 32,263 KW |

13.8 KV Non-Safety Bus X-2:

RCP Switchgear 8217

FW Booster /FW Pump 16,007

Condensate Pump 3275

Circulating Water Pump 2940

13.8 KV Non-Safety Bus X-2 Total - 30,439 KW

|

# The COL applicant will perform final sizing calculations using actual
procured equipment,

l

9
l

| Amendment U
l December 31, 1993
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TABLE 8.3.2-4

(Sheet 1 of 3)

CLASS lE DC VITAL POWER SYSTEM LOADS *

Load on Bus-(amperes)
Description Severe

D3A . SB0 Accident
Lal Lbbl (c)

Division 1
Class 1E Switchgear. Breaker Tripping 80.4 (k) -- --

Inverter 50.8 -- 20.8 (i)
Diesel Gen. Control & Field Flash 69.0 (d) -- --

37.2 (1) |Containment Equipment Hatch Trolley -- --

Bus Peak Total: 131.2 58.0

Channel A
Class 1E Switchgear Breaker Tripping 80.4 (k) -- --

Inverter 225.0 173.3 (f). 146.7.(i) |
Reactor Trip Switchgear 2.5 (d) -- --

Class 1E Switchgear & Load Center '14.7 -- --

Control

O Atmospheric Dump Valve 47.8 (d) 47.8 (g) --

EFW Valve EF-101 6.6 (e) 6.6 (h) -- '

EWF Trip & Throttle Valve #2 2.2 (d) -- --

EFW Steam-Driven Pump #2 Turbine 1.0- 1.0 --

Governor Control
SDS Valve RC-409 19.2 (j) -- 19.2 (j)
Control Room Intake Isolation Damper 3.0 (m) -- 3.0 (m)

Bus Peak Total: -330.7 228.7 168.9

Channel C
Inverter 250.0 170.8 (f) 158.3 (i) | [
Reactor Trip Switchgear 2.5 (d) -- --

,

Class 1E Switchgear & Load Center 14.7 -- -- |
Control
Atmospheric Dump Valve 47.8 (d) 47.8 (g) --

EFW Valve EF-105 9.-9 (e) 9.9 (h) --

i

SDS Valve RC-407 38.4 (j) -- 38.4 (j) |

Control Room Intake Isolation Damper 3.0 (m) -- 3.0 (m) |Bus Peak Total: 363.3 228.5 199.7 | |

* The COL applicant will perform final sizing calculations using actual procured
equipment.

|

!

Amendment V
April 29, 1994
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TABLE 8.3.2-4 (Cont'd)

(Sheet 2 of 3)

CLASS 1E DC VITAL POWER SYSTEM LOADS *

Load on Bus (amperes)
Description Severe

DBA SB0 Accident
(a) (b) LJ

Division 2
Class 1E Switchgear Breaker Tripping 80.4 (k) -- --

Inverter 36.7 -- 20.8 (i)
Diesel Gen. Control & Field Flash 69.0 (d) -- --

| Containment Equipment Hatch Trolley -- -- 37.2 (1)
Bus Peak Total: 117.1 58.0

Channel B
Class IE Switchgear Breaker Tripping 80.4 (k) -- --

| Inverter 225.0 173.3 (f) 146.7 (i)
Reactor Trip Switchgear 2.5 (d) -- --

Class 1E Switchgear & Load Center 14.7 -- --

Control
Atmospheric Dump Valve 47.8 (d) 47.8 (g) --

EFW Valve EF-100 6.6 (e) 6.6 (h) --

EWF Trip & Throttle Valve #2 2.2 (d) -- --

EFW Steam-Driven Pump #2 Turbine 1.0 1.0 --

Governor Control
SDS Valve RC-408 19.2 (j) -- 19.2 (j)
Control Room Intake Isolation Damper 3.0 (m) -- 3.0 (m).

Bus Peak Total: 330.7 228.7 168.9

Channel D
| Inverter 250.0 170.8 (f) 158.3 (i)

i
Reactor Trip Switchgear 2.5 (d) -- --

| Class 1E Switchgear & Load Center 14.7 -- --

Control
Atmospheric Dump Valve 47.8 (d) 47.8 (g) --

EFW Valve EF-104 9.9 (e) 9.9 (h) --

| SDS Valve RC-406 38.4 (j) 38.4 (j)--

| Control Room Intake Isolation Damper 3.0 (m) -- 3.0 (m)
| | Bus Peak Total: 363.3 228.5 199.7
,

|
| The COL applicant will perform final sizing calculations using actual procured*

equipment.

Amendment V
April 29, 1994
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9.1.1.3 Safety Evaluation

The new fuel storage rack design, discussed in.Section 9.1.1.2,
ensures that the design bases of Section 9.1.1.1 are met. The
capability of new fuel storage is described below.

9.1.1.3.1 Criticality Safety

9.1.1.3.1.1 Postulated Accidents

The following postulated accidents are considered in the design
of the new fuel storage racks:

A. Flooding; complete immersion of the entire storage array in
pure, unborated water.

B. Envelopment of the entire array in a uniform density aqueous
foam or_ mist of optimum density _.that maximizes the
reactivity of the finite array as described in Section
9.1.1.3.1.2.D of the criticality safety assumptions. It is
postulated that these conditions could be present as a i

result of fire fighting. |

C. Dropping a load on the loaded fuel racks whose impact
p energy, if dropped from the operating elevation, will not |

exceed the impact energy of the postulated dropped fuel(j
handling tool or the combination of the dropped fuel
handling tool, fuel assembly, and any other handling
component supported by the hoist cabling associated with the
lifting of a fuel assembly.

D. Tensile load on the new fuel rack of 5000 pounds (limited by
iadjustment of the motor stall torque or load-limiting device |
'

of the hoist used to remove fuel from the racks). (See
Section 9.1.4.2.1.7.B)

Although the above accident conditions have been postulated, the
fuel handling equipment, new fuel racks, and the building
arrangement are designed to minimize the possibility of these
accidents or the effects resulting from these accidents by:
A. Maintaining K rr less than 0.95 in the event the fuel areae

becomes flooded with pure, unborated water.

B. Maintaining K rr less than 0.98 in the event of envelopmente

of the entire array in a uniform density aqueous foam or
mist of optimum density that maximizes the reactivity of the
finite array as described in Section 9.1.1. 3.1. 2. D of the
criticality safety assumptions.

V
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C. Providing positive hoist travel limits and interlocks to
ensure proper equipment operation and sequencing.

D. Limiting the insertion loads when installing fuel into the
new fuel racks by load measuring devices or hoist underload

,

interlocks. )

E. Designing the new fuel racks for Safe Shutdown Earthquake
(SSE) conditions and dropped fuel assembly conditions,
considered separately.

F. Designing the new fuel handling hoist to preclude the hoist,
or any part thereof, from falling into the new fuel handling
area.

G. Providing a drain line at the bottom of the storage cavity
to direct any fluid to the floor drain sump. The drain
incorporates a non-return check valve.

H. Designing the building with no water source in the immediate
area of the new fuel storage racks. The fixed fire fighting
water supply standpipes are seismically designed (SSE).

I. Restricting the lifting capacity of the new fuel handling
hoist that is used to remove new fuel assemblies from the

| new fuel rack by either adjusting the motor stall torque or
using load limiting devices. (See Paragraphs 9.1.1.3.1.1.D
and 9.1.4.2.1.7.B). Therefore excessive uplifting force
cannot be applied.

J. Locating the new fuel storage racks at the opposite end of
the fuel building from the spent fuel pool to eliminate the
possibility of moving heavy loads near the new fuel storage
area. Movement of heavy loads over the fuel racks is
restricted by the use of electrical interlocks on the cask
handling hoist.

| K. Locating the new fuel storage racks in a concrete vault at
| the opposite end of the fuel area of the nuclear annex from
i the spent fuel pool area to preclude passage of the cask

handling hoist over the new fuel racks during the handling
operations associated with spent fuel inspection, handling,
and shipping. This location minimizes the number of systems
or structures located in the vicinity of the new fuel
storage facility. All systems or structures in the vicinity
will be designated as Seismic Category II to preclude their
failure and entry into the new fuel storage area.

O
s

Amendment S
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L. Permitting no load to be carried over the loaded fuel racks

whose impact energy, if dropped from the~ operating
elevation, will exceed the impact energy of the postulated
dropped fuel. handling tool or the combination of the dropped
fuel handling tool, fuel assembly, and any other handling
component supported by the hoist cabling _when lifting fuel
assemblies. The Technical Specification incorporates the
requirement that the impact energy of all loads carried over
the loaded fuel racks will not exceed this condition.

M. Designing the refueling machine and spent fuel handling
machine to hold their loads during a safe shutdown
earthquake or a loss of power condition (See Section 9.1.4) .

9.1.1.3.1.2 Criticality Safety Assumptions

The following assumptions are made in evaluating criticality
safety:

A. Under postulated conditions of complete flooding by
unborated water, the storage array is treated as a finite
array of assemblies having an infinite fuel length.

B. Under postulated conditions of envelopment by aqueous foam
or mist, a range of foam or mist densities is examined to
ensure that the maximum reactivity of the array .is
established. The foam or mist is assumed to be pure water.'

g

C. The poisoning effects of rack structure are neglected.
Prior calculations have shown this to be a conservative
assurption, where the degree of conservatism depends on the
exact rack structure design. It is also' assumed that no i

supplemental fixed poisons are utilized in the storage |

array.

D. A concrete storage cavity is utilized for new fuel storage.
Two 11x11 rack modules are located in the cavity with cell
blockers installed in alternate cells to limit new fuel
storage to 121 fuel assemblies.

The criticality analyses for the new fuel racks assume a
close-fitting, 2-foot thick concrete reflector on all six
sides of the new fuel rack array. In actuality, the
concrete walls surrounding the new fuel racks are separated
from the racks by several inches, with the floor and ;

material above the fuel also several inches away from the 1

racks. A close fitting, thick concrete wall provides better
neutron reflection than both the reflector consisting'of a
concrete wall separated from the array by several inches and
the reflector consisting of the actual materials above the
active fuel. Therefore, the configuration assumed for the
criticality analyses is conservative with respect to the

( actual configuration of the new fuel rack array.

E. The rack is assumed to be filled to design capacity with
fuel assemblies.

I Amendment V
9.1-5 April 29, 1994
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F. No burnable poison shims or other supplemental neutron
poisons (e.g., CEAs) are assumed to be present in the fuel
assemblies.

9.1.1.3.1.3 Criticality Safety Margins

Criticality safety margins are maintained by:

A. Limiting the capacity to 121 fuel assemblies.

B. Defining an overall array configuration.

C. Providing adequate mechanical separation of fuel assemblies
in the array, even under postulated accident conditions.

The mechanical separation provided is discussed in Section
9.1.1.2. In evaluating criticality safety, the three-dimensional
Monte Carlo computer code KENO-IV (Reference 2) is used to
perform the criticality calculations for the new fuel storage
racks for the postulated accident condition of flooding with
pure, unborated water for the full range of water densities. The
calculations are performed for a typical repeating lattice unit
of the new fuel storage racks and a fuel enrichment of 5.0 wt.%
U-235, which envelops the design requirements for any fuel
management scheme. The calculations include an allowance in K rre

for uncertainties due to deviations from nominal conditions
(e.g., variations in water temperature) and calculational
uncertainties. Including uncertainties, the maximum K,cr is less
than 0.95 for flooding with pure, unborated water and less than
0.98 for immersion in a foam or mist of the optimum moderation
density.

The rack structure provides a separation of at least 10 inches,
which is greater than the separation between fuel assemblies
within the rack, between the top of the active fuel and the top
of the rack to preclude criticality in the event a fuel assembly
is dropped into a horizontal position on the top of the rack.

The new fuel storage area is protected from the effects of
missiles or natural phenomena as discussed in Section 3.5.

9.1.1.3.2 Compliance with Regulatory Guide 1.13

All requirements of Regulatory Guide 1.13 are met excluding those
regarding the spent fuel pool water supply, since new fuel
storage is dry. The new fuel storage area is designed to ensure
that any light load, when handled over the fuel racks, will not
exceed the design impact energy of the rack if the load is
postulated to fall from its operating height. In addition, all
heavy loads are prevented from travel over the new fuel racks by i

the use of mechanical and electrical interlocks on the cask !

handling hoist and the new fuel handling hoist incorporates load
limiting devices to preclude fuel damage during handling.

i

|
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jV E. Meeting regulatory positions C.1 and C.2 of Regulatory Guide
1.29 and regulatory positions C.1 and C.6 of Regulatory
Guide 1.13, as these positions relate to the ability of the
components to withstand the effects of earthquakes.

Examples of compliance are demonstrated by the assignment of-
the various Seismic Categories to the building structures, .

fuel handling equipment, and other components as noted in )
Table 3.2-1 and the design of the equipment and components i

meeting these requirements. Fuel handling equipment that I
moves over the reactor core and spent fuel racks is also '

provided with seismic restraints to ensure that the
components do not become disengaged from their operating
rails and fall into the pool during a seismic event.

'

F. Meeting regulatory positions C.1, C.2 and C.3 of Regulatory
Guide 1.13, ANS 57.1/ ANSI-N208, ANS 57.2/ ANSI-N210, and
NUREG-0612 as they relate to radioactive release as a result
of fuel damage.

,

Examples of compliance are demonstrated by the design of the
fuel building which precludes movement of the' spent fuel
cask handling hoist over the new and spent fuel storage
racks when they contain fuel aseemblies, designation of load
paths for all heavy lifte, limiting the weight and lift,

height of any load that is moved over the fuel-racks such'

that its impact energy, if dropped, will not exceed the

; A)| design impact energy of the fuel. racks (See Section
L ( 9.1.2.3.1.1.G) or fuel pool, and ensuring that the lift
! U height of the. spent fuel shipping cask does not exceed 30

feet which limits the cask from -being raised above the
operating floor elevation.

G. Permitting no load to be carried over the loaded fuel racks
whose impact energy, if dropped from the operating
elevation, will exceed the impact energy of the postulated
dropped fuel handling tool, fuel assembly, and any other
handling component supported by the hoist cabling when .

lifting fuel assemblies. The Technical Specification !incorporates the requirement that the impact energy of all l

loads carried over the loaded fuel racks will not exceed
this condition.

H. Providing mechanical and electrical interlocks on the
nuclear annex overhead hoists to preclude movement of fuel
shipping containers or casks and other heavy loads from

!being transported over the spent fuel pool. .(See Section i

| 9.1.4.2.1.7)
| I. Designing the refueling machine and spent fuel handling
! machine to hold their loads during a' safe shutdown

earthquake or a loss cf power condition' (See Section 9.1.4) .
9.1.2.3.1.2 Criticality Safety Assumptions

! The following assumptions are made in evaluating criticality
| p} safety:
| i
| \m,/ A. No control element assemblies (CEAs) are assumed to be
| present in the fuel assemblies.
I

|
Amendment V
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B. The rack is assumed to be filled to capacity with fuel
assemblies of the type whose criticality safety is evaluated
with the spent fuel pool filled with water.

C. For normal operation, no credit is assumed for the boron
normally found in the spent fuel pool water. For the i
flooded spent fuel pool criticality analysis, an optimum '

temperature is assumed for the water moderator. In
evaluating the criticality limits of a dropped fuel assembly
and tool accident, it is assumed that boron concentration in
the spent fuel pool water is less than one-half of normal
(see Section 9.1.3.1.4A) and well below the minimum defined !

by Technical Specifications.

D. An infinite fuel assembly array is assumed for the flooded
spent fuel pool analysis.

E. Only one fuel assembly is assumed to be dropped in a fuel
handling accident.

F. It is conservatively assumed that four rows of fuel rods are
damaged during a fuel assembly handling accident.

G. Eighty-five percent (85%) of the actual burnup for a given
initial enrichment is used for each fuel assembly in the
spent fuel rack criticality analysis.

9.1.2.3.1.3 Criticality Safety Margins

Criticality safety margins are assured by:

A. Neglecting the neutron absorption effects associated with
the boron normally in the spent fuel pool water during
normal operations and assuming that spent fuel pool boron
concentration during a fuel assembly drop accident is less
than one-half of normal (see Section 9.1. 3.1. 4 A) and well
below the minimum defined b" Technical Specifications.

B. When fuel is stored in the borated or mixed modes (freshly
burned fuel assembly is inadvertently placed in Region II),
the minimum boron concentration in the spent fuel pool water
is that defined by Technical Specifications that apply
whenever fuel is to be moved in the storage pool.

In evaluating criticality safety, the two-dimensional transport
code DOT-4 (Reference 1) is used to calculate the K re in the spente

fuel storage racks for Region I and Region II for normal design
conditions. The calculations are performed for a typical
repeating lattice unit for Region I and Region II of the spent
fuel storage racks. No credit is assumed for the boron normally
found in the spent fuel pool water. For Region I, K rr ise

calculated for fresh fuel with an enrichment of 5.0 wt.% U-235,
with allowance for uncertainties due to deviation from nominal

Amendment U
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C( If the' spent fuel pool water is being purified, instrumentation
..

is provided at the inlet of the ion exchanger. A high

! purification fluid temperature is alarmed in the control room,
and purification flow is diverted if it is above' ion exchanger

j resin limits.

'

9.1.3.5.2 Pressure

Instrumentation is provided to measure and give local indication
| of the pressures in the PCPS pump suction and discharge lines.

A deviation from normal pressure in the spent fuel pool cooling
pumps discharge lines is alarmed in the control room.
Instrumentation connections are also provided at locations

3

! upstream and downstream of each purification train filter,
strainer, and demineralizer/ strainer so that the pressure

4

differential across the filters, strainers, and;

demineralizers/ strainer can be determined.;.

<
~

9.1.3.5.3 Level
,

Instrumentation is provided to give an alarm in the control room
! when the water level in the spent fuel pool or the refueling pool

reaches either the high or low level setpoint. The spent fuel
pool low water level setpoint is also alarmed locally.

9.1.3.5.4 Radiation

Gamma-radiation is continuously monitored in the fuel building.
A high level signal is alarmed locally and annunciated in the*

j control room.

!

i

i

i
i

:
>

\ !
%
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9.1.4 FUEL HANDLING SYSTEM

9.1.4.1 Design Bases

9.1.4.1.1 System

The fuel handling system is designed for the handling and storage
| of fuel assemblies and control element assemblies- (CEAs).

Associated with the fuel handling system is the equipment used
for assembly, disassembly, and storage of the reactor closure
head and internals. As appropriate, the fuel handling equipment
iticludes interlocks, travel-limiting features, and other
protective devices to minimize the possibility of mishandling or
equipment malfunction that could result in inadvertent damage to
a fuel assembly and potential fission product release.

The refueling water provides the coolant medium during spent fuel
transfer. The spent fuel pool is provided with a cooling and
cleanup system.

All spent fuel transfer and storage operations are designed to be
conducted underwater to ensure adequate shielding during
refueling and to permit visual control of the operation at all
times.

9.1.4.1.2 Fuel Handling Equipment

The principal design criteria for the fuel and CEA handling
equipment (refueling machine, fuel transfer equipment, spent fuel
handling machine, CEA change platform, new fuel elevator, and CEA
elevator) are as follows:

A. For non-seismic operating conditions, the bridges, trolleys,
hoist units, hoisting cable, grapples, and hooks conform to

| the requirements of ASME NOG-1.

B. For seismic design, the combined dead loads, live loads, and
seismic loads do not cause any portion of the equipment to
disengage from its supports and fall into the pool.

C. Grapples and mechanical latches which carry fuel assemblies
or CEAs are mechanically interlocked against inadvertent
opening.

D. All loose components are either removed from equipment in
the reactor building and the fuel area of the nuclear annex
or are seismically restrained during equip;nent operation.
Fuel handling procedures require that lanyards be used for
loose components that are brought onto the equipment for a
particular short term application such as repair tooling.

O
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All permanently installed components are secured with
locking devices or restraints to prevent them from becoming
loose and falling into the refueling pool or the spent fuel
pool.

E. A positive mechanical stop is provided'to prevent the fuel
from being lifted above the minimum safe water cover depth'

I and it will not cause damage or1 distortion to the fuel or
the refueling machine when engaged at full operating ~ hoist
speed.

,

'

F. The fuel hoists are provided with load-measuring devices and
interlocks to interrupt hoisting if the load increases above

: the overload setpoint and to interrupt lowering if the load

| decreases below the underload setpoint.
,

G. In the event of loss of power, the equipment and its load
,

remain in'a safe condition.

H. Equipment located within the reactor building during plant
operation is' capable of withstanding, without damage, the-

internal building test pressure.

I. Electrical interlocks are provided to ensure the reliability
n of system components, to simplify the performance of
( sequential operations, and to limit travel and loads such

that design conditions will not be exceeded. In no case
will they be utilized to prevent inadvertent. criticality or
the reduction of the minimum water coverage for personnel
protection. No single interlock failure will result in a
condition which will allow equipment malfunction, damage to
the fuel, or the reduction of shielding water coverage.
Where these results are considered possible, redundant
switches, mechanical restraints, and physical barriers are
employed as well as limiting the hoist stall torque and
loading capability to values below those which would result
in damage to the fuel.

9.1.4.1.3 Nuclear Annex Overhead Hoists and Reactor
Building Polar Crane

The fuel related hoists in the nuclear annex, i.e., the cask
handling hoist and the new fuel handling hoist, are used to
handle equipment, tools, and fuel assemblies from the receipt of
the new fuel containers to the shipment of the spent fuel cask.
A description of these hoist is contained in 'Section 9.1.4.2.1.7.
The reactor building polar crane is used to handle the reactor
vessel head, - reactor vessel internals, and other . equipment
located within the reactor building. A description of the
reactor building polar crane is contained-in Section 9.1.4.2.1.8.

,

1
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Provisions are incorporated to prevent heavy load drops which
would result in damaging safety-related systems, components,
structures, and/or equipment. These provisions include
mechanical stops, electrical interlocks, defined load paths, and
procedural and administrative controls. The design of the hoists

| and cranes conforms to the requirements of ASME NOG-1. The fuel
related hoists and the reactor building polar crane comply with
the requirements of NUREG-0612.

The reactor building polar crane, the cask handling hoist, the
new fuel handling hoist, the refueling machine and the spent fuel
handling machine are not classified as single failure proof
cranes / hoists where single failure proof is defined as the
ability to safely retain the load during the failure of any
single component within the hoist system. However, the
requirements of Section 5 of NUREG-0612 are incorporated into the
design of these items as noted below even though the refueling'

machine and the spent fuel handling machine are not considered
heavy load cranes.

Section 5.1 describes in general the alternate approaches to I

provide acceptable measures for the control of heavy loads.
These approaches are amplified in Sections 5.1.1, 5.1.2, 5.1.3,
and 5.1.5. These approaches are as follows:

1

1. Provide sufficient operator training, handling, handling
system design, load handling instructions, and equipment
inspection to assure reliable operation of the handling
system; and

2. Define safe load paths through procedures and operator I
training so that to the maximum extent practical heavy loads !

avoid being carried over or near irradiated fuel or safe
shutdown equipment; and

3. Provide mechanical stops or interlocks to prevent movement
of heavy loads over irradiated fuel or in the proximity to
equipment associated with redundant shutdown paths.

Compliance with these approaches is documented in Sections
9.1.4.3.1, 9.1.4.2.1, and 9.1.4.6.

9.1.4.2 System Description

9.1.4.2.1 System and Interlocks

| The fuel handling system is an integrated system of equipment,
tools, and procedures for refueling, handling and storage of fuel
assemblies from receipt of a new fuel container to shipment of a
spent fuel cask. The equipment is designed to handle the fuel
assemblies from the time they arrive at the site until they are
placed in a cask for shipment from the site. Underwater transfer
of fuel assemblies provides a transparent radiation shield, as
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( The COL applicant will prepare and implement administrative |

controls to restrict operation of the fuel transfer tube valve
during fuel handling operations.

9.1.4.2.1.3 Spent Fuel Handling Machine

The spent fuel handling machine will be a refueling machine
adapted for use in the spent fuel pool area. It will contain the
same interlock features as described in Section 9.1.4.2.1.1,
except as noted below for the Spent Fuel Handling Machine
Translation Zone Interlock:

A. Zone interlocks protect against running the load into walls
or the gate of the storage area.

B. If these interlocks fail, the spent fuel handling machine
mast will protect the fuel assembly from damage in the event
of wall or gate contact.

9.1.4.2.1.4 New Fuel Elevator

The following id:nti'.ies and describes the functions of the
interlocks that are sart of the new fuel elevator. The new fuel
elevator controls are located on'the spent fuel handling machine
control console.

5- / A. New Fuel Elevator Hoist Cable-Slack Interlock

Stops the elevator motor should the cable become slack.

If this interlock fails, the operator can stop the elevator
motion from the spent fuel handling machine console.

B. New Fuel Elevator Hoist Lock-Out Interlock

Prevents raising of the elevator with a fuel assembly in the |
elevator box. This interlock is a backup for the
administrative control, which prohibits the placement of a
spent fuel assembly in the new fuel elevator.

C. New Fuel Elevator Hoist Limit Interlock

Interrupts hoisting when "up" or "down" limits are reached.

9.1.4.2.1.5 CEA Elevator

The following identifies and describes the functions of the
interlocks that are part of the CEA elevator.

/~'h
V
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A. CEA Elevator Hoist Cable-Slack Interlock

Stops the elevator motor should the cable become slack.

B. CEA Elevator Hoist Lock-Out Interlock

Prevents raising of the CEA elevator with a fuel assembly in
| the elevator above the minimum safe water level for

shielding water coverage. This interlock is a backup for
the administrative control, which prohibits the placement of
a spent fuel assembly in the CEA elevator.

9.1.4.2.1.6 CEA Change Platform

The following identifies and describes the function of the
interlocks that are part of the CEA change platform.

A. CEA Change Platform Hoist Up-Stop Interlock

This interlock interrupts hoisting of a CEA assembly when
| the correct (full-up) elevation is reached, A mechanical

up-stop has also been provided to physically restrain the
hoisting of a CEA assembly above the elevation which would
result in less than the minimum shielding water coverage.

B. CEA Change Platform Hoist Overload Interlock

This interlock interrupts hoisting of a CEA if the load
increases above the overload setpoint. The hoisting load is
visually displayed so that the operator can manually
terminate the withdrawal operation if an overload occurs and
the hoist continues to operate.

C. CEA Change Platform Hoist Underload Interlock

Interrupts insertion of a CEA assembly if the load decreases
below the underload setpoint. The insertion load is
visually displayed so that the operator can manually
terminate the insertion operation if an underload occurs and
the hoist continues to operate.

9.1.4.2.1.7 Nuclear Annex Overhead Cranes

A. Cask Handling Hoist

The cask handling hoist is used to unload and transport new
fuel shipping containers from the receiving bay area to the
new fuel shipping container laydown area. It is also used
for movement of the empty spent fuel cask from the

i truck / rail car unloading area to the cask laydown area and
for the return of the loaded cask. The unloading area has

| |
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9.1.4.2.2.2 Transfer System

The major components of the transfer system are a carriage with
a carrier for two fuel assemblies, two upenders, two hydraulic |
power packages, and a winch as described below.

A. Transfer Carriage

A transfer carriage as shown on Figure 9.1-6 conveys the i

fuel assemblies through the transfer tube. Two fuel |

assembly cavities are provided in the fuel carriage to
reduce overall fuel handling time. After the refueling
machine deposits a spent fuel bundle in the open cavity, it
only has to move approximately 1 foot to pick-up the new
fuel assembly which was brought from the nuclear annex in
the other cavity. The handling operation in the nuclear
annex is similar. The dual cavity arrangement permits both
fuel handling machines to travel fully loaded at all times.
Fuel assemblies are placed in the transfer carriage in a 1

vertical position, lowered to the horizontal position, moved !

through the fuel transfer tube on the transfer carriage, and j
then restored to the vertical position. j

|

Wheels support the carriage and allow it to ride on tracks
within the transfer tube. The track sections at both ends
of the transfer tube are mounted on the upending machines to
permit the carriage to be properly positioned at the limits
of its travel. The carriage is driven by steel cables
connected to the carriage and through sheaves to its driving
winch mounted on the operating . floor. The~ design of-the

.

carriage is such that the drive cables do not enter the i
transfer tube.

]
The load in the transfer cables is displayed at the control
console. A cable overload condition will interrupt the
transfer operation. Manual override of the overload cutout
allows completion of the transfer. The supports for the
replaceable rails on which the transfer carriage rides are
welded to the 36-inch diameter transfer tube. The rail
assemblies are fabricated to a length which will allow them
to be lowered for installation in the transfer tube. No
rails need be installed in the valve on the spent fuel pool
side of the transfer tube. The transfer carriage is stored
in the nuclear annex during reactor operation to allow the
fuel transfer tube valve to be closed and the penetration
sleeve closure to be installed.

B. Upending Machine

Upending machines as shown on Figures 9.1-6a and 9.1-6b are

O provided at each and of the transfer tube. Each machine
consists of a structural support base from which is pivoted
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9.1-41 April 29, 1994

_ . . . . . -. . - . . - . - . - . . - . -



CESSAR inFscua.

an upending straddle frame which engages the two-cavity fuel
carrier. When the carriage with its fuel carrier is in
position within the upending frame, the pivots for the fuel
carrier and the upending frame are coincident. Hydraulic
cylinders, attached to both the upending frame und the
support base, rotate the fuel carrier between the vertical
and horizontal position as required by the fuel transfer
procedure. Each hydraulic cylinder can perform the upending
operation alone and can be isolated in the event of its
failure. A long tool is also provided to allow manual
rotation of the fuel carrier in the event that both
cylinders fail or hydraulic power is lost.

C. Hydraulic Power Unit

The hydraulic power unit as shown on Figure 9.1-9 provides
the motive force for raising and lowering the upender with
the fuel carrier. It consists of a stand containing a motor
coupled to a hydraulic pump, a pump reservoir, valves and
the necessary hoses to connect the power package to the
hydraulic cylinders on the upender. The valves can be
aligned to actuate either or both upender cylinders. The
hydraulic fluid is distilled water.

9.1.4.2.2.3 Fuel Transfer Tube Assembly

A fuel transfer tube extends through the containment wall.
During reactor operation, the transfer tube is sealed by means of
a blind flange and closure . tube located inside the reactor
building. Prior to filling the refueling cavity, the blind
flange is removed. After a common water level is reached between
cavity and the spent fuel pool, the transfer tube valve is

| opened. The valve is closed during all heavy lifts (reactor
| Vessel internals and reactor closure head) over the reactor

vessel when the pool is flooded.

The procedure is reversed after refueling is completed.

The transfer tube arrangement as shown on Figure 9.1-10 consists
of a 36-inch diameter transfer tube contained within a
penetration sleeve which is sealed to the reactor building. The

| transfer tube and penetration sleeve are sealed to each other by
bellows-type expansion joints to allow for relative movement
between the tube and penetration sleeve. A quick opening closure
is attached to the penetration sleeve and sealing is accomplished
through 0-rings which can be tested for adequacy by pressurizing
the annulus between the seals. In this arrangement, the transfer
tube does not see containment pressure during reactor operation.

O
; Amendment V
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9.1.4.2.2.11 CEA Elevator

A CEA elevator as shown on Figure 9.1-7 is utilized to assemble
new CEAs and to disassemble irradiated CEAs. The elevator is
powered by a cable winch and the CEAs are contained in a simple
support structure whose wheels are captured at the two rails.
Tooling used to handle CEAs within the elevator is ' supported from
the CEA change platform.

9.1.4.2.2.12 Transport Container

The transport container is used to store and move cut up pieces
of spent CEAs and in-core instruments (ICIs). The container has
the same outside dimensions as a fuel assembly and is provided
with a top fitting to mate with the fuel grapple enabling it to
be moved by the fuel handling equipment.

9.1.4.2.2.13 Refueling Pool Seal

The refueling pool seal is designed to connect the reactor
pressure vessel upper flange to the floor of the refueling cavity
to permit filling of the refueling cavity for fuel handling
activities.

.

The pool seal is designed 'co function when subjected to the
normally occurring loading conditions as well as the loads
resulting from credible refueling errors or equipment
malfunctions. During normal plant operation, the pool seal is
subjected to heatup and cooldown of the reactor pressure vessel.
These loads result from the thermal growth of the reactor
pressure vessel-relative to the surrounding building structures
and translation of the vessel relative to the building structure.
The pool seal is designed to meet the requirements for Seismic
Category I equipment during plant operation.

During normal refueling operations, the pool seal is designed to '

withstand the pressure resulting from a water head that is the
full depth of the refueling cavity from the elevation of the
operating floor. This represents the maximum possible water head
and it is two (2) feet greater than the normal water level.

During refueling ooerations with the refueling cavity flooded,
the heavy lift cot yonents that pass over the pool seal are the
reactor vessel closure head, the upper guide structure assembly
with its lift rig, and the upper guide structure lift rig with

O
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the CEA extension shafts. Administrative controls will be
! prepared by the COL applicant that require the fuel transfer tube
| valve or the gate between the spent fuel pool and the transfer

canal to be closed prior to the transfer of heavy loads over thel

pool seal. This is done to preclude any change to the spent fuel
pool water level during a postulated heavy load drop on the pool
seal which could result in refueling cavity drain down. In
addition, administrative controls preclude the movement of heavy
loads over the pool seal if the refueling machine contains a fuel
assembly. The refueling machine is designed as a Seismic
Category II structure so that it will not fall on the pool seal

| during seismic events.
!

| Pool seal welds required for structural integrity or sealing
integrity are inspectable. The access ports, for ex-coret

detector servicing and inspection, and the openingt required for
cavity ventilation are designed to permit pressure testing to
verify their integrity before filling the refueling cavity.

A fuel assembly in transit may be lowered into either the reactor
pressure vessel or the end of the refueling cavity containing the
transfer system upender and core support barrel (CSB) storage
stand if the pool seal developed a leak. Both of these locations
provide sufficient water depth below the pool seal elevation to
maintain water coverage over the fuel assembly. The time
required to position the fuel over one of these areas and lower
the fuel assembly is less than four (4) minutes. The normal
refueling cavity makeup capacity is sufficient to maintain the
fuel refueling cavity water height for the maximum postulated
leak size. In the event that no makeup water is available, the
time to drain down to the reactor pressure vessel flange is four
(4) hours. There is sufficient time to safely secure a fuel
assembly being transferred in the event of the maximum credible
pool seal leak rate. The maximum postulated pool seal leak rate
resulting from damage due to a dropped fuel assembly or
def ormation resulting from an SSE is approximately 93,500 gallons
per hour.

With the water level at the reactor flange level, the radiation
dose rate in reactor building from the spent fuel assemblies in
the reactor core will not be significantly higher than when the

| refueling cavity is flooded.

The pool seal is designed to function during seismic events when
the refueling cavity is full. The pool seal is designed for the
impact of a fuel assembly dropped from the maximum height that it
is raised above the pool seal by the refueling machine during
transit. This is the maximum credible load resulting from
refueling errors or malfunctions. Transfer of heavy loads over
the reactor pressure vessel are prohibited during fuel handling
operations. Therefore, the drop of such loads are not considered
credible in the design of the pool seal.
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Administrative controls will preclude movement of heavy loads |
within the reactor building refueling cavity when'the refueling
machine contains a fuel assembly. Prior to heavy load movement,
the fuel transfer tube valve or the gate between the spent fuel
pool and the transfer system canal shall be closed to avoid water
level changes in the spent fuel pool in the nuclear annex during
postulated accident conditions such as dropping the heavy load on
the reactor vessel pool seal.

! The nuclear annex hoists related to fuel handling and the reactor
L building polar crane conform with the guidelines of Regulatory

Guide 1.29, Positions C.1 and C.2 and Regulatory Guide 1.13,
Positions C.1 and C.6 as they relate to the ability.of the cranes
to withstand the effects of earthquakes. With respect to

| radioactive release as a result of fuel damage, the cranes
conform with the guidelines'of Regulatory Guide 1.13, Positions
C.1 and C.2, and 57.1/ ANSI-N208, ANS 57.2/ ANSI-N210, and
NUREG-0612.

|
9.1.4.3.2 Fuel Handling

| A f ailure modes and ef fects analysis is described in Table 9.1-2.
|

| Direct voice and/or electronic communication between the control
'

room and the -refueling machine console and the spent fuel
handling machine console is available whenever changes in core
geometry are taking place. The communications will be
independent of other communications channels to the control room.
This provision allows the control room operator to inform the
refueling machine operator of any impending unsafe condition

,

detected from the main control board indicators during fuel i

movement.

Operability of the fuel handling equipment including the bridge
and trolley, the lifting mechanisms, the upending machines, the
transfer carriage, and the associated instrumentation and
controls is assured through the implementation of preoperational
tests and routines. Prior to the first actual fuel loading, the
equipment is cycled through its operations using a dummy fuel
assembly. In addition to the interlocks described in Section
9.1.4.2.1, the equipment has the following special features:

I

! A. The major systems of the fuel handling system are
electrically interlocked with each other to assist the'

'

operator in properly conducting the fuel handling operation.
Failure of any of these interlocks in the event of operator
error will not result in damage to more than one fuel
assembly.

B. Miscellaneous special design features which facilitateg
( handling operations include:
(
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1. Backup hand operation of the refueling machine hoist
and drives and CEA change platform traverse drives in
the event of power failure.

2. Transfer system motor and gearbox to permit applying an >

increased pull on the transfer carriage in the event it
,

becomes stuck.

3. Viewing port in the refueling machine trolley deck to

,

provide visual access to the reactor for the operator.

4. Electronic and visual indication of the refueling
machine position over the core.

5. Protective shroud into which the fuel assembly is drawn
by the refueling machine.

6. Manual operation of transfer system upenders by a
special tool in the event that the hydraulic system
becomes inoperative.

7. Removal of the transfer system components from the
refueling pool for servicing without draining the water
from the pool.

8. Computer control system to monitor refueling operation
and facilitate control and implementation of the
refueling procedure.

C. The fuel transfer tube is sufficiently large to provide
natural circulation cooling of a fuel assembly in the
unlikely event that the transfer carriage should be stopped
in the tube. The manual operator for the fuel transfer tube
valve extends from the valve to the operating deck. Also,
the valve operator has enough flexibility to allow for
operation of the valve even with thermal expansion of the
fuel transfer tube.

D. Mechanical stops in both the refueling and spent fuel
handling machines restrict withdrawal of the spent fuel
assemblies. This results in the maintenance of a minimum
water cover of 9 feet over the active portion of the fuel
assembly. The resulting radiation level from the spent fuel
is 2.5 mrem /hr or less in the work area when the shielding
of the fuel handling machine is taken into account. The
spent fuel pool shielding has been designed for the maximum
anticipated enrichment and burnup of the fuel assemblies.

The refueling machine and the spent fuel handling machine meet
| Regulatory Guide 1.29, Positions C.1 and C.2 and Regulatory Guide
1.13, Positions C.1 and C.6 as they relate to the ability of the
equipment to withstand the effects of earthquakes. With respect
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V to radioactive release as a result of fuel damage, the machines
conform with the guidelines of Regulatory Guide 1.13, Positions
C.3 and C.5, ANS 57.1/ ANSI-N208, ANS 57.2/ ANSI-N210, and
NUREG-0612.

9.1.4.3.3 Reactor Vessel Closure Head Handling

The reactor vessel closure head lif t rig is designed, tested, and
inspected to meet NUREG-0612 and the design criteria of ANSI
N14.6. Analyses for the postulated head drops is performed to
assure that the reactor vessel support system and shutdown
cooling supply flow paths remain functional, that the core will
remain in a coolable configuration, and that the ker of the coree

will remain below 0.95. The reactor vessel closure head drop is |

the worst case load drop accident.

The reactor vessel closure head lift rig and the reactor vessel
internals lift rig meet Regulatory Guide 1.29, Positions C.1 and |
C.2 and Regulatory Guide 1.13, Positions C.1 and C.6 as they
relate to the ability of the lift rigs to withstand the effects
of earthquakes. With respect to radioactive release as a result
of fuel damage, the lift rigs conform with the guidelines of
Regulatory Guide 1.13, Positions C. 3 and C.5, ANS 57.1/ ANSI-N208,
ANS 57.2/ ANSI-N210, and NUREG-0612. |

.

(v) 9.1.4.4 Testing and Inspection Requirements

During manufacture of the fuel and CEA Handling Equipment at the
vendor's plant, various in-process inspections and checks are
required including certification of materials and heat treating,
and liquid-penetrant or magnetic-particle inspection of critical
welds. Following completion of manufacture, compliance with
design and specification requirements is determined by assembling
and testing the equipment in the vendor's shop. Utilizing a
dummy fuel assembly having the same weight, center of gravity,
exterior size and end geometry as an actual assembly, all
equipment is run through several complete operational cycles. In
addition, the equipment is checked for its ability to perform
under the maximum limits of load, fuel mislocation and
misalignment, and static and dynamic load conditions. All
traversing mechanisms are tested for speed and positioning
accuracy. All hoisting equipment is tested for vertical
functions and controls, rotation, and load misalignment.

Hoisting equipment is also tested to 125% of specified hoist
capacity. Fuel handling tools are proof tested to 150% of the

, maximum handling load. Setpoints are determined and adjusted and
| the adjustment limits are verified. Equipment interlock
l function, and backup systems operations are checked. Those

functions having manual operation capability are exercised
manually.I s
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During these tests, the various operating parameters such as
motor speed, voltage, and current, hydraulic system pressures and
load measuring accuracy and setpoints are recorded. At the
completion of these tests the equipment is checked for
cleanliness, and the locking of fasteners by lockwire or other
means is verified.

Equipment installation and testing at the plant site are
controlled by approved installation procedures and preoperational
test procedures designed to verify conformance with procurement

|
specifications. Each component is inspected and cleaned prior to
installation into the system. Recommended maintenance, including
any necessary adjustments and calibration, is performed prior to
equipment operation. Preoperational tests also include checks of
all control circuits including interlocks and alarm functions.

The following testing and inspections will be used for both the
reactor building polar crane and nuclear annex overhead hoists
related to fuel handling.

A. Hoists and cable will be load tested at 125% of the rated
load.

B. The equipment will be assembled and checked for proper
functional and running operation at the shop and prior to
using the equipment.

C. Inspection and maintenance will be performed in accordance
with plant maintenance procedures.

The COL Applicant will provide plant operating procedures that
| specify detailed preoperational checkouts that must be performed
prior to equipment use to insure that equipment is in proper
working order. These checkouts include, but are not limited to,
the following: interlocks, brakes, hoisting cable, control
circuitry, lubrication, and load testing.

9.1.4.5 Instrumentation Requirements

The refueling system instrumentation and controls are described
in Section 9.1. 4. 2. No credit is taken for instrumentation or
interlocks on components of the fuel handling equipment to either
prevent or mitigate the consequences of the postulated accident.
Thus, safety-related interlocks are not provided.

9.1.4.6 Operating Procedure Guidelines

Site-specific guidelines will be established for component
handling procedures and plant operating procedures. Component
handling procedure guidelines will require the COL Applicant to
establish the safe load path for lifting heavy loads and to
perform special handling component inspections prior to lift.
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9 . 2 '.1.1. 4 Interface Requirements

The Station Service Water System (SSWS) Pump Structure is an out
of scope item which shall be provided by the applicant. The
licensee shall verify that the following interface requirements
are met to ensure adequacy with the System 80+ Standard Design:

A. The SSWS Pump Structure shall meet Seismic Category I
requirements.

B. The SSWS Pump Structure shall provide physical barriers to
maintain divisional separation of SSWS components. The
divisional wall will be designed / constructed with no
penetrations below the maximum probable flood elevation.

C. The SSWS Pump Structure shall withstand the effects of the
following events:

l. Natural phenomena, including SSE, floods, tornados, and

| hurricanes.
|

| 2. Externally and internally generated missiles.

(
! 3. Fire and sabotage.
i

; D. The SSWS Pump Structure shall be located outside'the turbine
missile path.

E. Trash racks shall be provided upstream of station service
water pumps susceptible to damage due.to large debris. A
safety grade traveling screen shall be installed downstream
of trash racks and upstream of station service water pumps.
The screens shall be equipped for periodic cleaning and
designed to limit ingestion of biofouling, organics, and
debris, consistent with the fouling design limits of the
piping system and CCWS heat exchanger and the need to limit
any blockage of the pump inlets. Provisions for physical
access to the trash racks and the traveling screens shall be
consistent with the design of security barriers and
intrusion detection systems. Provisions for physical access
and for debris removal shall not provide a potential path

i

for covert penetration into the protected area.'

| F. Design of the SSWS Pump Structure shall provide adequate
| accessibility for maintenance, inspection, and testing of
| components located within the structure including sufficient
| equipment lay down space, lifting equipment, and pathway for
I removal and replacement of major components.
|

A G. The SSWS Pump Structure pump well shall be designed to
I ( I prevent the formation of air vortices over the complete

range of anticipated operating water levels in the pumpt

! well.

| Amendment V
9.2-3 April 29, 1994
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H. The SSWS is designated as a vital system. The SSWS pump
structure and all SSWS piping and cabling shall be located
within the protected area that is common to the main plant. |

The COL applicant will take appropriate measures to prevent
organic fouling and inorganic buildup.

9.2.1.2 System _ Description

The SSWS consists of two separate, redundant, open loop, safety-
related divisions. Each division cools one of two divisions of
the CCWS, which in turn cools 100% of the safety-related loads.
The SSWS operates at a lower pressure than the CCWS to prevent
contamination of the CCWS with raw water.

Each division of the SSWS consists of two pumps, two strainers,
two sump pumps, and associated piping, valves, controls and
instrumentation. The station service water pumps circulate
cooling water to the component cooling water heat exchanger and
back to the ultimate heat sink. Provisions are made to ensure a
continuous flow of cooling water under normal and accident
conditions. Valves SW-120, SW-121, SW-122, SW-123, SW-220,
SW-221, SW-222, and SW-223 provide station service water flow
isolation / initiation for the component cooling water heat
exchangers. These valves are provided with electric motor
operators and can be remotely operated from the control room.

9.2.1.2.1 Components Description

Table 9.2.1-2 lists component design parameters. Each component
is also described in the following sections. Table 9.2.1-3 lists
the active valves for the SSWS. These valves are described in
Section 9.2.1.2.1.8.

9.2.1.2.1.1 88WS Pumps

Four identical station service water pumps are provided, two
pumps per division. Manual start and stop actuation of the
station service water pumps is provided from the control room to
override automatic actuation. Each pump provides 100% of the
required flow for post-LOCA conditions. Typically, during normal
operation only one pump per division is operating. The second
pump in the respective division will automatically start on a low
pump discharge pressure signal. This is indicative of a failure
of the operating pump.

The pumps are of the vertical centrifugal type and are installed
in the station service water pump structure. The station service [water pump motor coolers receive cooling water from their
respective station service water pump discharge at all times
while the pump is in operation. The pump motors and all other
electrical equipment in the pump structure are located above the
maximum flood elevation.

Amendment R
9.2-4 July 30, 1993
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O TABLE 9.2.1-3

(Sheet 1 of 2)

ACTIVE VALVES. STATION SERVICE WATER SYSTEM

ASME

Valve Safety Valve Section III Actuator
Number Function Type Code Class Type

SW-100 Operate Plug 3 Electric Motor

SW-101 Operate Plug 3 Electric Motor

SW-102 Operate Plug 3 Electric Motor

SW-103 Operate Plug 3 Electric Motor

SW-104 Operate Plug 3 Electric Motor

SW-105 Operate Plug 3 Electric Motor
SW-106 Operate Plug 3 . Electric Motor i

SW-107 Operate Plug 3 Electric Motor
m ' SW-108 Operate Plug 3 Electric Motor-

SW-109 Operate Plug 3 Electric Motor
SW-110 Operate Plug 3 Electric Motor
SW-111 Operate Plug 3 Electric Motor
SW-1302 Operate Swing Check 3 None

SW-1303 Operate Swing Check 3 None

I

i

i

i

i
!
l

!
!

V

Amendment V
April 29, 1994
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TABLE 9.2.1-3 (Cont'd)

(Sheet 2 of 2) j
1

ACTIVE VALVES. STATION SERVICE WATER SYSTEM

ASME
Valve Safety Valve Section III Actuator
Number Function TYDe Code Cl&SS Type

| SW-200 Operate Plug 3 Electric Motor
SW-201 Operate Plug 3 Electric Motor
SW-202 Operate Plug 3 Electric Motor
SW-203 Operate Plug 3 Electric Motor
SW-204 Operate Plug 3 Electric Motor
SW-205 Operate Plug 3 Electric Motor
SW-206 Operate Plug 3 Electric Motor
SW-207 Operate Plug 3 Electric Motor
SW-208 Operate Plug 3 Electric Motor
SW-209 Operate Plug 3 Electric Motor
SW-210 Operate Plug 3 Electric Motor
SW-211 Operate Plug 3 Electric Motor
SW-2302 Operate Swing Check 3 None

SW-2303 Operate Swing Check 3 None

O
Amendment V
April 29, 1994
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V E. The CCWS, in conjunction with the SSWS, is designed to
provide component cooling water temperature of 105'F or less
during normal operating modes.

F. The CCWS provides protection against station service water
leakage into the reactor coolant system.

G. The CCWS provides protection against release of radiological
contamination into the environment via the UHS.

H. The CCWS is designed to minimize the effects of long-term
Corrosion.

9.2.2.1.3 Codes and Standards |

|
The CCWS and associated components are designed in accordance

| with applicable codes and standards. The design conforms with

| General Design Criteria 2, 4, 5, 44, 45, and 46, and the intent-
I of the Standard Review Plan.

9.2.2.1.4 Component Cooling Water Heat Exchanger
Structure (s)

I

Two separate CCW Heat Exchanger Structures, each housing one '

| O division of CCW heat exchangers (2 heat exchangers per division)
/ are provided. The CCW Heat Exchanger Structures are constructed

of reinforced concrete. Additional details on the CCW Heat
Exchanger Structures are provided in Section 3.8.4.1.5. The CCW
Heat Exchanger Structures' general arrangement is shown on Figure
1.2-25. The following structural requirements ensure system
adequacy:

A. The CCW Heat Exchanger Structures are classified Seismic |
Category I, Safety Class 3.

B. The CCW Heat Exchanger Structures are designed to withstand |
the effects of the following events:

| 1. Natural phenomena, including SSE, floods, tornados, and
hurricanes.

| 2. Externally and internally generated missiles.
|

| 3. Fire and sabotage.
!

C. The CCW Heat Exchanger Structures are located to optimize |
the amount of SSWS piping and equipment surfaces exposed to

| the corrosion and fouling effects of the service water. An
j evaluation is performed to select the preferred location

based on site specific conditions.

}
|
l

l
'

Amendment T
9.2-21 November 15, 1993
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O'D. The physical separation of the CCW Heat Exchanger Structures
provide separation of CCWS divisional components.

E. The CCW Heat Exchanger Structures provide
compartmentalization of the heat exchangers such that
service water leaks and spills can be kept out of floor
drains which are processed through the Liquid Waste
Management System.

F. The design of each CCW Heat Exchanger Structures provides
adequate accessibility for maintenance, inspection, and
testing of components located within the structure including
sufficient equipment lay down space, lifting equipment, and
pathway for removal and replacement of major components.

G. The CCW Heat Exchanger Structures are located within the
plant protected area and outside the projected low
trajectory turbine missile path as shown in Figure 1.2-1.

H. The CCW Heat Exchanger Structures are provided with adequate
ventilation to allow personnel access for operation,
maintenance, and testing activities and to ensure equipment
operability during all modes of plant operation and
postulated design basis accident conditions. Additional
details on the CCW Heat Exchanger Structure (s) Ventilation

| Systems are contained in Section 9.4.10. The ventilation
system is designed to meet the following requirements:

1. The CCW Heat Exchanger Structure (s) Ventilation Systems
are designed as Seismic Category II, Safety Class NNS.

2. The CCW Heat Exchanger Structure (s) Ventilation Systems
permits testing and inspection of components.

3. The CCW Heat Exchanger Structure (s) Ventilation Systems
fresh air intakes are located a minimum of 20 feet
above grade and away from plant discharges to minimize
contaminants entering the system.

4. The CCW Heat Exchanger Structures Ventilation Systems
are controlled locally or from the main control room.
Instrumentation and controls are provided in accordance
with ANSI /ANS 59.2.

O
Amendment V

9.2-22 April 29, 1994
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\V) 9.2.2.2 System DescriDtion

The CCWS consists of two separate, independent, redundant, closed
loop, safety related divisions. Either division of the CCWS is
capable of supporting 100% of the cooling functions required for
a safe reactor shutdown.

One component cooling water pump and heat exchanger (matched with
operating SSWS division) is required to operate during post-LOCA.
Cooling water to the spent fuel pool cooling heat exchanger (s)
and the non-essential header (s) is isolated on a SIAS. If these
headers fail to isolate, the idle component cooling water pump in
the respective division will automatically start on a low pump
differential pressure signal. This assures that there is no flow |
degradation to the essential components.

'

Heat is removed'from the CCWS by the flow of station service |

water through the tube side of the component cooling water heat I
'

exchangers. The CCWS operates at a higher pressure than the SSWS
thus preventing the leakage of station service water into the
CCWS in the event of a CCW heat exchanger tube leak.

:

Each division of the CCWS includes two heat exchangers, a surge |
tank, two component cooling water pumps, a chemical addition I

tank, a component cooling water radiation monitor, two sump |[ j\( pumps, a component cooling water heat exchanger structure sump |
pump, piping, valves, controls, and instrumentation. No cross |
connections between the two divisions exist. |

The CCWS provides cooling water to the essential components and
non-essential component listed in Section 9.2.2.2.2. Essential
components are supplied component cooling water by means of
Safety Class 3 cooling loops. Non-essential components are
supplied component cooling water by means of non-nuclear safety
class cooling loops with the exception of the charging pump
miniflow heat exchangers, the charging pump motor coolers, the
instrument air compressors, and the diesel generator engine
starting air aftercoolers which are supplied component cooling
water by means of Safety Class 3 cooling loops. Containment
isolation valves and penetration piping are designed in
accordance with Safety Class 2 requirements.

The non-essential headers and the spent fuel pool cooling heat
exchangers arc isolated automatically on an SIAS. The non-
essential headers and the RCP headers isolate on a low-low surge
tank level signal.

Makeup water to the CCWS is normally supplied by the
Domineralized Water Makeup System, described in Section 9.2.3.

A If the Demineralized Water Makeup System is unavailable, such ar,

(V) during an accident, a backup makeup water line of Seismic
Category I construction is provided. This essential safety-
related makeup water source is from the Station Service Water

Amendment T
9.2-23 November 15, 1993
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| System (SSWS). A removable spool piece is placed in this line to

prevent inadvertent addition of station service water. l
'

|

Surge tanks, one per division, are connected to the suction i

piping of the component cooling water pumps. The surge tanks are
located at the system's high point to facilitate venting and 4

filling. System leakage is replaced with water from the i

Demineralized Water Makeup System. Both of the inakeup water
supplies, sump and demineralized water, are integrated and
recorded. An assured Seismic Category I makeup aource, which is |

. not utilized during normal operation, is available to each surge
| tank from the corresponding division of the station Service Water

System.

The CCWS serves as an intermediate cooling water system between
the Reactor Coolant System (RCS) and the SSWS. A radiation
monitor is provided at the outlet of the component cooling water
pumps to detect any radioactive leakage into the CCWS. This
monitor is indicated and alarmed in the control room. Grab
samples are also used as a means of detecting leakage into the
CCWS.

| The wetted surfaces in the CCWS are of materials compatible with
the cooling water chemistry. The major portion of the CCWS is

I constructed with carbon steel. The system water chemistry is
| controlled for the prevention of long term corrosion. Organic
| fouling and inorganic buildups are controlled by proper water
j treatment. The use of demineralized water and corrosion
! inhibitors will minimize these problems.

The water in the loop is sampled for quality on a scheduled basis
and, if required, the pH is adjusted by the addition of
chemicals. To minimize any makeup and waste handling problems
associated with these chemicals, component drains are piped to
the component cooling water sumps. The drain water is returned
to the surge tanks by the component cooling water sump pumps.
The component cooling water drain piping and associated
valves, sump pumps, surge tanks, and chemical addition tanks are
stainless steel due to their exposure to the atmosphere.

The component cooling water heat exchang es are located in
separate structure (s) to optimize the amount / piping exposed to
station service water. The piping to the CCW Heat Exchanger
Structure (s) is routed through Seismic Category I, reinforced
concrete pipe tunnels (one/ division) buried under the yard. Any
CCW system leakage in this tunnel is collected such that if
required, it can be processed by the Liquid Waste Management
System, or routed to the industrial waste discharge. A component
cooling water heat exchanger maintenance sump is provided in the
CCW Heat Exchanger Structure (s) to collect water drained from
shell side of the CCW heat exchangers. The sump is lined with
stainless steel and protected by curb and covers to maintain
cleanliness. After maintenance, this sump water is returned to
the component cooling water heat exchangers by the component
cooling water heat exchanger maintenance sump pump. Refer to
Section 9.2.2.2.1.8 for additional information. A separate floor

Amendment R
9.2-24 July 30, 1993
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U F. Letdown heat exchanger (1 total, serviced by division 2).

G. Charging pump mini-flow heat exchanger (2 total, 1 per
division).

H. Sample heat exchangers (14 total, serviced by division 2 -

8 Primary Sample Heat Exchangers and 6 Steam Generator
Primary Sample Heat Exchangers).

I. Gas stripper (1 total, serviced by division 2).

J. Boric acid concentrator (1 total, serviced by division 2).

K. Normal chilled water condensers (4 total, 2 per division)

L. Charging pump motor coolers (2 total, 1 per division).

M. Instrument air compressor (4 total, 2 per division). ,

N. Diesel generator engine starting air aftercoolers (4 total,
2 per division).

| 9.2.2.2.2.1 Unit Startup

Typically during a unit startup, cooling water is supplied to all
equipment except for the containment spray heat exchangers and
possibly one spent fuel pool cooling heat exchanger. This
requires the use of both divisions of the component cooling water,

| system, four CCW heat exchangers, and four CCW pumps. Certain | ,

components will not be in service at all times therefore allowing
for a reduction in CCWS load.

|

9.2.2.2.2.2 Normal Operation

Generally during normal operation, one CCW pump and one CCW heat
exchanger (matched with operating pump) is required in each
division. As the cooling requirements increase, additional
system equipment may be needed. Cooling flow is supplied to all.

components except the containment erray heat exchangers, thet

l

shutdown cooling heat exchangers, and possibly one spent fuel
pool cooling heat exchanger. The CCWS temperature is maintained
at no greater than 105'F.

| 9.2.2.2.2.3 Unit Shutdown

Both divisions of the CCWS (4 heat exchangers and 4 pumps) are
| required to accomplish a normal reactor shutdown, that' is to cool
'

the reactor coolant from normal operating temperature to 140*F
| within 24 hours of reactor shutdown. A normal reactor shutdown
i O entails cooling the reactor coolant to 350*F through the steam

( generators and then cooling to 140*F by utilizing both divisions
of the SCS, CCWS, and SSWS. Cooling water flow to the shutdown
cooling heat exchangers is manually aligned from the control room

Amendment T
|- 9.2-35 November 15, 1993
|
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: for normal or safety grade shutdown. The CCWS, in conjunction
| with the SSWS, is designed to provide a maximum component cooling

water temperature of 120*F to the shutdown cooling heat )exchangers during normal shutdown.

| Typically, during initial shutdown cooling, cooling water is
supplied to all components except the containment spray heat
exchangers and the spent fuel pool cooling heat exchangers.

| However, during final shutdown cooling, cooling water is supplied
| to all components except the containment spray heat exchangers
j and possibly one spent fuel pool cooling heat exchanger.

9.2.2.2.2.4 Refueling Operations

With both divisions of the CCWS supplying cooling water, (i.e.,
four CCW pumps and four CCW heat exchangers), the RCS will be at
a refueling temperature of 120*F at 96 hours after reactor
shutdown. The component cooling water temperature will peak at
120*F at the initiation of shutdown and decreases to 100*F prior |,

to refueling. Component cooling water flow is supplied to all|
components other than the containment spray heat exchangers. The
heat load on the shutdown cooling heat exchanger is from the
reactor decay heat.

Both divisions of the CCWS are required to maintain the spent
fuel pool bulk water temperature at or below 120*F. This
requires that both spent fuel pool heat exchangers are supplied
with component cooling water at the design flow rate.

9.2.2.2.2.5 Emergency Operation

The non-essential supply and return header isolation valves,
CC-102, CC-103, CC-122, CC-123, CC-202, CC-203, CC-222, and CC-
223 isolate component cooling water flow to the non-essential
headers on a SIAS or low-low component cooling water surge tank
level signal.

The isolation valves to the RCP supply and return headers isolate
on a low-low component cooling water surge tank level signal. |

Only one component cooling water pump and heat exchanger (matched
with operating pump) is required to operate during post-LOCA.
Cooling water to the spent fuel pool cooling heat exchangers is |
automatically isolated on a SIAS by valves CC-113 and CC-213.
Operator action is required to reestablish flow to the spent fuel
pool cooling heat exchangers.

The control valves, CC-114 and CC-214, located downstream of the
containment spray heat exchangers automatically open on CSAS or
high component cooling water pump differential pressure. These
valves can also be manually opened and closed from the control
room.

Amendment R
9.2-36 July 30, 1993
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11. Charging pump motor coolers 1 and 2 outlet
temperatures.

12. Instrument air compressor 1A, 1B, 2A, and 2B outlet
temperatures.

13. Normal chilled water condensers 1A, 1B, 2A, and 2B
outlet temperatures.

D. Controls

1. Ccaponent Cooling Water Heat Exchanger Outlet
Temperature

Component cooling water heat exchanger bypass control
valves, CC-100, CC-101, CC-200,- and CC-201, are
modulated to maintain a 95'F minimum heat exchanger
outlet temperature.

2. Letdown Heat Exchanger Temperature Control

Letdown heat exchanger. valve, CC-244, is modulated to
control the letdown heat exchanger outlet temperature
on the CVCS side.

V 3. Charging Pump Mini-Flow Heat Exchanger Temperature
Control ;

1Charging pump mini-flow heat exchanger control valves,
CC-145 and CC-245, are modulated to control outlet
temperature of the CVCS side of the heat exchanger.

E. Alarms
1

Component cooling water heat exchanger high and low outlet '

temperature is alarmed in the control room.

9.2.2.5.3 Flow ;

|
A. Local Inc'ication

Local indication is provided for the following process flow
parameters:

1. Spent fuel pool cooling heat exchangers 1 and 2 outlet
f 7.ows.

2. Shutdown cooling heat exchangers 1 and 2 outlet flows.

[~' 3. Shutdown cooling pump motor coolers 1 and 2 outlet

( flows.

Amendment R
9.2-45 July 30, 1993
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4. Safety injection pump motor coolers 1, 2, 3, and 4
outlet flows,

5. Containment spray pump motor coolers 1 and 2 outlet
flows.

6. Letdown heat exchanger outlet flow.

7. Gas stripper outlet flow.

8. Boric acid concentrator outlet flow.

9. Reactor coolant pumps 1A, 1B, 2A, and 2B high pressure
coolers outlet flows.

10. Reactor coolant pumps 1A, 1B, 2A, and 2B seal coolers
outlet header flows.

11. Reactor coolant pumps 1A, 1B, 2A, and 2B oil coolers
outlet flows.

12. Reactor coolant pumps 1A, 1B, 2A, and 2B motor lower
bearing oil coolers outlet flows.

13. Reactor coolant pumps 1A, 1B, 2A, and 2B motor air
coolers outlet flows.

14. Reactor coolant pumps 1A, 1B, 2A, and 2B motor upper
bearing oil coolers outlet flows.

15. Emergency feedwater pump motor coolers 1 and 2 outlet
flows.

16. Containment spray heat exchangers 1 and 2 outlet flows.

17. Spent fuel pool cooling pump motor coolers 1 and 2
outlet flows.

18. Containment spray mini-flow heat exchangers 1 and 2
outlet flows.

19. Shutdown cooling mini-flow heat exchangers 1 and 2
outlet flows.

20. Component cooling water radiation monitors 1 and 2
inlet flows.

21. Sample heat exchangers (each) outlet flows.

22. Diesel generator engine jacket water cooler 1 and 2
outlet flows.

Amendment J
9.2-46 April 30, 1992
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TABLE 9.2.2-2

(Sheet 1 of 2)

COMPONENT' COOLING SYSTEM SINGLE FAILURE ANALYSIS

Inherent Compensating
Components Failure Mode /Cause Effect on System Method of Detection 7 Provision

CCW pumps One pump inoperable / Loss of flow in one Motor status and flow The idle CCW pump in the
mechanic 31 or elec- division indication in the respective. loop will
tricai icilure None--two pumps control room automatically start on a

are available per low pump differential
division pressure signal.

I

Redundant loop / division is
provided. One operable
loop is capable of '

providing 100% of heat
removal requirements under
normal and accident
conditions

CCW heat One heat exchanger Loss of heat sink Temperature Heat exchanger in
exchangers mal function / None--two heat indication in the redundant-loop will

Leaking tubes or exchangers are- control room- provide 100% of heat i

blockage available removal I

CCW surge One surge tank- Loss of water level Low level alarm in Redundant division is
tank . mal function / None--redundant the control room provided !

Tank leaking division is available '

Valves Valve in the pump- None--redundant loop / . Flow indication and Redundant loop / division is |

suction stays closed / division is available pressure alarm in the provided !
operator error control room j

Amendment J
April 30, 1992
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TABLE 9.2.2-2 (Cont'd)

(Sheet 2 of 2)

COMPONENT COOLING SYSTEM SINGLE FAILURE ANALYSIS

Inherent Compensating
Components Failure Mode /Cause Effect on System Method of Detection Provision

Piping Loss of pump None--redundant loop / Flow indication and Redundant loop / division is
(pipe discharge / header / division is available flow alarm in provided

breaks) linebreak or the control room
mechanical damage

Non-essential Valve to pump None--redundant Flow indication and Redundant division is
header suction header division is available flow alarm in provided

stays closed / the control room
operator error

Piping Loss of return None--redundant loop / Flow indication and Redundant loop / division is
(pipe header /linebreak or division is available flow alarm in the provided
breaks) mechanical damage control room

Non-essential Valve to header None--pumps are Flow indication in Equipment sized to prevent
and fuel fails to close/ sized to prevent control room flow degradation
pool header mechanical or flow degradation

electrical failure

Containment Valve fails to open/ None--redundant Valve position and/or Redundant Containment Spray
Spray Heat mechanical or division (each flow indication in Heat Exchanger is sized to
Exchanger electrical failure Containment Spray the control room transfer the maximum
Isolation Valve Heat Exchanger is Containment Spray heat load

sized to transfer
the maximum heat load

Shutdown Cooling Valve fails to open/ None--redundant Valve position and/or Redundant division is
Heat Exchanger mechanical or division is flow indication in provided
Isolation Valve electrical failure available the control room

Amendment J
April 30, 1
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TABLE 9.2.2-5

(Sheet 1 of 3)

ACTIVE VALVES. COMPONENT COOLING WATER SYSTEM

ASME
Valve Safety ~ Valye Section III Actuator
Number Function .

Type Code Class Tyne

CC-100 Close Throttle 3 Pneumatic

CC-101 Close . Throttle 3 Pneumatic

CC-102 Close Butterfly 3 Pneumatic

CC-103 Close Butterfly 3 Pneumatic

CC-110 Open Throttle 3 Pneumatic

CC-Ill Operate Butterfly 3 Electric Motor
CC-ll2 Open Throttle 3 Pneumatic

O CC-113 Close Butterfly 3 Electric Motor
CC-114 Open Butterfly 3 Electric Motor
CC-122 Close Butterfly 3 Pneumatic

CC-123 Close Butterfly 3 Pneumatic

CC-130 Close Butterfly 2 Electric Motor |

CC-1302 Operate Swing Check 3 None

CC-1303 Operate Swing Check 3 None

CC-131 Close Butterfly 2 Electric Motor
00-136 Close Butterfly 2 Electric Motor

(D
V

Amendment V
April 29, 1994

.- . . .. -.. .



CESSAR E!Sincoia

O
TABLE 9.2.2-5 (Cont'd)

(Sheet 2 of 3)

ACTIVE VALVES. COMPONENT COOLING WATER SYSTEM

ASME
Valve Safety Valve Section III Actuator
Number Function Tvoe Code class Tvoe ,

CC-137 Close Butterfly 2 Electric Motor 4

CC-1507 Operate Swing Check 2 None

CC-1548 Operate Swing Check 2 None

!CC-200 Close Throttle 3 Pneumatic

CC-201 Close Throttle 3 Pneumatic !

CC-202 Close Butterfly 3 Pneumatic

CC-203 Close Butterfly 3 Pneumatic
|

CC-210 Open Throttle 3 Pneumatic<

CC-211 Operate Butterfly 3 Electric Motor
CC-212 Open Throttle 3 Pneumatic

CC-213 Close Butterfly 3 Electric Motor
CC-214 Open Butterfly 3 Electric Motor
CC-222 Close Butterfly 3 Pneumatic

|

|

||

|
1

i

1

Amendment R
July 30, 1993
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\ D. Ventilation ductwork conforms to applicable standards of the

Sheet Metal and Air Conditioning Contractors National
Association (SMACNA).

E. Water-cooling and heating coil ratings conform to standards
of the Air Conditioning and Refrigeration Institute (ARI).
Cooling coils in the safety-related cooling units are
designed in accordance with the ASME B&PV Code, Section III,
Class 3.

F. High-efficiency particulate air (HEPA) filters conform to
ERDA-76-21, " Nuclear Air Cleaning Handbook."

G. Carbon filter media, Nuclear Grade as defined by the
Institute for Environmental Sciences.

H. Applicable components and controls conform to the
requirements of IEEE, Underwriter's Laboratories (UL) and
NEMA.

I. " Nuclear Power Plant Air-Cleaning Units and Components,"
ASME H509, 1989.

J. " Testing of Nuclear Air Treatment Systems," ASME N510,1989.
,-

( ) K. The following Regulatory Guides have special significance to
G/ the control area:

Rec. Guide Title

1.29 Seismic Design Classification

1.52 Design, Testing and Maintenance for Post
Accident Engineered Safety Feature
Atmospheric Cleanup System Air Filtration and
Adsorption Units of Light Water Cooled
Nuclear Power Plants; Table 9.4-5 provides
the design comparison to regulatory positions
of Regulatory Guide 1.52.

1.78 Assumptions for Evaluating the Habitability
of a Nuclear Power Plant During a Postulated
Hazardous Chemical Release

1.95 Protection of Nuclear Power Plant Control
Room Operators Against an Accidental Chlorine
Release

1.140 Design Testing and Maintenance Criteria for
Normal Ventilation Exhaust System Air
Filtration and Adsorption Units of Light

(N, Water Cooled Nuclear Power Plants

L. Welding of ductwork conforms to Sheet Metal Welding Code AWS
D9.1.

Amendment T
9.4-5 November 15, 1993



:
i

| CESSAR E!%ncarcu
|

| |

|

9.4.1.2 System Description

The main control room air-conditioning system consists of two
Divisions. Each Division has an outside air intake, louver, l

tornado damper, dampers, filtration unit, an air conditioning |

unit with fan, ducting, instrumentation and controls. Each
redundant air conditioning unit consists of filter, safety-

| related chilled water coil for heat removal, electric heating
coil and fan for air circulation. Each of the filtration units
consists of prefilter, electric heater, absolute (HEPA) filter,

,

| carbon adsorber, post filter (HEPA) and fan, along with ducts and!

valves and related instrumentation. Chilled water is supplied
from the Essential Chilled Water System.

j During normal operation, return air from the control room is
I mixed with a small quantity of outside air for ventilation, is

filtered and conditioned in the control room air-conditioning
unit, and is delivered to the control room through supply
ductwork. Duct-mounted heating coils and humidification

. equipment provide final adjustments to the control room
| temperature and humidity for maintaining normal comfort

conditions.|

|

| Each air inlet structure is provided with redundant radiation
| monitoring devices and a cmoke detector. The designated MCR
i filtration units and ventilation fan start automatically on a

Safety Injection Actuation Signal (SIAS) or high radiation
signal. Upon failure of the designated filtration unit, the,

redundant filtration unit starts automatically. The MCR!

filtration unit filters particulates and potential radioactive
iodines from all of the return air, and delivers the filtered air
to the inlet of the main air-conditioning unit.

The Technical Support Center air-conditioning system consists of
an air-conditioning unit, return air and smoke purge fans, and an
emergency filter unit. The TSC is maintained at 1/8" water gauge
positive pressure with respect to adjacent areas during post-
accident conditions. A common supply air header and common
outside air intake dampers are shared by the TSC and the control
room to protect the TSC from the contaminants in the outside air
intakes. The TSC can be isolated from the Main Control Room by
using manual controls. The TSC is automatically isolated if
control room pressurization falls below its design value.

The TSC is provided with shielding protection from direct
i radiation from an external radioactive cloud and internal
'

radioactive sources. The combined effect of all radiation
protection measures is designed to be adequate to limit the
overall calculated radiation exposure to the personnel inside the

| TSC to the requirements of General Design Criteria 19. The
computer room air-conditioning system consists of two 100% air- i
conditioning units and associated fans. Both the Technical 1

Support Center and computer room air-handling systems are non-
safety and non-seismic.

1

|
|

Amendment V |
9.4-6 April 29, 1994 |

_..



CESSAR !!Micarian

(d3 The balance of control complex air-conditioning systems consists
of two redundant air-conditioning units, each with roughing
filters, safety-related chilled water cooling coils and fans
serving Division I electrical rooms, Channel A and Channel C.
Two equal units are serving Division II Channel B and D. Each
Division will function with one of the redundant air conditioning |
units delivering filtered, conditioned air to the various
electrical equipment rooms including essential battery rooms.
Chilled water is supplied from the Essential Chilled Water
System. Each Division also contains redundant battery rooms with
fan operating continuously to maintain the hydrogen concentration
below two percent. Outlet ducts in battery roomu are located
near ceiling for hydrogen control.

The Remote Shutdown Panel Room is located in the Division I area.
Normally this room is cooled by the 70' Elevation Division I
Electrical Equipment Room Air handling Unit. For redundancy
purposes, the Remote Shutdown Panel Room is also cooled by a
Division II- powered air handling unit which receives Division II
Safety-related Chilled Water.

Return air from the various essential electrical equipment areas
is mixed with a portion of outside air for ventilation, is
filtered and conditioned in the air-conditioning unit, and is |
delivered to the rooms through supply ductwork. Duct-mountedO heating coils provide final adjustments to temperature in

Q selected equipment rooms.
|
,

The Operation Support Center, personnel decon rooms, Break Room, I
Shift Assembly and Offices, Radiation Access Control and Central |
Alarm Station and Security Group areas all are served by an I

individual air conditioning unit consisting of a centrifugal fan, I

non-safety related chilled water coil and roughing filter. Two
non-essential electrical and CEDM control rooms are served by two
100% air conditioning units consisting of a centrifugal fan, non-
safety related chilled water coil and roughing filter. Each non-
safety related electrical room A/C unit also serves non-safety |

related battery rooms and each of these battery rooms contains an )
exhaust fan operating continuously to maintain the hydrogen
concentration below two percent.

As shown on Figure 9.4-2 all of these areas can receive outside
air from the cleanest of two sources described for the control
room. The roof exhaust fan shown serving the break room,
personnel decon rooms, and shift assembly offices is actually
located at least 80 feet from the outside air intake.

9.4.1.3 Safety Evaluation

The air-conditioning system serving the control room proper
consists of two completely redundant, independent, full-capacity

p cooling systems. Each system is powered from independent, Class
e j 1E power sources and headered on separate Essential Chilled Water
V Systems.

Amendment V
9.4-7 April 29, 1994
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OEquipment capacities are selected based on conservative
evaluations of heat-producing equipment and conservative
assumptions of adjacent area temperatures. The control room, and
other support areas are designed to maintain approximately 73 *F
to 78'F and 20% to 60% maximum relative humid:.ty. The battery
room is designed to maintain approximately 77'F (60*F min. to

| 90 *F max. ) The mechanical equipment room is designed to maintain
a maximum temperature of 104*F. All other areas are designed to
maintain a maximum temperature of 85'F. These conditions are
maintained continuously during all modes of operation for the

.
protection of instrumentation and controls, and for the comfort

! of the operators.

Both the Technical Support Center and computer room air-
|

| conditioning systems are non-safety and non-seismic. Failure of
'

either does not compromise other safety-related air-conditioning
systems or prevent safe shutdown.

,
| The balance of the Control Complex Ventilation System consists of

! two independent, full capacity systems. Each system serves the
' associated train of essential electrical equipment areas. Each
; system is powered from independent Class 1E power sources and

served from separate essential chilled water systems. Equipment!

capacities are based on conservative evaluations of heat-

| producing equipment and conservative assumptions of surrounding|

| area temperatures.

The control room emergency recirculation system consists of two
completely redundant, independent, full-capacity filtration
systems. Each system is powered from separate Class 1E power
sources, and is capable of providing the required cleanup ef fect.
The dose assessment assumes the failure of one complete train of
the emergency circulation system.

The Control Room HVAC System is a Safety Class 3 system. The
redundant outside air intakes can be isolated, by use of
redundant isolation dampers, upon detection of high radiation,

j toxic gas, or smoke at the intakes.

| All safety-related components of the control equipment area
i ventilation systems are designed as Seismic Category I equipment,

and will remain functional following a safe shutdown earthquake.'

Intake and exhaust structures are protected from tornado-
! generated missiles, wind-generated missiles, rain, snow, ice or
| trash. Isolation dampers in the main control room intake, relief
| and exhaust points are designed to withstand pressure
i differentials of a postulated tornado. Safety-related areas

without isolation dampers are designed to withstand pressure
differentials of a postulated tornado. No components are
subjected to flooding by virtue of the location within the

| control area.

l

i

i

Amendment T
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O)\
V The safety-related and non-safety related battery rooms have |

hydrogen detection devices to monitor hydrogen concentration.

Indication of high radioactivity and toxic gas at outside air |
intakes is provided in control room.

Each Control Room Intake is provided with redundant, Seismic
Category I, Class 1E, safety related radiation monitors. The CR
air intake radiation monitors are located outside (upstream) of
the Main CR intake dampers so that they can continue to monitor
the air immediately outside the intakes to support the automatic
selection capability. Upon detection of high radiation at either
Control Room Intake or upon receipt of a Safety Injection
Actuation Signal (SIAS), component control logic will
automatically divert the control room air intake and
recirculation air flows to pass through the designated Control
Room Filtration Unit. Upon failure of the designated filtration
unit to start, the redundant filtration unit will start
automatically. At the same time, component control logic will
isolate the Control Room Intake which has the greater radiation
level and block the isolation of the Control Room Intake which
has the lesser radiation level. These automatic features ensure
that positive pressurization of the Control Room is maintained by
uninterrupted pressurization air flow via the lesser contaminated
Control Room Intake. Also, automatic selection logic is provided

O to continuously monitor and compare the radiation levels at both
Control Room Intakes and effect Control Room Intake isolation
damper realignments as needed so that the lesser contaminated

l
Control Room Intake supplies pressurization air to the Control '

Room, even if radiation levels change. In addition, component ;
control logic will ensure that the Control Room Intake isolation <

damper with the lesser radiation level is opened before the
Control Room Intake isolation damper with the greater radiation i
level is closed. In the event of alignment failure, the operator
is alerted by a Control Room alarm so that manual actions may be
taken.

9.4.2 FUEL BUILDING VENTILATION SYSTEM

9.4.2.1 Desion Basis

The Fuel Building Ventilation System is designed to:
A. Maintain a suitable environment for the operation,

maintenance, and testing of equipment.
B. Maintain a suitable access and working environment for

personnel.

w

Amendment U
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C. Maintain the fuel handling and storage building at a
negative pressure relative to the atmosphere to minimize
outleakage.

The fuel-handling building exhaust system is designed to mitigate
the consequences of a postulated fuel-handling accident. Dose at
the site boundary shall be well within the values of 10 CFR Part
100, consistent with the Standard Review Plan 15.7.4.

The exhaust side of the Fuel Handling Area Ventilation System
consists of two 100 percent exhaust systems. Each exhaust _ system*

consists of one 100 cercent capacity filter train and fan. This
| meets the single failure criterion. Switchover between filter
trains is accomplished manually by the operator. Electrical and
control component separation is maintained between trains.

All safety-related fans, filters, dampers, ductwork and supports
are designed to withstand the safe shutdown earthquake.

Safety-related electrical components required for ventilation of
the fuel handling area during accident conditions are connected
to emergency Class 1E standby power.

In order to control airborne activity, the ventilation air is
generally supplied directly to the clean areas and exhausted from
the potentially contaminated areas, creating a positive flow of
air from the clean areas to the potentially contaminated areas.

The bypass damper will be administratively locked closed and the
Fuel Building Ventilation System will be in operation whenever
irradiated fuel handling operations above or in the fuel pool are
in progress. The design temperature range for the fuel building
is 40*F to 104*F.

The Fuel Building Ventilation System is located completely within
a Seismic Category I structure and all safety-related components
(exhaust filter trains, exhaust fans, exhaust ductwork) are fully
protected from floods and tornado missile damage, internal
missiles, pipe breaks and whip, jet impingement and interaction
with non-seismic systems in the vicinity. The outside air intake
opening for the ventilating air supply unit is protected by
missile shields above and in front of the opening.

This system is designed in accordance with the requirements of
General Design Criteria 2, 5, 60, and 61.

9.4.2.1.1 Codes and Standards

Equipment, work, and materials utilized conform to the
requirements and recommendations of the codes and standards
listed below:

A. Fan ratings conform to the Air Moving and Conditioning
Association (AMCA) Standards.

Amendment V
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'w ') B. Fan motors conform to applicable standards of the National

Electrical Manufacturers Association (NEMA) and the
Institute of Electrical and Electronic Engineers (IEEE).

C. The safety-related equip.nent , fans, dampers, coils and
ductwork will be designed and tested as outlined in Table
9.4-5.

D. Ventilation ductwork conforms to applicable standards of the
Sheet Metal and Air Conditioning Contractors National
Association (SMACNA).

E. Water-cooling and heating coil ratings conform to standards
of the Air Conditioning and Refrigeration Institute (ARI).
Cooling coils in the safety-related cooling units are
designed in accordance with the AF'IE B&PV Code, Section III,
Class 3.

F. High-efficiency particulate air (HEPA) filters conform to
ORNL-NSIC-65, " Design, Construction, and Testing of High-
Efficiency Air Filtration Systems for Nuclear Application."

G. Carbon filter media, Nuclear Grade as defined by the
Institute for Environmental Science.

* a

( ,/ H. Applicable components and controls conform to the
requirements of IEEE, Underwriter's Laboratories (UL) and
NEMA.

I. " Nuclear Power Plant Air-Cleaning Units and Components."
,

ASME N509, 1989. |

|
J. " Testing of Nuclear Air Treatment Systems," ASME N510, 1989.

K. The following Regulatory Guides have special significance in
the Fuel Building:

Rec. Guide Title

3.29 Seismic Design Classification

1.52 Design Testing and Maintenance for Post
Accident Engineered Safety Feature
Atmospheric Cleanup System Air Filtration and
Adsorption Units of Light Water Cooled
Nuclear Power Plants

1.140 Design, Maintenance and Testing Criteria for
Normal Ventilation Exhaust System Air

r Filtration and Adsorption Units of Light-(3U,) Water-Cooled Nuclear Power Plants.

Amendment U
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L. Carbon adsorbers credited with more than 70% efficiency in j

| 10CFR20 and 10CFR50, Appendix I analyses will be designed
and tested as outlined in Table 9.4-5. ;

'

I

9.4.2.2 System Description |
|

The Fuel Building Ventilating System (Air Flow Diagram, Figure
9.4-3) consists of the following components:

A. One 100% capacity ventilation supply air handling unit and
| associated dampers and ductwork.
!

B. Two 100% capacity Exhaust Systems complete with filter
trains and associated fans, dampers, ductwork, supports and

| control systems.

Outside air is supplied to the fuel handling area by a supply
system consisting of one 100% capacity fan with heating and
cooling coils, filter section and associated ductwork. Cooling

j coils are served by the normal chilled watdr system.
The Fuel Building Ventilation Exhaust System consists of two 100%
capacity filter trains. This portion of the Fuel Building
Ventilation System is an engineered safety feature. The two
filter trains receive separate emergency power.

Each of the filter trains consists of a moisture eliminator,
prefilter, electric heater, absolute (HEPA) filter, carbon
adsorber and post filter (HEPA) along with ducts and valves and
related instrumentation. It is equipped with a bypass section.
The normal mode of operation for the filter trains is in the
bypass position. Radiation detection is provided in the duct
system header, upstream of the filter train inlet to monitor
radioactivity. Upon indication of high radioactivity in the
exhaust duct system, the bypass dampers vill automatically close
and the filter train inlet dampers will automatically open to
direct air flow through the filter trains. Air from the Fuel
Building Exhaust System is directed to the unit vent, where it is
monitored before release to the atmosphere.

During all fuel handling operations, the 200% outside air supply
system remains in operation and the 100% exhaust air system is
set manually in the filtered mode. Both filtration units of the
FBVS operate continuously during fuel handling operations and the
radiation monitor has no control function during this time.

The nuclear annex, fuel building, and reactor building subsphere
are maintained under negative pressure with respect to the
atmosphere. The leakage taking place from one of these areas to
the other is filtered before it is released to the atmosphere.

Amendment V
9.4-14 April 29, 1994
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O .4.2.39 Safety Evaluation

The Fuel Building Exhaust System is an engineered safety feature.
Each redundant filtet train (two 100% capacity), fan, and motor
operated damper is served from a separate train of the emergency
Class 1E standby power. This assures the integrity and
availability of the Exhaust System in the event of any single
active failure.

Air exhausted from the fuel handling area is monitored by a
,

radioactive gaseous detector sampling the air in the exhaust duct
'

header between the fuel handling area and the inlet to the filter )
trains. The radiation detectors are located to ensure that
dampers will have completely actuated to direct exhaust flow |
through the filter trains before the first airborne radioactive '

material reaches the bypass dampers. Indication of radioactivity
above allowable limits will automatically divert the flow of air
through the filter trains prior to discharge into the atmosphere
through the unit vent. Additional monitoring of exhaust air is
provided in the unit vent.

The Inservice Testing Program will be implemented in accordance
with 10 CFR 50, Appendix B, Section XI to allow inservice testing
as required by applicable standards and codes.

k_/ The 100% exhaust air system is manur.lly set to the filtered mode
during all fuel handling operations. The dose analysis to
support 10CFR100 limits following a fuel handling accident only
takes credit for the HEPA filter in the referenced filter train. '

No credit is taken for the carbon adsorbers. !

The Fuel Building Ventilation Exhaust system is available
following a loss of offsite power; however, fuel building supply
will not be available.

9.4.2.4 Inspection and Testina Requirements

Performance characteristics of the Fuel Building Ventilation
System will be verified through qualification testing of
components as follows:

A. The safety-related equipment, fans, dampers, coils and
ductwork will be designed and tested as outlined in
Table 9.4-5.

B. One fuel building supply fan and one fuel building exhaust
fan is tested in accordance with AMCA standards to assure
fan characteristic performance curves. One of each type of

^

safety-related cooling fan will also be tested in accordance

O with AMCA.

Amendment U
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C. Heating and cooling coils are leak-tested with air, or
hydrostatically, to assure integrity. Coils are rated in
accordance with ARI standards.

D. HEPA filters are manufactured and tested in accordance with
Regulatory Guide 1.52. HEPA filters will be tested in place
after initial installation and periodically thereafter to

| verify filter integrity.
1

i E. Ductwork is fabricated, installed, leak-tested, and balanced
l in accordance with SMACNA.

Initial functional testing of the Fuel Building Ventilation
| System will verify fan flow rates, cooling water flow

distribution, and operation of interlocks and controls.

9.4.2.5 Instrumentation Application

Fan status indication is provided locally and in the control room
to permit verification of their operation.

| Failure of a running fan is alarmed in the control room.

Indication of damper positions / damper alignment is provided in
the control room.

Indication of pressure drop across filters (supply filters and
exhaust filter trains) is provided locally at the filter trains.

Table 9.4-3A lists the minimum instrumentation provided to the
ESF filter trains.

The following data shall be available to determine system
performance:

A. Entering and leaving air temperature for the ventilation
supply unit.

B. Entering and leaving chilled water temperatures at the
ventilation supply unit.

C. Air flow rate for the supply and exhaust units.

D. Water flow rate for the supply unit cooling coil.

9.4.3 RADWASTE BUILDING VENTILATION SYSTEM

9.4.3.1 Desian Basis

The Radwaste Building Ventilation Systems consist of a supply and
exhaust ventilation system that performs heating, cooling, and
ventilating functions.

Amendment U
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fO Each Diesel Building Ventilation System has sufficient cooling
capacity to maintain the diesel generator area at 122*F or below
with the diesel operating at rated load and with ambient outside
design air temperature as shown in Table 2.0-1.

Diesel generator space heaters are cycled as necessary to
maintain a minimum temperature of 40*F for freeze prevention.
The diesel generator space heaters are electric space heaters
carrying an electric current through a resistance coil with a f an
blowing air over the coil. They are wired in such a way that the
coil is de-energized when the fan is not running. Their location
is carefully selected to avoid potential fire hazards. Upon
failure of the diesel generator space heater to maintain the
diesel generator area temperature above 40*F, the associated |
diesel generator is started administratively to provide a
substitute safety-related source of heat. Heat losses from
equipment are conservatively estimated based on calculations and
operating experience.

A single failure will not prevent the Diesel Building Ventilation |
System from performing the intended heat removal function. Each
ventilation exhaust fan is powered by a Class 1E electrical
system capable of being fed from the associated diesel generator.

Safety-related components of the Diesel Building Ventilation
,

N System and diesel generator areas housing the system are designed
to Seismic Category I requirements and will remain functional
following a safe shutdown earthquake.

Two diesel generator ventilation exhaust fans are located in each
of the diesel generator areas. Each penetration into the diesel
generator areas is provided with protection from external
missiles. No high or moderate energy piping is located in the
vicinity of the ventilation equipment or controls.

The fresh air intake for each of the Diesel Building Ventilation
Systems is located 20 feet above grade to minimize the intake of
dust into the diesel generator areas. All exposed diesel
generator area interior surfaces are painted to aid in dust
control.

9.4.4.4 Inspection and Testina Reauirements

Performance characteristics of the Diesel Building Ventilation
System are verified through the following qualification testing
of safety-related components: |

A. One of each set of diesel generator ventilation supply fans
and diesel generator ventilation exhaust fans is tested in

/"' accordance with AMCA standards to assure fan characteristic' performance curves.

Amendment T
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O'| Safety-related electrical components, switchovers, and starting
controls are tested during preoperational tests and periodically
thereafter coincident to testing of the diesels. |

All safety-related components in the DBVS are designed to permit
in-service inspection.

9.4.4.5 Instrumentation ADolication

Fan status indication is provided locally and in the control room
to permit verification of their operation.

Failure of a running fan is alarmed in the control room.

Indication of damper positions / damper alignment is provided in
the control room.

Space temperature indication is provided and high and low
temperature alarms are provided in the control room.

9.4.5 BUBSPHERE BUILDING VENTILATION SYSTEM

9.4.5.1 Desian Basis

The Subsphere Building Ventilation System consists of a general
supply and exhaust ventilation system that performs heat removal
and air exchange functions. The ventilation system is
supplemented by individual cooling units and ventilation fans
that serve essential mechanical equipment areas. The Subsphere
Building Ventilation System serves all areas of the Subsphere.

The safety-related mechanical equipment room cooling systems are
designed to maintain the space temperatures below 100'F. At
least one train of essential mechanical equipment rooms is
maintained below 100*F assuming a single failure of an active
component concurrent with a loss of offsite power. Exhaust fans
are powered from the diesel generators.

The safety-related mechanical equipment room cooling systems
perform the required safety function following a safe shutdown
earthquake, and are able to withstand the effects of appropriate
natural phenomena such as tornadoes, floods, and hurricanes
(GDC 2).

The safety-related mechanical equipment room cooling systems are
protected from the effects of internally generated missiles, pipe
break effects, and water spray (GDC 4).

The Subsphere Building safety-related HVAC System is designed to
limit the offsite and control room dose following a LOCA or DBA

| within the requirements of 10 CFR 100 and Standard Review Plan
,

Section 6.4 respectively. Radiological consequences are
'

discussed in Section 15.'

.

Amendment V
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The Subsphere Building Ventilation Systems are separated
according to Divisions with each 100% exhaust system containing
a filter train consisting of a moisture eliminator, prefilter,
electric heater, absolute (HEPA) filter, carbon adsorber, post
filter (HEPA), along with ducts and valves, related
instrumentation and two 100% fans as shown in Figure 9.4-5.

The safety-related mechanical room cooling units are shown in
Figure 9.4-4.

The nuclear annex, fuel building, and reactor building subsphere
are maintained under negative pressure with respect to the
atmosphere. The leakage taking place from one of these areas to
the other is filtered before it is released to atmosphere.

9.4.5.1.1 Codes and Standards

Equipment, work, and materials utilized conform to the
requirements and recommendations of the codes and standards
listed below:

A. Fan ratings conform to the Air Moving and Conditioning
Association (AMCA) Standards.

( B. Fan motors conform to applicable standards of the National'
Electrical Manufacturers Association (NEMA) and the
Institute of Electrical and Electronic Engineers (IEEE).

C. The Safety-related equipment, fans, dampers, coils and
ductwork will be designed and tested as outlined in
Table 9.4-5.

D. Ventilation ductwork conforms to applicable standards of the
Sheet . Metal and Air Conditioning Contractors National
Association (SMACNA).

E. Cooling coils in the safety-related cooling units are
designed in accordance with the ASME B&PV Code, Section III,
Class 3.

F. High-efficiency particulate air (HEPA) filters conform to
ERDA-76-21, " Nuclear Air Cleaning Handbook."

G. Carbon filter media, Nuclear Grade as defined by the
Institute for Environmental Sciences.

H. Carbon adsorbers credited with more than 70% efficiency in |
10CFR20 and 10CFR50, Appendix I analyses will be designed

g and tested as outlined in Table 9.4-5.
I
N I. Applicable components and controls conform to the

requirements of IEEE, Underwriter's Laboratories (UL) and
NEMA.

Amendment V
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i J. The following Regulatory Guides have special significance to

the Subsphere:

Rec. Guide Title

i 1.29 Testing of Nuclear Air Treatment Systems ASME
! N510
|

1.52 Design Testing and Maintenance for Post
i Accident Engineered Safety Feature
! Atmospheric Cleanup System Filtration and

Adsorption Units of Light Cooled Nuclear
Power Plants

1.140 Design, Maintenance and Testing Criteria for
Normal Ventilation Exhaust System Air
Filtration and Adsorption Units of Light-

| Water-Cooled Nuclear Powered Plants.

'

9.4.5.2 System Description

The Subsphere Building Ventilation System is shown in Figure
9.4-5 and consists of the following:

A. A supply air system complete with air-handling unit, two
100% fans, dampers and associated ductwork for each
division.

B. An exhaust air system rated for higher capacity than the
supply air system, complete with full filter train, two 100%
exhaust fans and associated ductwork for each division.

| C. Safety-related mechanical equipment room cooling units.

| The safety-related mechanical equipment room cooling units
consist of a cooling coil with recirculation fan and dampers to
remove heat generated within the space. A recirculation cooling
unit is provided in addition to a once-through ventilation system
because the served areas are potentially contaminated.
Applicable areas include the following:

Safeguard component areas including Safety Injection pump
rooms, Shutdown Cooling pump rooms, Containment Spray pump
rooms, Fuel Pool Heat-X rooms, motor-driven and steam-driven
Emergency Feed Water pump rooms, Shutdown Cooling Heat-X
rooms, Containment Spray Heat-X rooms, Shutdown Cooling
Heat-X rooms, Penetration rooms, and associated piping and
valve galleries.

9.4.5.2.1 Component Description

The safety-related mechanical equipment room cooling units
consist of chilled water cooling coil, direct-drive centrifugal
recirculation fan, and dampers and controls to achieve the
desired operation. The chilled water coils are served from the
essential chilled water system.

Amendment U
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o The safety-related mechanical equipment room ventilation units | |
'

; contain intake filters, direct-drive centrifugal supply and
; exhaust fans, and dampers and controls to achieve the desired

operation. There are heating and cooling coils to temper the
! outside air as required.

9.4.5.2.2 System Operation |
.

The Subsphere Building Ventilation System is composed of two
divisionally separate, fully redundant' ventilation systems each4

capable of being provided outside air by one 100% capacity supply
: unit and two 100% capacity supply fans per division. The supply
! air is filtered and then conditioned as needed by the heatero and

cooling coils. There are two 100% capacity exhaust fans provided4

per division. Air exhausted is monitoreci hp a radioactive |
>

j gaseous detector sampling the air in the exhaust duct upstream of j

the exhaust filter - train. The exhaust air is continuously
processed through one 100% exhaust filter - train complete with.

'
particulate filters and carbon adsorbers prior to discharge into !

the atmosphere. Additional monitoring of the exhaust air is> ,

provided in the unit vent. Supply and exhaust fans are ,

Ielectrically interlocked such that the building will always
remain under a slight negative pressure to direct all releases
through the exhaust filter train. In the event of a loss-of-p) coolant-accident, the ventilation equipment will continue to

,

(i
V operate normally as long as offsite power is available. On LOOP,

3 the exhaust fans will be powered from the Class 1E diesel |

generators.;
;

Normal operation of the safety-related mechanical equipment room |
: cooling and ventilation units is as required to maintain space -

! temperatures. The cooling systems will operate based on heat
i load as indicated by room temperature. In the event of a LOCA or )
i DBA, all units are automatically started and will operate

throughout the event.

9.4.5.3 BLafety Evaluation )
i

The safety-related mechanical equipment room cooling systems | |consist of two completely redundant, independent full-capacity j
systems. Division I cooling system serves Division I essential
mechanical equipment rooms, and Division II cooling system serves
Division II essential mechanical equipment rooms. Each train is
powered from independent, Class 1E power sources. (Units with
chilled water cooling coils are headered on separate Essential
Chilled Water Cooling Systems.) Equipment capacities are
selected based on conservative evaluations of heat-producing
equipment and conservative assumptions of adjacent area
temperatures. Failure of one train may cause subsequent loss of

N components in the associated rooms. The consequences of this are
acceptable since full redundancy of essential mechanical5

components is provided.

Amendment T
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All safety-related components of the mechanical equipment room
cooling systems are designed as Seismic Category I equipment, and
will remain functional following a design basis earthquake.
Intake and exhaust structures are protected from wind-generated
or tornado-generated missiles. The ductwork from the building
exit up to and including the isolation damper are qualified for
the tornado differential pressure.

Redundant components of the safety-related mechanical equipment
room cooling systens are physically separated and protected from
internally generated missiles. When subjected to pipe break
effects, the components are not required to operate because the
served mechanical equipment is located in the same space as the
cooling components. Therefore, a pipe break in the same
mechanical safety train is the only possible means of affecting
the cooling system.

The Subsphere Building essential HVAC exhaust filter trains are
shown in Figure 9.4-5. The HEPA filters are designed to limit

| the offsita dose within the requirements of 10 CFR 100. The dose
analysis for post accident releases from the subsphere only takes
credit for the HEPA filters in the filter train. No credit is
taken for the carbon adsorbers.

A differential pressure indicator contr?ller located across the
| carbon adsorber modulates a damper downstream of the filter train
to maintain a constant system resistance as the filters load up.
This arrangement assures a constant system flow. High and low
differential pressure alarms provide indication of any
abnormality in flow rates.

All safety-related components in the subsphere ventilation system
are designed to permit inservice inspection.

Fresh air intakes are located in the control building duct shaft
and are protected against adverse environmental conditions high

~

winds, rain, snow, ice, etc.

The fresh air intakes for the Subsphere Building Ventilation
System are located at leant 30 feet above grade elevation to
minimize intake of dust into the building. The fresh air intakes
are provided with tornado dampers.

9.4.5.4 Inspection and Testing Requirements

Performance characteristics of the Subsphere Building Ventilation ;

System will be verified through qualification testing of |
components as follows:

A. The safety-related equipment, fans, dampers, coils and
ductwork will be designed and tested as outlined in
Table 9.4-5. .

1

B. One of each type of safety-related cooling fan will also be |

tested in accordance with AMCA.

Amendment U
9.4-28 December 31, 1993
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q
C. Coils are rated in accordance with ARI' standards. Coils

associated with the safety-related cooling units are tested
in accordance with ASME B&PV Code, Section III, Class 3.

]

D. HEPA filters are manufactured and tested accordance with
Regulatory Guide 1.52. HEPA filters will be tested in place
after initial installation and periodically ' thereaf ter to
verify filter integrity. )

E. Ductwork is fabricated, installed, leak-tested, and balanced
in accordance with SMACNA.

Initial functional testing of the Subsphere Building Ventilation
System will verify fan flow rates, cooling water flow
distribution, and operation of interlocks and controls.

The safety-related recirculation systems .will be tested by
initiating the system. Fan performance, proper cooling water
flow, cooling coil performance, and system response time will be
tested initially and periodically during the plant operating
life.

9.4.5.5 Instrumentation ADDlication

Fan status indication is provided locally and in the control room
V to permit verification of their operation.

Failure of a running fan is alarmed in the control room.
|

Indication of damper positions / damper alignment is provided in
the control room.

Indication of pressure drop across filters (supply filters and
exhaust filter trains) is provided locally at the filter train.

Temperature indication for the essential mechanical equipment
rooms is provided in the control room.

Table 9.4-3A lists the minimum instrumentation provided to the
ESF filter trains.

The following data shall be available to determine systemperformance:

A. Entering and leaving air temperature for the supply
ventilation unit.

B. Entering and leaving chilled water temperatures at supply
ventilation units.

(O C. Air flow rates for the supply and exhaust units.
D. Chilled water flow rates to supply ventilation units.

Amendment U
9.4-29 December 31, 1993
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9.4.6 CONTAINMENT COOLING AND VENTILATION SYSTEM

9.4.6.1 Design Basis

The Containment Cooling and Ventilation System is designed to
maintain acceptable temperature limits inside containment to
ensure proper operation of equipment and controls during normal
plant operation, normal shutdown and for personnel access during
inspection, testing, and maintenance. It is comprised of the
following subsystems as shown on Figure 9.4-6.

A. The containment recirculation cooling subsystem functions
during normal plant operation to maintain a suitable ambient
temperaturc for equipment located within the containment.
This system also operates during a loss of offsite power.

B. The control eleinent drive mechanism (CEDM) cooling subsystem
functions during normal plant operation to maintain a
suitable air temperature around the rod drive mechanisms.

C. The containment air cleanup subsystem operates before and
during personnel entries to reduce airborne radioactivity.

D. The cavity cooling subsystem functions to control the
temperature of the concrete surrounding the reactor within
acceptable limits.

E. The high purge supply operates before and during personnel
entries to reduce airborne radioactivity.

F. The low purge is a pressure relief system used to relieve
containment pressure during start-up or shutdown. The IRWST
purge supply and exhaust is normally closed. It is opened
only for personnel access.

G. The containment high volume purge mitigates the radiological
consequences of a postulated fuel handling accident inside
containment. Dose at site boundary is well within the
guidelines of 10 CFR 100.

| The containment high volume purge system is not an
Engineered-Safety-Feature system. During a postulated fuel
handling accident, the HEPA filtration is credited with
filtration of the release, but no credit is taken for
release reduction resulting from containment isolation.
Similarly, following a Control Element Ejection Accident,
credit is taken for the HEPA filters in the exhaust ductwork
of the containment low volume purge. No credit is taken for
the carbon adsorbers in either of the containment exhaust
paths.

The Containment Purge System will be designed to comply with
|

NRC Branch Technical Position CSB 6-4, " Containment Purging
During Normal Plant Operations."

Amendment Q
9.4-30 June 30, 1993
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TABLE 9.4-1
'

(Sheet 1 of 18)

HVAC SYSTEM DESIGN PARAMETERS
-t

Flow Rate / Unit
Operational Mode

Area or Type Heat Load Air Cool Water No. Units / Power
Location Normal Essential System Stu/hr CFM com % Capacity SuDDlY Ecuipment

,

Control Room X Heat / Cool 300,000 6,000 70- 2/100' 460/120 Prefilter,
cooling
coil, fan,
heat coil,
humidi fier

Control Room X Filter - 6,000 - 2/100 460/120 Filter train |
and fan

Control Room X Cool 36,000 900 7 2/100 460/120 - Prefil ter,
Mech Area cooling' coil

and fan

Control Room X Smoke Fan - 10,000 - 1/100 460/120 Fan

. Tech Sup Mech X Filter - 1,000 1/100 460/120 . Filter train--
.

and fan

f Tech Sup Mech' X Smoke Fan - 10,000 - 1/100 460/120 Fan-
1

1
4

i

i

:

Amendment V
; April 29, 1994
.

. _ _ .- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _____ . . . . -



TABLE 9.4-1

(Sheet 2 of 18)

HVAC SYSTEM DESIGN PARAMETERS

Flow Rate / Unit
Operational Mode

Area or Type Heat Load Air Cool Water No. Units / Power

Location Normal Essential System Btu /hr CFM apm % Capacity Supply Equipment

Tech Sup X Heat / Cool 240,000 7,000 48 2/100 460/120 Prefil ter,

cooling
coil, heat
coil, fan

Computer X Heat / Cool 240,000 7,000 48 2/100 460/120 Prefil ter,

cooling
coil, heat
coil,
humidifier,
fan

Operation X Heat / Cool 120,000 3,500 24 1/100 460/120 Prefil ter,

Support Center cooling
coil, heat
coil, fan

Break Rm X Heat / Cool 170,000 5,000 35 1/100 120/460 Prefilter,
cooling
coil, fan,
elec heat

i

Amendment T

9 9 November 15, 1993
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TABLE 9.4-1

(Sheet 3 of 18)

HVAC SYSTEM DESIGN PARAMETERS

Flow Rate / Unit
ODerational Mode

Area or Type Heat Load Air Cool Water No. Units / Power
Location Normal Essential System Btu /hr CFM GDR '% CaDacity.SuDDlY _[QuiDment

~!Radiation X Heat / Cool 200,000 6,000 40 .1/100 120/460 Prefilter,
Access Control cooling

coil,heatfan,elec

Shift Assembly X Heat / Cool 145,000 4,000 28 1/100 120/460 Prefilter,
& Offices cooling

coil, fan
elec heat

.Cas & Sec X Cool 110,000 3,200 22 1/100 120/460 Prefilter,
Group cooling

coil, fan

Vital Inst.
,

X Cool 300,000- 10,000 70 2/100 120/460 Prefilter,
& Equip. I Div I cooling-
Channel A coil, fan,

10 BHP .|"

Vital Inst. X Cool 300,000 10,000 70 2/100 120/460~ ) refilter,
& Equip. II Div II colina
Channel B coil, fan,

10 BHP -|,

Vital Inst. X Cool 300,000 10,000 70 2/100
Div/460

Prefil ter, i120
& Equip. I I cooling
Channel C coil, fan,. *

10 BHP |'

Vital Inst. X Cool 300,000- 10,000' 70 2/100 120/460 Prefil ter,
& Equip. II Div II cooling
Channel D coil, fan,-

10 BHP |

- Amendicent V
April 29, 1994



TABLE 9.4-1

(Sheet 4 of 18)

HVAC SYSTEM DESIGN PARAMETERS

Flow Rate / Unit
Operational Mode

Area or Type Heat Load Air Cool Water No. Units / Power

Location Normal Essential System Btu /hr CFM opm % Capacity Supply Eauipment

Essential X Exhaust - 700 - 2/100 120/460 Fan, 1 BHP
Div IBattery Rm. I A&C

Essential X Exhaust - 700 - 2/100 120/460 Fan, 1 BHP
Div IIBattery Rm. II B&D

SI Pump Room A X Recirculating 250,000 3,000 45 1/100 Train A Cooling coil,
[7] AHU 120/460 fan, 3 BHP,

filter

SI Pump Room 8 X Recirculating 250,000 3,000 45 1/100 Train B Cooling coil,

[10] AHU 120/460 fan 3 BHP,
filter

Essential X Recirculating 170,000 7,000 45 1/100 120/460 Prefilter,

Elec. Room AHU Div I cooling coil
Div. I Cha. A fan, 3 BHP

Essential X Recirculating 170,000 7,000 45 1/100 120/460 Prefilter,

Elec. Room AHU Div II cooling coil
Div I Cha._C fan, 3 BHP

Containment Spray X Recirculating 180,000 4,500 40 1/100 Train A Cooling coil,
| Pump Room Div. I AHU 120/460 fan, 3 BHP,

[6] filter

Amendment V9 9 April 29, 1994
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TABLE 9.4-1

,

(Sheet 5 of 18) I

HVAC SYSTEM DESIGN PARAMETERS

Flow Rate / Unit
Operational Mode

Area or Type Heat Load Air Cool Water No. Units / Power
Location Normal Essential System Btu /hr CFM com % Capacity Supply Eauipment

Containment Spray X Recirculating 180,000 4,500 40 1/100 Train B Cooling coil,
Pump Room AHU 120/460 fan, 3 BHP, |
Div. II filter

[11] ,

Shutdown Cooling X Recirculating 180,000 4,000 30 1/100 Train C Cooling coil,
System Pump Room AHU 120/460 fan, 3 BHP,
Div. I filter

[3]

Shutdown Cooling X Recirculating 180,000 4,000 30 1/100 Train D Cooling coil,
System Pump Room AHU 120/460 fan, 3 BHP,
Div. II fil ter - :

'

[14]

SI X Recirculating 250,000 5,000 45 1/100 Train C Cooling coil,
Pump Room C AHU 120/460 fan, 3 BHP,
Div. I filter

[2]

SI X Recirculating 250,000 5,000 45 1/100 Train.D Cooling coil, [
Pump Room D AHU 120/460 fan, 3 BHP,
Div. II filter

[15] ,

i

:

Amendment V.,
,

April 29, 1994

.
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TABLE 9.4-1

(Sheet 6 of 18)

HVAC SYSTEM DESIGN PARAMETERS

Flow Rate / Unit
Operational Mode

Area or Type Heat load Air Cool Water No. Units / Power
Location Normal Essential System Btu /hr CFM QDm % CaDacitY buDDlY EauiDment

Cont Spray X Recirculating 220,000 4,500 40 1/100 Train C Cooling coil,
| Heat X Div. I AHU 120/460 fan, 3 BHP,

[1] filter

Turb Emerg X Recirculating 250,000 5,000 45 1/100 Train C Cooling coil,
F0W Pump Div. I AHU 120/460 . fan, 3 BHP,

[4] filter

Mtr. Emerg. X Recirculating 220,000 4,500 40 1/100 Train A Cooling coil,
FDW Pump Div. I AHU 120/460 fan, 3 BHP,

[5] filter

Shutdown Cooling X Recirculating 170,000 4,000 30 1/100 Train A Cooling coil,'

Heat X Div I AHU 120/460 fan, 3 BHP,
[8] filter

Shutdown Cooling X Recirculating 170,000 4,000 30 1/100 Train B Cooling coil,

| Heat X Div. II AHU 120/460 fan, 3 BHP,
[9] filter

Cont Spray X Recirculating 220,000 4,500 40 1/100 Train D Cooling coil,
Heat X Div. II_ AHU 120/460 fan, 3 BHP,

[16] filter

9 9 Amendment V
April 29, 1994
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TABLE 9.4-1

(Sheet 7 of.18)

HVAC SYSTEM DESIGN PARAMETERS

Flow Rate / Unit
ODerational Mode

Area or Type Heat Load Air Cool Water No. Units / Power
location Normal Essential System Stu/hr CFM GDm % CaDacity SuDDly EauiDeent

Mtr Emerg X Recirculating 220,000 4,500 40 1/100 Train B Cooling coil,
FDW Pump Div. II AHU 120/460 fan, 3 BHP, |

[12] filter

''

Turb Emerg X Recirculating 250,000 5,000 45 1/100 Train D Cooling coil,
FDW Pump Div. II AHU 120/460 fan, 3 BHP, ' |-

[13] filter

6
Containment X Cooling 12 x 10 100,000 800 4/33 Normal Cooling coil,

120/460 fan, 100 HP

6
Containment X High Purge 1.4 x 10 30,000 - 280 2/100 Normal Prefilter,

Supply 120V HEPA, cooling
120/460 coil, heat,

2 fans, ,

100 HP
,

Containment X Low Purge 58,400 1,250 0 2/100 Normal Prefilter,

Supply 120/460 HEPA, cooling
coil, heat,
2 fans, 3 HP

6
Containment X CEDM 3.07 x 10 100,000 614 2/100 Normal Cooling coil,

460/120 fan, 100 HP.

Amendment V
April 29, 1994

|

!
|

_ _ . _ _ _ - _ _ . _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ .- - . _ - _
<



TABLE 9.4-1

(Sheet 8 of 18)

HVAC SYSTEM DESIGN PARAMETERS

Flow Rate / Unit
Operational Mode

Area or Type Heat Load Air Cool Water No. Units / Power

Location Normal Essential System Btu /hr CFM com % Capacity Supply Ecuipment

Containment X Pressurizer Included in 10,000 - 2/100 Normal Fan, 5 HP
Cooling Containment 460V

Containment X Reactor Included in 20,000 - 2/100 Normal Fan, 10 HP
Coc?ing Containment 460V

Containment X Containment - 30,000 - 2/100 Normal Filter train
Clean-up 460V and fan,

75 BHP

Containment X High Purge - 30,000 - 1/100 FilterNormal Filter train
Exhaust 1/100 Fan 460V and 100 HP,

1 fan

Containment X Low Purge - 1,250 - 1/100 FilterNormal Filter train
Exhaust 1/100 Fan 460V and 5 HP,

1 fan

|Subsphere X Heat / Cool - 11,000 - 2/100 120/460 -Prefilter,
Vent. Sup. I Fans 11 Bh? cooling heat

coil, fan

|Subsphere X Heat / Cool - 11,000 - 2/100 120/460 Prefilter,
Vent. Sup. II Fans 11 BHP cooling heat

coil, fan

Amendment V

G G April 29, 1994
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TABLE 9.4-1

(Sheet 9 of 18)

HVAC SYSTEM DESIGN PARAMETERS

Flow Rate / Unit
Operational Mode

Area or Type Heat Load Air Cool Water No. Units / Power
Location Normal Essential System Btu /hr CFM com % Capacity Supply Ecuipment

Subsphere I X Exh. to - 13,200 - 2/100 120/460 Filter train,

Vent Exh Unit Vent ~

Fans 40 BHP | ,

!

Subsphere II X Exh. to - 13,200 - 2/100 120/460 Filter train,

Vent Exh Unit Vent Fans 40 BHP |

Fuel Pool Cooling X Recirculating 150,000 3,200 - 1/100 Train D Cooling coil,
Pumproom & Heat AHU 120/460 fan, 3 BHP,
Exchanger Room filter
Div. II

[17]

Fuel Pool Cooling X Recirculating 150,000 3,200 - 1/100 Train C Cooling coil,
Pumproom & Heat AHU 120/460_ fan,-3 BHP,-
Exchanger Room- filter
Div. I

[20]

Penetration Room X Recirculating 90,000 2,000 18. 2/100 Train C Cooling coil, 1

Div. I Cha. C AHU '120/460 fan, 1 BHP, |
i

[19] and [21] . filter

Penetration Room X Recirculating 90,000 - ,000 18 2/100 Train D . Cooling coil,2
..Div. II Cha. D AHU ~120/460 fan, 1 BHP, |-

.[18] and [22] .. fil ter;

i

Penetration Room X Recirculating 90,000 2,000 18 2/100 Train A Prefilter,
:~ Div. I Cha. A AHU

'

120/460 cooling coil, |
[23] and [25] fan, 1 BHP'

; Amendment V
April 29,-1994

,,
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TABLE 9.4-1

(Sheet 10 of 18)

HVAC SYSTEM DESIGN PARAMETERS

- Flow Rate / Unit
Operational Mode

Area or Type Heat Load Air Cool Water No. Units / Power
Location Normal Essential System Btu /hr CFM com % Capacity Supply Eauipment

Penetration Room X Recirculating 90,000 2,000 18 2/100 Train B Prefilter,

|Div. II Cha. B AHU 120/460 cooling coil,

[24] and [26] fan, 1 BHP

Essential X Recirculating 170,000 7,000 45 1/100 Train B Prefil ter,

Elec. Room AHU 120/460 cooling coil,

|Div.IICha.B fan, 3 BHP

Essential X Recirculating 170,000 7,000 45 1/100 Train D Prefil ter,

Elec. Room AHU 120/460 cooling coil,

|Div. II Cha. D fan, 3 BHP

Div. I+II Ess. & X Smoke Purge Fan - 15,000 - 2/100 120/460 Fan, 7.5 HP
Non-Ess El, Vit Ins
& Eq Rms

Stairwells X Smoke Fan - 12,000 - 5/100 120/460 Fan, 5 HP

Annulus X Exhaust - 18,000 - 2/100 120/460 Fan, 63 BHP,
filter train

6Fual Bldg. X Supply 1.0x10 21,600 130 1/100 120/460 Fan, 20 BHP
AHU prefil ter,

heat coil,
cool coil

Fuel Bldg. X Exhaust - 25,000 - 2/100 120/460 Fan, 75 BHP,
Filter Train filter train

Amendment V
April 29, 1994
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TABLE 9.4-1

(Sheet 11. of 18)

H_y_AC SYSTEM DESIGN PARAMETERS--V

Flow Rate / Unit
Operational Mode

Area or Type Heat Load Air Cool Water No. Units / Power
Location' Normal Essential System Btu /hr CFM com % Capacity SupDIY Eauipment

Non-Essential X Recirculating 200,000 6,000- 40 2/100 120/460 .Prefilter,

.Elec. Rm. AHU cooling coil,

CEDM Control fan, 5 BHP

Elec. Rm. X Recirculating 170,000 7,000 45 2/100 120/460 Prefil ter, .

x El 91+9 AHU cooling coil,
fan, 3 BHP-

Elec. Rm. X Recirculating 170,000 7,000 45 2/100 120/460- Prefilter,

x El 91+9 AHU cooling coil,
fan, 3 BHP

y El 91+9 AHU
'

120/460' Prefilter,Elec. Rm. X' Recirculating _ 170,000 .7,000- 45 2/100
cooling coil,.
fan,'3 BHP

-Elec. Rm. X Recirculating 170,000 7,000. 45 2/100- 120/460 Prefilter,

y El 91+9 AHU
'

cooling coil,.
fan, 3-BHP

Control Bldg. X Exhaust -- '3,000 - 1/100 120/460 Roof Exh.
Toilet Fan, I HP

Non-Essential X Ventilate - .700 - 1/100 120/460 Fan, 1 HP
Battery Rm. 1

~Non-Essential ~ X Ventilate -- 700 1/100 120/460 Fan, I HP-

Battery.Rm..II -

'

I - Amendment V-
.

April 29, 1994

:
'
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TABLE 9.4-1

(Sheet 12 of 18)

HVAC SYSTEM DESIGN PARAMETERS

Flow Rate / Unit
Operational Mode

Area or Type Heat Load Air Cool Water No. Units / Power

location Normal Essential System Btu /hr CFM com % Capacity Supply Equipment

| Diesel Rm. I X Ventilate - 166,000 - 2/50 460 Fan, 120 HP

| Diesel Rm. II X Ventilate - 166,000 - 2/50 460 Fan, 120 HP

6
Nuclear Annex X Cooling and 1.0x10 38,000 130 1/100-(Unit)120/460 Prefilter,

Supply Units - II Ventilation 2/100 (Fans) cooling coil,
elec heat,
fan 38 HP

I

| Battery Rm. I X Ventilate - 700 - 1/100 120/460 Fan, 1 BHP
Ess. Elec. Rm.

| Battery Rm. II X Ventilate - 700 - 1/100 120/460 Fan, 1 BHP
Ess Elec. Rm.

Amendment V
April 29, 1994
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TABLE 9.4-1

(Sheet 13 of 18) j

HVAC SYSTEM DESIGN PARAMETERS

Flow Rate / Unit
Operational Mode

Area or Type Heat Load Air Cool Water No. Units / Power
Location Normal Essential System Btu /hr CFM com % Capacity Supply Ecuipment

Hot Tool Crib X A/C and -- - - 1/100 120/460 AHU and ,

(El. 115+6) Ventilate exhaust fan

Hot Machine Shop X A/C and - -- - 1/100 120/.460 AHU and
Ventilate exhaust fan

Hot Tool Crib I X A/C and - -
- 1/100 120/460 AHU and

(El. 146+0) Ventilate exhaust fan

Hot Tool Crib II X A/C and - - - 1/100 120/460 AHU and
(El. 146+0) Ventilate exhaust fan

Personnel Decon Rm. X Heat / Cool 110,000 3,200 22 1/100 120/460 . Prefil ter,
(El.-146+0) cooling coil,

elec heat, fan

Personnel Decon Rm. X Heat / Cool 85,000 '2,400 17 1/100 120/460 Prefilter,

(El. 146+0) cooling coil, ;
elec heat, fan

I,

Amendment U
December 31, 1993
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TABLE 9.4-1

(Sheet 14 of 18)

HVAC SYSTEM DESIGN PARAMETERS

Flow Rate / Unit
OJerational Mode

Area or Type Heat Load Air Cool Water No. Ur.its/ Power

Location Normal Essential System Btu /hr CFM opm % Capacity Supply Eauipment

Instrument X A/C - - - 1/100 120/400 AHU

Air Room I

Instrument X A/C - - - 1/100 120/460 AHU

Air Room II

Maintenance Work X A/C - - - 1/100 120/460 AHU

Area I'

(El. 50 + 0)

Maintenance Work X A/C - - - 1/100 120/460 AHU

Area II
(El. 50 + 0)

Equip. Staging X Recirculating - - - 1/100 120/460 AHU

Area AHU

(El. 146 + 0)

RB Access Area I X Recirculating - - - 1/100 120/460 Filter,_

(El 50 + 0) AHU cooling
coil, fan

Amendment Q
June 30, 1993
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TABLE 9.4-1

(Sheet 15 of 18)

HVAC SYSTEM DESIGN PARAMETERS

Flow Rate / Unit
Operational Mode

Area or Type Heat Load Air Cool Water No. Units / Power
Location Normal Essential System Btu /hr CFM com % Capacity Supply Equipment

RB Access Area II X Recirculating - - - 1/100 120/460 Filter,

(El 50 + 0) AHU cooling coil,
fan

1

RB Access Area I X Recirculating - - - 1/100 120/460 Filter,

(El 70 + 0) AHU cooling' coil,
fan

RB Access Area II X Recirculating - - - 1/100 120/460 Filter,

(El 70 + 0) AHU cooling coil,
fan

RB Access Area I. X Recirculating - - - 1/100 120/460 Filter,

(El 91 + 0) AHU cooling coil,
fan

-- - - 1/100 120/460 Filter,RB Access Area II X Recirculating
(El 91 + 0) AHU cooling coil,.

fan

RB Access Area I -X Recirculating - - - 1/100 120/460 Filter,

(El 115 + 0) AHU cooling coil,
fan

RB Access Area II X Recirculating - - - 1/100 120/460 Filter,

(El 115 + 0) AHU cooling coil,
fan

Amendment Q
June 30, 1993
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TABLE 9.4-1

(Sheet 16 of 18)

HVAC SYSTEM DESIGN PARAMETERS

Flow Rate / Unit
Operational Mode

Area or Type Heat Load Air Cool Water No. Units / Power

Location Normal Essential System Btu /hr CFM com % Capacity Supply Eculpment

| Nuclear Annex X Filters - 30,000 - 1/100 Unit 120/460 Filter train,-

Filter Units - I 2/100 Fans Fan, 80 HP

6

| Nuclear Annex X Ventilating 1.0x10 24,000 130 1/100 (Unit)120/460 Prefil ter,

Supply Units - I and Cooling 2/100 (Fans) elec heat,
Fan, 24 HP

| Nuclear Annex X Filter - 24,000 - 2/50 (Unit 120/460 Filter train,

Filter Units - II
- - - 4/100 (Fans Fan, 72 HP

Remote Shutdown X Recirculating 100,000 2,000 20 1/100 460 Served by
Panel Room * AHU Division II

Fan, 1 HP

Charging Pump X Recirculating 100,000 2,000 20 1/100 120/460 Filter,

Room I AHU cooling coil,
Fan, I HP

Charging Pump X Recirculating 100,000 2,000 20 1/100 120/460 Filter,

Room II AHU cooling coil,
Fan, 1 HP

Access Area X Recirculating 100,000 2,000 20 2/100 120/460 Filter,

II (El. 130+6) AHU cooling coil,
Fan, I HP

|o Essential Electrical Room A/C units on floor EL. 70' + 0" supply Div. I A/C function to Remote Shutdown Panel Room.

Amendment V
April 29, 1994
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TABLE 9.4-1

(Sheet 17 of 18)

HVAC SYSTEM DESIGN PARAMETERS

Flow Rate / Unit
Operational Mode

Area or Type Heat load Air Cool Water No. Units / Power
Location Normal Essential System Btu /hr CFM apm % Capacity Supply Eauipment

Normal Chiller X Recirculating - - - 1/100 120/460 Filter,

Room Div. I AHU cooling coil,
fan

Component Cooling X Recirculating 100,000 2,000 20 2/100 120/460 Filter,

Water Pump Room AHU cooling coil,

Div. I fan

Normal Chiller X Recirculating - - - 1/100 120/460 Filter,

Room Div. II AHU cooling coil,
fan

Component X Recirculating 100,000 2,000 20 2/100 120/460 Filter,

Cooling Water AHU cooling coil,

Pump Room fan
Div. II

Essential X Recirculating - - - 1/100 120/460 Filter,

Chiller AHU cooling coil,
Room Div. I fan

Essential X Recirculating - - - 1/100 120/460 Filter,

Chiller AHU cooling coil, |
Room Div. II fan

Component Cooling X Exhaust - - - 1/100 120/460 Fan |
Water Heat
Exchanger
Structure Div. I

Amendment V
April 29, 1994
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TABLE 9.4-1

(Sheet 18 of 18)

HVAC SYSTEM DESIGN PARAMETERS

Flow Rate / Unit
ODerational Mode

Area or Type Heat Load Air . Cool Water No. Units / Power
Location Normal Essential System Btu /hr CFM com % Capacity Supply Eauipment

|ComponentCooling X Exhaust - - - 1/100 120/460 Fan
Water Heat
Exchanger.,

Structure Div. II

Radwaste Building X Supply - - - 2/50 120/460 Fan,
AHU prefilter,

heat coil,
cool coil

|Radwaste Building X Exhaust - - - 2/50 120/460 Fan, filter
Filter Train train

.

;

Amendment V
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TABLE 9.4-5

(Sheet 1 of 11)

0DESIGN COMPARISON TO REGULATORY POSITIONS OF REGULATORY GUIDE 1.52 )

Reeulatory Guide 1.52 Position System 80+

1. Environmental Design Criteria

a. The design of an engineered-safety-feature atmosphere Complies.
cleanup system should be based on the maximum pressure
differential, radiation dose rate, relative humidity, maximum
and minimum temperature, and other conditions resulting
from the postulated DBA and on the duration of such
conditions.

b. The design of each ESF system should be based on the Complies, except
radiation dose to essential services in the vicinity of the radiation source term
adsorber section, integrated over the 30-day period is consistent with
following the postulated DBA. The radiation source term NUREG 1465 in lieu
should be consistent with the assumptions found in of Regulatory Guide

/O Regulatory Guides 1.3,1.4 and 1.25. Ci!ner engineered 1.4.

h safety features, including pertinent components of essential
services such as power, air, and control cables should be
adequately shielded from the ESF atmosphere cleanup
systems,

c. The design of each adsorber should be based on the Complies, except
concentration and relative abundance of the iodine species radiation sources term
(elemental, particulate, and organic), which should be is consistent with
consistent with the assumptions found in Regulatory Guides NUREG 1465 in lieu
1.3,1.4 and 1.25. of Regulatory Guide

1.4.

d. The operation of any ESF atmosphere cleanup system Complies.
should not deleteriously affect the operation of other
engineered safety features such as a containment spray stem,
nor should the operation of other engineered safety features
such as a containment spray system deleteriously affect the
operation of any ESF atmosphere cleanup system.

W Design requirement of this Regulatory Guide as applicable to the System 80+ Control Complex )d Ventilation System, safety-related components of other filtration trains and carbon adsorbers credited with l
more than 70% efficiency in 10CFR20 and 10CFR50, Appendix I analyses. :

Amendment U
December 31, 1993
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TABLE 9.4-5

(Sheet 2 of 11),

DESIGN COMPARISON TO REGULATORY POSITIONS OF REGULATORY GUIDE 1.52

Reculatory Guide 1.52 Position System 80+

e. Components of systems connected to compartments that are Complies,
unheated during a postulated accident should be designed for
post-accident effects of both the lowest and highest predicted
temperatures.

2. System Design Criteria

a. ESF atmosphere cleanup systems designed and installed for Complies, except for
the purpose of mitigating accident doses should be Control Complex
redundant. The systems should consist of the following Ventilation System
sequential components: (1) demisters, (2) prefilters demisters are not
(demisters may serve this function), (3) HEPA filters before provided. Water
the adsorbers, (4) iodine adsorbers (impregnated activated droplets will not be
carbon or equivalent adsorbent such as metal zeolites), (5) entrained in the
HEPA filters after the adsorbers, (6) ducts and valves, airstream. Humidity
(7) fans, and (8) related instrumentation. Heaters or cooling control is provided by
coils used in conjunction with heaters should be used when safety-related air-
the humidity is to be controlled before filtration. conditioning system

which has provisions
for both dehumidifying
and heating to maintain
relative humidity
below 60%. Heaters
are provided in the
filtration unit.

b. The redundant ESF atmosphere cleanup systems should be Complies.,

physically separated so that damage to one system does not
also cause damage to the second system. The generation of
missiles from high-pressure equipment rupture, rotating
machinery failure, or natural phenomena should be.

considered in the design for separation and protection.

c. All components of an engineer-safety-feature atmosphere Complies.
cleanup system should be designated as Seismic Category I
(see Regulatory Guide 1.29)if failure of a component would
lead to the release of significant quantities of fission
products to the working or outdoor environments,

d. If the ESF atmosphere cleanup system is subject to pressure Not applicable. The
surges resulting from the postulated accident, the system systems are located
should be protected from such surges. Each component outside of the
should be protected with such devices as pressure relief containment and not
valves so that the overall system will perform its intended exposed to pressure
function during and after the passage of the pressure surge. surges.

Amendment V
April 29, 1993
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L. Sufficient fire area compartmentation to preclude the

presence of Category 1 risks. A Category 1 risk is defined
in the Fire Hazards Assessment as an area where equipment or
component damage and electrical faulting are unacceptable. i

An example would be a location where redundant equipment and
components required for safe shutdown are susceptible to
damage by a single fire.

M. A fire protection program that complies with NUREG 0800
Standard Review Plan and CMEB 9.5-1, Rev. 2, July 1981:
" Guidelines for Fire Protection of Nuclear. Power Plants" and
SECY Letter 90-16, " Evolutionary Light Water Reactor (LWR)
Certification Issues and Their Relationships to Current
Regulatory Requirements. " Specific deviations and technical
justification are included in the fire hazards analysis.

The Design Basis Goals and Objectives as stated above will
mitigate the potential of fire, provide for prompt detection
should fire occur, provide automatic suppression and/or manual
fire suppression capabilities as determined by the Fire Hazards
Analysis, provide fire resistant barriers to mitigate fire
propagation, protect redundant safety related trains of equipment
from damage due to a common fire exposure, and preclude thepg

( i potential release of radioactivity to the environment.
%./

9.5.1.2 General Desian Guidelines

A. Outside containment redundant divisions of safety related
electrical equipment are separated from each other by three-
hour fire rated fire barriers. Exceptions are control room
and remote shutdown panel room which are physically
separated, electrically isolated, and provide redundant
shutdown capability. Transfer switches which transfer
control from the Control Room to the Remote Shutdown Panel,
are located in the control room. Section 7.4.1.1.10
contains a discussion of the transfer of control from the
Control Room to the Remote Shutdown Panel. The COL
Applicant shall provide procedures and training for
transferring control from the Control Room to the Remote
Shutdown Panel from either the transfer switches located in
the Control Room or from the Maintenance and Test Panels in
the ESF-CCS and Process-CCS channelized equipment rooms.

B. Inside containment: The Fire Protection Safe Shutdown |Analysis (which will be maintained as part'of the System 80+
design basis) will assure that fire at any specific location
inside containment will not affect redundant safe shutdown |

,

components. It will also assure that redundant safe i
/ T shutdown components such as instruments and valves will be !

d\ separated to the extent practicable as stipulated in j
i

|

Amendment V I
9.5-3 April 29, 1994 |
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O
SECY-90-016, " Evolutionary Light Water Reactor (LWR)
Certification Issues and Their Relationship to Current
Regulatory Requirements".

As stated in Section 9.5.1.1.2.C, cables used for safe
shutdown functions inside containment will be three hour
fire rated cable protective systems (i.e. , mineral insulated
cables or equivalent). An exception to the three hour fire
resistance rating may be containment penetrations which are
currently commercially available with one hour fire

,

resistance rating. Three hour fire rated containment
penetrations will be purchased if available.

Separation of redundant safe shutdown components such as
instruments and valves is discussed in Section 9.5.1.3.8.

C. A fire protection water supply is installed, with redundancy
,

and reliability to meet provisions of BTp CMEB 9.5-1.

D. Fixed automatic suppression systems are installed,
engineered for the specific hazard to be protected in
accordance with the design objectives as determined by the

| Fire Hazards Analysis. Mercoid switches are not employed.

E. Pcrtable fire extinguisher, fire hydrants, fire hose
stations and supporting equipment are provided to f acilitate
manual fire fighting.

F. Ventilation systems are installed, including provisions for
controlling spread of fire and smoke beyond the area of
origin. HVAC systems are division specific; therefore,
there are no dampers in barriers which separate redundant
divisions of safety-related equipment. There are two
exceptions to this divisional separation. One exception is
that there is a single opening in the divisional fire wall
which separates the redundant control room air handling
units. An air intake duct which supplies make-up air to the
redundant Control Room Systems passes through this single
opening. This arrangement enables make-up air to be drawn
from either side of the facility and is necessary for
nuclear safety reasons. This opening is protected with a
combination fire and smoke damper. The other exception is
that there is a single opening in the divisional fire wall
for the division 2 fuel pool building exhaust. This fuel
pool exhaust penetration is from the common fuel pool area, ,

which is located on the division 1 side. |
1

O|
|

Amendment V j
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G. Smoke control capability is provided as part of HVAC system,

| design to mitigate smoke migration beyond the area of
| origin. The fans dedicated for smoke purge are sized to

provide a minimum of 3 CFM/ square foot of floor area. Thei

ventilation systems are sizu' to provide an air flow 'I
of1 CFM/ square foot of floor area or more depending upon the
area served. The layout of the ductwork is such that it
ensures ventilation of all corners of the area as much as
practical.

H. Multiplexed instrument and control. signals by fiberoptic
cables are provided to minimize the quantity-of combustible
exposed cable insulation in the plant.

!

|

|

l

l

|
|

|

|
I

!
|

O
Amendment Q
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9.5.1.3.6 Associated Circuits

The potential for electrical interaction due to fire mandates
that a study be conducted to assure that redundant safe shutdown
systems are not damaged by a single fire. Generic Letter 81-12'

Rev. 1 defines Associated Circuits and provides guidance for
documenting the Associated Circuits Study.*

Outside of containment the System 80+ plant configuration'

provides complete separation of redundant safety related
divisions by three hour fire rated barriers. Division 1 is
located (plan) north of column line 17. Division 2 is locan d
(plan) south of column line 17. An exception is the Control Room i

'

and the Remote Shutdown Panel room which are physically sepcrated
and electrically isolated and provide redundant shutdown
capability. Transfer sw_cches which transfer control from the
Control Room to the Remote Shutdown Panel are located in the*

1 Control Room. Transfer switchte are arranged such that when !
power is transferred from the control Room to the Remote Shutdown
Panel, manual operations in all four Vital Switchgear rooms are i

required to return control capability to the Control Room. Thus |
'

associated circuit interaction in the Control Room will not>

affect the ability to achieve safe shutdown from the Remotem\[V
,

4

Shutdown Panel.
'

,

Separation of the redundant safe shutdown paths and Associated |
-

Circuits for both inside and outside the containment are further
discussed in Sections 9.5.1.3.7 through 9.5.1.3.9. A finalized'

Associated Circuits study will be included in the Fire Hazards
Analysis which is discussed in Section 9.5.1.12.

9.5.1.3.7 Safe Shutdown Following Fire Outside of
Containment

As discussed in Section 9.5.1.3.6, " Associated Circuits",
redundant safe shutdown divisions are separated by column line'

'

17. Each fire area is enclosed in three hour fire rated'

barriers. Three hour fire rated barrier walls are located along
Column Line 17, except at elevations 115+6 and 130+6 where the
Control Room is located. The exception to complete divisional
separation is the Control Room and the Remote Shutdown Panel room

c which have redundant control function capability. They are
physically separated and electrically isolated from each other.
CESSAR-DC Figure 9.5-1 depicts the separation of redundant
electrical divisions outside of containment.

Thus a fire in any fire area outside of containment will not
affect redundant safe shutdown systems, equipment, or components.

9.5.1.3.8 Bafe Shutdown Following Fire Inside Containment,

The Containment and Annulus are a single fire area. The only
components inside the Containment and Annulus which are required

Amendment U
9.5-9 December 31, 1993
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for safe shutdown are motor-operated valves and instruments
associated with safe shutdown systems.

Inside the Annulus and Containment, three hour fire rated cable
protective systems (i.e., mineral insulated cables) are used for
cables associated with safe shutdown functions. An exception to
the three hour fire resistance rating may be containment
penetrations which are currently commercially available with a
one hour fire resistance rating. Three hour fire rated
containment penetrations will be purchased if available.

The only in situ combustible material inside containment that may
be exposed to a fire is insulation of cables that are not
associated with safe shutdown functions. Redundant trains of
valves and instruments analyzed as an assured method of achieving
safe shutdown are physically separated by a reinforced concrete
wall, by a pressure vessel such as the pressurizer or steam
generator, or by spatial separation (i.e., greater than 20 feet)
with no intervening combustibles, such that a potential fire will
not affect redundant equipment as stated in Section 9.5.1.3.9.

In situ combustible material inside containment is limited to
those materials which are essential for unit operation (i.e.,
cable insulation, lubricants, etc.). The largest quantity of
combustible materials is RCP motor lubrication oil. All
potential leak points are enclosed in a seismically designed oil
collection system which drains to a seismically designed oil
collection tank. If oil were to escape from any reactor coolant
pump, it would drain into the containment holdup volume. There
are no safe shutdown components located in the containment holdup
volume which may be damaged due to a fire at this location.

Transient combustible material will be administratively
controlled to avoid unacceptable fire hazards.

9.5.1.3.9 Protection of Redundant Functions
t

1. OBJECTIVE: Maintain primary system pressure boundary
integrity (i.e., reactor coolant pump seal integrity, CVCS
letdown isolation, SCS isolation, SDS isolation and RCS
sample line isolation).

ANALYSIS:

A. RCP seal integrity is maintained by either seal
injection from the CVCS charging pumps or direct
cooling from the CCWS. The CVCS is discussed in
CESSAR-DC Section 9.3.4, and is shown in Figure
9.3.4-1. The CCWS is discussed in CESSAR-DC Section
9.2.2 and is shown in Figure 9.2.2-1. The RCP seals
are discussed in CESSAR-DC Section 5.4.1 and are shown
in Figure 5.1.2-2.

Amendment V
9.5-10 April 29, 1994
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hour fire rated, normally closed, motor-operated smoke dampers.
The dampers are remotely actuated from the control room. Motor
operators and power and control cables are located on the
opposite side of the fire barrier from which smoke is to be
exhausted. The system uses 100% outside air supplied by the
Control complex air-handling units. The smoke purge fans are
sized to exhaust three cfm per square foot.

In the subsphere, electrical equipment rooms A, B, C and D on
elevation 50+0 are separated by channel with 3 hour fire
resistance barriers. The two channels within a division share
a common ventilation system, but are separated by fire dampers.
Smoke purge fans are utilized to prevent smoke migration from one
channel to the other in the same division.

Smoke migration between divisions in the nuclear annex is
prevented by providing a 3 hour fire resistance wall between
divisions with all penetrations sealed to maintain the 3 hour
fire resistance barrier. No HVAC ducts will penetrate the
divisional wall, except those noted in Section 9.5.1.2, Item F. |
Separate HVAC systems are provided for each side of the

fx divisional separated building. The stairwells are pressurized to
(- prevent smoke from entering and migrating between elevations.

.

The ventilation systems handle smoke purge by isolation of supply
air in the area in which the fire occurred. The normal exhaust
system foi le area will purge the smoke providing a slight
negative p .ure to the area in relation to surrounding areas
still recc .ng supply air. The exhaust filter unit is bypassed
in the smo,.4 purge mode. This mode of operation is manually
activated from the control room. The recirculation cooling units
in an area with smoke will need a maintenance check to see if the
prefilter needs replacing and the cooling coils need to be
cleaned after the smoke purge is completed.

9.5.1.5.2 Interior Finish Materials
i

Structural materials are classified as noncombustible or fire
resistive.

Interior finish, exposed thermal insulation, radiation shielding,
and acoustical materials meet the following criteria in the
installed configuration:

A. Flame spread of 25 or less

B. Smoke development of 450 or less

Amendment V
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Floor coverings meat the following criterion in the installed
configuration:

2Minimum critical radiant flux of 0.45W/cm-

Flame spread and smoke developed are measured in accordance with
ASTM E-84, " Test for Surface Burning Characteristics of Building
Materials." Critical radiant flux is measured in accordance with
ASTM E-648, " Test for Critical Radiant Flux of Floor Covering
Systems Using a Radiant Heat Energy Source."

If it is necessary to select a specific material which does not
meet or has not been tested to the above qualifications (in the
installed configuration), an engineering analysis will confirm
that the General Design Guidelines. are met and there is no
reduction in the fire safe quality of the plant.

9.5.1.5.3 Means of Egress

Personnel egress in the Nuclear Annex is arranged to meet
provisions of NFPA 101, " Life Safety Code" or NFPA 101m,
" Alternative Approaches to Life Safety."

There are stairs in each quadrant of the Nuclear Annex enclosed
by two-hour fire rated walls. Each stair tower is pressurized by
a dedicated fan mounted at the top of the tower. Exit pathways
are clear and unobstructed, allowing personnel egress / access.

Access / egress into the Containment Building is through two
personnel air locks, one located on elevation 115+6 and one
located on elevation 146+0.

Sealed beam, battery powered er.ergency lighting units are
installed to illuminate emergency egress paths in accordance with
standards of NFPA 101, "The Life Safety Code."

Sealed beam, 8-hour minimum battery powered emergency lighting
units are provided for ,reas and access to areas that must be

occupied for safe shutdown of the plant following a fire.

9.5.1.6 Inside Containment and the Annulus

As stated in Section 9. 5.1.1. 2. C, three hour fire rated cable
protective systems (i.e., mineral insulated cable or the
equivalent) are used for cables associated with safe shutdown
functions. An exception to the three hour fire resistance rating
may be containment penetrations that are currently commercially
available with one hour fire resistance rating. Three hour fire i

rated containment penetrations will be purchased if available. |

Amendment O
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The fire pump test header includes a flow meter to facilitate
fire pump testing and a hose header to facilitate system j

flushing. I
l

Fire pump and storage tank piping is designed to provide a fully,

| adequate water supply to sprinkler and fire hose standpipe
systems in both safety and non safety related areas with one fire
pump and one water storage tank out of service. Each pump
provides a minimum flow and pressure to supply the largest design
demand of any sprinkler, preaction, or deluge system plus 500 gpm
for manual hoses.

|
..

| The electric motor driven fire pump is powered by the unit
| auxiliary power supply. Back-up power is provided by the site
i alternate AC power supply combustion turbine and electrically
! protected so that fire in the power house will not interrupt pump

operation.

A jockey pump provides system pressure maintenance to avoid
| starting of the main fire pumps under no fire conditions.
|

| _

9.5.1.7.2 Water Distribution System, Hydrants, and Home
'

Houses

Underground water distribution piping is cement lined ductile,

| iron or plastic which is UL Listed or Factory Mutual Approved for
| fire service. Interior and above ground pipe is galvanized
j carbon steel which complies with ASTM A53, " Standard

Specification for Welded Pipe, Steel, Black and Hot Dipped, Zinc'

Coated and Seamless Steel Pipe." Piping is " looped" around the
power block and cross-connected within the Nuclear Annex so that
sprinNier systems have redundant water supply flow paths. Two
p!.}ws penetrate containment, to provide redundant water supplies
to primary and back-up fire protection systems,

i

| Piping is sized based on water flow with the shortest flow path
! out of service. Calculations are based on anticipated internal

pipe roughness after 60 years of service.

! Sprinkler systems and hose station connections to the water
distribution system are arranged so that a single impairment willi

not isolate primary and secondary protection for any area.

Fire hydrants are located Ebout 250 feet apart around the. yard
loop. Hydrants are provided with individual isolation valves so
that they can be individually isolated for repair. Each hydrant
has 2-2 inch outlets individually controlled by gate valves.
Fire hose houses are located near alternate fire hydrants. Hose
house equipment includes:

A. 350 ft of 2 inch fire hose

B. 150 ft of 1 inch fire hose

Amendment U
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C. 2-2 inch x 1 inch gated wye connectors

D. 2-2 inch adjustable spray nozzles
|

E. 2-1 inch adjustable spray nozzles

| F. 2-2 inch hose coupling gaskets

i G. 2-1 inch hose coupling gaskets

H. 4 coupling spanner wrenches

I. 1 hydrant wrench
!

| Where hydrants or hose houses are subject to damage by vehicle
i damage, appropriate guards and barriers are provided for

| protection.
!

Sectional isolation valves are located throughout the water
distribution system to assure that any portion of the
distribution system that serves buildings containing safety
related systems, equipment, and components can be repaired
without isolating primary and secondary fire protection.

Fire protection control valves will be either locked or
electrically supervised to assure they remain in the open
position. Administrative controls will assure that the fire
protection water supply system is not used for non fire
protection purposes.

The fire protection water distribution system complies with
NFPA 24, " Standard for Private Fire Service Mains."

piping, valves, fittil.gs, and fire hydrants are designed for 175
psi operating pressure.

9.5.1.7.3 Automatic Sprinkler Systems

A. Description

Automatic preaction sprinkler systems are utilized for fixed
fire protection in the Nuclear Annex, Reactor Building, and
the alternate AC source - Combustion Turbine, as determined
by the Fire Hazard Analysis. Wet pipe automatic sprinkler
systems are used where preaction type systems are not
mandated by the General Design Guidelines given in Section
9.5.1.2, Item K.

A preaction sprinkler system consists of a piping
distribution system which supplies water to sprinkler heads
which are located based on engineering analysis and
requirements of NFPA 13, " Standard for Installation of

Amendment V
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Automatic Sprinkler Systems," to assure adequate water
distribution and to preclude the possibility of interference
with the water distribution pattern due to obstruction by- |
other plant equipment and components. Sprinkler heads are j
normally closed and are actuated by heat sensitive elements. ;
Actuation temperatures of these elements are based on the j
individual location and application. Distribution piping
between the system control station and sprinkler heads is,

normally dry and supervised with air or nitrogen. Water is
! held at a specialty "preaction valve" at the system control

station. The system includes a fire detection subsystem
'

activated by fire or smoke detection devices, selected by
engineering ' analysis for the specific location and
application based on the Fire Hazards Analysis. Upon
activation of a fire detection device, the_ automatic
preaction control valve opens, allowing water into. the

j piping system.

Water-is then discharged only through sprinkler heads in
which the heat sensitive element has actuated,_ thereby
applying water only to the area involved in fire. Each
preaction sprinkler system has a manual control- valve

| immediately _ upstream of the preaction control valve . and
( mechanical trim to accommodate testing and maintenance.'

Alarms monitor system air pressure-and water flow. Each
| system alarms and annunciates locally and in the control

room to alert station personnel to actuation. The main
control station is located outside of the protected area. .

Two inch drains and inspector's test connections are
provided to test system water flow and alarm operation.
Each drain and test connection is arranged to discharge into
a station drain for water control. )

B. Coverage |

Automatic sprinkler systems will be installed in areas as
stipulated in BTP CMEB 9.5-1. Sprinklers will be installed
in other areas, as determined necessary to meet Fire
Protection Program Design' Basis Goals and Objectives as
stated in Sections 9.5.1.1.1 and 9.5.1.1.2. j

'

|
| Sprinkler system design specifications (i.e. , design density i! over the designed operating area) is determined by the Fire {l

Hazards Analysis. Each system is designed based on the !

available water supply with 750 gpm reserved for hose
streams.

Amendment O
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C. Systems Interaction

1. Sprinkler system piping is seismically restrained to
avoid interaction with systems, equipment, and
components which must function following the design
basis seismic event. The preaction sprinkler system
piping and sprinkler heads inside the diesel generator
rooms are designed to Seismic Category I requirements.

2. Sprinkler. head locations are selected and analyzed to
assure that water spray does not expose redundant
equipment required to achieve cold shutdown or high
voltage electrical equipment which may result in a
personnel hazard.

3. Sprinkler systems are analyzed to assure that pipe
break / water spray does not potentially expose redundant
equipment required for cold shutdown.

4. Sprinkler system drains and test connections are routed
to unit drains to control water discharge.

5. In areas where equipment is subject to damage by water
accumulation, floor drains are provided or equipment is
installed on elevated platforms to avoid damage.

6. Sprinkler heads are located as required by NFPA 13.
Other plant equipment and components are located so
that they do not obstruct the designed sprinkler water
discharge pattern. If obstruction is unavoidable,
additional sprinkler heads are installed to assure
proper water distribution.

7. Where installed, automatic sprinkler systems are
considered primary protection. Portable extinguisher
and fire hose stations are provided for back-up
protection.

CESSAR-DC Section 3.4.4.1 contains a discussion of internal
flood protection methods. These flood protection methods
will protect safe shutdown equipment from internal flooding
including flooding due to water released during fire
suppression activities.

Sprinkler system components _ including manual isolation
valves, preaction control valves, pipe, fittings, hangers,
sprinkler heads, and detectors are Underwriter's
Laboratories Listed or Factory Mutual Approved for use in
fire protection systems. An exception to Listed or Approved )
equipment is containment isolation valves which are not '

available as Listed or Approved.

Amendment V |

9.5-28 April 29, 1994
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9.5.1.7.4 Fire Hose and Standpipe Systems

Fire hose and standpipe systems consists of piping connections to
the water distribution system, manual isolation valves, and 1
inch fire hose. These systems are installed in accordance with
NFPA 14, " Installation of Fire Hose and Standpipe Systems."

Fire hose and standpipe systems located in the Reactor Building
and Nuclear Annex meet Seismic Category.I requirements. The
primary water supply to the standpipe system is from the fire
protection water distribution system. Each connection of the
standpipe system to the fire protection water distribution system
includes a manual isolation valve and a back flow prevention
check valve which meet Seismic Category I requirements. An
18,000 gallon Seismic Category I classified water storage tank
supplying a 150- gpm seismic Category I classified pump is |
connected to the fire hose standpipe system downstream of the
check valves. The pump and water storage tank will be located in
the Nuclear Annex and will provide 75 gpm at a minimum of 65 psi
to any two fire hose stations in the Nuclear Annex or Reactor
Building for a two hour duration. In the event of loss of the
fire protection water distribution system following a seismic

h) event, the fire hose standpipe system can supply the specified
U/ volume and pressure to two fire hoses in the safety related

,

portions of the station.

Fire hose stations are designed for Class III service (for use by
building occupants and a fully trained structural fire brigade)

las defined by NFPA 14, " Fire Hose and Standpipe Systems." t

Standpipe system piping is sized to supply 500 gpm at a minimum
65 psi pressure from the primary water supply and 150 gpm from
the seismically designed back-up water supply. Each hose
connection to the standpipe includes a 1 inch and a 2 inch |

;

connection. Connections have pressure reducing orifices if
necessary to maintain a maximum system pressure at 100 psi for
firefighter safety.

Hose stations are located so that any location where safety
related equipment may be damaged by. fire can be reached with at
least one effective hose stream.

Hose stations are equipped with 1 _ inch fire hoses which are amaximum of 100 feet long. Hose stations which protect electrical
,

equipment have adjustable spray nozzles qualified for use on
energized electrical equipment.

. Fire hoses, isolation valves, and hose nozzles are Underwriter's
Laboratories Listed or Factory Mutual Approved for use in fire
service. An exception is containment isolation valves which are
not available as Listed or Approved.

Amendment V
9.5-29 April 29, 1994



-

|

( ! h hfk|I b!$ flCAT!*N

O
9.5.1.7.5 Portable Fire Extinguisher

Portable fire extinguisher are located and arranged in accordance
with NFPA 10, " Standard for Installation and Use of Portable Fire

| Extinguishers."

Fire extinguisher are located to be accessible. Locations are
clearly marked to be prominently visible.

,

Fire extinguisher are Underwriter's Laboratories Listed or
Factory Mutual Approved for use in fire protection service.

9.5.1.7.6 Fire Detection and Alarm System

A fixed autonatic fire detection system is installed in the
Nuclear Annex and portions of the Reactor building. Fire
detection will be installed in the following areas:

Areas containing major cable concentrations
Safe shutdown major pumps
Switchgear
Motor control centers
Battery and Inverter areas
Relay rc. oms
Fuel areas

Fire detectors will also be installed in other areas containing
appreciable in situ or potentially transient combustible
materials such as change room storage contaminated area step off
pads and laundry rooms.

The type of fire detectors considered for use in the System 80+"
are as follows:

designed to operate at predeterminedA. Heat detectors -

ambient temperature.

B. Ionization and photoelectric smoke detectors - designed to
operate in the presence of particles of combustion.

designed to operate by detection ofC. Flame detectors -

infrared, visible, or ultraviolet radiation.

D. Continuous line type detection - designed to operate when
exposed to a predetermined ambient temperature.

Detectors are specifically selected for each location based on
potential fire hazard, need for timely actuation, ambient
conditions, ventilation and ceiling height, as determined in the
Fire Hazards Analysis.

Amendment Q
9.5-30 June 30, 1993
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9.5.1.10 Control of Combustible Materials

A program is established control of storage, use and disposal of
combustible material. Combustible materials are defined as those
materials which will ign.te, burn, support combustion, or release
combustible vapors when exposed to fire or heat in the installed
configuration.

The System 80+ is designed to comply with BTP CMEE 9.5-1 and SECY
90-016. These documents stipulate that fire barriers must be
rated for three hour fire endurance. The NFPA Fire Protection
Handbook Table 6-6A, " Estimated Fire Soverity For Offices and
Light Commercial Occupancies" states that for a fire severity
approximately equivalent to that of (ASTM E-119) test under
standard curve, 30 pounds per square foot of ordinary combustible
material is approximately equivalent to a 3 hour fire rating.

9.5.1.10.1 Structures, Equipment, and Components

A. Structures

n Structures are comprised of noncombustible material. Some
interior finish materials are of limited combustible(h' construction with the following fire resistive
characteristics:

1. Maximum flame spread of 25
2. Maximum smoke development of 450
3. Minimum critical radiant flux of .45W/cm2
Notes 1 and 2 are acceptance criteria of ASTM E-84, " Test
for Surface Burning Characteristics of Building Materials"
Note 3 is obtained from ASTM E-648, " Test for Critical
Radiant Flux of Floor Covering Systems Using a Radiant Heat
Energy Source."

B. Equipment

Some plant equipment contains synthetic materials such as
neoprene plastic and nylon parts. These quantities are not
present in' concentrations which would create a significant
fire hazard. Locations containing significant quantities of
plastic material such as cable insulation are evaluated in
the Fire Hazards Analysis to consider the potential affects
of combustion such as heavy smoke production and generation
of corrosive and toxic gases,

b
V

Amendment R
9.5-42a July 30, 1993
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Bulk hydrogen storage cylinders are located outside of the
Nuclear Annex within the protected area. The hydrogen
compressed gas system is designed to be isolable. This
system also includes a leak detection system. To further
limit hydrogen accumulation to less than 2 percent
concentration in safety related areas of the plant, the
hydrogen compressed gas system piping within those areas
will either be sleeved with an outer pipe, or will include
excess flow shutoff valves, or will be designed to Seismic
Category I requirements. This hydrogen piping will be
installed in accordance with the guidance given in SRP
Section 9.5.1 (BTP CMEB 9.5-1) for limiting hydrogen
accumulation.

Reactor coolant pump motors each contain about 250 gallons
of oil for cooling and lubrication. Potential leak points
are enclosed in a seismically designed oil collection shroud
which drains to.a full capacity, seismically designed tank
in the basement of the Reactor Building. Thus, oil escaping
from the reactor coolant pump motor would not create a
potential fire hazard. (An option under consideration is
use of fire retardant oil similar to that commonly used in
turbine governor systems, which would reduce the potential
for ignition and severity of a fire. An oil collection and
drain system would be provided but would not be seismically
qualified).

Some safety related pumps contain small quantities of
lubricating oil or grease. These pumps are reviewed on an
individual basis in the Fire Hazards Analysis. Fire
protection features are provided as determined appropriate.

C. Components

The majority of in situ combustible materials in safety
related areas of the plant consists of plastic insulation of
power, control, and instrumentation cables. Use of fiber
optic cables from the control room and individual
multiplexer panels in designated train-specific areas,
reduces the quantity of combustible cable insulation by an
estimated order of magnitude. Further, locations containing
significant quantities of combustible materials are
investigated in the Fire Hazards Analysis to consider the
potential affects of burning, such as heavy smoke production
and generation of1 corrosive and toxic gases.

Some piping and HVAC insulation consists of synthetic rubber
type products, where moisture control is a significant
concern.

O
Amendment V

9.5-42b April 29, 1994
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9.5.1.10.2 Flammable and Combustible Liquids

Two abose ground diesel fuel oil storage tanks (typically 45,000
gallons each) are located on each side of the Nuclear Annex
Diesel Generator Rooms. The tanks are located within structures
which act as fire barriers and dikes. Storage complies with NFPA
30, " Flammable and Combustible Liquids Code."

There is a diesel fuel oil day tank (typically 900 gallons) in-

each diesel generator room. Each tank is surrounded by a full
height (of the tank) concrete dike sized to contain 110% of the
tank capacity. Penetrations in the dike are sealed. Drains are
provided within the dike to remove spillage to a safe location.
Tank vents are routed outside of the room.

Combustion Turbine (CT) is locatedThe Alternate AC Source -

remote from the Nuclear Annex such that fire involving the CT
will not affect nuclear safety related equipment. Fire
protection features are provided for the Combustion Turbine,
consistent with the Fire Protection Design objectives as
determined appropriate by the Fire Hazards Analysis.

Storage of flammable and combustible liquids complies with NFPA
(m
,

) 30, " Flammable and Combustible Liquids." Cleaning fluids and
C/ solvents are normally used in quantities of one gallon or less.

9.5.1.10.3 Combustible Contents

9.5.1.10.3.1 Combustible Furnishings

In areas designated as personnel work stations, change rooms,
break rooms and combustible material storage areas, combustible
furnishings, and work related material are present. In these
areas, the Fire Hazards Analysis assesses the potential for fire

,

ignition, growth, and consequences. |

Based on this assessment, fire protection features are provided
to assure that the Fire Protection Design Basis Goals and

,

Objectives are met. |

9.5.1.10.3.2 Transient Combustible Material

An administrative control program assures the amount of transient
combustible material in safety related areas are properly managed i
and that additional fire protection features provided as I

appropriate. When specific tasks are completed or at the end of
each shift, combustible material in collected and moved to the
designated collection area.

[] Portable cylinders of flammable and combustible gases are used in
! / the Nuclear Annex and Reactor Building. An administrativeV control program implements a permit system to assure control of

use and storage of these cylinders.

Amendment Q
9.5-42c June 30, 1993
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Storage and disposal of anticontamination clothing at radiation
control zone (RCZ) step-off pads is recognized as a potentially
significant transient combustible fire hazard. Therefore,
anticontamination clothing is stored in enclosed storage
cabinets. Cabinet doors are normally closed as required by
station directives. Used anticontaminated clothing is placed in
metal drums which have fusible link actuated or otherwise Listed
or Approved covers. Fire protection and detection features are
provided for step-off pad areas based on conclusions of the Fire
hazards Analysis.

9.5.1.11 Fire Protection Procram

A detailed review and acceptance of the administrative controls
utilized in the Fire Protection Program will be performed during
the plant-specific licensing process of an application
referencing the ABB-CE System 80+ design. Items of interest
under the administrative controls review will include:

A. control of combustible materials such as combustible /
flammable liquids and gasses, fire-retardant-treated wood,
plastic materials, and dry ion-exchange resins.

B. transient combustible materials and general housekeeping,
including health physics materials.

C. open-flame and hot-work permits and cutting and welding
operations.

D. quality assurance with respect to fire protection system (s)
components, installation, maintenance, and operation.

E. qualification of fire-protection engineering personnel,
fire-brigade members, and fire-protection system (s)
maintenance and testing personnel.

F. instruction, training, and drills provided to fire-brigade
members.

9.5.1.11.1 Fire Provention

A. Control of Hot Work

Cutting, welding, and grinding operations are governed by a
permit system as required by station administrative

,

controls. Each task is reviewed and an adequate number of j
trained and qualified fire watch patrols established to '

assure that hot slag or sparks do not ignite nearby in situ
combustible material and that transient combustible
materials are relocated outside the vicinity. Fire watch is
maintained for at least 30 minutes after completion of hot
work to assure that residual hot material does not ignite
nearby combustible material.

Amendment Q
9.5-42d June 30, 1993
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9.5.3 LIGHTING SYSTEM

9.5.3.1 Desian Bases

The lighting system is designed to provide adequate and effective
| illumination throughout the plant and plant site including all
| vital areas of the plant.
|

The luminaries are of a proven design with long life and low
maintenance requirements, such as. fluorescent, metal-halide, and
high pressure sodium lamps. Incandescent luminaries are
generally only used in cases of infrequent operation. Mercury
vapor lamps are not used in fuel handling areas. Fluorescent

,

luminaries are normally used in the following cases
|

.

|

A. In plant stairs and stair wells. )

B. Around switchgear, motor control centers and instrumentation |
' racks. |

|

C. To supplement high intensity discharge (HID) luminaries. |

O The system design is based on the use of standard materials. The l

V use of "special" or " custom" made fixtures or materials is !
restricted to cases where the use of standard materials is |

demonstrated impractical.

| Personnel discomfort from lighting, e.g., glare, is minimized by
coordinating the design features of the lighting system with the
characteristics of illuminated objects.

The lighting system components are selected to minimize the
,

potential for danger to personnel or damage to equipment. | I
i

Each lighting panel is provided with a main circuit breaker with
spare switching capability of at least- 20% to support the |
possible expansion of the panel's loads.

The lighting panels are located in areas that are easily
accessible for installation, maintenance, testing, and operation.

Similarly, the lighting fixtures are designed and located so that
maintenance and relamping can be accomplished efficiently and'

safely.

Provisions are made to allow the removal and reinstallation of
lighting equipment in order to support room, space, or area
modifications.

V

| Amendment T
| 9.5-47 November 15, 1993
:
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The design of the plant lighting systems is in accordance with
applicable industry standards for illumination fixtures, cables,
grounding, penetrations, conduit, and controls.

,

# 1

All lighting fixtures and other components of the lighting system
located in normally occupied areas or in areas containing safety
equipment are supported so as to enhance the earthquake
survivability of these components and to ensure, in particular,

,

that they do not present a personnel or equipment hazard when
subjected to a seismic loading of a design basis earthquake.

The normal lighting system is used to provide normal illumination
under all plant operation, maintenance and test conditions.
Table 9.5.3-1 summarizes typical illuminance ranges for normal
lighting.

The security lighting system provides the illumination required
to monitor isolation zones and all outdoor areas within the plant
protected perimeter. The security lighting system complies with
the intent of NUREG CR-1327.

The emergency lighting system is used to provide acceptable
levels of illumination throughout the station and particularly in
areas where emergency operations are performed, such as control
rooms, battery rooms, containment, etc., upon loss of the normal
lighting system.

Lighting circuits which are connected to a class 1E power source
are treated as associated Class 1E circuits.

Independence is maintained between Class 1E divisions and between
Class 1E divisions and non-Class 1E equipment.

The criteria for the physical identification and separation of
lighting cables and circuits are in accordance with the criteria
for physical identification and separation of Class 1E and non-
Class 1E cables and circuits as discussed in Chapter 8, Electric
Power. The criteria meet the intent of IEEE Standard 384 and
Regulatory Guide 1.75.

Class 1E or associated Class 1E distribution equipment is
identified according to its Class 1E division. Class 1E or
associated Class 1E lighting distribution equipment is located in
Seismic Category I structures and in its respective divisional
areas.

Class 1E or associated Class 1E lighting system cables and
raceways are identified according to their Class 1E division.
Class 1E or associated Class 1E lighting system cables are routed
in Seismic Category I structures and in their respective

|divisionalraceways.

Amendment V
9.5-48 April 29, 1994
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9.5.3.2 System Description
,

| 9.5.3.2.1 Normal Lighting System

The Normal Lighting System provides general. illumination in the'

main control room and throughout the plant in accordance with
illumination levels recommended by the Illuminating Engineering-

Society. Incandescent lighting is used in the Containment
Building while incandescent, fluorescent and high intensity
discharge lighting is provided in the remainder of the plant and

j on the plant site. Power for the Normal Lighting System is
provided independently from the Normal Auxiliary Power System via-

dry-type transformers and lighting panelboards.

Indoor lighting is designed for continuous operation. Switching
is by individual plant circuit breakers except in office areas.
outdoor lighting is controlled by photocells.,

i The normal lighting system is considered part of the plant.
: permanent non-safety systems. As such, the normal lighting
i system is energized as long as power from an offsite power source

O
or a standby non-safety source (Combustion Turbine) is available.

,

a

\

Amendment V
9.5-48a April 29, 1994
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Normal system operation is not affected by the failure or
unavailability of a single lighting transformer.

The circuits to the individual lighting fixtures are staggered as
much as possible, with the staggered circuits fed from separate
electrical divisions, to ensure some lighting is retained in a

j room in the event of a circuit failure.

9.5.3.2.2 Security Lighting System

The security lighting system is considered part of the permanent
non-safety systems and is fed from the Alternate AC (AAC) Source
(Combustion Turbine), which is located in a secure vital area for
protection. Selected portions of the security lighting system
essential to maintaining adequate plant protection are powered i

from a non-Class 1E battery power source. |

The COL Applicant shall provide a security lighting system that
will meet CCTV illumination requirements within camera viewing
areas to permit prompt assessment of intrusion alarms.

The security lighting system is designed to provide a minimum
illumination of 0.2 foot-candles when measured horizontally at
ground level.

9.5.3.2.3 Emergency Lighting
! Emergency lighting is located in vital areas throughout the plant

as identified in Emergency Procedures and Hazards Analysis for
safe-shutdown of the plant following an accident or hazard.
Included in the vital areas will.be the Control' Room, Technical
Support Center, Operations Support Center, the Remote Shutdown
Panel Room, tM stairway which provides access from the Control
Room to the Remote Shutdown Panel room, Sample Room, Hydrogen
Recombiner Rooms, Electrical System Areas, Main Steam Valve
Houses, the Chemistry Labs, routes for personnel passage and
egress, and other areas where operator access is required post-,

! accident or hazard.
!
'

The emergency lighting system in the main control room is
| integrated with the normal lighting system. Emergency lighting
i in the main control room is provided such that at least two
' circuits of lighting fixtures are powered from different Class 1E

divisions. The emergency lighting system in the main control
room maintains minimum illumination levels in the main control,

( room during emergency conditions, including station blackout.
|

| The emergency lighting installations which serve the main control
! room and other areas of the plant where safe shutdown operationsO may be performed are designed to remain functional during and
| Q after a design basis earthquake.
t

!
|

Amendment V
| 9.5-49 April 29, 1994

. _ . _ _ _ _ _ _ . _ .



|

|

CESSAR s!Micareu I
1

1

O
The emergency lighting system achieves illumination units of at
least 10 foot-candles in those areas of the plant where emergency
operations are performed which could require reading of printed
or written material or the reading of scales and legends. These
areas are typically control rooms or local control stations. In
other areas of the plant, the emergency lighting achieves a
minimum illumination level of 2 foot-candles.

The emergency lighting is accomplished by two systems:

A. Conventional AC fixtures fed from Class 1E AC power sources,
and

B. Class 1E DC self contained, battery-operated lighting units.

For all emergency conditions both systems are considered
operational except in emergencies involving some loss of Class 1E
power. Adequate illumination in those areas which could be
involved in recovery, e.g., electrical distribution control
panels and the emergency generators and their controls, depend
only on the DC self-contained battery operated lights upon a loss
of offsite power.

Class 1E DC self contained battery operated lighting units are
provided with rechargeable batteries. Class 1E DC self contained
battery operated lighting units are supplied AC power from the
same power source as the normal lighting system in the area in

| which they are located. The Class 1E DC self contained, battery-
operated light units meet the following requirements:

A. The battery life is at least 8 hours at rated load.

B. The loading is not greater than 80% of the rated capacity
with additional derating for temperature variations, where
appropriate.

C. A time delay is provided so that the lights turn off on the
resumption of power only after there is adequate time for
the normal lighting to restart.

D. Provision is made to lock the power supply breakers which
supply the units in the " energized" position.

Additional non-Class 1E DC self-contained battery-operated
lighting units are installed throughout the plant to provide
emergency lighting for personnel safety in accordance with the
applicable sections of the National Electric Code and the Life
Safety Code of the National Fire Protection Association.

9.5.3.3 Inspection and Testina Recuirements

All lighting systems are inspected, checked, and tested for
operability after installation to assure proper operation and

Amendment V
9.5-50 April 29, 1994
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9.5.4 DIESEL GENERATOR ENGINE FUEL OIL SYSTEM

9.5.4.1 Desian Bases

9.5.4.1.1 Safety Design Bases
i

The Diesel Generator Engine Fuel Oil System is designed to
provide for storage of a seven-day supply of fuel oil for each
diesel generator engine and to supply the fuel oil to the engine,
as necessary, to drive the energency generator. The system is
designed to meet the single failure criterion, and to withstand
the effects of natural phenomena without the loss of operability.

All components and piping are located in a Seismic Category I
structure (diesel generator building, diesel fuel storage
structure) except for a portion of the piping from the fuel oil
storage tanks to the day tank, which is seismically qualified and
protected. All essential components and piping are fully
protected from floods, tornado missile damage, internal missiles,
pipe breaks and whip, jet impingement and interaction with non-
seismic systems in the vicinity. The Diesel Generator Engine

cs Fuel Oil System is designated as a vital system and components of
)(O the system are located within the plant's protected area.

9.5.4.1.2 Diesel Fuel Storage Structure

There are two Diesel Fuel Storage Structures, one on each side of
the Nuclear Annex. Each consists of a reinforced concrete
structure separated into two bays and an equipment room. The
bays are separated from each other and from the equipment room by
three-hour rated fire barriers. Each bay contains a diesel fuel
oil tank, a tank vent, a sump, a sump pump and necessary piping.
Each tank typically has a capacity of 45,000 gallons. |

!
The equipment room is a separhte steel framed structure attached
at the end of the tank tays. The equipment ' room contains a
recirculation pump with simplex filter and piping, a fill
connection with two strainers, a ventilation fan, and intake and
exhaust dampers. Additiornal details of the Diesel Fuel Storage
Structure are provided in Section 3.8.4.1.4. The structure
general arrangement is shown on Figure 1.2-24. The following
structural requirements ensure system adequacy:

I
A. The Diesel Fuel Storage Structure is a Seismic Category I, j

Safety Class 3 structure. The equipment room is non-nuclear i

safety, Seismic Category II. )
I

O B. The seismic Category I portion of the Diesel Fuel Storage j
Structure is designed to withstand the effects of - the k

following events: |

Amendment V j

|
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1. Natural phenomena, including SSE, floods, tornados, and

hurricanes.

2. Externally and internally generated missiles.

3. Fire and sabotage.

C. If located within 50 feet of any building containing safety-*

related equipment, the Diesel Fuel Storage Structures shall
have a minimum fire resistance rating of 3 hours.

D. The Diesel Fuel Storage Structure is designed to meet the
requirements set forth in applicable state and local
environmental regulations concerning the containment of fuel

,

oil leaks and spills in and around the structure and the
requirements of NFPA 30 for fire protection.

E. The Diesel Fuel Storage Structure is located within the
plant protected area and outside the turbine missile path.

F. Unit heaters supplied with Class 1E power maintain the
stored fuel oil at a temperature above the fuel oil cloud
point (i.e., above the temperature at which the separation
of wax becomes visible) such that fuel oil can be supplied
and ignited at all times under the most severe environmental

,

conditions expected at the site. All buried piping is
installed below the frost line.

G. The equipment room ventilation system is designed to allow
personnel access during all modes of plant operation. The
ventilation system is designed as non-safety, non-seismic.
Design of the Diesel Fuel Storage Structure provides
adequate accessibility for maintenance, inspection, and
testing of components located within the structure. !

| |'
9.5.4.2 System DescriDtion

j The Diesel Generator Engine Fuel Oil System is shown in Figure
9.5.4-1 (Sheets 1 and 2).
9.5.4.2.1 General

A separate and complete fuel oil storage and transfer system is
provided for each diesel generator engine. Two one-half capacity
storage tanks provide fuel oil for each engine, which is
sufficient to operate at full load for a period of time no less
than seven days plus a margin to allow periodic testing.

O
Amendment V
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During normal operation of the diesel any accumulated sediment in
the bottom of the fuel oil storage tanks is prevented from
entering the supply line to the day tank since the outlet
connection is raised 6 inches above the storage tank floor.
During the addition of new fuel oil, degradation or failure of
the diesel generator engine due to stirring of sediments is
prevented by a two tank system. Two half capacity fuel oil
storage tanks per redundant diesel provide the ability to operate
the diesel off one tank while isolating and filling the adjacent
tank. Prior to the addition of new fuel oil either during an
accident or when " topping-off" the fuel oil storage tank, the
diesel would te aligned to one tank while the tank to be filled
would be isolated through administrative control. After filling
the storage tank, a period of not less than 24 hours must be
allotted to allow sediment to settle prior to realigning the tank
to its respective diesel. In the event of an accident (blackout
or LOCA), a sufficient reserve of fuel oil will be maintained to
allow the diesel to operate off one storage tank while refilling
the adjacent fuel oil storage tank, allowing for a 24 hour
settling period.

g To minimize the chances of a fire in the fuel oil system, piping

( is routed such that it is remote from other piping and equipment
,

with potentially hot surfaces and from any source of open flame i
or sparks. The fuel oil day tank is protected by a fire barrier. ;

There are no high energy lines within the diesel generator
building and all moderate energy lines are properly supported and
restrained to prevent damage to safety-related systems, piping
and components resulting from linc failure.

All fuel oil equipment is located in heated buildings except
buried piping which is installed below the frost line to maintain
the fuel oil above the cloud point. The buried piping is
surrounded by an annulus to collect fuel oil leakage.

9.5.4.4 Inspection and Testing Reauirements

system components and piping are tested to pressures designated
by appropriate codes. Inspection and functional testing are
performed prior to initial operation; thereafter, the system will
be tested in accordance with the technical specifications.
Buried fuel oil system piping is inspected by means cf a visual
examination at each end of the buried piping (annulus enclosure)
for evidence of leakage.

The COL Applicant will make available for NRC review, information
on Diesel Generator Engine Fuel Oil Syst9m test frequencies.

V
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9.5.4.5 Instrumentation Application

Each diesel generator engine is provided with sufficient
instrumentation to monitor the operation of the fuel oil system.
All alarms are separately annunciated on the local diesel engine

|
control panel which also signals a general diesel trouble alarm

' | in the control room. The fuel oil system is provided with the
following instrumentation and alarms:

A. Fuel oil storage tanks

1. Low level and high level annunciators.

2. Technical specification low-low level alarm.

| 3. Level indication, 0-100%.

4. The capability for use of a stick gauge or similar
means to measure the actual fuel oil level.

B. Fuel oil recirculation filter

1. Inlet and outlet pressure indication.

C. Fuel oil day tank

1. Fuel oil transfer valve control.

2. High level alarm.

3. Low level alarm.

4. Level indication.

D. Fuel oil strainers (Engine-driven pump and motor-driven
booster pump)

1. High differential pressure alarm - Alerts the operator
to take corrective action by manually switching over to
the alternate clean strainer.

2. Inlet and outlet pressure indication.

O
Amendment R
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E. Fuel oil filter

1. High differential pressure alarm - Alerts the operator
to take corrective action by manually switching over to
the alternate clean filter.

2. Differential pressure indication.

3. Outlet pressure indication.

4. Low. fuel oil pressure alarm.

F. Day tank retaining wall
,

1. High.and low level drain valve and lube oil transfer
pump control.

2. High-high level alarm.

The COL Applicant will make available for NRC review, information
on Diesel Generator Engine Fuel Oil System calibration
frequencies. '

G

!
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N 10.0 STEAM AND POWER CONVERSION SYSTEM |

10.1 SUMMARY DESCRIPTION
' \

j The function of the Steam and Power Conversion ' System is.to )
mnvert the heat energy generated by the nuclear reactor into

! *'etrical energy. The heat. energy produces steam in two steam' . .

( x' tors capable of driving a turbine generator unit.'

'll.e ateam and Power Conversion System utilizes a condensing cycle
witn regenerative feedwater heating. Turbine exhaust steam is
condensed in a surface type condenser. The condensate from the
steam is returned to the steam' generators through the condensate-
and feedwater system.

A Turbine Bypass System capable 'of relieving 55% of full load
main steam flow is provided to dissipate heat from the Reactor
Coolant System during turbine and/or reactor trip. This system 1

consists of eight turbine bypass valves to limit pressur e rise in
t.he steam generators following cassation of flow to the turbine.
Once the steam flow path to the turbine has been' blocked by.the
closing of the turbine valves, decay-heat is removed by directing
steam to the condenser.

In addition to the above, atmospheric steam dump valves are
O connected to the main steam lines upstream of the =in steam line

Q isolation valves to provide the capability to hold the plant at
hot standby or, in the event of loss of-power to the condenser
circulating water pumps, cool the plant down to the point at
which the shutdown cooling system may be utilized. These valves
are not part of tha Turbine Bypass System; nn credit for their
use is assumed in obtaining the 55% ~ capa of the Turbine |Bypass System. 1

overpressure protection for the shell side of the steam
generators and the main steam lint ylping up to the inlet of the
turbine stop valve is provided by spring-loaded safety valves.
Modulation of the turbine bypass valves discussed earlier would
normally prevent the safety valves from opening. The turbine
bypass stem, coupled with the reactor power cutback system,
will pre ent opening of the safety valves following a turbine
and/or rauctor trip unless the condenser is unavailable.

Each steam generator has two steam discharge lines. Each line is
provided with a flow measuring device, five spring-loaded safety
relief valves, a main steam isolation valve, and a power-operated
atmospheric dump valve. Additionally, each line ilcludes a

.

bypass line and valve around the respective main steam isolation
valve. Each main steam line routed to the hip pressure turbine
is provided with a turbine main stop- valvo and a main control

|valve just upstream of the unit.

i

Amendment V
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Two steam-driven and two motor-driven emergency feedwater pumps
are provided to assure that adequate feedwater will be supplied
to the steam generators in the event of loss of the main and
startup feedwater pumps. The Emergency Feedwater System is
discussed in Section 10.4.9.

The safety-related portions of the Steam and Power Conversion
System are as follows:

A. Emergency Feedwater System, including main feedwater
isolation valves and piping to steam generators.

B. Main steam isolation valves, including piping from steam
generators.

C. Atmospheric dump valves.

D. Safety relief valves.

E. Steam supply to Emergency Feedwater System.

F. Main feedwater isolation valves including piping from steam
generators.

Means are provided to monitor and prevent the discharge of
radioactive material to the environment to insure that technical
specifications are met under normal operating conditions or in
the event of anticipated system malfunctions or fault conditions.

( A summary of the design and performance characteristics is
'

provided in Table 10.1-1. Figure 10.1-1 is provided as the
reference heat balance diagram for dasign of the plant steam
cycle. This heat balance is considerei apresentative for plants

:ondenser inlet waterutilizing a cooling tower and havi: '

temperatures of 70 F or less. Figurs 10.1-2 provides a main
t steam and feedwater system diagram which includes all
l safety-related main steam and feedwater piping and

instrumentation. The description and arrangement of the
remaining portions of the systems are for the reference plant
design. The feedwater system flow diagram is presented in Figure
10.4.7-1 which also includes condensate and heater drains.
FigM O 10.3.2-1 represents the main steam system flow diagram and
alse ncludes extraction steam.

<

O
Amendment N
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10.2 TURBINE GENERATOR

10.2.1 DESIGN BASES

The turbine generator converts the energy of the steam produced
in the steam generators into mechanical shaft power and then into
electrical energy. The turbine generator is capable of a 30%
step load change with a following 2%/ min.-load gradient in the
loading mode of operation and a 15% step load change with ' a

~

following 1%/ min. load gradient in- the unloading mode of
operation.

.

Turbine generator functions under normal, upset, emergency, and
faulted conditions are monitored and controlled automatically by.
the turbine control system described in Section 10.2.2. The
control system includes' redundant mechanical and electrical trip
devices to prevent excessive overspeed of the turbine generator.
Additional external trips are provided to prevent damage to.the
turbine generator.

The turbine' generator is designed and manufactured in accordance
with the manufacturer's design criteria and manufacturing
practices, procedures, and processes as well 'a s its Quality
Assurance Program. National codes are not included since i

existing national codes do not apply to nuclear turbineigd generators.
|

The moisture separators, steam reheaters and drain tanks are
designed and constructed to ASME Section VIII. |

The orientation of the turbine and the design of safety-related
structures provide protection against turbine missiles as
discussed in Section 3.5.

The Megawatt Demand Setter interfaces with the turbine control
,

system to control the loading of the generator as described in
'
|

Section 7.7.

The COL applicant will ensure that the selection of the turbine
valve operation time meets the turbine valves closing / trip
criteria.

10.2.2 SYSTEM DESCRIPTION

The turbine generator consists of a double-flow, high-pressure
turbine and three double-flow low pressure turbines driving a
direct-coupled generator.

The flow of main steam is directed from the steam generators to
the high-pressure turbine through main stop valves and control ]
valves.

Amendment V
10.2-1 April 29, 1994
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After expanding through the high-pressure turbine, exhaust steam
passes through in-line high velocity moisture separators and .

in-line two stage steam reheaters. Extraction from the high- I

pressure turbine and main steam from the equalization header is
supplied to the first and second stage reheater tube bundle in
each reheater. Reheated steam is admitted to the low pressure

| turbines through intercept stop and control valves and expands
through the low-pressure turbines to the main condensers.

Bleed steam for the feedwater heating is provided from the
turbine casing or turbine piping. Extraction steam piping is
constructed of low alloy chromium-molybdenum steel or equivalent
for erosion / corrosion resistance.
The source of extraction steam for each stage of feedwater
heating is presented below:

Heater Stage in
Heater # Condensate /Feedwater Stream Extraction Source

1st Point 7 H-P turbine
2nd Point 6 H-P turbine
3rd Point Deaerator H-P turbine exhaust
4th Point 4 L-P turbine
5th Point 3 L-P turbine
6th Point 2 L-P turbine
7th Point 1 L-P turbine

Provided in the higher pressure extraction lines are
piston-assist, spring-closed non-return check valves and
extraction line block valves. The piston-assist, spring-closed
actuators are designed to overcome friction and allow the valves
to close rapidly on turbine trip. These non-return check valves
are capable of closing within a time period to maintain stable
turbine speeds in the event of a turbine generator system trip.
The four low pressure heaters and their associated extraction
lines are located in the condenser neck. Because of this, the
installation of valves in the extraction lines would be
impractical. Therefore, the extraction lines to the 4th and 5th
point heaters are routed outside the condenser neck in order to
locate power assisted non-return valves and extraction line block
valves similar to the high pressure heaters. Because of the low
energy levels of the entrained fluid in the two lowest pressure
heaters (6th and 7th point heaters) non return and b'ock valves
are not required to prevent overspeed and wat _ induction.
However, the low-pressure heaters are provided with anti-flash
baffle plates located inside the heaters.

The LP turbines are provided with condensate spray cooling to
protect the turbine against excessive temperature rise during
run-up, no-load and shutdown. It consists of a number of spray
jets mounted inside the LP casing in the neighborhood of the
exhaust blades. The jets are arranged to spray uniformly over

Amendment V
10.2-2 April 29, 1994



CESSAR 8!%nCATI!N

,.
i,

\

The turbine speed is measured by three independent speed modules'

including sensors and conditionirig devices. i

l

For overspeed protection, each module provides a binary output
signal, that is normally energized, to the 2-out-of-3 tripping ;

device.

For speed control, the analog output signal from two of the speed
modules provides input to each of the redundant speed
controllers. The active speed governor closes fully all main
control velves and intercept control valves at 105% of the |
turbine normal operating speed. Built into the microprocessor-
based controller (software) is an acceleration limiter that is
activated during a high load rejection. Fol. this case, the
valves are fully closed below 105%.

The turbine overspeed protection is divided into two categoric.,
of operation.

The mechanical overspeed protection provides one mechanical
overspeed trip device which depressurizes both the hydraulic
emergency system and, via an interface relay, the common
hydraulic safety system, closing all stop and control valves.
The setpoint is 110% of rated speed.

(n}
'V The electronic overspeed protection uses the three binary signals

from the speed conditioning units to the 2-out-of-3 tripping
device in the common safety system (and not in the EHC). The
setpoint is 112% of rated speed.

Closing times for full load rejection or turbine trip shall be
such that the maximum expected overspeed of the turbine shall not
exceed 110% of rated speed. Overspeed control systems and
turbine inertia shall be considered when establishing this
criteria.

|

The turbine overspeed trips close the main and intercept stop and
control valves within a time period after a trip signal that

,

'

precludes an unsafe turbine overspeed condition. These closure
times account for the residual steam in the piping between the
valves and the turbine.

To further decrease the possibility of an overspeed condition
there are two redundant reverse power relays. Each relay has two
different trip strategies for tripping the generator breaker
(unit disconnect). The tripping strategies to prevent overspeed
after a turbine trip and to prevent overheating of the last
stages of LP turbine blades are:

( ])[ A. Reverse power and depressurize turbine safety system for
more than 1 second.

v

B. Reverse power for more than 15 seconds.

Amendment V
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The turbine speed control system protection devices are listed in
Table 10.2.2-1.

The basic purpose of the load control unit is to provide the
following functions:

A. Two redundant speed controllers (basic controllers).

B. One automatic controller (load, frequency, pressure,
limiters, etc.) provides a set value to a basic controller
which provides the main control valves with positioning
signals.

C. Interface with the unit master is made via the automatic
controller.

The load control unit functions may be grouped as follows:

A. Sensing fur.ctions are provided to detect and generate
signals proportional to parameters that affect loading of
the unit.

B. Limiting functions are provided to electrically constrain
the flow reference signals in response to signals from the
sensing circuits, from the speed control unit, or from
devices detecting the state of plant components.

i C. Computing functions are provided to generate flow reference
! signals for the valve sets, considering the desired load

signal, the limiting functions, and the speed error signal
from the speed control unit.

D. Logic functions are provided to ensure that necessary
permissives have been satisfied prior to changes in mode of
operation, to communicate status information between the'

load control unit and c.her elements of the EHC system, and
to provide switching signals to devices in the EHC system.

The EHC is a micro-processor based controller. The increase and
decrease inputs are determined by operation of push buttons or
the video operating keyboard located on the control panel in the
control room. Runbacks are determined by the logic from:

A. Speed control logic unless rated speed is selected.

B. Indication that the load reference signal exceeds a preset
load limit.

C. Loss of generator stator coolant.

D. Signal from the Process Control System.

E. Partial loss of load.

Amendment N
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O If the flow reference signal exceeds the limit set by the
operator, the output flow reference signal is limited to the ;

.

limit value and a load set runback is initiated to drop the load
| setpoint ~ to slightly above the level of the limit. To prevent

excessive decrease of the' main steam (throttle) pressure, a main
steam (throttle) pressure limiter circuit is provided to close
the controlling valve set when the main steam (throttle) pressure
falls below a. preset level. The regulation of this circuit is
fixed at 10%. When the main steam . (throttle) pressure falls
below an adjustable setpoint, the flow reference signal to the
controlling valve set is limited to the value permitted by the
level of the main steam (throttle) pressure. The pressure set,

I point is adjustable from zero to rated pressure by using the
increase or decrease pushbuttons or from the video operating
keyboard located on the control panel in the control room.
Meters indicate the pressure setpoint selected, as well as the
actual main steam (throttle) pressure. An acceleration limiter

j operates when the field breakers .open and the turbine
acceleration is too high.

.

i

The first stage controller only operates during valve testing or
| in place of the MW controller (switchover from one to the other

controller in the automatic controllar).
|

| [., The turbine and its control valves must be designed to pass the
rated flow at throttle pressure existing at the main stop valves

| at rated output of the NSSS, i.e., at the lowest point of the
pressure range. The load controller and the maximum load limiter
is protected against overload. The feedback of live steam
pressure is only provided for having a constant control gain.

i

The main and intercept stop valves are hydraulically operated |
from the common hydraulic safety system equipped with limit
switches for stroke testing. The closing time of the main stop |
valves during testing is short and corresponds to the time at
turbine trip.

The main and intercept control valves position loop consists of |electronic ~ circuitry, an electrohydraulic servo-valve, a
hydraulic actuator and a linear position transducer. By use of
valve position feedback control, the control valve flow control
unit positions the control valves according to the f' iw demand
signal from the load control unit, or directly from we control

| panel. Valve position control is performed by using a' feedback
'

path that transmits the . actual valve position back to .a point
| where it is compared algebraically with the reference input. The

error signal, when different from zero, positions the hydraulic
actuator via the servo-valve in order to make it zero. Control
valve testing is designed to allow regular testing of each valve

/~ with the effects to on-line turbine operation minimized. The
,(% turbine main control valves have only slow valve testing to

prevent load disturbances. This testing is performed by the
| position controller via the integrated servo-valve. There are no

Amendment V ;
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0
additional solenoid valves on the control valves. The position

,

; controller and the servo-valve are fail safe to close the control
valve.

Each intercept control valve is equipped with a position
controller and a servo-valve.

During normal operation, the intercept valves can be fast partial
stroke tested without creating a load disturbance.4

The turbine speed controller (basic controller) including valve
position controllers use a 1-out-of-2 scheme of redundancy.
There is automatic switchover (bumpless) from one controller to
the other in case of a disturbance on one controller. There are

.

four lines of defense against overspeed during all modes of
operation as follows:

A. Turbine speed controller 1.j

B. Turbine speed controller 2.

C. One mechanical overspeed trip at 110%.

D. Electronic overspeed protection in 2-out-of-3 logic scheme
at 112%.

If the unit is running at load and suddenly the load on the
generator is lost, the following events will take place in rapid
succession:

A. An acceleration limiter operates on high acceleration.

| B. The main control valves and intercept control valves will
close at the maximum rate.

C. The entrained steam between the valves and the turbine, in
the ttcbine casing and in crossover and extraction lines
will expand in less than 2 seconds.

D. The expected overspeed will be less than 10% (at full load).

E. The intercept control valves will reopen when the actual
speed is below the set value.

In case of malfunction of any portion of the first line of
defense against overspeed (speed control on main control and
intercept control valves) when load is lost, the turbine will
accelerate to the trip speed where the overspeed trip will
activate. This will directly trip the main and intercept stop
valves (3rd and 4th lines of defense), and the main control and
intercept control valve actuators will also be tripped.
Subsequently, the turbine will coast down to zero speed.

Amendment V
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The turbine will include instrumentation for a trip on excess
vibration.

The Trip and Monitoring System will initiate appropriate action ,

on abnormal operating conditions and indicate the existence of
these conditions to the operator.

,

When the 2-out-of-3 tripping device is actuated, the pressure in
the common safety system is depressurized and therefore all stop
and control valves will close very rapidly.

The turbine safety system is independent of the turbine control
system. Any of the following generated trip inputs will result
in a trip of the EHC system:

A. Low Condenser Vacuum '

B. Thrust Bearing Failure

C. Low Bearing Oil Pressure

D. Internal Fault in Generator

. E. Generator Breaker Failure-

f
,

F. Reactor Trips

C. Loss of Generator Stator Coolant Without EHC Runback
H. Steam Generator Hi-Hi Level

i
I. Safety Injection

J. All Main Feedwater Pumps Tripped

K. Manual Turbine Trip

L. Turbine Oil Fire Trip

M. Moisture Separator Reheater Drain Tank Hi Level

N. Excess Vibration

! Circuitry is provided to test the turbine safety system during
| operation. The EHC systems are divided into four safety |t categories. The categories are distinguished between different
! modes of sensing of process values as follows:

CATEGORY 1: 3 channel sensing, normally energized, will be('' tested during normal operation once every 4 weeks.
'

(

Amendment V
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e|| CATEGORY 2: 2 channel sensing, normally deenergized, will be
tested once per year during overhaul or during a '

|

| standstill.
l

CATEGORY 3: 1 channel sensing, normally deenergized, will be
,

tested once per year during overhaul or during a
l standstill.

CATEGORY 4: 1 channel sensing, only for alarm.

A turbine trip will occur if at least 2-out-of-3 trip solenoids
are deenergized.

Each electronic portion of the turbine safety system is also
powered from the redundant 24 Vdc batteries via isolation diodes.

| The trip solenoid valves are powered from the same supply as the

| emergency lube oil pump,
t

The electronic safety system operates and is isolated from the
trip solenoids by interposing relays.

The normally deenergized tripping signals from the Category 2 and
Category 3 circuits will be converted to normally energized
tripping signals just prior to operating the trip solenoid to
improve availability.

i

|

O
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10.2.3.3 Turbine Disk Desian
i

| For LP rotors, the stress at the rotor center is checked for-
'

mechanical loads only; the stress in the remainder of the rotor
is checked for both mechanical and thermal loads. The overspeed
case is taken into account by use of appropriate safety factors.
The stresses of the rotors are specified to be:

The ratio of the fracture toughness (equivalent K-
1

| toughness) of the disk material at ambient temperature |
' to the maximum tangential stress at speeds from normal

to design overspeed has to be at least 2.1 Vin. for
disks operating below 100*C and 2.2 Vin, for disks
operating at or above 100*C. These criteria are
equivalent to a requirement that the ratio of the
fracture toughness (equivalent K toughness) of the2

disk material to
the maximum tangential stress at speeds from normal to
design overspeed has to be at least 2 Vin.

The combined stress of LP turbine disks at design-

overspeed due to centrifugal forces and thermal
gradients must not exceed 0.75*YS,3n, where YS,1, is the
minimum yield strength of the material at the operating

/ temperature.
\

10.2.3.4 Stress Corrosion Cracking (BCC)

The cavit.ies in the rotor are filled with inert gas (normally
argon), therefore, initiation or growth of cracks by SCC or
corrosion fatigue is not likely. Thus, only mechanical and
thermomechanical fatigue is addressed in the design.

Stress corrosion cracking can only occur if each of the three
following conditions are fulfilled:

Presence of a corrosive medium, e.g. wet steam-

- Use of a material which is sensitive to SCC.

- High tensile stress.

SCC is unlikely to occur in the LP rotors of the System 80+
design:

- As the cavities in the rotor are closed and filled with
an inert gas, the rotor center (which is the most
highly stressed location) is not in contact with the
steam. Therefore, SCC crack initiation and growth in
the rotor center is not possible.

'

Amendment V
10.2-13 April 29, 1994
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As these are full disks without center bore, the peak |-

stress at the center is lower (approximately 50%) than |
1at the borehole of rotors with center bore.

- The lower stresses make it possible to use a material j
with a lower yield strength which is less susceptible i
to SCC. |

|

j

| .

| |

|

|

.

1

O
Amendment T
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.. _ _ _ _ . _ . - - -_ _ _ . _ _ _ , . .. . . , . . _ _ _ _



- -. --- . -- - - - _ . - - _ ..

CESSAR ilnificuia i

; :

10.2.4 SAFETY EVALUATION

The turbine generator and all related steam handling equipment
are of conventional proven design. This -unit automatically
follows the electrical load requirements from station auxiliary
load to turbine full load.

The turbine generator is located entirely in the Turbine
Building. Thus, no safety-related system or portion ofi

| safety-related system is close enough to the turbine generator:to
1

| be affected by the failure of a high or moderate energy line i

associated with the turbine generator or the low-pressure
, turbine / condenser connection.
l

The'results of a failure analysis of the turbine speed control!

| system are tabulated in Table 10.2.4-1. The system will be |
| designed so that the single failure of a main stop, main control,
' or intercept stop and control valve does not disable the turbine |

overspeed trip function.

Under normal operating conditions, there are no radioactive
contaminants present. It is possible for this system to become
contaminated only through steam generator tube leaks. In this
event, radioactivity in the Main Steam System is detected and

'
measured by monitoring condenser vacuum pump discharge which is
released tnrough the unit vent, Section 10.4.2, and by monitoring

j the steam ganerator blowdown samples, Section 10.4.8.
I

No radiation shielding is required for the components of the
turbine generator and related steam handling equipment.
Continuous access to the components of this system is possible
during normal conditions.

!

The condensate polisher demineralizers are available to remove |

radioactive particulates from the condenser hotwell, Section ;

l 10.4.7, in the event of primary to secondary leakage. Provisions
'

are included such that temporary shielding can surround an area
containing the condensate polisher demineralizers, the backwash

j tank, the decant monitor tank, and associated pumps. The control
| panel is located outside of the labyrinth shield wall for

accessibility.

The steam reheaters and drain tanks are designed and constructed
to ASME Section VIII. The generator rating, temperature rises
and insulation class are in accordance with ASA Standards.

\

Amendment V
10.2-15 hpril 29, 1994j
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l \s- TABLE 10.2.4-1

i

i TURBINE SPEED CONTROL SYSTEM l

| COMPONENT FAILURE ANALYSIS

component Malfunction Overspeed Prevented bv.

I Main control valves Fail to close Closure of main stop
valves -

Main stop valves Fail to close Closure of main control
valves

Intercept control valves Fail to close Closure of intercept
stop va]ves

Intercept stop valves Fall to close Closure of intercept
control valves |

Speed control basic Fails Speed control, basic
controller 1 controller 2

.

. Speed control basic Fails Speed control, basic

{#') controller 2 controller 1

s"/
Mechanical overspeed Fails Electronic overspeed
trip trip

Electronic overspeed Fails Mechanical overspeed
trip trip

73|r

V

Amendment V
April 29, 1994
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10.2.5 INSPECTION AND TESTING REQUIREMENTS

The pre-service inspection program is as follows: j

A. Rotor forgings to be used in the welded rotor are rough
machined with minimum stock allowance prior to heat j

treatment.

B. Each individual forging is subjected to a 100% volumetric
(ultrasonic) examinations. The ultrasonic testing is
performed by a straight-beam examination in both radial and
axial directions and by an angle-beam examination.
Detectable flaw sizes are: radial sound beam direction:
1.5 mm, axial sound beam direction: 1.0 mm, oblique axial
sound beam direction: 1.3 mm. Prior to welding, inspection
of all surfaces which would not be accessible after welding ;

will be performed by magnetic particle inspection.

The number of cycles to grow a subsurface flaw with an
initial equivalent diameter of 5 mm to the critical flaw
size in similar ABB rotors built from a similar material is
far above the number of cycles expected at the end of the

~

design life. The rotor designed and built to the criteria
of CESSAR will have a comparable or better crack growth life
since the crack growth resistance (i.e., cyclic crack growth

b rate) and fracture toughness are expected to be at least as ;

good or better (due to generally cleaner materials, improved '

melting and forging practices and newer equipment) than the |
rotors for which crack growth analyses have demonstrated a I

large margin on the number of cycles.

C. After welding and final machining, all surfaces exposed to
steam, i.e. all accessible surfaces except for shaft ends,
will be magnetic particle tested. A special attention will
be given to the areas of stress raisers and welds. Also,
after machining of the disk to the final dimensions, the
welds are 100% ultrasonically tested in radial and radial-
tangential sound beam directions.

D. Each fully bucketed turbine rotor assembly is spin tested
for 3 minutes at 120% rated speed. This is above the
maximum speed anticipated following a turbine trip from full
load (110%).

The in-service inspection program for the turbine assembly
includes disassembly of the turbine's last two stages of blades
in stages over an interval of approximately ten years or less
during plant shutdowns such that the entire turbine is inspected
within approximately ten years. This includes complete

r inspection of all normally inaccessible parts, such as couplings,
( coupling bolts, low pressure turbine rotors, low-pressure turbine
V buckets. and high pressure rotors. This inspection consists of

visual, surface, and volumetric examinations, as indicated below:

Amendment T
10.2-17 November 15, 1993
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A. Visual examinations of all accessible surface of rotors.

B. Surface crack testing of all parts critical to rotor
integrity, such as welds, inspection holes, balancing holes,
geometric transitions and first three stages of turbine
blade fixation grooves.

1

C. Visual and surface examination of all low-pressure buckets.

D. Surface and visual examination of coupling and coupling
bolts.

| The in-service inspection of main steam and intercept valves
includes the following:

A. At approximately 3-1/3-yea- intervals, during refueling or
maintenance shutdowns coinciding with the inservice
inspection schedule required by Section XI of the ASME Code
for reactor components, at least one main stop valve, one

| main control valve, and one intercept stop and control valve
should be dismantled and visual and surface examinations
conducted of valve seats, disks, and stems. If unacceptable
flaws or excessive corrosion are found in a valve, all other
valves of that type should be dismantled and inspected.
Valve bushings should . be inspected and cleaned, and bore
diameters should be checked for proper clearance.

In-service testing and functional checks shall be performed
periodically. These checks include testing of the following
components:

| 1. Main stop and control valves. Each control and
corresponding stop valve is stroked independent of the
other valves. This test will be carried out from the
Main Control Room during normal operation once every
two weeks.

2. Intercept valves. These valves will be stroked from
the Main Control Room during normal operation once
every two weeks.

3. Turbine trips and pressure switches for lube oil
supervision, electronic overspeed trips, and vacuum
trips will be tested during normal operation, once a
month.

4. Extraction power-assisted check valves. A signal to
allow these valves to partially close will be simulated
from the Main Control Room during normal operation once
a month.

Amendment V
10.2-18 April 29, 1994
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10.3 MAIN STEAM SUPPLY SYSTEM

10.3.1 DESIGN BASES

A. The Main Steam Supply System (MSSS) is designed to:
i

| 1. Deliver steam from the secondary side of the NSSS steam
generators to the turbine generator.

2. Dissipate heat during the initial phase of plant

| cooldown.

3. Dissipate heat from the RCS following a turbine and/or
reactor trip.

.

!
,

4. -Dissipate heat when the main condenser is not |
| available. |

1

|

5. Provide steam for:

a. . Emergency feedwater pump turbines
|

| b. Turbine gland seals
,

\[b c. Miscellaneous auxiliary equipment

.

d. Feedwater heaters
!

e. Steam reheaters I
|

6. Isolate the NSSS steam generators from the remainder of
the main steam system when- necessary (including
containment isolation, post-LOCA).|

>

7. Provide adequate overpressure protection for the NSSS
| steam generators and main steam system.

8. Conform to applicable design codes.

9. Permit visual inservice inspection.

10. Adequately cover the environmental operating conditions,

j for the system and be thermally insulated to protect
' personnel, adjacent equipment, and conserve energy.

B. The safety-related portion of the main steam syt; tem is that
portion between the steam generators down to and including
the main steam' isolation valves.

l
| ~U
!

I
Amendment N

j 10.3-1 April 1, 1993
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10.3.2 SYSTEM DESCRIPTION

The Main Steam System Piping and Instrumentation is presented in
Figures 10.1-2 and 10.3.2-1.

Steam is generated in two steam generators by heat transferred
from the Reactor Coolant System to the feedwater. Steam for the
steam-driven emergency feedwater pumps is taken from either of
the two steam generators via two of the four main steam lines at
a point outside of containment and upstream of the main steam
isolation valves (MSIVs).
High pressure steam from the high pressure turbine is used to
heat the feedwater in the high pressure feedwater heaters. Lower
pressure steam from the low pressure turbines is used to heat the
feedwater in the low pressure feedwater heaters.,

|
'

Five ASME Code spring loaded main steam safety valves are
provided for each individual main steam line for protection
against overpressurization of the shell side of the steam
generators and the main steam line piping up to the inlet of the
turbine stop valve.

An atmospheric steam dump valve is provided on each main steam
line downstream of the safety valves and upstream of the MSIVs.

Each main steam line is provided with a main steam isolation
valve for positive isolation against forward steam flow and
isolation against reverse flow. Each MSIV is provided with a
bypass around it for warm-up of the steam lines downstream of the
isolation valves and pressure equalization prior to admitting
steam to the turbine. Downstream from the MSIVs, the four main
steam lines are connected to an equalization header. The
equalization header is located close to the turbine, thereby
achieving pressure balance in the four lines leading to the main
stop and control valves of the high pressure turbine, a measure
necessary when testing the main stop and control valves under
load. A turbine main stop valve and a turbine main control valve
is provided in each of the four lines to shutdown and control the
turbine.

From the equalization header, lines also branch off to the steam
reheaters for reheating the steam from the HP turbine prior to
entering the LP turbines. Also branching from the header are
supporting steam supplies to the deaerator/feedwater tank and the
auxiliary steam header.

l

|
'

O
| Amendment V

10.3-2 April 29, 1994
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b The equalization header is sized to allow a full closure

test, at 90% power, of one of the high-pressure- turbine main -|
stop valves without imposing a severe pressure / load
transient on one of the steam generators.

C. There are no isolation valves in the main steam -lines
between the steam generators- and the Main Steam Safety
Valves. The steam line AP between the steam generator and
the safety valves is minimized.

D. The . Main Steam Isolation Valves '(MSIVs) , Main Steam Safety.
Valves, Atmospheric. Dump Valves (ADVs), MSIV Bypass Valves,
Main Feedwater ' Isolation Valves - (MFIVs) , and the Blowdown
Isolation Valves are protected against_ internally generated
missiles or the effects resulting from a high energy pipe
rupture (e.g., pipe whip, jet impingement ..and- steam
environment) such that these events will not prevent the:
valves from performing their requisite safety functions.

E. The Main Steam Safety Valves are installed in accordance
with the applicable provisions of the ' ASME Boiler and
Pressure Vessel ~ Code Section III-Division 1, Nuclear Power-

j

Plant Components (Subsection NC-Class 2 Components).

F. The Main Steam S a f e t y . V a l v e a n d '~ A t m o s p h e r i c Dump Valve
( discharge piping is arranged and supported to minimize !

discharge loads such that the limiting loads are not
exceeded for normal and relieving conditions.

G. In the combined event of a steam line break and the loss of :

normal AC power or a steam generator tube' rupture and loss' |
of normal AC power, manual operation of the intact
Atmospheric Dump Valves on the intact steam generator is
possible because the ADVs are powered from the' Class'1E DC~

power. j

H. Each automatically actuated valve, located upstream of the
MSIVs, will close on a main steam isolation signal except as I

required for the steam-driven emergency feedwater pumps. -lThe maximum allowable flow rate per line is 1.9 x 10' lb/hr.

I. The system piping is designed to allow cleaning for the
removal of foreign material and rust prior to operation and
to prevent introduction of this material into the steam
generator and turbine. Chemical cleaning or hand cleaning
may be employed. During chemical cleaning, no fluid shall
enter the steam generators. Suitable bypass piping is
provided where applicable.

(A Emergency feedwater pump turbine steam supplies are takenJ.

V) off the main steam lines upstream of the Main Steam
Isolation Valves.

Amendment V
10.3-5 April'29, 1994
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! K. Following a steam line break, either all steam paths
downstream of the MSIVs are shown to be isolated by theiri

! respective control systems following a Main Steam Isolation
Signal (MSIS), or the results of a blowdown through a
non-isolated path are shown to be acceptable. An acceptable

| maximum steam flow from a non-isolated steam path is 10% of
'

Maximum Steam Ratet2) It is not required that the control.

systems for downstream valves nor the downstream valves',

| themselves be designed to ASME Code, Section III, Seismic
Category I, IEEE Standard 279 or IEEE Standard 300 Criteria.,

L. The Main Steam Safety Valves and Atmospheric Dump Valves are
arranged such that any condensate in the line between these
valves and the main steam lines drains back to the main
steam lines.

M. The main steam piping is arranged to minimize the number of
low points.

N. The pressure drop at the maximum guaranteed steam flow rate
| does not cause the inlet moisture level at the turbine main

stop valve to exceed 0.5%, or a thermal analysis of the
steam system is performed and the calculated moisture level

| at the turbine main stop valve is acceptable to the turbine
vendor.

O. The drainage system for main steam piping is designed to
remove water prior to and during initial rolling of the
turbine and during shutdown. Drain system flow velocity
does not exceed 10 ft/sec.
1. A drain is located at each low point in the main steam

piping system where water may collect during startup,
shutdown, or normal operation of a unit. The position
of the piping in both hot and cold conditions is
considered. In long runs of piping with no special low
point, a low point d:cain is installed at the turbine
end of the section. If the main steam line is split ,

into more than one lead going into the turbine, then i

each of these leads and the main header are reviewed
for low points. The low point drain consists of a
drain pot with a minimum diameter of 12 inches.

l
i

2. Low point drains are provided upstream of each of the |
Main Steam Isolation Valves.

(23 Maximum Steam Rate = 19 x 10' lb/hr @ 1000 psia saturated
steam.

Amendment V
10.3-6 April 29, 1994
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! 3. The routing of drain piping is downward, and the slope
of all horizontal pipes in the direction of .the flow is

' downward at a minimum'of 1/8 inch per foot of pipe. ~l

: 'j-

] 4. Main Steam System drains are routed.to the condenser.- ;

i I

! 5. Main Steam System drains are -not connected to a )
#

manifold serving drains from sources downstream of'the )
turbine control valve. |-

>

; .

.

.

6. Two valves are installed in series in odch drain line.
One of these . valves is pneumatically. operated _.and
arranged to. fail open. This valve'is located as close.

as por,sible to the main steam header to reduce |the
3

amount of water trapped upstream'of.the closed drains

valve.- The recond valve'is manual and' locked open.
;

7. Traps are not - used for drains essential to system.

; operation 'ur.less they are used in conjunction with a
: fully automa?.ic redundant drain system.
,

! 8. All Main Steam System drain lines and valve ports have
; a minimum inside diameter of one inch to minimize the
| risk of plugging by foreign material,nQ 9. Safety-related Main Steam System drains, located in the
3

: region from the steam generator to the MSIV, are
] provided with remote motor-operated valves.

Non-safety-related Main Steam' System drains, MSIV to
*

turbine generator, are automatically operated.

| P. The Main Steam Isolation Valves for each steam generator are
4 arranged such that a maximum of 2,000 cubic feet (total for
; two steam lines per steam generator) is contained in the
{ piping between each steam generator and its associated
| MSIVs. This volume includes all lines off of the main steam 1
j line up to their isolation valves. '

Q. The main steam lines are arranged such that a maximum of i
14,000 cubic feet is contained between the MSIVs and the
Turbine Main Stop Valves. This volume includes all lines |
off of the main steam line up to their isolation valves.

R. A discharge connection is provided on the steam generator
main steam line to allow venting of nitrogen gas during
steam generator' fill operations while still maintaining a
pressure of about 5 psig in the steam generator.

S. The MSSS is designed to minimize the potential for' steam
hammer. The MSSS is designed to accommodate steam hammer(p 3

V) J
1

Amendment V !
10.3-7 -April.29, 1994 )
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dynamic loads and relief valvo discharge loads resulting
from rapid closure of system valves and safety / relief valve
operation without compromising safety functions. The COL
Applicant shall provide operating and maintenance procedures
which educate plant personnel on the potential for the
occurrence of steam hammer and water entrainmenc and the
means to minimize such occurrences.

10.3.2.3 Piping, Valves, I&C, and Insulation
|

| 10.3.2.3.1 Piping
:

A. The main steam piping and its supports and restraints are
designed to withstand loads arising from the various
operating and design bases events specified in Section
3.9.3, and a water filled line load under static conditions
that may be encountered dtie to steam generator overfill.

B. The attachment of the main steam piping to the steam
generators is designed such that the maximum permissible
nozzle loadings are not exceeded.

C. Construction materials or protective coatings containing low
melting point elements, particularly lead, mercury and
sulfur, are not used where these materials may come in
contact with the secondary steam system. This is required
to reduce to a minimum the potential for stress corrosion
cracking of Inconel material in the steam generators.

D. The flow area of the main steam piping is sufficient to keep
steam velocity below 150 ft/sec.

E. Main steam piping layouts that result in 90-degree elbows
and miters are minimized.

F. The main steam piping material is carbon steel.

G. Provisions are made for conveniently supporting the
deadweight loads imposed during hydrostatic test of the main
steam piping.

H. Adequate clearances shall be provided for inservice
inspection of the ASME Boiler and Pressure Vessel Code
Section III, Class 2 portions of the main steam system
piping, in accordance with the provisions of Section XI of
the ASME Boiler and Pressure Vessel Code.

I. Loop seals are not utilized in safety valve inlets.

O
Amendment T

10.3-8 November 15, 1993
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V 10.3.3 SAFETY EVALUATION

A. A; rupture of any main steam line or malfunction of a valve
in the system will not:

1. Reduce flow capability of the Emergency Feedwater
System below the minimum required.

2. Prohibit function of an Engineered Safety Feature.

3. Initiate a Loss-Of-Coolant-Accident. m
4. Cause uncontrolled flow from more than one steam

generator.

5. Jeopardize containment integrity.

B. The Main Steam System delivers the generated steam from the
outlet of the steam generators to the various system
components throughout the Turbine Building without incurring
excessive pressure losses, Steam is atconditions. generatedessentially dry and saturated Functional
requirements of the system are as follows:

1. Achieve minimum pressure drop between the steam -

generators'and the turbine main stop valves. |

) 2. Assure similar conditions between each main stop valve j
v and between each steam generator.

3. Provide adequate piping flexibility to accommodate
thermal expansion.

4. Assure adequate draining provisions for startup and for
operation with saturated steam.

C. Safety-related portions of the Main Steam System are
contained in Seismic Category I structures and are designed
and located to protect against environmental hazards such as
wind, torncdoes, hurricanes, floods, missiles, and . the

,

effects of high and moderate energy pipe rupture as detailed 1

in Chapter 3. The MSIVs, MSIV Bypass Valves, Main Steam
Safety Valves, and Atmospheric Dump Valves are located
within the Seismic Category I designed Main Steam Valve
Houses.

10.3.4 INSPECTION AND TESTING REQUIREMENTS

A. ASME Section III Code, Class 2 piping is inspected and
tested in accordance with ASME Code Section III and XI.
ANSI /ASME B31.1 piping is inspected and tested in accordance

O
r - -

W It should be noted that the portion of the Main Steam Piping
utilizing LBB is not postulated to rupture.

Amendment V
10.3-17 April 29, 1994
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|
with Paragraphs 136 and 137. Non-safety Class piping is
inspected in accordance with a program similar to thei

program outlined in EPRI report entitled " Erosion / Corrosion
i on Nuclear Plant Steam Piping: Causes and Inspection
| Guidelines" (Reference 1).

B. To permit testing for pH and the existence of foreign
; substances, sample connections are provided in the steam
i line pioing between the steam generator nozzles and

equalization header.'

C. During initial startup and during periods of unit shutdown,
the tripping mechanisms for the main steam isolation valves
are tested for proper operation in accordance with the
technical specifications. The valves are periodically
in-service tested for leakage and freedom of movement during
plant operation in accordance with ASME Code Section XI,
Subsection IWV.

D. The main steam safety valves are tested during initial
startup or during shutdown operation by checking the actual
lift and closing pressures of the valves in comparison to
the required design opening and closing pressures in
accordance with ASME Code, Section XI, Subsection IWV.

E. ASME Code Section XI, Subsection IWV requirements for
i in-service testing and inspection of nuclear safety-related

valves apply to the atmospheric dump and atmospheric dump
isolation valves.

F. A test will be conducted to verify MSIV response to a3
'

simulated Main Steam Isolation Signal (MSIS).

1. The objective of the test is to verify the function of
the MSIVs and to confirm the 5 second closing time
required by Section 10.3.2.3.2.1.

2. Since steam pressure is normally required to operate
the MSIVs, a supply of steam at conditions comparable

,

to main steam is a prerequisite, in addition to the '

completion of construction activities on the MSIVs and
required support systems.

1

I3. The test method consists of the application of a
simulated MSIS to the controls of the MSIV under test,
the recording of temperature and pressure parameters
upstream and downstream of the valve seat, and the
timing of the closure process from the receipt of
signal to the instance of valve closure as indicated by
the valve stem travel indicator.

Amendment Q
10.3-18 June 30, 1993
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\d 10.3.6 STEAM AND FEEDWATER SYSTEM MATERIALS

10.3.6.1 Fracture Toughness

Materials are in compliance with Sections II and III of the ASME
Boiler and Pressure Vessel Code with respect to fracture
toughness a i meet the requirements of ASME Section III, articles
NB-2300, NC-2300, and ND-2300.

10.3.6.2 Materials Selection and Fabrication

A. Materials used are included in Appendix I of Section III of
the ASME Code.

B. No austenitic stainless steel piping material is used in
these systems.

C. The secondary system piping shall be designed to allow
cleaning for the removal of foreign material and rust prior
to operation and to prevent introduction of this material
into the steam generator. Chemical cleaning or hand
cleaning may be employed. During chemical cleaning, no
fluid shall enter the steam generators. Suitable bypass
pining shall be provided if required. Cleaning and

(o) acceptance criteria are based on the requirements of
/ A'ISI/ASME NQA-1 and the recommendations of NRC Regulatory |'

Guide 1.37.

D. The degree of compliance with NRC Regulatory Guide 1.71,
" Welder Qualification for Areas of Limited Accessibility,"
is as discussed in Section 5.2.3 3.2.3.

E. Non-destructive examination procedures for tubular products
conform to the requirements of the ASME Code, Section III,
NC-2000 for Class 2 materials.

F. No copper alloys are used for components that are in contact
with feedwater, steam, or condensate.

G. Oxygen induced corrosion is minimized by providing the
following component materials:

1. Steam reheater tubes that are ferritic stainless steel
or equivalent.

2. Feedwater heater tubes that are type 304L stainless
steel with carbon steel tube sheets.

t /
w/

Amendment Q
10.3-23 June 30, 1993
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3. Condenser tube material that is type 304L stainless
steel or equivalent for fresh water applications with
chloride levels below 200 ppm. Fcir higher chloride
levels up to 500 ppm, type 316L stainless steel tubing
or equivalent. For chloride levels between 500 and 800
ppm, higher grade of stainless steel (such as 904L or
AL-6X, or equivalent). For brackish or salt water
applications containing high concentrations of
dissolved solids (greater than 1000 ppm) or chloridesi

| (greater than 800 ppm), or water contaminated by sewage
discharges, titanium tubing or equivalent.

4. Condenser tube sheets that are specified as follows:

a. For 304L stainless steel tubes, 304L
stainless-clad carbon steel tube sheets or
equivalent.

b. For 316L stainless steel tubes, 316L
stainless-clad carbon steel tube sheets or
equivalent.

c. For higher grade stainless steel tubes,,

'

stainless-clad carbon steel tube sheets or
equivalent.

d. For titanium tubing, titanium-clad carbon steel
tube sheets or equivalent.

5. Main steam piping, hot reheat piping, condensate
piping, feedwater piping, and heater drain piping

| upstream of the drain control valves are carbon steel
or equivalent. A minimum corrosion allowance of 100
mils (0.1 inch) is used for carbon steel main steam and
main feedwater piping. Extraction steam piping, heater
drain piping downstream of the drain control valves,
and other piping exposed to wet steam or flashing

| liquid flow are chromium-molybdenum, stainless steel,
or equivalent. The degree of corrosion / erosion
resistance of the piping material must be consistent
with the temperature, moisture content, and
velocity / hydrodynamic conditions of the fluid to which
the piping is exposed. The methods outlined in Section
3.6.3.1.2.1 are used to minimize erosion / corrosion
degradation. I

H. Construction materials or protective coatings containing low
melting point elements, particularly lead, mercury and
sulfur, shall not be used if they could come in contact with

|
the secondary systems. This is required to reduce to a |
minimum the potential for stress corrosion cracking of |

inconel material in the steam generators.

Amendment V
10.3-24 April 29, 1994 |
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O 10.4.2 MAIN CONDENSER EVACUATION SYSTEM

10.4.2.1 Desian Bases

The Main Condenser Evacuation System is designed to:

A. Remove air and other noncondensible gases from the
condenser.

B. Maintain adequate condenser vacuum for proper turbine
operation during startup and normal operation.

The system is designed to prevent uncontrolled release of
radioactive material to the environment in accordance with
10CFR50, Appendix A, General Design Criteria (GDC) 60 and 64.
System components conform to the requirements of Regulatory
Guides 1.26 and 1.28 and Heat Exchange Institute (HEI) " Standards
for Steam Surface Condensers."

10.4.2.2 System Description

The Main Condenser Evacuation System is shown in Figure 10.4.2-1.

The Main Condenser Evacuation System consists of four skid
i mounted vacuum pumps and interconnecting piping which are used to |j pull a vacuum on the main condenser. The vacuum pumps are used

for both hogging and holdings modes of condenser operation. |
Normally three vacuum pump units are in operation. The fourth
pump unit is utilized as a maintenance spare. The vacuum pump
units have two modes of operation, a hogging mode and a holding
mode. The hogging mode is used to reduce the condenser pressure
from atmospheric to approximately 5 tv 10 in. Hg. absolute. The
holding mode is used when these pressures are reached to reduce
the condenser pressure to its operating value and then maintain
the condenser operating pressure and provide deaeration
capabilities during normal plant operations.

The condenser evacuation system design provides a normally
operating vacuum pump unit for each of the three condenser
pressure zones and a common maintenance spare. Each operating
vacuum pump unit is aligned to take suction from one of the three
condenser pressure zones through two connections on the condenser
shell. The normally operating vacuum pumps withdraw the air and
noncondensible gases from the condenser shell, compress and
discharge them through an individual line from the discharge
nozzle of each vacuum pump unit to a common header routed to the
unit vent.

O
Amendment V

10.4-7 April 29, 1994
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The compressant water used in the vacuum pump units is provided
by the demineralized water system. The vacuum pump cooling water
is supplied by the turbine plant component cooling water system.

The condenser evacuation system capacity is 1200 scfm for each
operating vacuum pump during the hogging phase and 50 scfm for
each operating vacuum pump during the holding phase. The hogging
capacity is determined in accordance with HEI standards for steam
surface condensers which correlate the quantity of steam being
condensed by the condenser, the internal shell volume, and a 30
minute drawdown from atmospheric pressure to approximately 10 in.
Hg. absolute. The holding phase capacity is based on the
effective steam flow for each main steam exhaust opening into the
condenser in accordance with HEI standards for steam surface
condensers.

There is no direct connection between the Main Condenser
Evacuation System and the Reactor Coolant System; therefore,
normal function of one will not directly affect the other. The
vacuum pump air discharge is continuously monitored for radiation
to detect steam generator primary-to-secondary tube leaks.
Information pertaining to radiation monitoring capabilities is
contained in Section 11.5. A full discussion of the radiological
aspects of a primary-to-secondary leakage, including radioactive
discharge rates under postulated design conditions, is discussed
in Chapter 11, " Radioactive Waste Management," and in Chapter 15,
" Accident Analyses."

10.4.2.3 Bafety Evaluation

The system is not assigned a safety class as it serves no plant
safety function. It is not required for safe shutdown of the
plant.

10.4.2.4 Tests and Inspections

The system is fully tested and inspected before initial plant
operation and is subject to periodic inspections ufter startup.
System performance will indicate proper function of the system
and any system malfunction will be corrected by appropriate
means.

10.4,2.5 Instrumentation Applications

The Main Condenser Evacuation System includes sufficient
instrumentation to assure proper operation. All of the
instrumentation for this system is operating instrumentation and
none is required for safe shutdown of the reactor.

Refer to Section 7.7.1.1.12 for a description of the
Process-Component Control System which provides applicable
non-safety remote monitoring and centrols from the main control
room.

1
'

Amendment Q
10.4-8 June 30, 1993
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10.4.4 TURBINE BYPASS SYSTEM

10.4.4.1 Design Bases

The turbine bypass system has no safety functions. The turbine
bypass system is located in the turbine building. The turbine
bypass system, operating in conjunction with the reactor power
cutback system (Section 7. 7.1.1. 6) , is designed to accomplish the
following functions:

A. Accommodate load rejections of any magnitude without
tripping the reactor or lifting primary or secondary safety
valves.

B. Control NSSS thermal conditions to prevent the opening of
safety valves following a unit trip.

C. Maintain the NSSS at hot zero power conditions.

D. Control NSSS thermal conditions when it is desirable to have
reactor power greater than turbine power, e.g., during
turbine synchronization.

E. Provide pressure limiting control during the loss of one out
of three feedwater pumps.

F. Provide a CEA Automatic Motion Inhibit (AMI) signal when
turbine power and reactor power fall below selected
thresholds. Provide AMI signal below 15 percent reactor
power to block automatic control of the reactor below this
power level.

G. Provide a means for manual control of Reactor Coolant System
(RCS) temperature during NSSS heatup or cooldown.

H. Provide for operation of the turbine bypass valves in a
manner that minimizes valve wear and maintains
controllability.

I. Provide for operation of the turbine bypass valves in a
sequence which, by proper arrangement of valving to the
condenser, limits the flow imbalance between condenser
sections to the flow capacity of one valve when all turbine
bypass valves and condenser shells are available.

J. Include redundancy in the design so that neither a single
component failure nor a single operator error result in
excess steam release.

K. Provide a condenser interlock which will block turbine

G bypass flow when unit condenser pressure exceeds a preset
limit.

Amendment T
10.4-11 November 15, 1993
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10.4.4.2 System Description and Operation

10.4.4.2.1 General Description

The turbine bypass system consists of the Steam Bypass Control
System, the turbine bypass valves and associated piping and

,

instrumentation. The Steam Bypass Control System is described in |

Section 7.7.1.1.5. )
s

10.4.4.2.2 Piping and Instrumentation

The reference plant turbine bypass system consists of eight j
turbine bypass valves located in two lines (four bypass valves '

per line) branching from the main steam header, downstream of the
main steam isolation valves and connecting to the main condenser.
This arrangement is shown in Figures 10.1-2 and 10.3.2-1.

10.4.4.2.3 Turbine Bypass Valves

The eight turbine bypass valves are air-operated valves with a
combined capacity of 55% of the total full power steam flow at
normal full power steam generator pressure (1000 psia), so that
the quantity of excess steam produced during startup and shutdown
functions and during load-shedding can be passed to the main
condenser. Each bypass assembly consists of a combined emergency
stop and regulating valve with water injection chamber. The !

injection water is removed from the hotwell of the main condenser
by the condensate pumps. The valves are normally controlled by
the steam bypass control system but are capable of remote or
local manual operation. When operating automatically the valves
modulate full open or full close in a minimum of 15 seconde and
a maximum of 20 seconds. In response to a quick opening signal
from the Steam Bypass Control System, they are designed to open
in less than i second. In response to a closing signal from the
steam bypass control system, they are designed to close in 5
seconds. The system is capable of controlling at flows as low as
63,000 lb/hr in order to permit operation at hot standby during
pre-core hot functional testing.

10.4.4.2.4 System Operation

The turbine bypass system takes steam from the main steam header
| upstream of the turbine main stop valves and discharges it
directly to the main condenser, bypassing the turbine generator.
During normal operation, the bypass valves are under the control
of the steam bypass control system, as discussed in Section
7.7.1.1.5. During cooldown or hot shutdown, the turbine bypass
valves may be actuated individually from the main control room to
regulate steam generator pressure and reactor coolant temperature
change.

Amendment V
10.4-12 Apirl 29, 1994
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10.4.4.2.4.1 System Performance

A. The total Turbine Bypass Valve capacity is 55% of total full
power steam flow at normal full power steam generator
pressure (1000 psia). This relieving capacity in
conjunction with the Steam Bypass Control and Reactor Power
Cutback Systems ' allows a turbine full load rejection without
causing a reactor trip or lifting the primary and/or
secondary safety valves.

B. No single Turbine Bypass Valve has a maximum capacity
greater than 1.9 x 10 lb/hr at 1000 psia.6

C. Turbine Bypass Valves are fail-close valves to prevent
uncontrolled bypass of steam to the condenser.

D. The Turbine Bypass Valve operating speeds are as follows:

1. The valves stroke from the full closed position to the
full open position and from full open position to full
closed position in 15 to 20 seconds when a modulation
signal is applied to the valve control system.

2. The valves stroke from the full closed position to the
full open position in less than i second when a quick

( opening signal is applied to the valve control system.

3. The valves stroke from the full open position to the
full closed position within 5 seconds when the
permissive gating signal is removed from the valve
control system.

E. The Turbine Bypass Valves and their supports are designed to
withstand loads arising from the various normal operating
and design bases events as specified in Section 3.9.3.

F. The COL Applicant shall provide the as-built pressure drop
between the steam generator outlet nozzles and each Turbine
Bypass Valve to ABB-CE to evaluate the actual relieving
capacity.

G. During pre-core hot functional testing, the plant must be
maintained at hot standby conditions. To accomplish this,
at least one Turbine Bypass valve is capable of controlling
flow at 63,000 lb/hr at 1100 psia.

H. The Turbine Bypass Valve control circuits are designed, or
precautions are taken, such that no single electrical
failure results in the opening of more than one valve.

k

Amendment T
10.4-13 November 15, 1993
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I. The Turbine Bypass Valves are equipped with hand-wheels to
permit manual operation at the valve location.

l
J. The Turbine Bypass Valves are arranged such that operation

of any valves results in approximately equal blowdown from
each steam generator.

1

10.4.4.3 Safety Evaluation I

The valves in the turbine bypass system are designed to fail
closed to prevent uncontrolled bypass of steam to the condenser.
Should the bypass valves fail to open on command, the Main Steam
safety valves provide main steam line overpressure protection.
The power-operated atmospheric dump valves provide a means for
controlled cooldown of the reactor. The Main Steam safety valves
and power-operated atmospheric dump valves are described in
Section 10.3.2.

Should the condenser not be available as a heat sink, an
interlock will prevent opening, or if opened, will close the
turbine bypass system valves. The Main Steam safety valves and
pe wr-operated atmospheric dump valves are used to control the
lead transient, if the bypass valves are disabled. Because the
ASME Code Main Steam safety valves provide the ultimate
overpressure protection for the steam generators, the turbine
bypass system is defined as a control system and is designed
without consideration for the special requirements applicable to
protection systems. Failure of this system will have no
detrimental effects on the Reactor Coolant System.

Operation of the turbine bypass system has no adverse effects on
the environment since steam is bypassed to the condenser, the
heat sink in use during normal operation.

This system is not required for the safe shutdown of the reactor
and has no safety function.

10.4.4.4 Inspection and Testing Requirements

Preoperational and startup tests conform with the recommendations
of NRC Regulatory Guide 1.68, " Initial Test Programs for
Water-Cooled Nuclear Power Plants."

A test will be conducted to verify opening of the Turbine Bypass
Valves (TBVs) in response to a signal simulating turbine bypass

| from the Steam Bypass Control System (SBCS). The objective of
the test is to verify the function of the TBVs' response.

| Construction activities on the TBV, the SBCS, and their required
support systems must be complete as a prerequisite. The test
method consists of the application of a signal simulating turbine
bypass to the controls of the TBVs, and recording of the opening
of the TBVs as indicated by TBV valve stem travel indicator.

Amendment V
10.4-14 April 29, 1994
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OU TABLE 10.4.9-4

(Sheet 3 of 4).

EMERGENCY FEEDWATER SYSTEM

f- INSTRUMENTATION AND CONTROL

Main
Control Remote Shutdown

Controls Room Panel

Individual Emergency Feedwater X X'
Steam Generator Isolation Valves
EF-100, EF-101, EF-_102, EF-103
Open/ Closed Position Indication

.)
Individual'EFW Flow Control X X-

'

Valves EF-104, EF-105, EF-106,
EF-107 Open/ Closed Position Indication

Steam Supply Bypass Valves X X

EF-112, EF-113 Open/ Closed Position Indication

O Steam Supply Isolation. Valves X X

EF-108, EF-109 Open/ Closed Position Indication
]

Turbine Trip and Throttle (Stop) Valves X X
1 & 2 Open/ Closed Position Indication and Closed
Position Alarm

Steam Supply Continuous Drain X
Isolation Valves EF-110, EF-111
Open/ Closed Position Indication

Steam Driven EFW Pump 1 Suction X

Manual Isolation Valve EF-208
Open/ Closed Position Indication *

Motor Driven EFW Pump 1 Suction X

Manual Isolation Valve EF-210
Open/ Closed Position Indication *

Steam Driven EFW Pump 2 Suction X

Manual Isolation Valve EF-209
Open/ Closed Position Indication *

Motor Driven EFW Pump 2 Suction X

Manual Isolation Valve EF-211
Open/ Closed Position Indication *

'An alarm is provided in the main control room to alert the operator when*

the valve is not fully open.

Amendment U
December 31, 1993
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TABLE 10.4.9-4

(Sheet 4 of 4)

EMERGENCY FEEDWATER SYSTEM
INSTRUMENTATION AND CONTROL

Main
Control Remote Shutdown

Controls Room Panel

Steam Driven EFW Pump 1 Discharge X

Manual Isolation Valve EF-338
Open/ Closed Position Indication *

Motor Driven EFW Pump 1 Discharge X

Manual Isolation Valve EF-340
Open/ Closed Position Indication *

Steam Driven EFW Pump 2 Discharge X

Manual Isolation Valve EF-339
Open/ Closed Position Indication * X

Motor Driven EFW Pump 2 Discharge X

Manual Isolation Valve EF-341
Open/ Closed Position Indication *

SG 1 Supply to EFW Pump Turbine 1 X

Manual Isolation Valve EF-238
Open/ Closed Position Indication *

SG 2 Supply to EFW Pump Turbine 2 X |

Manual Isolation Valve EF-239
Open/ Closed Position Indication *

|

,

An alarm is provided in the main control room to alert the operator when*

the valve is not fully open.

Amendment U
December 31, 1993
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TABLE-11.1.1-3

- TRITIUM ACTIVATION REACTIONS

Reaction Threshold Eneray (MeV) Cross Section ("

10
1) B (n, 2a)T 1.0 4.20(+1)mbcb>

7
' - 2). Li (n, na)T- 3.9 3.85(+2)mb

6 |

3) Li (n, a)T Thermal 9.45(+2) barns |

4) D (n, y)T Thermal 5.50(-1)mb

II
5) B (n, T)9Be 10.4 -1.50(+1)mb

| |

!U
|

|

|

|

|
\

l

NOTES: (a) Threshold cross sections are from References 7 and 8. These are
spectrum - averaged for neutrons of energy greater than indicated
threshold energy.

(b) Number in parentheses denotes power of ten.
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N 11.2 LIQUID WASTE MANAGEMENT SYSTEMS

| The design objectives of the Liquid Waste Management System
| (LWMS) is to protect the plant personnel, the general public, and

the environment by providing a means to collect, segregate,
store, process, sample, and monitor radioactive liquid waste.
Each type of liquid waste is segregated to minimize the potential
for mixing and contamination of non-radioactive flow streams.
The processed liquid radioactive waste is sampled prior to
release from Waste Monitor Tanks and radiation monitors are i

provided in the discharge line to provide for a controlled
monitored release. The concentration of the liquid effluent at i

the site discharge point released during normal operation,
'

t

| including anticipated operational occurrences, is below
concentrations specified in 10 CFR 20, Appendix B of Sections
20.1001-20.2402, Table 2, Column 2, and meet the As Low As
Reasonably Achievable (ALARA) criteria of 10 CFR 50, Appendix I.

11.2.1 DESIGN BASES

11.2.1.1 Criteria and Evaluation

The Liquid Waste Management System (LWMS) is designed in
accordance with the acceptance criteria defined in the Standard

0 Review Plan, Section 11.2. The design criteria are the
following:

A. Effluents normally released to unrestricted areas must meet
the limiting requirements of 10 CFR 20 and meet the ALARA

{ objectives of 10 CFR 50, Appendix I.

The LWMS intermittently discharges liquid effluent in
batches to the environment. Table 11.2-1 provides an
estimate of the annual liquid effluent releases (Ci/yr)
based on results from PWR-GALE using NUREG-0017 methodology.
Assumptions used to calculate the annual release rate are
discussed in Section 11.2.6. This estimated annual release
rate is used to calculate the estimated annual dose to the
maximum individual. These results are listed in Table
11.2-4. This analysis assures that effluents during normal
operation ar.d anticipated operational occurrences meet 10
CFR 50, Appendix I objectives.

The LWMS is designed to ensure that normal releases to
unrestricted areas are within 10 CFR 20, Appendix B,
Sections 20.1001-20.2402, Table 2, Column 2 effluent | ;

concentrations based on the design basis source term. |
Section 11.2.7 provides a detailed discussion regarding the
methodology used to calculate the concentration of the
effluent at the site discharge point. The results of this
analysis assure that the maximum concentrations of the

%
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| liquid effluent in the unrestricted area are within 10 CFR
| 20, Appendix B, Table 2, Column 2 permissible

concentrations.

B. The system must contribute to meeting the performance design
objectives in that it should not interfere with the normal
station operation including anticipated operational
occurrences,

l

| The LWMS is a non-nuclear safety related system. It has no
; accident mitigation functions. The LWMS is designed in
! accordance with requirements in ANSI /ANS 55.2 and Regulatory

Guide 1.143. This includes the following features:
|

1. The LWMS is designed with sufficient redundancy to
| tolerate a single major component failure and process
| radioactive liquid waste during normal operation,

| including anticipated occurrences.
|

! 2. The LWMS is designed with sufficient storage capacity
and redundancy to accommodate an increase in demand

,

| during normal operation of the plant.

C. Releases of radioactive materials to the environment must be
controlled and monitored in accordance with 10 CFR 50,
Appendix A (General Design Criteria 60, 61 and 64).

!

| The release of liquid waste requires an operator action.
'

Prior to release through the plant discharge, radioactive
liquid waste is sampled. The LWMS is also provided with a
radiation monitor which monitors in the discharge line
downstream from the Waste Monitor Tanks. In the event that
the concentration of the discharge may exceed 10 CFR 20
limits, the radiation monitor would terminate the discharge.
Section 11.5, Radiation Monitoring System, provides a

! detailed discussion regarding the radiation monitoring for
the LWMS.

D. Accidental releases of radioactive materials from a single
component of the LWMS must not result in offsite doses which
exceed the guidelines of 10 CFR 20, Section 20.1302.

|

The LWMS and the Radwaste Building are designed so there is
| no liquid release to the environment due to a LWMS failure
| or leak. In addition, the LWMS is designed so that there is

no possibility of gravity or syphon flow from the LWMS to
the environment. This precludes an inadvertent release of
radioactive liquid to the environment by this mechanism.

,

l

Amendment V
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11.2.2 SYSTEM DESCRIPTION '

'11.2.2.1 General Description

Diagrams for the LWMS are provided in Figure 11. 2-1 ' (Sheets - l'
through 4) and an equipment list is provided in Table 11.2-6. | |

|
The LWMS provides a means to collect, store, process, sample, and

'

monitor radioactive liquid waste.' The LWMS. consists' of
collection tanks, process pumps and vessels,-monitor tanks, and
appropriate instruments-and controls to permit most operation to-
be conducted remotely. The process equipment and connection for
mobile semi-permanent or leased equipment are located so that
they~ have crane- or monorail hoist access for ease of repair,
replacement, or-reconfiguration.

Radioactive wastes are segregated by routing to an initial, I
collection sump or tank. This permits more effective processing j
of each type .of waste and may lead to reduced solid waste ~

volumes. Segregation'is accomplished by means of a subsystem
that processes different waste categories.

The LWMS is divided into the following major subsystems: |

Low Level Waste Subsystem
High Level Waste Subsystem, n

'

(V) Laundry and Hot Shower / Chemical Waste Subsystem
Containment Cooler Subsystem

Regenerant waste water from . condensate ' cleanup system is also
released. This is discussed further in Section 11'. 2 . 2 . 2 .1.
Waste collection and monitor tanks are provided in pairs so that
one may be.available to receive waste while the other is being
processed or discharged.

The principal process is ion exchange.- This allows' flexibility
for tailoring the process to specific wastes or operatingconditions while retaining simplicity of. operation. The process
vessels with mixed bed resins can also be loaded with granulated
carbon, Zeolite or other sluicible media which may enhance
process filtration or ion exchange adsorption.f

L Remote valves and piping are arranged so that process vessels may
be used cyclically on a given waste stream. Valves and pipingalso arranged to allow linkage of the demineralizers of aare,

train in series or process influent waste from either of the'

subsystems.

The demineralizer arrangements available allow flexibility in
selecting the appropriate processing path to process waste
influent during selected operational or influent transients.

p Processed liquid radioactive waste is sampled prior to release
V)w from the monitor tanks. Radiation monitors are provided in the

discharge line.

! Amendment U
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11.2.2.2 Components Description

11.2.2.2.1 Waste Collection Tanks

The waste collection tanks and respective subsystems are listed
below:

Tank Subsystem

Equipment Waste Tank (EWT) High Level Waste
Floor Drain Tank (FDT) Low Level Waste
Laundry and Hot Shower Tank (LHST) Laundry and Hot Shower
Chemical Waste Tank (CWT) Laundry and Hot Shower
Neutralization Tank (NT) 1 and 2 N/A -- Condensate

Cleanup System,
discussed in
Section 10.4.6.

A description of the waste that is contained by each tank is
detailed below:

EWT - These are generally power cycle equipment drains.*

These are boron containing wastes from the Reactor
Coolant System and the Chemical and Volume Control
System.

FDT - These are high conductivity wastes and variable*

suspended solids. The waste is collected from floor
drains sumps. Additionally, steam generator drains are
sent to the FDT.

LHST - These are laundry wastes, wastes from personnel*

decontamination stations, and detergent type
decontamination solutions.

* CWT - These are laboratory wastes and chemical
decontamination solutions.

* NT - These tanks, which are located in the Turbine
Building, contain neutralized waste water from the
regeneration of the condensate cleanup system
polishers.

The Waste Collection Tanks are each sized for the anticipated
peak daily input taking into account anticipated operational
occurrences but not considering events which might occur less
often than once per fuel cycle. The waste collection tank vents
are sized adequately to preclude buckling of the tank during
drain down, or vacuum breakers will be provided, as necessary.

Waste collection tanks are all equipped with fluid-driven mixers,
manways and material addition ports accessed from the top of the
tanks. Additionally, all tanks have sloped bottoms to facilitate

Amendment U
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's_- settled sludge removal. The tanks are all located in lined rooms
in which the walls constitute appropriate shielding as well as
the seismic containment required by Regulatory Guide 1.143.

Waste collection tanks are all made of stainless steel and are
designed for atmospheric pressure plus maximum overflow line
back-pressure.

As shown in Figure 11.2-1, oil separators are provided for
gravity separation of oil which may contaminate the equipment or
floor drain wastes collected. This oil layer is collected in
drums and is stored as required in the Radwaste Building for
offsite treatment and disposal by a licensed contractor. Oil
treatment and disposal are not included in the certified design
scope.

11.2.2.2.2 Waste Monitor Tanks

The LWMS subsystem associated with each of the waste monitor
tanks are listed below:

Tank (s) Subsystem

Waste Monitor Tanks (WMT) 1 and 2 High level waste
Waste Monitor Tanks (WMT) 3 and 4 Low level waste

tg/ Detergent Sample Tanks (DST) 1 and 2 Laundry and hot shower
Chemical Sample Tanks (CST) 1 and 2 Laundry and hot shower

The WMT, DST, and CWT are each sized for the anticipated peak
daily input taking into account anticipated operational
occurrences but not considering events which might occur less
often than once per fuel cycle. The waste collection tank vents
are sized adequately to preclude buckling of the tank during
drain down, or vacuum breakers will be provided, as necessary.

The waste monitor tanks are equipped with fluid-driven mixers and
provisions for recirculation to assure uniform contents for

|sampling and manways accessed from the top of the tanks. '

|Waste monitor tanks are all made of stainless steel and are |
designed for atmospheric pressure plus maximum overflow line !
back-pressure.

The waste water collected in the neutralization tank from
regeneration of the condensate cleanup system polishers is
sampled in this tank also. There is no process capability
provided in the condensate cleanup system located in the Turbine
Building; however, flow can be manually diverted to the Floor
Drain Tank in the low level subsystem of the LWMS, as necessary,
based on sampling results. The neutralization tank is a process

(o) tank and not a waste monitor tank per se,
w/

Amendment U
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11.2.2.2.3 Process Pumps

Each waste stream is provided with a centrifugal pump which can
be cross connected with another in case of f ailure. Pumps can be
flushed and drained prior to maintenance activity and can be
readily replaced with on-site spares if necessary. The wetted
parts of the pumps are corrosion resistant in order to minimize
the buildup of contamination and prolong their service life.

Table 11.2-6 lists the design parameters for the process pump
provided. The regenerant waste stream is provided with these
centrifugal pumps.

11.2.2.2.4 Process Filters

The waste process filters use bag type polyethylene filters. The
filters are contained in top loading, vertical stainless steel
pressure vessels. Inlet flow is forced into the bag filter media
from the top, directed down into the bag to minimize process flow
bypass. Top loading bag filters provide process flexibility by
tailoring filter media micron exclusion characteristics to the
specific waste stream and are effective in maintaining
occupational exposures as low as reasonably achievable due to
their infrequent and simple changeout requirements. Occupational
exposure associated with filter changeout is further reduced
through the use of remote handling tools.

Bag filter process vessels are skid mounted in groups of 2 or 4
with each skid being individually shielded and movable.
Connections, valves and flow pathc are provided to allow the
filters to be used individually or in series.

Expended bag filters are generally dewatered and placed directly
in shielded disposal containers placed in close proximity to the
filter skid to minimize radiation exposure associated with manual
filter changeout. Dewatering is accomplished in the filter
process vessel by purging the filter housing and filter media
with process air prior to filter changeout.

11.2.2.2.5 Media Bed Process Vessels

The media bed process vessels are stainless steel pressure
vessels with inlet distributors, screened outlets and sluice
outlets. The normal use of the process vessels is as an
ion-exchange bed or a carbon bed.

|Three demineralizer trains are provided. Each train has five I
vessels and is sized to process the total subsystem flow
specified in Table 1.1.1.2-1 plus allowances for increases in
influent flow during selected off-normal operation. Each train
is dedicated to a subsystem (i.e., low level waste subsystem,
high level waste subsystem, and laundry and hot shower / chemical
subsystem. The containment cooler subsystem (refer to Section

Amendment U
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k 11.2.2.3.8) is low activity and is, therefore, normally routed to I

the Industrial Waste Discharge. There is automatic diversion to
the collection tank, however, subsequent processing by the Low j
Level Waste Subsystem is manually initiated by the operator. j
Capability is provided to process this stream as liquid waste
through any of the other subsystem demineralizer trains.

Access is provided to manually load vessels if appropriate. The
normal disposition of a fully expended (high differential
pressure, high radiation or loss of desired isotopic removal
capability) media is sluicing to the Low Activity Spent Resin
Tank in the Solid Waste Management System (SWM3) or directly to
a disposal container for processing and shipment offsite.

11.2.2.2.6 Provisions for Mobile Equipment

It is anticipated that it may be advantageous to use additional
mobile treatment or direct solidification equipment at times.
This may be true because of changing waste streams or changing
economics of processing, shipping and burial. Adequate space has
been allocated for solid waste shipment vehicles, process
dewatering, and a permanent solidification system. Piping
provisions are made to permit connection of mobile process
equipment while using the installed Waste Collection Tanks,
process pumps, and Waste Monitor Tanks. Rapid re-alignment of a
process flow path can be accomplished using remote operated
valves (outside of skid shielding), quick-connect fittings and
flexible high pressure industrial hoses.

11.2.2.2.7 Dilution Pumps

A dedicated source of dilution water is necessary to maintain
liquid waste effluent concentrations in the environment below 10
CFR 20 concentration limits and 10 CFR 50 Appendix I as low as
reasonably achievable of fsite dose objectives. The dilution flow
is provided by four centrifugal pumps. The pumps are sized such
that any two pumps can provide a minimum of 100 CFS dilution flow
to facilitate LWMS discharges.

11.2.2.2.8 Containment Cooler Condensate Tank

Two containment cooler condensate tanks are provided. The
containment cooler condensate tank discharge will normally be
routed to Industrial Waste Discharge since typically this stream
has low activity. The capability to process this stream for
processing as liquid waste will be provided.

The CCTs are fabricated of stainless steel.

Amendment V
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11.2.2.2.9 Condensate Cleanup System Waste

The radioactive liquid waste water generated during regeneration
of the condensate cleanup system polishers is collected in the
neutralization tanks located in the Turbine Building. The
contents of the neutralization tanks typically require no further
processing and are discharged directly to the environment through
a single designated discharge point. The neutralization tanks
will be sampled prior to release.

| Separate piping is provided from the neutralization tanks, which
are located in the Turbine Building, to a common plant discharge

i header. A radiation monitor is provided downstream of the
neutralization tank. Upon a receipt of radiation signal above i

the monitor setpoint, the discharge from the neutralization tanks |
will be terminated automatically. The operator would then sample |
the contents of the neutralization tanks and manually divert i
flow, as necessary based on the sampling results, to the Floor
brain Tank for processing in the low level waste subsystem of the
LWMS prior to release to the environment.

|

| A dike is provided around the neutralization tanks designed to be
i of suf ficient height to contain maximum expected liquid inventory

in these tanks. A dry sump is also provided to collect any
spillage from the neutralization and route it to the LWMS for

| processing. Curbing and floor drains are provided in the ;

regeneration area. This is discussed in Section 10.4.6. |

| 11.2.2.2.10 Laundry and Hot Shower Tank

The laundry and hot shower waste subsystem is designed to provide
the capability to terminate the discharge and divert flow to the
collection tanks upon detection of high radiation in the
discharge. The operator would sample the detergent waste sample
tank contents and then either recirculate liquid waste to the
collection tank or manually divert flow to the low level
subsystem for processing, as necessary, based on sampling
results. Similarly, the condensate cooler tank discharge would
be automatically terminated upon receipt of a high radiation
signal. Subsequently, the operator could manually divert flow,
as necessary based on sampling results of the subject tank, for
further processing in the low level waste subsystem.

11.2.2.3 System Operation

During normal operation, each pair of Waste Collection Tanks will
| have one available to accept waste inputs and the other will be

available for processing if necessary. Since the LWMS operators
will have level indication on waste volumes, they will anticipate
system collection and processing requirements.

O
Amendment V
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(J; N Liquid waste processing and release are separate batched
processes. After a Waste Collection Tank has received as much )
waste as the operators deem appropriate, its inlet valve is
closed to permit sampling. Generally, the Collection Tank
contents are recirculated and mixed when waste liquids are
entering the tank and the tank level exceeds a minimum level.
This expedites the batch sampling process and assures the final
sample will be representative. Based on the results obtained
from the initial collection tank sample, appropriate pre-process
chemical addition and processing is performed in the Collection i
Tank, as necessary. Based on final sample results, the decision
will be made to process the tank using the existing process
vessel or to provide a more appropriate process. Normally, the
effluent for the Chemical Waste Tanks and the Laundry and Hot
Shower Tanks are not processed and directly discharged. Because
of segregation of inputs, the size of the collection tanks, and
the flexibility of the normal ion-exchange process, a revised
process should not be necessary. However, if a change is
considered necessary, it will be implemented based on status of
individual process vessels inferred from previous influent and
effluent sampling. Re-alignment of the flow path can be rapidly
accomplished using remote operated valves.

The LWMS subsystems collection tanks are sampled prior to
. [] processing. Each respective process stream is processed, as
'

(j apprcpriate, based on the sampling results. The contents of the' neutralization tank and each of the respective LWMS collection,

i tanks, waste monitor or sample tanks are processed, as necessary,
to ensure compliance with 10 CFR 20, Appendix B of Sections
20.1001 through 20. 2402, Table 2, Column 2 ef fluent concentration
limits. After processing, the waste water is collected in waste
monitor or sample tanks where it is sampled prior to discharge to
the environment. A radiation monitor is provided downstream of
the last possible input of radioactive liquid waste. Upon
detection of a radiation signal above the monitor setpoint, the
discharge would be automatically terminated. The setpoint is
determined by the COL Applicant and provided in the Offsite Dose
Calculation Manual. Section 11.5 provides a more detailed
discussion regarding the determination of this setpoint. The
operator would then sample the appropriate tanks in the LWMS
subsystem (s) and the neutralization tank that were being
discharged. Based on the sampling results, the operator would
manually divert flow, as necessary, for further processing as
illustrated in Figures 11.2-1, sheets 1 through 4, and
Figure 10.4.6-1.

It is not expected that re-alignment of the process vessels will
normally coincide with changes in collection tanks being
processed. This is because, as indicated above, the variation in
constituents from tank to tank is not likely to be great, but then

/ \ process beds will routinely become expanded. A bed may be\d removed from service because of high differential pressure, high
radiation or lack of specific removal capacity. Ideally, a bed

Amendment U
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considered expended for one of these reasons will also be nearing
limits for the others as well. Normally, the first bed in the
process flow will become expended. When it does, it will be
isolated in preparation for transferring the contents to the
SWMS, and a new bed will be added at the end of the process flow
path. In this way, eac.k bed will first be the final step of a
series of processes and will advance to the first position over
its life. The number of beds in a particular series will be
expected to change with circumstances and is left for the
operators to determine.

Each pair of Waste Monitor Tanks will also alternate as the
receiver of the process stream. The one that is filling will
have the fluid driven mixing started above the low level
permissive so that when the tank is full, a representative sample
will be immediately available. The details of the effluent
release are provided in Section 11.2.6.

11.2.3 SAFETY EVALUATION

The LWMS has no safe shutdown or accident mitigation function.
Accidental releases will not exceed the limits of 10 CFR 20.
Accidental releases due to a major component failure or LWMS
leak, will be contained in the Radwaste Building.

11.2.4 INSPECTION AND TESTING REQUIREMENTS

A program of testing requirements appropriate to assure that the
LWMS is operating as intended is developed prior to fuel loading.
Emphasis is placed on verifying remote function, and
instrumentation important to the design objectives. Testing of
the waste process streams for the most effective and economical
process is required periodically during normal operation.

11.2.5 INSTRUMENTATION REQUIREMENTS

Instrumentation and indication important to the design basis of
the LWMS are as follows:

A. Level Indicators

All Waste Collection and Waste Monitor Tanks are equipped
with continuous level indicators. In addition, redundant
means of detecting high level are provided along with
non-redundant low level indicators. High level is alarmed
both locally and in thr radwaste control room. Levels in
the area sumps and tanks which fced the LWMS Collection
Tanks are also indicated in the radwaste control room.

Local instrumentation and alarms will be provided in the
Condensate Polishing Control Room, e.g. , neutralization tank
level and high alarm, with a common system trouble alarm in
the Main Control Room.

Amendment U
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\d B. Radioactive Liquid Effluent Monitor'

Prior to release, waste liquid is held in a monitor tank
from which a representative sample is taken. Inlet valves
on tanks being prepared for release are closed, providing
for a batch release. However, all releases are made through
an effluent monitor. The effluent monitor set point is
adjusted so that it will only alarm on unexpected high
activity (relative to batch release sample information).
The alarm also automatically terminates the release.

The setpoint for the liquid waste management system |
discharge radiation monitor is determined by the COL
Applicant and provided in the Offsite Dose Calculation
Manual to ensure compliance with 10 CFR 20, Appendix B of
Sections 20.1001 through 20.2402 effluent concentrations.
The radioactive liquid effluent monitor is located
downstream of the last possible point of input of
radioactive liquid waste.

High activity is alarmed in the radwaste control room and in
the main control rooms via the Data Processing System (DPS)

| and the Discrete Indication and ALARM System (DIAS).

/] The COL Applicant will provide the operational e tpoint for,

("/ the termination of the liquid waste management system'

containment cooler condensate tank, turbine building drain,
! steam generator blowdown, and neutralization tank discharges

to the environment in the plant-specific offsite dose
calculation manual (ODCM). This setpoint ensures that the
ratio of instantaneous concentrations of radionuclides in
the liquid effluent in unrestricted areas to the
corresponding values given in 10 CFR 20, Appendix B of
Section 20.1001-20.2402, Table 2, Column 2 summed over the
radionuclides in the liquid effluent does not exceed 10.

I

Prior to release, the regenerant waste water is held in one
| of the neutralization tanks from which a representative

,

sample is taken. Releases from the neutralization tanks |

| will be batch releases. All releases are made through a
| process radiation monitor. Upon detection of a radiation

signal above the radiation monitor setpoint, the release is
I terminated automatically. The contents of the
| neutralization tank would then be sampled by the operator
'

and the flow manually diverted to the Floor Drain Tank in
the low level waste subsystem of the LWMS for further

| processing.

!

,,
( \

Amendment V
| 11.2-15 April 29, 1994



CESSARE%nem,.

C. Differential Pressure

Both Filter and Media Bed Process Vessels are equipped with
differential pressure measurement instrumentation to monitor
the loading of the filter or bed media. Differential
pressure indication is provided in the radwaste control
room.

D. Flow

Each Process Pump is equipped with flow measurement to
assist the operators in regulating the process within the
appropriate operating range. Flow rate information, in
conjunction with differential pressure information, is also
important for the operator to assess filter media condition.
Flow indication is provided in the radwaste control room.

E. Area Radiation

Area radiation monitors are discussed in Section 11.5.1.2.5.
Area monitors will have local visual and audible alarms.

11.2.6 ESTIMATED LIQUID RELEASES

The estimated quantity of radioactivity released in liquid
effluents during normal operation, including operational
occurrences, is shown in Table 11.2-1.

The methodology of NUREG-0017 (Reference 1) is used in
determining liquid radioactive releates. The sources, estimated
volumes, and activity levels of LWMS waste input streams as well
as other NUREG-0017 model input parameters and assumptions are
summarized in Tables 11.2-2 and 11.2-3. A simplified liquid
pathway release assessment process model is provided in Figure
11.2-2.

11.2.6.1 Release Points

All discharges from the LWMS subsystems of detectable
radioactivity are made through a common discharge header. The
LWMS is designed with the capability to simultaneously discharge
any or all of the radioactive liqu!.d waste water from the LWMS
subsystems' collection and/or waste monitor tanks and the
condensate cleanup system neutralization tanks, as appropriate,
through a single dedicated discharge point. The setpoints on
each of the discharge lines will be determined and coordinated by
the COL Applicant, as discussed in Section 11.5. The
determination of the setpoints of the LWMS discharge radiation
monitor, located downstream of the last possible point of input
of radioactive liquid effluent from the respective LWMS
collection or waste monitor tanks and radiation monitor located
downstream of the condensate cleanup system neutralization tanks
discharge, will be provided by the COL Applicant. The COL

Amendment U
11.2-16 December 31, 1993
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Applicant will develop the setpoints for radiation monitors on
each of the discharge lines at the common plant. discharge header
for radioactive liquid effluents. Development of these setpoints
is discussed in Section 11.5. All releases are monitored prior
. to dilution and discharge. Complete mixing of liquid. waste with
the dilution flow prior to discharge is assured by combining the
two flows well upstream of the respective discharge point.

11.2.6.2 Dilution Factors

The dedicated liquid waste dilution flow can vary depending on
the number of Liquid Waste Dilution Pumps that are operating.
For the purpose of dose evaluations, an average dilution of 100
CFS is assumed for all release points for potentially radioactive
liquid effluent. The 10 CFR 50, Appendix I analysis for the
liquid pathways is based on a dilution flow of 100 cfs. This
dilution flow may be comprised of dilution flow provided by the
following sources as determined by the COL Applicant:

a. dilution pumps,
b. cooling tower blowdown, and/or
c. site specific dilution flow parameters (e.g., site specific

hydrology);

Ibut the discharge point is assumed to be located on a receiving
water such that no significant recirculation occurs between the
dilution flow intake and discharge.

4

The rate of radioactive liquid discharges will be based on the
available dilution and concentrations of 10 CFR 20, Appendix B,
Table 2, Column 2. |

11.2.6.3 Estimated Doses

The offsite doses estimated to be received by individuals as a
result of radioactive liquid ' releases are presented in Table
11.2-4 and compared with the corresponding limits of 10 CFR 50
Appendix I. The equations in Regulatory Guide 1.109 were
implemented in the offsite dose calculations. In addition, it
has been assumed that:

A. Fishing and shoreline activities for the maximum exposed
individual occur in the immediate vicinity of the discharge
point.

B. Drinking water for the maximum exposed individual is taken
in the immediate vicinity of the discharge point.

Population doses resulting fron radioactive liquid releases are
strongly related to site characteristics such as populations
served by downstream municipal water intakes and sport and
commercial fish harvest rates related to the receiving waters.

Amendment V
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Therefore, it is necessary to defer population dose projections
to site-specific environmental reports.

l
11.2.6.4 Cost-Benefit Analysis

The cost-benefit analysis approach stipulated by 10 CFR 50,
Appendix I, Paragraph II.D requires that a population dose
analysis be performed to demonstrate that the LWMS is designed
consistent with the as low as reasonably achievable criterion.

Due to the extreme site-specific nature of population dose
analyses, the cost-benefit analysis is deferred to site-specific
environmental reports.

Although the cost-benefit analysis is deferred to site-specific
environmental reports, it is fully expected that the LWMS, as
described in this design certification, will pass the as low as
reasonably achievable test for most proposed sites without
modification. In any case, LWMS modifications resulting from
site-specific cost-benefit analyses will reduce the maximum<

| individual doses presented in Table 11.2-4.
!

|
11.2.7 CONCENTRATION OF NORMAL EFFLUENTS

The Liquid Waste Management System (LWMS) processes liquid waste
,

prior to release to the environment. Each type of liquid waste'

| is segregated to minimize the potential for mixing and
contamination of non-radioactive flow streams. The processed
liquid radioactive waste is sampled prior to release from Waste
Monitor Tanks and radiation monitors are provided in the
discharge line to provide for a controlled monitored release.
The concentration at the plant discharge, resulting from re]aases
during normal operation, including anticipated operational
occurrences, was analyzed to verify that it is less than
10 CFR 20, Appendix B of Sections 20.1001-20.2402, Table 2,
Column 2 Effluent Concentrations for the specified source term
(1% failed fuel).
11.2.7.1 Analysis of Effects and Consequences

A. Bases

The concentration of the liquid effluent at the plant j
discharge is compared to 10 CFR 20, Appendix B of Sections

|20.1001-20.2402 Table 2, Column 2 Effluent Concentrations -

| (EC) to verify the Effluent Concentrations are within
10 CFR 20 limits. The bases for estimating L50 plant lignid
effluent discharge concentration are as follows:

.

|

1. The LWMS releases effluent periodically in batches
after processing waste liquids with radionuclide
concentrations based on the specified 1% failed fuel
rate reactor coolant source term.

Amendment U
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2. Annual average concentration is calculated based on the
design basis conditions (1% failed- fuel). The
concentration at the plant liquid effluent discharge -is
averaged over a period not to exceed one year in
accordance with 10 CFR 20, Section 20.1302- guidance. |

3. It is assumed that the Reactor Coolant System (RCS) is
continuously degassed by the CVCS during normal
operating conditions. The 1% failed fuel rate reactor
coolant equilibrium concentration is calculated using
the Combustion Engineering DAMSAM computer code and is
presented in Table 11.1.1-9.

4. The average' dilution flow rate at the plant discharge
is 100 scfs which is consistent with section 11.2.6.
The annual dilution volume is calculated by multiplying
the average dilution flow rate (100 sofs) by the number
of seconds in one year.

5. The total estimated annual liquid effluent' releases,
shown in Table 11.2-2, are multiplied by an-isotope
specific multiplication factor. This multiplication
factor is calculated by the division of the 1% failed
fuel RCS equilibrium concentration, calculated by the

'~ A Combustion Engineering DAMSAM computer code, by the RCS
equilibrium concentration calculated using PWR-GALE,
presented in Table 11.1.1-2, for each isotope.

For isotopes with a 1% failed fuel rate calculated
concentration which is less than PWR-GALE results, the
PWR-GALE concentration is used for conservatism. It is
assumed that differences in-the methodology used to
calculate the reactor coolant concentrations are
responsible for any differences observed _in isotopic ;

concentrations.

6. Since DAMSAM does not calculate the concentration of
tritium, the maximum calculated- concentration of
1.00 4Ci/gm is assumed for 1% failed ' fuel condition' for
conservatism.

7. Since DAMSAM does not calculate the concentration of
corrosion products, the PWR-GALE numbers are used. The
concentration of these radionuclides should not be

iaffected by the fraction of fuel defects. !

8. All condensate polisher resins are assumed to be
regenerated for conservatism. Rinse water is not !

assumed to be segregated for this analysis.
B. Methodology

/"N
|U) To calculate the concentration at the plant discharge, the

source term, based on the output from the computer code

Amendment U
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DAMSAM, is used. This code is used to calculate the reactor
coolant equilibrium concentration with continuous degassing
based on 1% failed fuel fraction in accordance with Standard
Review Plan Section 11.3. The resulting reactor coolant

i radionuclide equilibrium concentrations are divided by the
'

reactor coolant radionuclide concentration determined by
PWR-GALE, using NUREG-0017, Revision 1 methodology, to yield
a multiplice. tion factor for each isotope. The total annual,

radionuclide release rates (Ci/yr) of liquid effluent,
calculated by PWR-GALE, are multiplied by the multiplication
factor and divided by the annual dilution flow rate to
calculate the liquid effluent concentrations at the plant

| discharge. These concentrations are then compared to the
| Effluent Concentrations (EC) to verify compliance with
| 10 CFR 20, Appendix B of Sections 20.1001-20.2402, Table 2,

Column 2 limits.

The methodology used to calculate the concentration of the
effluent, averaged over a period of one year at the plant
discharge, is as follows:

C '*(i) = R(D M(i)d FajyxCF

Where:

, Coi,(i) = Concentration at the plant
i discharge of the ith {gggg g

| (pci/ml)

|
| R(i) s Total annual release rate of the
j ith isotope (Ci/yr) (Table 11.2-1)

Multiplication Factor for the ithMF(i) =

isotope

"". fF(i) = RCS(i) g ,

= Dilution Flow RateFaii
100 cfs (Section 11.2.6)=

Conversion Factor iCF =

O
i

Amendment U |

11.2-20 December 31, 1993

i



:

LCESSAR sininc.m.

O
cm -sec-CiCF=8.94E+5
f t '-yr-p Ci

The fraction of the EC for each isotope ~is calculated as follows:

"'"FEC(i)= EC(i)

Where: FEC(i) Fraction of EC.for the ith isotopee

EC(i) e Effluent Concentration of the ith .

isotope (gCi/ml) (10 CFR 20,. Appendix B; I
!Sections 20.1001-20.2402, Table -2,

Column 2)
,

C..Results and Conclusions' ].

The concentration of the-liquid effluents at the plant discharge
is shown in Table 11.2-5. The resultant concentration at the
plant discharge is less- than the Effluent' Concentrations |specified'in 10 CFR 20, Appendix B of Sections 20.1001 - 20.2402,/~

Table 2, Column 2. |

,

I
l

|

'.r

Amendment V |
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l TABLE 11.2-2

(Sheet 1 of 2)

f SOURCES, ESTIMATED VOLUMES AND AC'11VITIES '
OF LIQUID WASTE MANAGEMENT SYSTEM INPUTS

CoIIccison Processing
Flow Rate Activity Collection Time Time Effective System DFs - Discharge

; (GFD) (PCA) Ill Tank (Dan) (Dan) Iodine Cs Rb Otherp Fraction
'

SHIM BLEED 1931 1.0 Holdup Tank 80 [1] 0315[2]. 1.0E4 2.0E3 1.0E4 0.1

i
'

EQUIPMENT DRAINS 250 1.0 Holdup Tank 80 (1] 0315[2] 1.0E4 2.0E3 1.0E4 0.1

- Reactor Drain Tank
- Equipment Drain Tank -

CLEAN WASTE 700 0.2 Equip. Waste 29.6 0315[2] 1.0E3 1.0E3 1.0E3 0.1
y

- Reactor Grade Lab Drains
i - Acrated Equipment Drains

DIRTY WASTE 3200 0.021 Floor Drain 8.5[3] 0315[2] 1.0E3 1.0E3 1.0E3 - 1.0

- Containment Sump
- Plant Floor Drains*

' '- Fuel Pool Liner Leakage
- Containment Cooling .

3

i Condensate
- Equipment and Area

Non-ddergent Decon

SG BLOWDOWN [5] - -~ - - ' 1.0E2 1.0E1 - 1.0E2 0.0
, ,.

j DETERGENT WASTE [10] 800 < 1 E-4 Laundry and 6.7[7] 0.062 [8] 1.0E0 1.0E1 1.0E0 1.0|
Hot Shower'

REGENERANTWASTE [6] 39300 .[9] Regenerant Waste 234[11] 0.256 [12] 1.0E0 1.0E0 1.0E0 - 1.0 | .
; Collection Tank
2 ,

NOTES:
'

[1] Collection time based on 40% of Holdup Tank capacity (0.4 x 435,000 gallons) and combined shimbleed and equipment drains input rates..

[2] Process time based on 80% of LWMS collection tank capacities (0.8 x 34.000 gallons) and 60 GPM design basis process flow rate.,

, s. .

-Amendment V
April 29, 1994
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TABLE I1.2-2

(Shed 2 of 2)

SOURCES, ESTIMATED VOLUMES AND ACTIVITIES
OF LIQUID WASTE MANAGEMENT SYSTEM INPUTS

| NOTES (Continued):

| [3] Collection time based on 80% of LWMS collection tank capacities (0.8 x 34,000 gallons) and waste stream input flow rate.

[4] Hydrogenated primary system equipment drain fluids (i.e., Reactor Drain Tank and Equipment Drain Tank inputs nonnally routed to Holdup Tank via Pre-Holdup IX
prior to recycling to RCS (see Figure 1).

| [5] Full blowdown flow processed by Blowdown System and recycled to condensate system.

| [6] Regenerant wastes are collected and discharged without treatment consistent with NUREGOO17 method.

| [7] CoIIcetion time based on 80% of Detergent Waste collection tank capacities (0.8 x 6700) and waste stream input flow rate.

| [8] Process time based on 80% of detergent waste collection tank capacities (0.8 x 6700) and 60 gpm design basis flow rate.

| [9] PWR-GALE calculates the activity of waste stream.

| [10] Detergent wastes are processed through a selective ion exchanger for Cs and Rb cleanup.

| [11] Collection time based on 80% of the regenerant waste collection tank capacity (0.8 x 115,000 gallons) and waste stream input flow rate.

| [12] Process time based on 80% of regenerant waste collecG>n tank capacity (0.8 x 115,000 gallons) and 250 gpm design basis flow rate.

9 9 Amendment U
December 31, 1993
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TABLE 11.2-6 (Cont'd)
I

(Sheet'3 of 5)

LIQUID WASTE. MANAGEMENT SYSTEM
EOUTPMENT LIST

PUMPS-(Cont'd)

EQUIPMENT NAME FLOOR DRAIN TANK PUMP-
NUMBER 2
DESIGN CAPACITY, gpm (3) 120
DESIGN PROCESS FLOW-RATE, gpm 60-
NORMAL PROCESS FLOW RATE, gpm 20

EQUIPMENT NAME WASTE MONITOR TANK PUMP
NUMBER 4
DESIGN CAPACITY, gpm (3) 120
DESIGN PROCESS FLOW RATE, gpm 60

O NORMAL PROCESS FLOW RATE, gpm 20

EQUIPMENT NAME LAUNDRY AND HOT SHOWER
TANK PUMP

NUMBER 2
DESIGN CAPACITY, gpm (3) 120
DESIGN PROCESS FLOW RATE, gpm 60
NORMAL PROCESS FLOW RATE, gpm 20

EQUIPMENT NAME DETERGENT TANK PUMP
NUMBER 2
DESIGN CAPACITY, gpm (3) 120 '

DESIGN PROCESS FLOW RATE, gpm 60
NORMAL PROCESS FLOW RATE, gpm 20

EQUIPMENT NAME CHEMICAL WASTE TANK PUMP j
NUMBER 2 i

DESIGN CAPACITY, gpm (3) 120
]DESIGN PROCESS FLOW RATE, gpm 60 j

NORMAL PROCESS FLOW RATE, gpm 20 |
|

.

J

Amendment U
December 31, 1993
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TABLE 11.2-6 (Cont'd)

(Sheet 4 of 5)

LIOUID WASTE MANAGEMENT SYSTEM
EQUIPMENT LIST

PUMPS (Cont'd)

EQUIPMENT NAME CHEMICAL SAMPLE TANK PUMP
NUMBER 2

DESIGN CAPACITY, gpm (3) 120
DESIGN PROCESS FLOW RATE, gpm 60
NORMAL PROCESS FLOW RATE, gpm 20

FILTERS

!
'

EQUIPMENT NAME EQUIPMENT WASTE TANK
FILTER

NUMBER 2
; DESIGN CAPACITY, gpm 120

| DESIGN PROCESS FLOW RATE, gpm 60
NORMAL PROCESS FLOW RATE, gpm (2) 20

EQUIPMENT NAME FLOOR DRAIN TANK FILTER
| NUMBER 4

DESIGN CAPACITY, gpm 120
l DESIGN PROCESS FLOW RATE, gpm 60

NORMAL PROCESS FLOW RATE, gpm (2) 20

EQUIPMENT NAME LAUNDRY AND HOT SHOWER
TANK FILTER

NUMBER 4
DESIGN CAPACITY, gpm 120
DESIGN PROCESS FLOW RATE, gpm 60
NORMAL PROCESS FLOW RATE, gpm (2) 20

EQUIPMENT NAME CHEMICAL WASTE TANK FILTER
NUMBER 2
DESIGN CAPACITY, gpm 120 '

DESIGN PROCESS FLOW RATE, gpm 60
NORMAL PROCESS FLOW RATE, gpm (2) 20

Amendment V |

April 29, 1994
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11.3 GASEOUS' WASTE MANAGEMENT SYSTEM

11.3.1 DESIGN BASES

11.3.1.1 Criteria and Evaluation

The GWMS is designed in accordance with the acceptance criteria ;

defined in the Standard Review Plan, Section 11.3. The design |

criteria are the following
:

A. Effluents normally released to unrestricted areas must meet |

| the limiting requirements of 10 CFR 20 and meet the ALARA
objectives of 10 CFR 50, Appendix I.

The GWMS continuously discharges effluent. Table 11.3-4'

l provides an estimate of the annual airborne effluent
releases (Ci/yr) based on results from PWR-GALE.
Assumptions'used to calculate the annual release rate are

,

! discussed in Section 11.3.6..This estimated annual release
l rate is used to calculate the estimated annual dose to the

maximum exposed individual. These results are listed in |
Table 11.3-5. This analysis assures that effluents during
normal operation and anticipated operational occurrences
meet 10 CFR 50, Appendix I objectives.

( The GWMS is designed to ensure that normal releases to'

! I unrestricted areas are within 10 CFR 20, Appendix B of
,

Sections 20.1001-20.2402, Table 2, Column 1 effluent
| concentrations based on the design basis source term.
i Section 11.3.8 provides a detailed discussion regarding the
| methodology used to calculate the concentration of the

effluent at the Exclusion Area Boundary. The results of
this analysis assure that the concentration of the effluent

| are within 10 CFR 20, Appendix B, Sections 20.1001-20.2402
Table 2, Column 1 limits. |

. B. The system must contribute to meeting the performance design |
| objectives in that it should not interfere with normal )
| station operation including anticipated operational
: occurrences.

| The GWMS is a non-nuclear safety related system. It has no
accident mitigation functions. The GWMS is designed in
accordance with the guidance in ANSI /ANS 55.4, Regulatory ||
Guide 1.143 and 1.140. This includes the following
features:

1. The GWMS is designed to preclude a buildup of an
explosive mixture of hydrogen and oxygen which could
impact the operation of the plant.

2. The GWMS is designed with sufficient capacity and
i redundancy to accommodate an increase in demand during

j normal operation of the plant.

l Amendment V
l 11.3-1 April 29, 1994
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C. Releases of radioactive materials to the environment must be i
controlled and monitored in accordance with 10 CFR 50,
Appendix A (General Design Criteria 60, 61 and 64). |

|

The GWMS is provided with radiation monitors which monitor |

the discharge from the charcoal adsorber beds upstream of
the discharge to the Nuclear Annex Ventilation System. The
GWMS discharge is automatically isolated if the discharge

| limit (10 CFR 20, Section 20.1302) will be exceeded.
Section 11.5, Radiation Monitoring System, provides a
detailed discussion regarding the radiation monitoring for
the GWMS.

The COL Applicant will provide the operational setpoint for
the termination of the gaseous waste management system, high
and low purge, and fuel building ventilation system

| discharges to the environment in the plant-specific offsite
dose calculation manual (ODCM). This setpoint is based on
the instantaneous dose rates in unrestricted areas due to
the release of radioactive materials released via gaseous
effluent. This setpoint ensures that the instantaneous dose
rates offsite are less than the following:

Nobles Gases 500 mrem /yr total body;
3000 mrem /yr skin

Others 1500 mrem /yr to any organ

D. Accidental releases of radioactive materials from a single
component of the GWMS must not result in offsite doses which

| exceed the guidelines of 10 CFR 20, Section 20.1302.

Section 11.3.7 provides a discussion of the analysis of a
single component failure of the GWMS. The methodology used
in this analysis is in accordance with Branch Technical
ESTB-11-5 for the design basis source term. The results of
this analysis confirm that the dose consequence of a single
failure of a GWMS component is within the dose limits of
10 CFR 20, Section 20.1302.

E. The system must also contribute to meeting the occupational
exposure design objective by keeping operation and
maintenance exposure ALARA.

The GWMS is designed in accordance with guidance provided in
Regulatory Guide 8.8, ANSI /ANS-55.4, and Regulatory Guide
1.143 and 1.140. This ensures that the GWMS will meet ALARA
objectives.

F. Protection will be provided to gaseous waste handling and
treatment systems from the effects of an explosive mixture
of hydrogen and oxygen in accordance with 10 CFR 50,
Appendix A (General Design Criteria 3).

Amendment V
11.3-2 April 29, 1994
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'%./ The GWMS is designed to preclude the buildup of an explosive
mixture of hydrogen and oxygen in accordance with the
Standard Review Plan, Section 11.3. The charcoal vessels,
condenser cooler, piping, analyzer pressure boundary and
valves within the GWMS will be designed to withstand a
hydrogen explosion (i.e., twenty times normal operating
pressure) in accordance with ANSI Standard 55.4. One
hydrogen and one oxygen gas analyzer is utilized to monitor
H and O gas concentrations in the GWMS. Alarms are2 2

provided locally in the Nuclear Annex and in the main
control room to alarm on high oxygen concentration.

11.3.1.2 Codes and Standards

The GWMS is designed in accordance with the guidance of
Regulatory Guide 1.143 from applicable regulatory positions (C.2,
C.4, C.5 and C.6). These include:

A. The GWMS is designed and tested in accordance with
regulatory position C.2 of Regulatory Guide 1.143.

1. The GWMS is designed and tested to the codes and
standards listed in Table 1 supplemented by regulatory
positions C.2.1.2 and C.4. |p

[ \
\ ) 2. Materials used for pressure retaining portions of the

,

GWMS are designed in accordance with requirements
specified in Section II of the ASME Boiler and Pressure
Vessel Code. Materials used in the GWMS are compatible
with the chemical, physical, and radioactive
environment during normal and anticipated operating
conditions. Malleable, wrought, or cast iron and
plastics are not used in the GWMS.

The GWMS is designed to preclude the buildup of an
explosive mixture of hydrogen and oxygen. Gas
analyzers are provided 'o monitor the concentration of
hydrogen and oxygen in ao GWMS. Alarms are provided
locally in the Nuclear Annex and in the main control
room to high alarm on 1% oxygen concentration.

3. The Nuclear Annex houses the charcoal adsorber beds,
which delay the release of radioactive gaseous waste
from GWMS. The foundations and walls of structures
housing the GWMS are designed to meet the requirements '

specified in regulatory position C.5. '1he Nuclear
Annex is designed as a seismic Category I building and
is designed to withstand a plant Safe Shutdown
Earthquake (SSE).

.

J

A
l )
LJ

|
|
L

Amendment V i
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B. The GWMS is designed and tested in accordance with
regulatory position C.4 of the Regulatory Guide 1.143.

1. The GWMS is housed in the Nuclear Annex. The GWMS is
designed to control leakage. In addition, sufficient
space is provided to facilitate access, operation,
inspection, testing, and maintenance to maintain
personnel exposures ALARA in accordance with Regulatory
Guide 8.8 guidelines.

,
2. A quality assurance (QA) program will be applied with

I the provisions as specified in regulatory position C.6
| of Regulatory Guide 1.143.

! 3. The GWMS is constructed in accordance with regulatory
l position C.4.3 by the provision of the following

features:;

|

| Pressure-retaining components of process systems should
! use welded construction to the maximum practicable

extent. Process systems include the first root valve
on sample and instrument lines. Flanged joints or
suitable rapid-disconnect fitting should be used only
where maintenance or operational requirements clearly
indicate that such construction is preferable. Screwed
connections in which threads provide the only seal
should not be used except for instrumentation and cast
pump body drain vent connections. Process lines should
not be less than 3/4 inches (nominal). Screwed
connections backed up by seal welding, mechanical
joints, or socket welding may be used on lines 3/4
inches or larger but less than 2-1/2 inches. For lines
2-1/2 inches and above, pipe welds should be of the,

butt-joint type. Nonconsumable backing rings should
not be used in lines carrying resins or other
particulate material. All welding constituting the
pressure boundary or pressure-retaining components
should be performed in accordance with ASME Boiler and
Pressure Vessel Code Section IX.

4. The GWMS will be hydrostatically and pressure tested in
accordance with regulatory position C.4.4. Testing of
piping systems during the Operation phase should be
performed in accordance with applicable ASME or ANSI J
codes or system piping specifications. For System 80+" |
repairs, replacements, and modifications less than 1 !
inch NPS are exempt from pressure testing provided the !
original system was pressure tested.

5. The GWMS is designed to permit periodic testing of
active components to evaluate the operability of the
GWMS in accordance with regulatory position C.4.5.

Amendment T
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( C. The Nuclear Annex housing the GWMS is designed to meet the
requirements of regulatory position.C.5 of Regulatory Guide
1.143. The Nuclear Annex is designed to withstand a Safe
Shutdown Earthquake (SSE). Supports for the charcoal
adsorbers beds are designed to withstand a SSE to meet
requirements specified in regulatory positions _ C.5.1.1
through C.5.1.3. The Nuclear Annex structural design is
discussed in-Section 3.8.4. The Nuclear Annex is designed
for control motions described in Section 3.7. The Operating
Basis Earthquake (OBE) is not in the design bases for the
System 80+.

Although the likelihood of the OBE is greater than the SSE,
the loads associated with the SSE are higher and govern the
design of the plant. The structural design of the Nuclear
Annex meets Regulatory Guide 1.143 requirements.

D. The Nuclear Annex is designed as a seismic Category I
building and is designed to withstand a plant Safe Shutdown
Earthquake (SSE) and meets the seismic requirements
specified in regulatory position C.5.

E. The Quality Assurance (QA) program for the design,
installation, procurement, and fabrication of GWMS

g components complies with regulatory position C.6 of

] Regulatory Guide 1.143. Table 3.2-1 of the CESSAR-DC
identifies seismic category, quality and safety class for
each of the respective components in the GWMS in accordance
with a constructors QA program in compliance with federal
regulations. The COL Applicant will develop a construction
and operations QA program.

11.3.1.3 Features

The following features assist in meeting the Design Criteria:

A. High activity hydrogenated gaseous waste streams are
processed through carbon adsorbers to ratain and delay
radioactive fission gases prior to release. Decay of
fission product gases (xenon and krypton) prior to release
significantly reduces offsite exposure levels.
Additionally, filtration of process ventilation systems
significantly reduces offsite exposure from radioactive
particulates and iodine in plant effluents.

B. The carbon adsorber delay process used is simple with
minimal active components. Features to facilitate cleaning
and/or otherwise improve radwaste operations are provided.
Additionally, a spare carbon bed is provided in the event an
operating bed becomes inoperable and provisions for nitrogen
drying of moisture contaminated beds are provided.

Amendment U
11.3-5 December 31, 1993

_ _ - - _ _ - _ - _ _ _ _ _ _ _ _ _ - _ _



|

CESSAR E!'G%uia
i

_

C. Contained sources of gaseous radioactive waste discharges to
' the environment are monitored and provided with automatic

isolation if the discharge limit is exceeded. (see Section
11.5, Radiation Monitoring System)

i

! D. The GWMS in designed to preclude accidental releases of
gaseous activity which would result in offsite exposures in;

| | excess of 10 CFR 20, Section 20.1302 limits.
,

| E. Instrumentation and alarms are provided to preclude the
buildup of explosive mixtures of hydrogen and oxygen.

11.3.2 SYSTEM DESCRIPTION

The GWMS consists of two subsystems; the process gas subsystem
and the process vent subsystem. However, since airborne effluent
releases from plant ventilation systems are also addressed in
this section, a brief description of these systems is also

( provided. Plant ventilation systems are described in detail in
Chapter 9.

11.3.2.1 General Description

A simplified process flow diagram of the GWMS process gas and
process vent subsystems is provided in Figure 11.3-1 and an
equipment list is provided in Table 11.3-7. The system is
designed to collect, process, and monitor releases from all
system input streams.

A. Process Gas Portion of the GWMS

Process gases contain radioactive xenon and krypton fission
products from fuel and tramp uranium on fuel surfaces. The
process gas portion of the GWMS receives fission gases from
the Process Gas Header (PGH) and uses charcoal adsorber beds
to retain and delay the process gases for decay prior to
release. The primary input source to the PGH are gases
stripped from reactor coolant by the CVCS Gas Stripper and
volume Control Tank. The Reactor Drain Tank and Equipment
Drain Tank process vent surge volumes comprise the balance
of the hydrogenated gaseous inputs to the PGH. The flow in
the PGH primarily consists of hydrogen and noble gases with
some trace quantities of other fission gases and water
vapor. The removal of fission gases by the gas stripper
maintains the fission gas concentration in the reactor
coolant at a low residual level. This minimizes the escape
of radioactive gases during maintenance on the reactor
coolant system and releases resulting from leakage of
reactor coolant. Table 11.3-1 summarizes the sources,
volumes and flow rates to the process gas header.

O
Amendment V |
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'O The GWMS uses charcoal at ambient temperature to delay the
passage of radioactive gases through the system. When
opeiating at design conditions the mass of charcoal provided
in the adsorber beds is sufficient to provide a minimum of
60 days delay for xenon and a minimum of 3 days delay for

| krypton. The cooler condenser conditions process gases to
| provide the moisture and temperature necessary for the

desired performance of the charcoal adsorbers.

The cooler condenser cools the stripped gases and condenses
and removes water vapor to a dew point below 45*F before the
gas enters the charcoal adsorber beds. A humidity analyzer
downstream of the cooler condenser is provided to detect

.

inadequate moisture removal.
|

The charcoal guard bed is provided upstream of the charcoal
| process adsorber beds. The guard bed is normally not in

service but provides additional capacity in the event of
excess moisture. Nitrogen purge is available to dry
charcoal beds in the event of excessive moisture
contamination. A guard bed and six charcoal absorbers
containing a total of 15,300 pounds of charcoal are employed
for xenon and krypton delay. The tanks are located in a
shielded vault.

p
( ) The GWMS operates at pressures slightly above atmospheric

thus limiting the potential for oxygen in-leakage. Leakage
"'

from the GWMS is further limited through the use of welded
connections wherever not restricted due to maintenance
requirements. All control valves are provided with bellows
seals to minimize leakage through the valve topworks.

The total charcoal mass requirements for the adsorber beds
is determined using the following equation:

M = 8.98E4 FT /K1 1

Where: M = Charcoal mass, lbs
F = Flow rate of carrier gas, SCFM

T = Average delay time for the i-th isotope, days1

Ki = Dynamic adsorption coefficient for the i-th
isotope, cc/gm

8.98E4 = Conversion factor (lbs-cc-min) / (gm-f t3-day)

For the GWMS these parameters are as follows:

M = 15,300 lbs.
F = 1.0 SCFM

K(Kr) = 18 cc/gm at 104 F
K(Xe) = 178 cc/gm at 104 F

[m
,

i T(Kr) = 3 days
() T(Xe) = 30 days

Amendment Q
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Where the potential for explosive mixtures of hydrogen and
oxygen exists, the GWMS is designed to maintain system
integrity by first, preventing the formation or buildup of
explosive mixtures and secondly, monitoring and purging any i

|concentrations above 1% oxygen in the atmosphere.
|

Cas analyzers are used to detect the formation of gas I

mixtures. The system is designed to alarm both locally and
in the main control room for remedial action. The gas
analyzers take continuous samples from the GWMS and in
addition, from sources to the system, i.e., the gas
stripper, volume control tank, equipment drain tank, and
reactor drain tank.

The gas analyzer is set for a high alarm at 1% oxygen.
Alarms allow ample time for remedial actions to lower
concentrations of hydrogen and oxygen. For example,
remedial actions may include determining and eliminating or
isolating the source of oxygen intake to the system, and/or
adding nitrogen diluent as needed to stabilize and reduce
gas concentrations within the system to pre-alarm levels.
Although GWMS design features reduce or eliminate sources of
oxygen intake, and emphasis remains on remedial action to
isolate intake sources, monitoring and purging is provided
to limit buildup of explosive mixtures where necessary.

B. Process Vent Portion of the GWMS

The process vent portion of the GWMS is designed to collect
the low activity aerated gas streams from the potentially
contaminated vents headers in the Nuclear Annex and Radwaste
Building. See Table 11.3-1 for sources, volumes and flow
rates to each process vent header. The process vents,
except from the condenser evacuation system, are monitored

| filtered (if required) through the Nuclear Annex ventilation
system, and released through the unit vent. The condenser
evacuation system is monitored and then discharged through
the unit vent.

C. Plant Ventilation Systems

Plant ventilation systems are described in Chapter 9. See
Table 11.3-2 for system details associated with the effluent
model and Figure 11.3-2 for a simplified process flow
diagram. Additional information necessary for the effluent
analysis concerning plant ventilation systems is included in
Section 11.3.6.

For non-safety plant ventilation systems, initial
performance tests are performed to verify the operability of
the components, instrumentation, and control equipment.
During reactor operation the system is used at all times and
requires no additional periodic testing. Periodic visual

Amendment U
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b' inspections and preventative maintenance are conducted
according to normal industrial practices. Safety-related
ventilation systems are tested as per Technical
Specifications of Chapter 16 in accordance with Regulatory
Guide 1.52. Table 9.4-5 identifies any exceptions to
regulatory positions specified in Regulatory Guide 1.52.
Table 9.4-6 identifies any exceptions to regulatory
positions specified in Regulatory Guide 1.140.

11.3.2.2 Component Description

11.3.2.2.1 Charcoal Beds

The holdup of radioactive gases for decay is accomplished by
retention in charcoal beds. The vessels are designed to prevent I

|any charcoal carryover even for conditions when there is some
upward flow of the gas stream. The vessel is sized such that the j
superficial velocity through the bed is approximately .1 cm/sec j
unless adjustment in the adsorbent' volume is made to account for '

the loss in the bed efficiency. The charcoal beds are designed
to allow the loading and unloading of adsorption media, i

Operation is at ambient temperature. Suitable piping connections |

make it possible to bypass any charcoal bed. In addition, i
nitrogen can be introduced to each charcoal bed in order to flush

(]/ or dry the charcoal. A charcoal guard bed is provided upstream
s of the adsorber beds to protect the beds from contamination and'

"
excessive moisture. The guard bed can be bypassed or purged and
dried with nitrogen or reloaded if contaminated.

11.3.2.2.2 Cooler Condenser |

A cooler condenser provides reduced temperature and reduces the |
moisture content of the gases. The cooling water supply comes |
from the chilled water system. The condenser is designed to take i

inlet gas flow of 8 SCFM of saturated water vapor at the maximum
design temperature and discharge gases at 45 F.

11.3.2.2.3 Piping and Valves

Drain lines and valves are sized and continuously sloped to
minimize the potential for plugging. Valves are of the packless
metal diaphragm type and have bellows sealed stems to minimize
leakage. All loop seals vent to a controlled vent system and
equipment drains are closed or provided with loop seals to limit
the escape of radioactive gases. The GWMS consists of welded

j piping to the greatest extent practicable. Flanged joints are
| kept to a minimum,
i
,

!
l

Amendment U
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11.3.3 SAFETY EVALUATION

The GWMS has no plant safe shutdown or accident mitigation
function. It is demonstrated in Section 15.7 that accidental
releases, when evaluated on a conservative basis, are not

! | expected to exceed the dose limits of 10 CFR 20,

11.3.4 INSPECTION AND TESTING REQUII'.EMENTS

The GWMS is tested to leak rate limits specified in ANSI /ANS
55.4. The sum of the leak rates from all individual components

: located within a zone does not exceed the zone totals in ANSI /AMS
! 55.4.

11.3.5 INSTRUMENTATION REQUIREMENTS

Table 11.3-3 provides a list of instrumentation for the GWMS.
Additionally hydrogen detectors are provided in compartments

| containing off-gas systems under pressure and where hydrogen
leakage may occur. Detection of hydrogen causes the GWMS to
automatically shutdown. Normally, upon reaching a high level
setpoint, an alarm annunciates. Instrumentation in contact with
process streams is designed to minimize the potential for
explosion. Manual override capability of automatic controls is
provided where necessary to maintain system operability. For the
equipment operated manually, remote manual hand switches with
status lights are provided for all frequently operated valves and
components. See Section 11.5.1.2.2 for description of Radiation
Monitoring Systems interfaces with the Main Control Room.

11.3.6 ESTIMATED GASEOUS RELEASES

11.3.6.1 Releases

The estimated gaseous releases from plant sources during normal
operation, including anticipated operational occurrences are
shown in Table 11.3-4. A simplified airborne pathway release
assessment process model is provided in Figure 11.3-2.

The bases for the estimated plant releases are as follows:

A. All assumptions used are consistent with those of
NUREG-0017.

i

B. Source terms are based on primary and secondary system |

activity during normal operation and are in Table 11.1.1-2.
1

The parameters used for calculating these source terms are
in Table 11.1.1-1.

C. The containment free volume is 3.34E6 cubic feet, which
represents the maximum free volume.

Amendment V
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D. The containment internal cleanup system flow rate is 60,000
| SCFM.
t

|
E. There are two containment purges per year at shutdown.

F. The continuous low purge exhaust rate is 12.5 SCFM (1250
SCFM release rate system operating 1% of the time).

G. Steam generator blowdown is discharged to the condenser. |

H. The Main Condenser Evacuation System exhaust is not assumed |
to be filtered.

; 11.3.6.2 Gaseous Release Points

Gaseous effluents are released through the common unit vent with | )the exception of relatively small quantities released through the ;

turbine building vents.
|

11.3.6.3 Dilution Factors

Atmospheric dilution and relative deposition factors at the worst,

! case locations for the respective pathways are assumed in this
ianalysis and will become minimum design criteria to be verified '

% during the site selection process and documented in the
! I Environmental Report.

The following dispersion data is employed:
A. The residence which results in the highest offsite dose via

the plume submersion and inhalation pathways is assumed to
be located 0.5 miles from the station vent. The atmospheric |dilution expected for routine effluent is 7.2E-5 sec/m .8 '

The proportional deposition factor at this location is
21.3E-7/m ,

l
B. The location of the worst case food pathway, including

vegetable, meat, and milk receptors is located 1.0 mile from
the station. The atmospheric dilution expected for routine
releases at this location is 1.5E-5 sec/m .3

The proportional deposition expected at this location is
22.3E-8/m ,

11.3.6.4 Estimated Offsite Doses

The offsite doses associated with the above annual releases
j assuming the above dilution and deposition factors result in

postulated maximum individual doses shown in Table 11.3-5. These
[ doses are calculated using the methods and assumptions of

Regulatory Guide 1.109.

Amendment Q
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Population doses resulting from radioactive gaseous releases are
strongly related to site characteristics such as population

| distribution and wind rose data for each quadrant. Therefore, it
! is necessary to defer population dose projections to site
| specific environmental reports.
i

11.3.6.5 Cost Benefit Analysis

The discussion in Section 11.2.6.4 is also applicable for the
GWMS ALARA evaluation.

|
|

! 11.3.7 GASEOUS WASTE MANAGEMENT SYSTEM LEAK OR FAILURE
I

11.3.7.1 Identification of Causes and Accident Description

The Gaseous Waste Management System (GWMS), as discussed in
Section 11.3 is designed to collect, monitor, and store
radioactive waste gases which originate in the reactor coolant
system and require processing by holdup for decay prior to
release. The GWMS utilizes ambient temperature charcoal
adsorption beds to provide sufficient decay of noble gases.

The accident is described as an unexpected and uncontrolled
release of radioactive Xenon and Krypton gases from the GWMS
resulting from an inadvertent bypass of the main decay portion of
the charcoal adsorber beds. It is assumed to take as long as 2
hours to isolate or terminate the release.

11.3.7.2 Analysis of Effects and Consequences

A. Bases

The bases for the estimated maximum offsite concentration of
the gaseous effluent resulting from a leak or failure of the
GWMS are as follows:

1. The design basis airborne ef fluent source term is based
on design basis RCS equilibrium concentration resulting
from fission product leakage into the RCS based on
failure of 1% of power producing fuel in accordance
with the Standard Review Plan Branch Technical Position
(BTP) ESTB 11-5. The BTP ESTB 11-5 method adds the
accident induced charcoal unit bypass leakage to the
source term for normal operation; both accident source
contributions are calculated based on the design basis
RCS equilibrium concentration assumption.

2. In the absence of site specific meteorological data and
site Exclusion Area Boundary (EAB) information, the
short-term 2-hour accident atmospheric dispersion
factor, corresponding to a distance of approximately
0.5 milen from the station vent, is assumed to be

Amendment V
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O' 1.00x103 s/m . This is_ consistent with the dilution3

factors provided in Section 2.3.

3. The sum of total estimated annual airborne effluent
releases and the expected airborne effluent releases
associated with the zero minute decay case are
calculated by PWR-GALE and are multiplied' by an isotope
specific multiplication factor. This multiplication
factor is calculated by the division of the design
basis RCS equilibrium concentration, calculated using
the Combustion Engineering DAMSAM computer code and
presented in Table 11.1.1-9, by the RCS. equilibrium
concentration calculated using' PWR-GALE presented in
Table 11.1.1-2, for each isotope.

4. For isotopes with the design basis RCS equilibrium
concentration, calculated by the . Combustion Engineering
computer code DAMSAM, which is less than PWR-GALE
results, the .PWR-GALE concentration _is used for
conservatism. It is assumed that differences in the
methodology used to calculate the reactor coolant
concentrations are responsible for any differences
observed in isotopic concentrations.

|( 5. Particulates and radioiodines are assumed to be removed |

( by pretreatment, gas separation, and- intermediate
radwaste treatment equipment. Therefore, only the
whole body dose is calculated in this analysis.

B. Methodology

To calculate the release of noble gases from the GWMS, the
source term is based on the output from.the computer code
DAMSAM computer code. This code is used to calculate the
reactor coolant equilibrium concentration with continuous
degassing based on the design basis RCS equilibrium
concentration in accordance ~ ith Standard Review Planw
Section 11. 3. The resulting reactor coolant equilibrium
concentration is divided by the reactor coolant
concentration determined by PWR-GALE, using NUREG-0017,
Revision 1 methodology, to yield a multiplication factor for )each isotope. The total release of gaseous effluent for the
zero minute decay case is calculated using PWR-GALE with BTP
ESTB 11-5 alterations.- The zero minute decay case releases-
are added to the normal operation source term and the sum )for each radionuclide is multiplied by the multiplication
factor, the 2-hour accident atmospheric dispersion factor,
the total body dose factor, and a conversion factor to
calculate whole body dose. '

/'
i f
| .A
|
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The methodology used to calculate the dose consequences for
a GWMS failure, which is consistent with BTP ESTB 11-5, is
as follows:

D={ K(i) xO(i) x x7 . 2 5

whole body dose (mrem)Where: D e

e the total-body dose factor givenK(i)
in Table B-1 of Regulatory Guide
1.109 for the l'h isotope (mrem-

3m /pCi/yr)

s the noble gas nuclide accidentQ(i)
release rate for the ith isotope
(Ci/yr for 2 hours)

O(i) = (R(i) y +R(i) o] xMF(i)

R ( i) ncy, e annual estimated airborne release
rate for normal operation (Ci/yr)
(Table 11.3-4)

R(i)o e annual estimate airborne release
rate for zero minute decay case
(Ci/yr)

Multiplication FactorMF =

""MF=
RCS (i) car.s

X/Q s short-term 2-hour accident
at mospheric dispersion factor at

2ETB (sec/m )
1.00x10~' (Section 2.3)r2

7.25 e conversion factor for 2 hour
2release (pci-yr /Ci-event-sec)

C. Results and Conclusions

The calculated whole body dose at the exclusion area
| boundary is 49.4 mrem which is within the 500 mrem

acceptance criterion specified in Standard Review Plan
Section 11.3.

Amendment V
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11.3.8 CONCENTRATION OF NORMAL EFFLUENTS

IThe Gaseous Waste Management System (GWMS) processes gaseous
waste through a charcoal delay system which holds up noble gases i

and allows them to decay prior to release. The concentration at ;

the exclusion area boundary during normal operation, including '

anticipated operating occurrences, was analyzed to verify it is
less than 10 CFR 20, Appendix B, Table II, Column 1. I

11.3.8.1 Analysis of Effects and Consequences
,

I

A. Bases
:

The bases for the estimated concentration of effluent are as
follows:

I
j 1. The GWMS continuously discharges at a uniform rate at
' the design basis source term.

2. The design basis airborne effluent source term is based
| on design basis RCS equilibrium concentration resulting
| from fission product leakage into the RCS based on
| failure of 1% of power producing fuel in accordance
! with the Standard Review Plan Section 11.3. It is
'

assumed that the Reactor Coolant System (RCS) is
!

* continuously degassed by the CVCS during normal
| operating conditions. The reactor coolant equilibrium

concentration is calculated using the combustion
Engineering DAMSAM computer code and is presented in
Table 11.1.1-9.

3. In the absence of site specific meteorological data and
site Exclusion Area Boundary (EAB) information, the
long-term annual average atmospheric dispersion factor,
corresponding to a distance of approximately 0.5 miles
from the station vent, is assumed to be 7.2x10'S s/m. i

This is consistent with the dilution factors assumed in
| Section 11.3.6.3.

4. The total estimated annual airborne effluent releases
are multiplied by an isotope specific multiplication
factor. This multiplication factor is calculated by
the division of the design basis RCS equilibrium
concentration, calculated by the Combustion Engineering
DAMSAM computer code, by the RCS equilibrium
concentration, calculated using PWR-GALE, presented in
Table 11.1.1-2, for each isotope.

For isotopes with a design basis RCS equilibrium
concentration which is less than PWR-GALE results, the

{ PWR-GALE concentration is used for conservatism. It is
assumed that differences in the methodology used to

Amendment V
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calculate the reactor coolant concentrations are

responsible for any differences observed in isotopic
concentrations.

5. Since DAMSAM does not calculate the concentration of
tritium, the maximum calculated concentration of 1.00
gCi/gm is assumed for the 1% failed fuel source term
for conservatism.

6. Since DAMSAM does not calculate the concentration of
corrosion products, the PWR-GALE numbers are used. The
concentration of these radionuclides should not be
affected by the fraction of fuel defects.

B. Methodology

To calculate the concentration at the exclusion area
boundary, the source term is based on the output from the
computer code DAMSAM computer code. This code is used to
calculate the reactor coolant equilibrium concentration with
continuous degassing based on design basis RCS equilibrium
concentration in accordance with Standard Review Plan
Section 11.3. The resulting reactor coolant equilibrium
concentration is divided by the reactor coolant
concentration determined by PWR-GALE, using NUREG-0017,
Revision 1 methodology, to yield a multiplication factor for
each isotope. The total annual - release rate of gaseous
effluent is multiplied by the multiplication factor and the
average atmospheric dispersion factor to calculate the
annual average cor. centration of the gaseous effluent at the
exclusion area boundary. This concentration is then
compared to the Effluent Concentration (EC (i) ) for each
isotope to verify compliance with 10 CFR 20, Appendix B,

Sections 20.1001-20.2402, Table 2, Column 1 limits.

The methodology used to calculate the concentration of the
effluent, averaged over a period of one year at the EAB, is
as follows:

m(i) =R(i) xMF(i) x ExCFC
0

Concentration of ith isotope at theWhere: C(i) . =

EAB (gCi/ml)

Average atmospheric dispersion| X/Q e

f actor at EAB(sec/m')
7.2x10 (Section 11.3.6.3)4=

O
|
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=- Release Rate (Ci/yr) (TableV' R(i)'

11.3-4)

Multiplication FactorMF =

gy,RCS(i) mgm
RCS(i) m !

|
|

|
'

CF = Conversion Factor ]

CF=3.17 E-8 W ~N~#C2-sec-m1 -|
,

!
| 'The fraction of the EC for each isotope is calculated as, |
| follows:

FEC(i) = C"(i)
'

!

; \ EC(i)
f V

Where: FEC(i) = Fraction of EC'for the ith isotope |

EC(i) = Effluent Concentration of the ith |
isotope (yci/ml) (10 CFR 20,
Appendix B of Sections 20.1001-

; 20.2402, Table 2, Column 1)

C. Results and Conclusions
|

| The concentration of the gaseous effluents at the EAB is
| shown in Table 11.3-5. The resultant concentration at the
L EAB is within the Maximum Permissible Concentration-
i specified in 10 CFR 20, Appendix B of Sections '20.1001-

20.2402, Table 2, Column 1.

O
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O O O
TABLE 11.3-3 ,

'

i GWMS INSTRUMENTATION AND CONTROL
i

Alarm :

Eauipment or Component Parameter Measured Record Indicate H_igh Low Auto Control

'
Cooler Condenser Gas Differential Pressure X X | .

i

; Effluent Gas Temperature 7. ' X

Gas Drying or Moisture Removal Outlet Gas Moisture Content X X
,

i
' Charcoal Guard Bed Bed Temperature X' X

i Bed Pressure X X
,

i
i Charcoal Adsorbers Vault Temperature X X

j Bed Temperature X X

System Gas-Analyzers % by Volume H % by Volume X X

Of % by Volume
,

X X - 1

,

i

! System Discharge Line Radiation X X X X

.

! System Gas Flow Rate - Inlet Header X X

Gas Flow Rate'- Outlet Header X 'X'

i

)
i

} Legend:
i

|
X = Required

,

i
1

(

i

1
'

i
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TABLE 11.3-4

ESTIMATED ANNUAL AIRBORNE EFFLUENT RELEASES (1)
(Curies /yr)

Main
Condenser

Waste Gas Fuel Reactorgl,dg Aux g g Turbine Bldg Evacuatig
Exhaust' Total |Nuclide System Handlina Purae Vent Vent

l-131 0.0 3.5E-04 1.4E-03 1.7E-02 1.0E-04 0.0 1.9E-02
I-133 0.0 1.0E-03 2.6E-03 4.9E-02 2.5E-04 1. 0E- 14 5.3E-02
Kr-85 M 0.0 --- 0.0 2.0E+00 0.0 1.0Es 'l 3.0E+00
Kr-85 7.8E+02 --- 1.8E+01 0.0 0.0 0.0 8.0E+02
Kr-87 0.0 --- 0.0 3.0E+00 0.0 1.0E+00 4.0E+00
Kr-88 0.0 --- 1.0E+00 5.0E+00 0.0 2.0E+00 8.0E+00
Xe-131 M 8.lE+02 --- 2.0E+01 0.0 0.0 0.0 8.3E+02
Xe-133 M 0.0 --- 1.0E+00 0.0 0.0 0.0 1.0E+00
Xe-133 5.9E+02 --- 6.lE+01 6.0E+00 0.0 3.0E+00 6.6E+02
Xe-135 M 0.0 --- 0.0 3.0E+00 0.0 1.0E+00 4.0E+00
Xe-135 0.0 --- 9.0E+00 1.0E+01 0.0 5.0E+00 2.4E+01
Xe-137 0.0 --- 0.0 0.0 0.0 0.0 0.0
Xe-138 0.0 --- 0.0 2.0E+00 0.0 1.0E+00 3.0E+00
Cr-51 1.4E-07 1.8E-06 2.8E-05 3.2E-06 --- --- 3.3E-05
Mn-54 2.1E-08 3.0E-06 1.6E-05 7.8E-07 --- --- 2.0E-05
Co-57 0.0E+00 0.0E+00 2.5E-06 0.0E+00 --- --- 2.5E-06
Co-58 8.7E-08 2.lE-04 7.7E-05 1.9E-05 --- --- 3.lE-04
Co-60 1.4E-07 8.2E-05 8.0E-06 5.lE-06 --- --- 9.5E-05
Fe-59 1.8E-08 0.0E+00 8.3E-06 5.0E-07 --- --- 8.8E-06
Sr-89 4.4E-07 2.lE-05 4.0E-05 7.5E-06 --- --- 6.9E-05
Sr-90 1.7E-07 8.0E-06 1.6E-05 2.9E-06 --- --- 2.7E-05
Zr-95 4.8E-08 3.6E-08 0.0E+00 1.0E-05 --- --- 1.0E-05
Nb-95 3.7E-08 2.4E-05 5.5E-06 3.0E-07 --- --- 3.0E-05
Ru-103 3.2E-08 3.8E-07 4.9E-06 2.3E-07 --- --- 5.5E-06
Ru-106 2.7E-08 6.9E-07 0.0E+00 6.0E-08 --- --- 7.8E-07
Sb-125 0.0E+00 5.7E-07 0.0E+00 3.9E-08 --- --- 6.lE-07
Cs-134 3.3E-07 1.7E-05 7.7E-06 5.4E-06 --- --- 3.0E-05
Cs-136 5.3E-08 0.0E+00 9.8E-06 4.8E-07 --- --- 1.0E-05
Cs-137 7.7E-07 2.7E-05 1.7E-05 7.2E-06 --- --- 5.2E-05
Ba-140 2.3E-07 0.0E+00 0.0E+00 4.0E-06 --- --- 4.2E-06
Ce-141 2.2E-08 4.4E-09 4.0E-06 2.6E-07 --- --- 4.3E-06

Total H-3 Released Via Airborne Pathway - 1200 Curies /yr
C-14 Released Via Airborne Pathway - 7.3 Curies /yr (5)
Ar-41 Released Via Containuent Vent = 34 Curies /yr

NOTES: (1) 0.0 appearing in this table indicates release is less than 1.0 Ci/yr for
noble gases, and 0.0001 Ci/yr for iodines /particulates.

(2) Includes releases from 2 high volume building purges per year at shutdown
and 1% operation of low volume purge (i.e.,12.5 SCFM continuous purge).

(3) Includes Nuclear Annex, Subsphere, and Radwaste Building release
contributions.

(4) Includes 8 lowdown System Flash Tank vent release contributions.
(5) C-14 not included in offsite dose calculation since it is not addressed in

10CFR50, Appendix 1 objectives.

Amendment V
April 29, 1994
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| hwj 11.4 BOLID WASTE MANAGEMENT SYSTEM

The Solid Waste Management System (SWMS) is designed to protect
the plant personnel, the general'public, and.the environment by
providing a means to collect, segregate, store, process, sample,
and monitor solid waste. The SWMS processes both wet solid
active waste and dry active waste for shipment to a licensed
burial site.

11.4.1 DESIGN BASES

11.4.1.1 Criteria and Evaluation

The SWMS is designed in accordance with the following Standard
Review Plan Section 11.4 acceptance criteria:

A. Releases of radioactive materials to the environment must be
controlled and monitored in accordance with 10 CFR 50,
Appendix A (General Design Criteria 60 and 64).

The SWMS is designed so that liquids removed during the
dewatering process of wet solid waste are' routed back to the
Liquid Waste Management System (LWMS) to be' processed prior
to release to the environment. Non-clogging wire screens,

. such as Johnson screens, are provided~on the Resin Storage
Tanks and shipping containers to prevent an inadvertent
discharge of resin beads to environment via the LWMS.

The gases collected in the dry active waste processing area
are discharged via the Radwaste Building Ventilation System
to the unit vent. The dry solids compactor is provided with
an air filtration system which includes a HEPA filter. A
fan draws air through the HEPA filter and exhausts gases,
generated by compaction, through the Radwaste Building,

'

Ventilation System where the exhaust is filtered prior to
release to the environment. This filtration system prevents

| a possible unfiltered release of airborne contamination to
'

the environment.

Both of the above discharge paths are provided with monitors
discussed in detail in Section 11.5.

B. Liquid and gaseous effluents arising from the operation of
the SWMS must meet the limiting requirements of 10 CFR 20,
Appendix B of Sections 20.1001-20.2401, Table 2, Column 2.

The liquid and gaseous effluents released during normal
operation and anticipated operational occurrences to
unrestricted areas are released through the LWMS and the
Radwaste Building Ventilation System, respectively. Liquid
and gaseous effluents arising from the operation of the SWMS

['g must meet the limiting requirements of 10CFR20, Appendix B'

of Sections 20.1001-20.2402, Table 2, Columns 1 and 2,(Ay
respectively.

Amendment V
11.4-1 April 29, 1994
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In addition, Section 11.3 provides an estimate of the
| releases from the Gaseous Waste Management System, based on
| NUREG-0017 methodology, which includes the contribution from

the Radwaste Building Ventilation System.
!

| C. The system must contribute to meeting the performance design
objectives in that it should not interfere with the normal
station operation including anticipated abnormal operation.

The SWMS is designed in accordance with Regulatory Guide
1.143. Refer to Section 1.2.16.4. Curbing is provided
around major components such as the Resin Storage Tanks to
contain their contents in the event of a failure.

|

| The SWMS is designed with sufficient storage and surge
capacity to accommodate the maximum anticipated input.

| Additional space is also reserved for placement of leased
| temporary equipment to accommodate modifications to the SWMS

as new processes and configurations become available.

D. The system must also contribute to meeting occupational
exposure design objectives by keeping operation and
maintenance exposure as low as reasonably achievable
(ALARA).

Adequate spacing, cranes and monorail hoists facilitate
| maintenance of SWMS components which reduces time required

to perform maintenance activities. Normal system operations
are remotely controlled from a centralized control panel.
This allows operators to perform operations tasks in a lower
radiation area. Video monitors will also be used in SWMS
processing and packaging areas which will reduce personnel
exposure. Shielding of shipping containers will be
evaluated and provided as necessary.

E. The system must produce a packaged waste which is suitable
for shipment to and acceptance at a licensed burial
facility.

Samples, taken from the spent resin storage tanks, will be
used to classify the waste prior to disposal. All solid
waste material which is shipped from the plant site to a
licensed burial site is packaged in accordance with 10 CFR
71 and the Department of Transportation Regulations.

F. The packaged waste produced by the SWMS shall be classifiec
and processed in accordance with 10 CFR 61 requirements.

The solid waste shall be disposed and processed in
accordance with 10 CFR 61 requirements. Operating
procedures will be developed by the Owner Operator. These
procedures will provide boundary conditions for a set of

Amendment V
11.4-2 April 29, 1994
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y/ process parameters (such as settling times, drain time,

drying time, etc.) to assure that 10 CFR 61 requirements are
met. In addition, resin storage tanks and shipping
containers will be sampled and surveyed to verify that the
solidification or dewatering process is complete in
accordance with guidance from Branch Technical Position ETSB
11-3.

G. The SWMS is designed to ensure that the consequences of an
accidental release are within 10 CFR 20, Sections 20.1001
through 20.2401 of Appendix B, Table 2, Column 2 limits.

In the event of a major component failure of the SWMS, the
contents would be contained within the Radwaste Building
Structure. Refer to Sections 1.2.16.4 and 3.8.4.1.7 for a
description of the Radwaste Building. The Radwaste Building
will provide a seismic retention basin. Liquids released
from the component will be collected and routed to the LWMS
for processing. Any gaseous releases would be released to
the Radwaste Building and discharged through filters to the
environment via the Radwaste Building _ Ventilation System.
Therefore, there will be no uncontrolled liquid or gaseous
release to the environment.

H. An analysis shall be performed which evaluates the
/^N collection, processing and storage capacity of the Solid
(' ') Waste Management System (SWMS) based upon as-built plant

component characteristics as well as representative industry
data such as:

1. frequency, volume and number of ion exchanger spent
resin beds to be processed in the SWMS prior to
disposal.

2. frequency, volume and number of filter assemblies to be
processed in the SWMS for disposal.

3. plant operating procedures that minimize the production
of solid waste in the as-built plant.

The sizing of the spent resin stbsystem components shall
permit at least a 30-day decay of hort-lived radionuclides
prior to processing in system aquipment. Spent resin
collection tanks shall have the capacity to hold at least
two batches of spent resin from the source of greatest
input.

,

!

I. Processed radioactive solid waste will be packaged and !
shipped to a licensed burial site in accordance with !

regulatory requirements specified in 10 CFR 71, and by U.S. '

Department of Transportation (DOT) 49 CFR 170 through 189. 1

gm The COL Applicant will develop procedures to meet these |
I-

(v) requirements.
<

Amendment U !
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| 11.4.1.2 Codes and Standards

The SWMS is designed in accordance with the guidance of
Regulatory Guide 1.143 from applicable regulatory positions (C.3,
C.4, C.5 and C.6). These include:

A. The SWMS is designed and tested in accordance with
regulatory position C.3 of Regulatory Guide 1.143.

1. The SWMS is designed and tested to the codes and
standards listed in Table 1 supplemented by regulatory
position 3.1.2 and 4.

2. Materials used for pressure retaining portions of the
SWMS are designed in accordance with requirements
specified in Section II of the ASME Boiler and Pressure
vessel Code. Materials used in the SWMS are compatible

| with the chemical, physical, and radioactive
j environment during normal and anticipated operating

conditions. Malleable, wrought, or cast iron and'

plastics are not used in the SWMS.

3. The Radwaste Building houses SWMS. The foundations and
j adjacent walls of structures housing the SWMS are
| designed to meet the requirements specified in
! regulatory position C.5 to a height sufficient to

contain the maximum liquid inventory expected to be in
i the building. An analysis will be performed which

compares the maximum amount of free liquid inventory!

! expected to exist in the as-built piping, tanks, heat
exchangers, and material handling equipment of the
liquid and solid radioactive waste management systems,
with the volume-carrying capacity of the portion of the
building which is designed to the required seismic
criteria in order to contain that total. The
requirement shall be considered met if the as-built
liquid inventory total is less than the as-built

|
Radwaste Building volume-carrying capacity.

|
4. The SWMS equipment and components used to store,

collect, and process wet solid waste and dry active
;
' waste are not designed to meet the seismic criteria

specified in regulatory position C.5.

f B. The SWMS is designed and tested in accordance with
regulatory position C.4 of the Regulatory Guide 1.143.

! 1. The SWMS, which is housed in the Radwaste Building, is
designed to control leakage. The SWMS is designed to

|
route liquids removed during the dewatering process of
wet solid waste are routed back to the LWMS for
processing. Gases collected in the dry active waste
processing area are discharged via the Radwaste

Amendment R
11.4-4 July 30, 1993
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' I| (,/ Building Ventilation System to the unit vent, a

! monitored release path, after filtration. Section
11.4.1.A provides a detailed discussion regarding the
provision for leakage control in the SWMS design. j

| In addition, space is provided in the Radwaste Building
i to facilitate access, operation, inspection, testing, ,

| and maintenance of the SWMS to maintain personnel |

| exposures ALARA in accordance with Regulatory Guide 8.8
| guidelines.
|

2. A Quality Assurance (QA) program will be applied with
the provisions as specified in regulatory position C.6
of Regulatory Guide 1.143.

3. The pressure-retaining components in the SWMS are
constructed in accordance v 'h regulatory position

| C.4.3.
i

Pressure-retaining components of process systems shouldi

use welded construction to the maximum practicable
; extent. Process systems include the first root valve

on sample and instrument lines. Flanged joints or
suitable rapid-disconnect fitting should be used only
where maintenance or operational requirements clearly

f) indicate that such construction is preferable. Screwed|

| ('~'/ connections in which threads provide the only seal
| should not be used except for instrumentation and cast

pump body drain vent connections. Process lines should
not be less than 3/4 inches (nominal). Screwed
connections backed up by seal welding, mechanical
joints, or socket welding may be used on lines 3/4
inches or larger but less than 2-1/2 inches. For lines

| 2-1/2 inches and above, pipe welds should be of the
'

butt joint type. Nonconsumable backing rings should
not be used in lines carrying resins or other
particulate material. All welding constituting the
pressure boundary or pressure-retaining components
should be performed in accordance with ASME Boiler and
Pressure Vessel Code Section IX.

J|
4. All piping in the SWMS will be hydrostatically and ,|

pressure tested in accordance with regulatory position ;
C.4.4. Testing of piping systems during the Operation I
phase should be performed in accordance with applicable
ASME or ANSI codes or system piping specifications. '

For System 80+" repairs, replacements, and
modifications less than 1 inch NPS are exempt from
pressure testing provided the original system was
pressure tested.

j ps 5. The SWMS is designed to permit periodic testing to
( ) evaluate the operability of the SWMS in accordance with

/ regulatory position C.4.5.
'

Amendment R
11.4-5 July 30, 1993
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C. The Radwaste Building housing the SWMS is designed to meet
the requirements specified in regulatory positions C.5 and
C.1.1. 3 of Regulatory Guide 1.14 3. The Radwaste Building is
designed as a Seismic Category II building; however, it is
designed for the Safe Shutdown Earthquake (SSE) using
Seismic Category I criteria. The Radwaste Building
structural design features are discussed in Section
3.8.4.1.7. The Radwaste Building'is designed for control
motions described in Section 3.7. The operating Basis
Earthquake is not in the design basis for the System 80+ .

Although the likelihood of the OBE is greater than the SSE,
the loads associated with the SSE are higher and govern the
design of the plant. The structural design of the Radwaste
Building meets Regulatory Guide 1.143 requirements.

D. The Qualit; Assurance (QA) program for the design,
installation, procurement, and fabrication of SWMS
components complies with regulatory position C.6 of
Regulatory Guide 1.143. Table 3.2-1 of the CESSAR-DC
identifies seismic category, quality and safety class for
each of the respective components in the SWMS in accordance
with a constructors QA program in compliance with federal
regulations. The COL Applicant will develop a construction
and operations QA program.

11.4.1.3 Features

The following features assist in meeting the design criteria.

A. The system has provisions to accommodate leased equipment
which may provide the most economical choice at particular
times or for particular waste.

B. Normal system operations are remotely controlled from a
centralized control panel within the Radwaste Building which
permits operators to most effectively coordinate activities.

C. Active and replaceable components have crane or monorail
hoist access to facilitate removal and repair.

11.4.2 SYSTEM DESCRIPTION

11.4.2.1 General Description

Primary functions of the SWMS include providing means by which
spent resin, filters, etc. from the LWMS and primary letdown
systems are processed to ensure economical packaging within
regulatory guidelines, as well as handling dry, low activity
wastes for shipment to a licensed burial facility.

O
Amendment U
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( ,/ The spent resin transfer system is designed to transfer expended

radioactive demineralizer and ion exchanger resins from their
vessels to the spent resin tank. The system also provides holdup
of the resin and transfer of the resin to the solidification
system. The major components of this system are spent resin
tanks, spent resin surge tanks, spent resin transfer pumps, and
filters. The spent resin transfer system is shown on Figure
11.4-1 (Sheet 1 and 2).
The spent resin tanks provide settling capacity for radioactive
bead resins transferred from various demineralizers. Capability
is provided for solidification of dewatered resins or sluicing to
containers approved for shipping and disposal of dewatered ion
exchange resins. Also, connections are provided for use of
vendor supplied services such as rapid dewatering or waste drying
systems when it is determined that the use of these methods
represents a savings over the permanently installed alternatives.

A shielded onsite storage area is provided to allow for interim
storage of higher activity packaged wastes. The facility is
sized such that it is capable of storing the maximum number of
full shipping containers generated in any one year period |
containing the greatest expected waste generation. The process
and storage areas include a dedicated overhead crane with direct I

access to adjacent truck bays with sufficient overhead clearance |

O) |to facilitate direct trailer loading of waste packages. Crane
\ operation may be performed remotely with the aid of crane-mounted '

"
video cameras or locally to provide additional flexibility. |

Building space is also provided to sort miscellaneous
contaminated dry solids from uncontaminated solids for
appropriate and cost effective packaging and disposal.
Miscellaneous solid waste consisting of contaminated or
potentially contaminated rags, paper, clothing, glass, and other
small items is received by the Solid Radwaste System when it

,

arrives at the low-level handling and packaging area. Although |

waste forms are segregated and bagged at generation points
throughout the plant, this area provides space where the waste is
further segregated (e.g., compactible versus non-compactible,
radioactive versus non-radioactive) on sorting tables. When a
sufficient quantity of contaminated waste has been accumulated,
the compactor is operated. Radioactivity of filled containers is
monitored so that proper handling, storage, and disposal are
assured. Filled containers may be stored in the low-level
package storage area until shipped.

11.4.2.2 Components Description

Design parameters for the equipment in the SWMS are provided in
Table 11.4-1. Component arrangement is shown on the system flow
diagrams provided in Figure 11.4-1 (Sheet 1 and 2).

N,

Amendment Q
11.4-7 June 30, 1993
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| 11.4.2.2.1 Spent Resin Tank

Three stainless steel spent resin tanks with conical bottoms hold
resins from radioactive or potentially radioactive plant
demineralizers. Non-clcGging screens prevent the flow of resins
out of the tank through the spent resin tank pump suction lines
and the service air injection and vent lines. Instrumentation
which monitors resin and water levels in the tank and resin water

| content is read from the remote panel located in the radwaste
control room.

The Spent Resin Tanks provide several functions in the resin
transfer and disposal process. They provide a source of water
which is used to flush the demineralizer resin beds. They
perform a phase separator function in accumulating resin while
providing water for the flushing process. Separation is
accomplished by an underdrain system within the tank that retains
resin but allows the spent resin waste transfer pump to draw
water for continued resin flushing.

Resin slurry is removed via a drain nozzle located in the tank
bottom and the resin waste forwarding pump. The resin slurries
can be transferred to the dewatered waste processing area located
in the radwaste building.

Normally, the tank is vented to the room exhaust duct which is
| handled by the Radwaste Building Ventilation system. During
resin transfers, the vent line is closed to allow tank
pressurization by either water or air. A relief valve on each
tank prevents overpressurization. Resin transfers may be
terminated from the radwaste control room or the dewatered waste
processing area using an emergency cutoff to actuate valve
closure in the resin transfer line and service air supply to the

| spent resin tank.

11.4.2.2.2 Spent Resin Surge Tanks

The two Spent Resin Surge Tanks are stainless steel tanks with
dished heads, one Spent Resin Surge Tank services the Low
Activity Spent Resin Tanks. The other Spent Resin Surge Tank
services the High Activity Spent Resin Tank.

The Spent Resin Surge Tank is required to provide a surge space
in the otherwise closed loop resin transfer system. It also
serves the purpose of keeping the demineralizers and resin hold
tanks fuli of water during resin transfer operations. It is
arranged at the highest elevation in the system above the
demineralizers and spent resin tanks. It accommodates surges in
system water inventory that occur during operation thus
minimizing the amount of makeup water required by the system and
the amount of radioactive liquid that must be processed by the
liquid waste system.

Amendment Q
11.4-8 June 30, 1993
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|9\| 11.4.2.2.3 Spent Resin Transfer Pumps

Each Spent Resin Tank is provided with a Spent Resin Transfer
Pump. The three Spent Resin Transfer Pumps are stainless steel
pumps.

The Spent Resin Transfer Pump takes suction from its-respective
spent resin tank and is used during the resin transfer from the
various ion exchangers, demineralizers and storage vessels to the
spent resin tank. The piping arrangement allows the discharge of
the Spent Resin Transfer Pump _to be directed to the demineralizer
process outlet line to fluidize and flush out the bed or to
backflush the resin discharge line in the event it becomes
plugged with resin.

11.4.2.2.4 Spent Resin Forwarding Pump-

Each Spent Resin Tank is provided with a Resin Forwarding Pump.
The three transfer pumps are stainless steel positive
displacement pumps. These pumps forward resin slurries to either
the solidification binding area - or to the dewatered _ astew
processing area located in the radwaste building.

11.4.2.2.5 Spent Resin Filters

1 Spent Resin Filters are provided on each of the Spent Resin,

|V Transfer Pumps discharge lines.
i

| The filter in the pump discharge line prevents the distribution
j of resin fines ~and crud throughout the system thus minimizing
'

system contamination and hot spot radiation levels. In the event
the filter becomes clogged during a resin transfer operation, the
filter bypass may be used to complete the resin transfer to
prevent resin from settling in the piping.

11.4.2.2.6 Piping and Valves

| Piping and valves are designed and selected to provide minimum
| restriction to flow and to minimize areas or lina segments within
| which resin solids could settle, accumulate, or compact. Piping

design and plant arrangements are important for reliable resin
transfer. Resin slurry piping lengths are minimized to lessen
the risk and consequences of line plugging. Equipment is
arranged to minimize changes in elevation or vertical runs of
resin slurry piping,

,

Valves are either ball valves or plug valves, of top entry
designs in either case. These valves are selected for minimum
flow resistance, minimum pockets for trapping solids, and
flushability.

l|O
i

| Amendment Q l
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11.4.2.2.7 Dry Solids Compactor

The Dry Solids Compactor is used to reduce the volume of such
material as cloth, paper, and plastic that is contaminated.
Sorting and staging space is available in the low level waste
handling and packaging area to separate non-contaminated
materials for ordinary landfill disposal.

11.4.2.2.8 Radwaste Building Equipment Moving Facilities

The Radwaste Building Crane, Monorail Hoists, and Forklift
provide service to the areas occupied by the:

| A. LWMS Demineralizers (monorails, crane)

| B. LWMS Process Pumps (crane)

| C. Shielded Storage Area (crane)

| D. Container Filling Platform (crane)

| E. Shipping Truck Bay (crane)

| F. Vendor Solidification Bay (forklift)

| G. Miscellaneous Contractor Space (forklift)

| H. Low-level Handling and Packaging Area (crane, forklift)

| 7. Low-level Waste Storage Area (crane, forklift)

| J. Solid Waste Boxes (crane)
The crane is equipped with remote controls and surveillance
cameras to minimize operational exposure.

11.4.2.3 System Operation

11.4.2.3.1 Spent Resin Storage and Handling

The various plant demineralizers or ion exchangers spent resin is
sluiced to spent resin tanks in the Radwaste Building where it is
allowed to settle prior to processing. Spent resin is segregated

| based on level of activity and service. High activity spent
resin from demineralizers used to process primary coolant, such
as the purification and pre-holdup ion exchangers in the Chemical
Volume and Control System, are sluiced to the high activity spent

| resin tank. Low activity spent resin from the LWMS
domineralizers are sluiced to the low activity spent resin
storage tank.

Service air or water injected through the resin outlet line at
the bottom of each tank is used to agitate the resins prior to

Amendment Q
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transfer to the processing area. The basic process for
transferring resin from a demineralizer is to draw water from the
spent resin tank with the transfer pump, pump the water up
through the demineralizer resin retention screens, and return the
water and resin slurry from the demineralizer -resin discharge
nozzle to the hold tank. The resin is. trapped in the hold tank,
and water is recirculated through this circuit until the resin is.
completely discharged from the demineralizer vessel.

If necessary,_ low activity resin is sluiced to the low activity
spent resin tank to allow for settling and holdup prior to
processing. Otherwise, they are batched directly to disposal
containers for vendor-service processing and direct shipment to4

a licensed burial facility.

High activity spent resin is sluiced to the high activity spent
resin tank to allow settling and decay of short-lived isotopes.

7

Resin is then transferred to the dewatered waste processing High
Integrity Containers (HICs) located in the Radwaste Building. In
some cases, high activity resins may be blended with low activity
resins. Blending may be accomplished by utilizing a . cross
connection which allows transfer of low activity spent resins to
the high activity spent resin storage tank.

For the purpose of _ the radioactive liquid waste discharge;

O\
analysis, discussed in Section 11.2, it has been assumed that all
resins from the condensate cleanup system polishers will be
regenerated. The condensate cleanup system is discussed in
Section 10.4.6 of the CESSAR-DC. As necessary, the resins from |

these polishers will be processed and packaged for disposal if
the resins become physically broken or the decontamination i
efficiency is reduced. At this time, the resins will be ;

collected in _the spent resin decanting tank located in the !

Turbine-Building. This tank is a process tank, not a storage '

tank. The spent resin decanting tank will be sampled and if the
resins are radioactive they will be sluiced into the shipping
container and dewatered in the Turbine Building. A high
integrity container, HIC, will be used only as necessary to
ensure compliance with state, federal, and Department of
Transportation regulations. After the spent resins are
dewatered, the shipping container (e.g., HIC or drum) will be
transported to the Radwaste Building for interim storage until
shipment to a licensed burial facility.

If the spent resins are non-radioactive, the resins will be
disposed of in accordance with state and federal regulations.
The resins may be categorized as chemical or industrial wastes.

4

The COL Applicant will address categorization and disposal of
'

this waste.

Od
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9IThe blowdown demineralizer resins will also be processed in the j
Turbine Building similar to the condensate cleanup system resins. j

However, the blowdown demineralizer resins will not be |
regenerated. j

i

Decant from the HICs, removed during the dewatering process, is {
directed back to the LWMS for processing prior to release to the j
environment. Non-clogging screens on the spent resin tank and

'

filters in the process line are provided to prevent the carryover -

of spent resin beads or fines to the LWMS during the transfer of
decanted water.

When solidification of spent resins is desired, instrumentation
on the spent resin storage tank is used to assure that the
appropriate water-to-resin ratio is present. Adjustments to the !

ratio may be made using available water supplies or the spent
resin forwarding pump as necessary. Following mixing, valve
alignments are made to the binding area. Filled containers (such
as HIC, or drums) may be stored in the shielded storage area
until shipped.

11.4.2.3.2 Spent Filter Storage and Handling

An area is provided in the Radwaste Building for storage of the
process and HVAC filters used throughout the station. The
services are summarized as follows.
A. High Activity Cartridge Filters

When a cartridge filter needs to be replaced, it is first
valved out of service. If the fluid in the housing
potentially contains dissolved fission product gases, the
contents are flushed to the equipment drain tank. The
filter housing is then vented and permitted to drain. An
overhead hoist is used to remove the shielding hatch above
the filter. The filter cartridge is remotely removed from
its housing and brought up into a shielded container if
necessary. After its removal, the cartridge is transported
to a filter bunker near the location where the filter is
removed. An overhead crane removes a shield hatch, and the
cartridge is then lowered into a disposal container (such as
HICs or drums) which rests in the bunker. Following decay,
full containers are removed from the bunker and transported
to the Radwaste Building. If necessary, the container can
be placed in the shielded storage area prior to final
processing and shipment to an offsite disposal facility.

B. Low Activity LWMS Bag Filters

Bag filters will be replaced on differential pressure or on
a radiation level which is determined ALARA for manual
change out. When replacement is necessary, water is purged
from the filter housing and filter media dewatered using
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compressed process air. The bags are lifted from the
housing and placed into an adjacent shielded container (such
as HICs, or drums) using remote handling tools. When this j
container is filled, it is moved by crane to the shielded j
storage area to await shipment for disposal. j

C. HVAC Filters-

The filters are placed directly into tne storage / shipping
containers without disassembly to reduce personnel exposure.
Filtered hoods are also provided for handling filters where
airborne contamination may_be a concern.

11.4.2.3.3 Miscellaneous Solid Wastes

Sorting and staging space is provided in the SWMS area to
separate the contaminated material from the non-contaminated-
material prior to' processing. Filtered hoods are also provided
for segregating materials where airborne contamination-may be a
concern.

Miscellaneous solid wastes such as rags, contaminated clothing,
sweepings, and other equipment are compressed into containers
(such as drums and boxes) with a mechanical compactor. During
compactor operation, a fan is used to pull air through a HEPA

g filter and to a filtered exhaust system. When the containers are l'

full they are manually sealed and moved to the low-level waste
storage area'to await shipment. Surveys of the containers'are
made prior to shipment.

Space is provided in the shielded storage area to accommodate
large volumes of waste such as irradiated hardware or other off i

normal volumes of waste which may result from plant modification !

work. These wastes are generally not compacted, but placed .

directly into shielded, disposal containers. !

11.4.3 EXPECTED WASTE VOLUMES

System 80+ annual solid waste generation source terms are
developed by averaging recent disposal volume and activity data
for several actual operating nuclear power units with similar
waste processing systems. The operational data used to develop
the SWMS volume and activity source term estimates is presented
in Tables 11.4-2 and 11.4-3, respectively. Table 11.4-4 lists
the estimated burial volume and activity estimates for the
various solid waste types that will be shipped for disposal from
the System 80+. Radionuclide specific activities for each waste
type are provided in Table 11.4 5.

11.4.4 SAFETY EVALUATION
'

The SWMS has no safe shutdowr or accident mitigation function.
Liquid and gaseous effluents arising from the operation of the
SWMS must meet the limiting requirements of 10CFR20, Appendix B
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of Sections 20.1001-20.2402, Table 2, Columns 1 and 2,
respectively. Accidental liquid waste releases arising from the
operation of the SWMS will also not exceed the limiting
requirements of 10CFR20, Appendix B of Sections 20.1001-20.2402,
Table 2 Column 2. Accidental releases due to a major component
failure or SWMS leak will be contained in the Radwaste Building.
11.4.5 INSPECTION AND TESTING REQUIREMENTS

A Process Control Program appropriate to assure that the SWMS is
operating as intended is developed prior to fuel loading.
Procedures for each phase of system operation including resin
transfer and batching help ensure that design objectives are met.
Emphasis is placed on verifying instrumentation and remote
functions important to these design objectives.

11.4.6 INSTRUMENTATION REQUIREMENTS

Instrumentation and indications important to the Design Basis of
the SWMS are as follows:

A. Level Indicators

High level indication will be provided to prevent overflow
of tanks during fill and resin transfer / sluice operations.
These indications will be read in the radwaste control room.
Also, video observation of all fill processes is included.

Densitometers are provided on the spent resin storage tanks
and used to verify correct resin-to-water ratio when a batch
of bead resin is to be solidified.

B. Flow and Pressure Indicators

Pump discharge flow and suction metering as well as pump
discharge pressure indication will be provided to properly
control the bed transfer process.

' C. Radiation Monitoring

Area radiation monitors will be provided as discussed in
Section 11.5.

11.4.7 STORAGE CAPACITY

System 80+ will provide a Radwaste Building to provide adequate
shielded storage space for solid waste (i.e., wet, dry,
solidified waste). The Radwaste Building is designed in
accordance with Standard Review Plan, Section 11.4, EPRI Electric
Utility Document, Chapter 12, and Regulatory Guide 1.143
requirements. Refer to Sections 1.2.16.4, 3.8.4.1.7, and
11.4.1.2 for additional details. These include:
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(_. / A. The Radwaste Building provides sufficient shielded storage
capacity to accommodate the expected solid waste generated

|

in a one-year period. j

B. All potential release pathways shall be controlled and
monitored in accordance with 10 CFR 50, Appendix A (General
Design Criteria 60 and 64). This will be ensured by the
following:

- Provision of curbing or elevated thresholds to retain
spills of waste, such as dewatered resins or sludges.

- Provision of floor drains to collect and route spills
back to LWMS for processing.

- Provision of area, airborne, and process radiation
monitors.

C. The foundation and walls of the Radwaste Building shall be |
designed in accordance with Regulatory Guide 1.143 to
withstand a Safe Shutdown Earthquake (SSE).

D. Sufficient shielding is provided to limit the radiation
level to less than 2.5 mrem /hr in adjacent areas, permitting
unrestricted access.,

/ \

) E. High radiation containers are retrievable on a row-by-row,

basis.

F. Video is utilized for remote viewing in high radiation
areas.

G. Provisions for automatic fire detection and suppression.

I
|

|

(- )\
s.s
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V 11.5 PROCESS AND EFFLUENT RADIOLOGICAL MONITORING AND

SAMPLING SYSTEMS

The process and effluent radiological monitoring and sampling
systems are used to measure, record, and control releases of
radioactive materials in plant process systems and effluent
streams. The monitoring and sampling systems consist of
permanently installed sampling and monitoring equipment designed
to indicate routine operational radiation releases, equipment or
component failure, system malfunction or misoperation, or
potential radiological hazards to plant personnel or to the
general public. The area radiation monitoring system which is
also described in this section, supplements the area radiation
survey provisions of Chapter 12 to ensure proper personnel
radiation protection.

Collectively, the monitoring systems are. referred to as the
Radiation Monitoring System (RMS). For some systems, the RMS is
also used for radiological sampling purposes, while for other
systems, other sampling equipment is utilized. These systems
include both nuclear safety-related and non-safety-related
equipment which interface with both nuclear safety-related and
non-safety-related process, control, and information systems
consistent with the guidelines of Regulatory Guide 1.97.

11.5.1 PROCESS AND EFFLUENT RADIOLOGICAL MONITORING SYSTEMS

Continuous monitoring equipment is located in selected airborne,
gaseous, and liquid process and effluent streams to detect
activity generated during normal operations, including
anticipated transients, and during and after postulated
accidents. The area radiation monitoring system provides
radiation level indication and alarms for selected areas of the

.'

plant to alert plant personnel and control room operators of
increasing or abnormally high radiation levels.

The Radiation Monitoring System assists plant operators in
evaluating and controlling the radiological consequences of a
potential equipment failure, system malfunction, or system
misoperation. Tables 11.5-1, 11. 5-2, and 11.5-3 list the gaseous
and liquid process and effluent, and airborne radiation monitors.

.

Table 11.5-4 lists the area radiation monitors for the plant,
while Teble 11.5-5 lists special purpose area monitors which are
also used for special monitoring functions.

11.5.1.1 Design Basis

!

The Radiation Monitoring System is designed to perform the
following basic functions:

a
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A. Provide early warning to station personnel of equipment,
component, or system malfunction or misoperation, or
potential radiological hazards within the station consistent -
with 10 CFR 20 and 10 CFR 50 Appendix I.

B. Provide continuous monitoring of radioactive liquid and
airborne releases consistent with the requirements of
10 CFR 20, 10 CFR 50 GDCs 60, 63, 64, and Regulatory
Guide 1.21.

C. Provide monitoring of liquid and airborne activity in
selected locations and effluent paths for postulated
accidents in accordance with the requirements of 10 CFR 50,
NUREG-0737, and Regulatory Guides 1.45, 1.97, and 8.12.

D. The System 80+ design of the Process and Effluent
Radiological Monitoring and Sampling Systems provides
instrumentation to measure, record, and readout in the
control, as well as control releases of radioactive
materials in plant process systems and effluent streams.
This system is designed to provide for continuous sampling
and monitoring of radioactive iodine and particulate, as
well as the capability to take grab samples in gaseous
process and/or effluent streams in all potential accident
release points.

A particulate / iodine fixed filter cartridge is provided for
all plant ventilation systems, with the exception of the
nuclear annex and radwaste building ventilation system,
which have their own particulate and iodine monitoring
systems. Except for the turbine building exhaust, con-
tainment purge, the main condenser evacuation system, the
Nuclear Island ventilation systems, and the' Gaseous Waste
Management System, exhausts discharge through the unit vent.
Provisions for taking grab samples are provided as specified
in Table 11.5-6. Additional discussion regarding sampling
capabilities for gaseous process and effluent streams is
addressed in Section 11.5.2.2.

A fixed iodine absorption filter and detector assembly, as
well as a moving filter and detector assembly are provided
for the unit vent monitor as discussed in Section
11.5.1.2.3.1.B. The ventilation systems are provided with
a fixed iodine absorption filter and detector assembly only,
with the exception of the Nuclear Annex and Radwaste

| Building ventilation systems which are provided with its own
| particulate and iodine detection systems discussed in
'

Section 11.5.1.2.4.B and E.

The capability for taking grab samples from the unit vent
and ventilation system exhausts are provided, as specified

| in Table 11.5-6 at the respective radiation monitor

| locations. These grab samples are taken for analysis, at a
i
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U frequency established by the COL Applicant, onsite to the
primary chemistry lab and counting room during normal
operating and post-accident conditions.

Continuous sampling of all potential post-accident release
points is provided by the continuous unit vent sampler.

1

This sampler contains a fixed filter particulate and iodine |
cartridge which receives continuous flow of sample air from ;

the unit vent duct. This sample cartridge is routinely l

replaced and taken for detailed onsite laboratory analysis
in the primary chemistry laboratory and counting room, where
precise assessment of releases is performed for the period
during which the cartridge collected the sample. The ,

frequency at which the cartridge is replaced and analyzed is |
determined by the COL Applicant and specified in the i
operations and maintenance manual. The sampler is designed j
to be used during normal operation and post-accident ;

conditions to meet the sampling requirements specified in 10 ;

CFR 50.34 (f) (2) (xvii) and NUREG-0737, Attachment 2, |
Section II.F.1. |

|

The Process and Effluent Monitoring and Sampling System is
designed with a continuous control room interface via the
DPS and DIAS systems. Primary indication of radiation 1

levels and status of alarms for post-accident and non-post- )
( / accident radiation monitors are processed through the DPS l

and DIAS systems. I

The COL applicant will demonstrate conformance with 10 CFR 50
Appendix I, ANSI N13.1, RG 1.21 and RG 4.15.

The RMS monitors normal and potential paths for release of
radioactive materials to provide continuous indication and
recording of gaseous and liquid radioactivity levels leaving the
plant. As a minimum, continuous representative sampling is
provided for airborne particulate and iodine radioactivity in
discharge paths. These systems are designed in accordance with
ANSI 13.1. The RMS also initiates control actions on certain
systems to control or reduce continuous effluent releases or to
terminate batch releases.

Station ventilation systems are monitored for airborne
radioactivity resulting from equipment or system malfunction or

; misoperation, or from maintenance activities which could cause
! radioactivity levels to * .ch unacceptable levels. A portable

airborne monitor is also available for use in areas where work
activities or surveillance pose an unusual risk to plant

| personnel of exposure to airborne activity.

Radiation monitoring equipment is provided to detect primary to
! [s) secondary system leakage and leakage from the primary system to

\m/' the containment atmosphere. These monitoring systems are
designed to the recommendations of Regulatory Guide 1.45 for

Amendment V
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detection of primary system leakage. Other systems which
interface via heat exchangers with the primary system or other
normally radioactive systems are also monitored to detect leakage
between the systems so that appropriate actions can be taken to
mitigate any potential consequences. The reactor coolant gross
activity levels are also monitored during normal operation to
help maintain RCS activity within acceptable levels. This
ensures that activity levels in other normally radioactive
auxiliary systems are also maintained at acceptable levels.
Under accident conditions, the RMS provides indication to plant
operators if a breach of a fission product barrier has occurred
and provides information to evaluate the magnitude of actual or
potential releases of radioactive materials in order that
appropriate actions can be taken to protect plant personnel and
the public. The Reactor Coolant System is monitored for gross
radioactivity to detect and evaluate a breach of the fuel
cladding or potential core melt conditions. The containment
atmosphere is monitored for particulate, iodine, and gaseous
activity resulting from a breach of the Reactor Coolant Pressure
Boundary, a fuel handling accident, or other equipment failures
which could release significant activity. Indication of high
containment activity will automatically initiate containment
purge isolation. The Reactor Building Annulus and Subsphere
atmospheres, and the Unit Vent are monitored to detect a breach
of the containment pressure boundary following an accident. The
Subsphere Ventilation System is switched to a filtering mode on
high activity indication.

In order to maintain control room habitability, outside supply
air to the control complex is monitored to automatically isolate
either or both intakes if radioactivity is introduced into the
control building intake plenums. The fuel building exhaust air

| is monitored in the unlikely event of a radiological release in
order to divert the exhaust through a filter train before being
released through the Unit Vent. As reported in Section 9.4.2.1,
the filter bypass damper is administratively locked closed during
fuel handling operations.

Area radiation monitoring equipment is used to alert operators
and station personnel of changing or abnormally high radiatlon
conditions in the plant to prevent possible overexposure. Tae
location of area radiation monitors is based on the potential for
significant radiation levels in an area and the expected
occupancy of that area. Areas of the plant with high occupancy
but little or no radiation potential (e.g., turbine building) and
areas with high radiation potential but no routine occupancy

,

(e.g., pipe chases) do not meet this criteria and are not I

continuously monitored. Area monitors are also located in areas
for which post-accident access to safety-related equipment may be
required and around new fuel handling and storage areas for I
criticality accident detection to meet the requirements of |
10 CFR 70.24.

|
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Of- Area radiation monitors are also used in special process
applications. Area radiation monitors located next to the main i

steam lines are used for monitoring a steam generator tube leak
or rupture and high range area detectors are used to estimate
post-accident containment airborne activity and primary coolant ,

'

activity. A high range area detector is also located near the
reactor coolant purification filters to monitor the accumulation
of activity on the filters to prevent the radiation level from
exceeding the . shielding capacity of the spent filter transfer
cask and to support solid waste disposal.

The ranges and sensitivities of the monitors are based upon the
maximum and minimum expected concentrations for normal plant
operation, including anticipated transients, and
postulated accidents in accordance with 10 CFR 20 limits and

,

!

regulatory guidance. The range and sensitivity values listed in
Tables 11.5-1 through 11.5-5 represent design values which meet
or exceed the regulatory guidance and are generally commercially
available.

11.5.1.2 System Description

11.5.1.2.1 Monitor Design and Configuration

Process and effluent, and airborne radiation monitors typically !

(p) consist of components such as a microprocessor, one or more
sd detectors, a shielded detection chamber, a sample pump, flow

instrumentation, and associated tubing and cabling. Three basic
types of process and effluent monitoring configurations are used:
off-line, on-line, and in-line. !

In the off-line type system, a representative sample is taken
from the fluid and routed through a filter or chamber for
detection of activity. Off-line type systems allow optimized
design of detector geometry and shielding, and for detection
chambers to be located away from areas of high background
radiation. Most off-line monitors are designed as factory-built
package skids; however, some applications have a microprocessor
which is mounted remotely from the detector / shield assembly.
While most off-line monitors utilize a sample pump to draw a
sample, some off-line monitors use system pressure to create
sample flow.

The on-line system configuration has the detector located next to
or on the pipe, duct, or tubing carrying the process or effluent
fluid. This type system has the advantage of being simpler
(fewer active components) and having a quicker response time.
These type monitors generally have less shielding than off-line
monitors and have remote mounted microprocessors.

In-line type systems are very similar to the on-line type systems
A except that the detector is located in the actual process stream.

The detector is generally mounted inside a well which allows the
detector to be surrounded by the process or effluent fluid.

Amendment I
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Each process and effluent, and airborne monitor is located in an ,

easily accessible area and is provided with sufficient shielding
to ensure that the required sensitivity is achieved at the design
background radiation level for the area.. A checksource is used
to periodically check the operability of each detector. The
checksource is automatically activated by the monitor
microprocessor at pre-set intervals. In addition, manual
actuation of the checksource is available in the control room and
at the microprocessor location. Instrumentation and sensors are
provided on monitors to detect component failures such as loss of
sample flow, clogged or torn filter paper (if applicable), and
loss of detector counts.

Monitor sample chambers and sample tubing are designed to prevent
or minimize the buildup of contamination on all surfaces in
contact with the sample fluid. All sample chamber inner surfaces
and sample tubing are made of stainless steel. Off-line monitors
are typically provided with a purge function to draw clean fluid
through the monitor to minimize or remove contamination buildup.
Sample chambers are also designed for removal from the system to
f acilitate cleaning and decontamination of inner surf aces. These
provisions serve to reduce background counts on the monitor and
reduce maintenance occupational exposure. Automatic monitor
purge is prohibited during an alarm indication.

Area radiation monitors consist of microprocessors and
Geiger-Mueller (G-M) tubes or ionization chambers for gamma
radiation detection. Microprocessors may be configured with one
or more detectors and may cover multiple areas. Selection of
detectors is based on the range needed for the particular
monitoring application. Some areas may require extended or high
range detector configurations to cover special operational or
post-accident monitoring functions. (Reference Tables 11.5-4
and 11.5-5)

Radiation level signals and alarms, and operation status alarms
are generated by each monitor microprocessor for local alarm
capability and for transmittal to the Data Processing System
(DPS), the Discrete Indication and Alarr System (DIAS), and other
interfacing systems. Radiation level signals are transmitted
from the microprocessor via digital communications ports and
analog outputs. Alarm relay contacts are provided for alert
radiation, high radiation, and operation status alarms. For some
monitors, the high radiation alarm contacts are used to initiate
control functions in other systems such as to terminate batch
releases or to divert flow from one location to another. See
Tables 11.5-1 through 11.5-5 or monitor descriptions for details
on automatic functions. The operation status alarm is initiated
by the microprocessor if conditions exist which indicate that the
monitor is not operating properly. Such conditions include loss
of power, loss of sample flow (if applicable), loss of detector
signal, checksource response failure, and clogged or torn filter
paper (if applicable).
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V Radiation monitoring equipment is designed for service based on

expected environmental conditions during normal operation and
anticipated occurrences. These conditions include temperature,
pressure, humidity, chemical spray (where applicable), and
radiation exposure. Post-accident radiation monitors meet the
special requirements of Regulatory Guide 1.97 including equipment
qualification, redundancy, power source, channel availability,
quality assurance, display and recording, range, interfaces,
testing, calibration, and human factors. Further discussion of
compliance with Reg. Guide 1.97 is contained in Sections 7.1.2.26
and 7.5.2.5.

Table 7.5-3 of CESSAR lists post-accident instrumentation
provided specifically to comply with Table 3 of Regulatory Guide
1.97, Revision 3. The Radiation Monitoring System has effluent
monitors under both Type C & E variables. The following monitors
from Table 7.5-3 are considered the effluent radiation monitors
required by Regulatory Guide 1.97.

]
1

Design and I

Effluent Post- Qualification ;

Accident Monitors Variable Type Cateaory
i

/''N) 1. High Range C, E 1('-'j Containment Area
Monitor (2 ion
chamber monitors)
(Refer to Section
11.5.1.2.6.D)

2. Unit Vent Monitor C, E 2
- particulate
- iodine
- low & high noble

gas
I

(Refer to Section
11.5.1.2.3.1.B)

3. Unit Vent Post- C, E 2
Accident (high range
ion chamber)
(Refer to Section
11.5.1.2.3.1.C)

4. Main Steam Line E 2
Monitors (2
monitors)
(Refer to Section
11.5.1.2.6.A),

Amendment R
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0||CESSAR Section 7.5.2.5 provides details of the Post-Accident
Monitoring Instrumentation (PAMI). This section describes how
the design and qualification criteria listed in Table 1 of |
Regulatory Guide 1.97 (Rev. 3) are met for Category 1, 2, and 3 |

instruments.

The following monitors also cover potential ef fluent pathways but
are not considered required under Regulatory Guide 1.97 because
they discharge through a common plant vent. Sections
11.5.1.2.3.1 and 11.5.1.2.4 provide for monitor descriptions for
the monitors listed below. These monitors are designed to meet
high-quality commercial grade standards.

- Containment Atmosphere Monitor
- Containment High Purge Exhaust Monitor
- Containment Low Purge Exhaust Monitor
- Reactor Building Annulus Monitor
- Reactor Building Subsphere Ventilation Monitor
- Nuclear Annex Building Ventilation Monitors
- Main Condenser Evacuation System Monitor
- Fuel Building Ventilation Monitor
- Radwaste Building Ventilation Monitor

The post-accident radiation monitors consistent with Regulatory
Guide 1.97 are the high range containment monitors, primary
coolant monitors, main steam line monitors, unit vent monitor,
unit vent post-accident monitor, and selected area radiation
monitors which cover areas where access may be required to
service equipment important to safety. The post-accident area
radiation monitor locations are selected based on the results of
post-accident shielding analysis and design information on
equipment location and access requirements. (See post-accident
dose assessment in Chapter 12.)

11.5.1.2.2 Control Room Interface

Primary indication of radiation levels and alarms is handled
through the DIAS and DPS systems including both post-accident and
non-post-accident monitors. Control room display of
post-accident radiation monitoring parameters is in compliance
with the requirements of Regulatory Guide 1.97 as described in
Chapter 7.

Via the DPS and DIAS systems, control room operators can obtain
detailed information on monitor readings, alarm setpoints, and
operating status. A digital communications network is used to
interface these systems with each monitor microprocessor.

| Operators can access information on monitor configuration and
| historical trends, and diagnose problems from operation status

alarms. A failure in any individual microprocessor does not
affect the operation of any other microprocessor nor does it fail
the communications network.

|
i
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C Dedicated operator control modules are also available to change
microprocessor database items, initiate certain monitor control
functions, and change monitor alarm setpoints. These control
functions include starting or stopping sample pumps, manual
checksource actuation, monitor purge initiation, and moving
filter paper advance. Alert alarm setpoints are set at a level
determined by operating personnel to allow the observation of
differential changes in activity levels. High alarm setpoints
for potential ef fluent paths are controlled by station procedures
based on the maximum anticipated flow rates for each pathway to
ensure that the instantaneous release rates are within the limits
of 10 CFR 20.

11.5.1.2.3 Process and Effluent Monitors

11.5.1.2.3.1 Gaseous Process and Effluent Monitors

In accordance with ANSI N13.1-1969, sample tubing for gaseous
monitors is run with the care afforded all instrument tubing to
ensure that interference with sample integrity is minimized. A
pump provides sample flow at a predetermined value normally
between 1 and 4 scfm.

The following paragraphs contain a brief description of each of
the monitors in the gaseous process and effluent radiation
monitoring system. Also, each monitor is listed along with,

associated parameters in Table 11.5-1.

A. Waste Gas Monitor

This monitor is an on-line gas radiation monitor which
monitors the Gaseous Waste Management System discharge line.
The monitoring point is downstream of the last point where
radioactivity could be introduced to the gaseous waste flow
prior to its release to the unit vent. The gas is monitored ;

by a dual range detector assembly. On high radiation '

indication, the Waste Gas Monitor will initiate a system
isolation signal which terminates the release.

B. Unit Vent Monitor

This particulate, iodine, and dual range gas radiation
monitor is used to measure radioactivity in the unit vent
effluent pathway. The unit vent consists of a large duct
system which provides a discharge ' point for potentially
radioactive airborne and gaseous effluents from the plant.
A multiprobe isokinetic sampler is used to draw a sample i

,

from the Unit Vent at a point downstream of the last point I
where flow can be added to the unit vent. Special design
consideration is given to sample tube routing to ensure

Os sample integrity of particulates and iodine. A moving
- filter paper detector assembly is used to continuously scan

particulate activity deposited on the filter. A fixed
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| iodine absorption filter and detector assembly is used to
collect and monitor iodine in the effluent stream. A NaI
detector system with a single channel analyzer is used to
look specifically at I-131. Finally, the sample flow is
monitored by low and high range gaseous activity detectors
before being returned to the vent.

The design of this monitor is in compl: uce with NUREG 0737
! and Regulatory. Guide 1.97 requirements. The location of

this monitor is chosen to minimize sample tube length for
quicker monitor response and better sample integrity. The
monitor is also located away from high post-accident
radiation areas and is designed with sufficient shielding to

| prevent expected post-accident radiation from interfering
' with obtaining the necessarv sensitivity.

| The monitor and sample tubing system are designed in
conjunction with a continuous unit vent sampler. This
sampler contains a fixed filter particulate and iodine

i cartridge which receives a continuous flow of sample air.
| This sample cartridge is routinely replaced and taken for
| detailed laboratory analysis where a precise assessment of
| releases is performed for the period during which the
! cartridge collected the sample. The sampler is designed to
i be used for normal operation and post-accident sampling

requirements. These sampling requirements are discussed in
Section 11.5.2.

C. Unit Vent Post-Accident Monitor
,

|
! The unit vent post-accident monitor continuously monitors

the airborne radiation levels in the unit vent by means of
an ion chamber detector located in the well of an in-line

, sampler. This monitor allows the operator to observe the
| radioactivity releases which could result from abnormal
| occurrences or accidents. This type of system is very
i simple and reliable and provides backup indication to the
i unit vent monitor. This monitor is used in conjunction with
j the off-line Unit Vent Monitor (above) to cover the full
; range of radiation detection required by Regulatory Guide
! 1.97.

D. Containment High Purge Exhaust and Low Purge Exhaust
Monitors

These monitors detect radioactivity in the high purge
exhaust and low purge exhaust lines, respectively. On-line
monitors are used for this application. High activity
indication from either of these monitors automatically
terminates the associated containment purge. The
containment high purge exhaust monitor, in conjunction with
the containment atmosphere radiation monitor, provides the
information required for the conduct of the containment
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purging operation. Sample taps are provided on both the
High and Low Containment Purge Exhaust lines for taking
particulate or iodine grab samples. The COL Applicant will
verify that the range specified in Table 11.5-1 can be met.

Continuous sampling of containment atmosphere is i
accomplished by the containment atmosphere monitor via a '

fixed iodine absorption filter and' detector ensemble.
1

E. ' Main Condenser Evacuation System Monitor
|

The main condenser evacuation system monitor is an on-line
,

type monitor which continuously analyzes the gaseous
effluents .from the condenser-vacuum pump discharge. The
process fluid passes by a shielded detector .where it is .

monitored for gaseous activity. Activity readings are used !
to indicate and' correlate primary-to-secondary leakage. A'
sample tap is provided to allow the collection of periodic
grab samples.

11.5.1.2.3.2 Liquid Process and Effluent Monitors

An itemized . description of each Liquid Process and Effluent
Monitor follows. Also, a list of each monitor and associated

N parameters are given in Table 11.5-2.

A. Component Cooling Water System Monitors

Each division of the Component Cooling Water System is jprovided with an off-line type radiation monitor. Samples i

are withdrawn from the system downstream of the Component i

Cooling Water pumps and continuously monitored by a gamma
scintillation detector mounted in a shielded liquid sampler.
After passing through the monitor, the sample is returned to
the Component Cooling Water System.

Activity detected above background is indicative of a leak.
into the Component Cooling Water- System from the Reactor
Coolant System or one of the other systems- containing
radioactive fluids which reject heat to the Component
Cooling Water System.

i

B. Liquid Waste Management System Discharge Monitor
|

The liquid waste effluent discharge pipe is. monitored
downstream of the last possible point of radioactive liquid

addition, by means of an off-line, shielded liquidwaste
sampler using a gamma scintillation detector system.
Effluents being monitored include discharge from the Waste

O Monitor Tanks, Detergent Sample Tanks, and Chemical SampleTank. In'the event that radioactivity in excess of a preset
limit is detected in-the waste liquid discharge flow, the
Liquid Waste Management System Discharge Monitor will |

Amendment U
11.5-11 December 31,. 1993

_ ._ .._ _ - .- - - - - --



CESSAR E!! ace,.

actuate an alarm in the control room and terminate the
discharge. The radiation setpoint for the Liquid Waste
Discharge Monitor is determined prior to each batch release
based on expected concentrations (by sampling) and discharge
flow rate.

C. Steam Generator Blowdown Sample Monitor

This off-line monitor samples the steam generator blowdown
for radioactivity which would be indicative of
primary-to-secondary leakage. Samples from each of the
steam generators are continuously monitored individually by
a detector mounted in a shielded liquid sampler. After
being monitored, the sample passes back to the steam
generator blowdown system.

D. Reactor Coolant Gross Activity Monitor

This monitor is located in the Process Sampling System.
Gross activity in the reactor coolant is continuously
monitored by a gamma scintillation detector in a lead
shielded sampler assembly. The sampler assembly is located
in an accessible area of the Nuclear Annex. To permit decay
of activity not indicative of fuel clad failure, such as N-
16, a delay is incorporated in the sample transport from the
reactor coolant system to the detector.

Large variations in activity levels are possible depending
on the amount of fission products leaked into the reactor
coolant system. Abnormal conditions of high activity or
loss of sample flow are alarmed in the control room. The
setpoint for high activity is adjustable over the full range
of the instrument. The high activity setpoint is adjusted
to alarm a significant change in reactor coolant activity so
that laboratory sample analysis can be performed and
appropriate action taken.

E. Turbine Building Drains Monitor

This is an off-line monitor with a shielded liquid sampler
and gamma scintillation detection system to continuously
monitor the effluent from the Turbine Building Drains
System. Detection of high activity automatically terminates
releases from the system and initiates alarms to plant
operators.

F. Station Service Water System Monitor

This monitor is also an off-line type monitor which
continuously monitors the Station Service Water System for
gross gamma activity. Samples are withdrawn from the
service water sido system downstream of the Component
Coc) ;g Water System Heat Exchangers. Two sample lines (one
from each division) combine before the sample enters the
shielded sampler.
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O%./ G. Containment Cooler Condensate Tank Monitor |

This monitor uses an off-line shielded liquid sampler and a
gamma scintillation detection system to continuously monitor
the effluent from the Containment Cooler Condensate
TankSystem. Detection of high activity automatically
terminates releases from the system and initiates alarms to
plant operators.

8

H. Neutralization Tank Discharge Monitor

This is an offline monitor with a shielded liquid sampler
and gamma scintillation detection system to monitor the
releases from the neutralization tank. In the event that
activity above a preset . limit is detected, _ the discharge
from this tank would be automatically terminated and an
alarm would be actuated-in the control room. The setpoint
for this monitor is determined prior to release based - on
expected concentrations based on sampling and discharge flow.
rate.

I. Steam Generator Blowdown System Discharge Monitor.

This is an offline monitor with a shielded liquid sampler
and gamma scintillation detection system to monitor the
releases from the flash tank. In the event that activity

CI above a preset limit is detected, the discharge from this
tank would be automatically terminated and an alarm would be
actuated in the control room. The setpoint for this monitor
is determined prior to release based on expected
concentrations based on sampling and discharge flow rate.
However, typically the steam generator blowdown liquid will
be recycled and not released.to the environment.

11.5.1.2.4 Airborne Radiation Monitors
,

Airborne radiation monitoring equipment is provided in selected
areas and ventilation systems to provide plant operating
personnel with continuous information concerning the airborne
radioactivity levels throughout the plant, An itemized
description of each airborne radiation monitor follows. Also, a
list of each monitor and associated parameters are given in ;
Table 11.5-3. Monitor locations are indicated on the applicable !
air flow diagrams in Section 9.4. '

A. Containment Atmosphere Monitor
The containment atmosphere monitor draws a sample from the
containment atmosphere recirculation system or thecontainment filtration system to monitor airborne
radioactivity levels in the containment' structure. This

3 monitor is similar in design to the unit vent monitor ;
,

described in Section 11.5.1.2.3.1 with particulate, iodine,
,

and gaseous detection channels. After monitoring, the j
sample flow is returned to the containment atmosphere.

1
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The containment atmosphere monitor is in operation
continuously during normal plant operation to indicate
primary system leakage or other airborne releases. In the
event of a loss-of-coolant accident, a containment isolation
actuation signal closes the containment isolation valves in
the containment atmosphere monitoring lines. Under post-
accident conditions, the sample lines for this monitor can
be used by the Process Sampling System (Section 9.3.2) for
sampling the containment atmosphere.

When containment purging is conducted, this monitor is used
in conjunction with the Containment High Purge Exhaust or
Low Purge Exhaust Monitors (See Section 11.5.1.2.3.1.D) to
monitor releases. A high radiation alarm on any channel
will produce an isolation signal to the purge valves.

B. Radwaste Building Ventilation Monitor

The sample point for this monitor is located on the
discharge for the Radwaste Building Ventilation System,
located upstream of the filtration unit. The filtration
unit is normally bypassed. Upon receipt of a high radiation
signal, the bypass is closed and diverted through the
filtration unit by operator action. The monitor consists of
a moving filter paper particulate detection channel and a
fixed filter iodine detection channel.

C. Radwaste Building Atmosphere Monitors

Air samples are isokinetically pulled from the Radwaste
Building Ventilation System to detect airborne radioactivity
levels in the building air. Each monitor consists of a
moving filter paper particulate detection channel and a
fixed filter iodine detection channel. These monitors are
intended to provide indication of radioactivity levels in
various locations of the radwaste building which have the
potential of having airborne contaminants and may be
normally occupied. The specific locations sampled include
the following:

- HIC dewatering /washdown/ inspection / labeling area
- Dry waste compaction area
- Tool / equipment decontamination area
- General access areas at EL 50' and EL 70'
- Counting room

D. Fuel Building Ventilation Monitor

This off-line monitor pulls a sample from the inlet to Fuel
Building Ventilation Exhaust System where it is monitored by
a shielded beta scintillation gas detector system. Upon
indication of high gaseous activity, the exhaust flow from
the Fuel Building is automatically diverted through the Fuel

Amendment U
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Building Exhaust Filters. A particulate / iodine fixed filter
cartridge is included in the inlet sample tubing to this
monitor for collecting periodic grab samples.

,

'

E. Ventilation Systems Multisampler Monitor

This monitor consists of a single detector gaseous radiation
monitor used to monitor each of 12 remote locations-on a :

rotating basis. The microprocessor selects a sauple
location using a valve manifold arrangement. A by-pass pump
pulls flow through the unselected sample lines to maintain.
" fresh" samples at the valve manifold. Sampling time may be
varied' depending on plant conditions from 5 minutes to 2
hours as chosen by the operator. A manual override of the
automatic sequence permits the-operator to select and lock- *

in on any one' sample point. The selected gas flow passes
through a shielded gas detector assembly and combines with
by-pass flow from the unselected points. A particulate /-
iodine fixed . filter cartridge is included in the ' inlet
sample tubing'to this monitor for collecting periodic grab .

samples. The sources sampled include the following: ,

Sampling areas-

- Personnel Decontamination area
- Various other areas of potential airborne contamination

q) in the Nuclear Annex Building

F. Nuclear Annex Building Ventilation Monitors

Samples will be isokinetically pulled from the Nuclear Annex
Building Ventilation System (one monitor per division) to
detect airborne radioactivity levels in the building air.
Each monitor consists of a moving filter paper particulate
detection channel and a fixed filter iodine. detection
channel. The samples are pulled from the exhaust duct
upstream of the exhaust filter inlets. These monitors are
intended to work in conjunction with the Ventilation Systems
Multisampler Monitor to provide indication of radioactivity
levels in the total exhaust and the more remote locations
which are normally occupied.

G. Control Room Air Intake Monitors

Each of the two. control room air intakes is continuously
monitored for-airborne radioactivity by means of off-line'

shielded gaseous radiation monitors. In order to provide
redundancy, there are four safety class 3 monitors (two for
each intake). The capability for auto selection and closure
of the intake with the highest radiation level is provided.

g A particulate / iodine fixed filter cartridge is included-in
~( the inlet sample tubing to each monitor for collecting

periodic grab samples.
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O|H. Reactor Building Annulus Monitor

Annulus air is continuously monitored by this gas monitor to ,

indicate radioactivity resulting from equipment failure or 1

leakage. When an entry into the annulus is required this
monitor can give station personnel information on airborne
activity. Sample tubing is routed to give a representative
sample of annulus air, particularly including areas where
station personnel are likely to perform maintenance or
surveillance activities. A particulate / iodine fixed filter
cartridge is included in the inlet sample tubing to this
monitor for collecting periodic grab samples. Under post-
accident conditions, this monitor can be used as a
supplement to Regulatory Guide 1.97 monitors to measure
activity from expected containment leakage or from an
unexpected breach in containment.

I. Reactor Building Subsphere Ventilation Monitor
Each division is continuously monitored by an off-line
monitor. These monitors continuously sample the exhaust
from both divisions of the Reactor Building Subsphere
Ventilation System. Sample points are upstream of the
exhaust filters and downstream of the last entry point to
the exhaust subsystem. Detection of activity is indicative

;

| of equipment failure or leakage in the subsphere areas. A

| particulate / iodine fixed filter cartridge is included in the
I sample inlet for grab sample collection.

J. Portable Airborne Monitor

This monitor includes detector channels for particulate,
iodine, and gaseous activity. The samplers, detectors,
auxiliary equipment, and associated electronics are
assembled on a mobile cart. This monitor can be moved to
areas where work or surveillance activities are at an

| unusual risk of airborne exposure. Design and operation of
this monitor allows for the transfer of the particulate
sample filters and iodine sample cartridges to the counting
room for further sample analysis. The Portable
AirborneMonitor meets the equipment requirements stated in
Section III . D. 3. 3 of NUREG-0737. This includes requirements
on sample media, purging, and calibration.

K. Emergency Operations Facility (EOF) Ventilation Monitor
While it is in use during an emergency, the EOF is

continuously monitored in the same manner as the TSC
described above. While it is in use during an emergency,
air entering the EOF is continuously monitored by a shielded
off-line gaseous activity detector and returned to the
ventilation duct downstream of the intake. If the gaseous
activity exceeds a preset limit, an alarm is actuated in the
EOF.
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11.5.1.2.5 Area Monitors

The Area Radiation Monitoring System monitors the radiation
levels in selected areas throughout the plant. Most area
monitors are designed to provide normal operation indication of
unusual radiological events in order to warn operators
and station personnel. Some area monitors are designed for
post-accident indication for areas where access for maintenance
to equipment important to safety may be necessary. -These post- j
accident monitors are designed to the standards required by
Regulatory Guide 1.97. Area radiation monitors will have local
visual and audible alarms. High noise areas may have additional
visual indication provided if needed to insure prompt recognition
by nearby personnel of high radiation conditions. One exception
would be the control Room Area Monitor which will use the
existing control room indications in order not to create a
nuisance or distraction due to a spurious alarm. A list of area
radiation monitors and their ranges is presented in Table 11.5-4.
Area monitor locations are provided in Table 12.3-5. |

11.5.1.2.6 Special Purpose. Area Monitors

Listed below are area monitoring systems which are used for
|process monitoring functions or other special monitoring lapplications.

A. Main Steam Line Area Monitors

These monitors are located upstream of the safety relief
valves on each pair of main steam lines. Detectors aremounted within close proximity of the process lines to
detect radioactivity due to a steam generator tube rupture.
This monitoring system meets Regulatory Guide 1.97
requirements, including Category 2 environmental'
qualification and applicable range requirements.

B. Purification Filter Area Monitors
!

A monitor is located in the immediate vicinity of each
!reactor coolant purification filter. The readings from the

purification filter area monitors are trended to indicate
suspended solids concentrations in the RCS. In addition,
these monitors can be used to - indicate when the filters
should be replaced to prevent the filters from becoming tooradioactive for normal disposal. These also provide general
area dose rate information for ALARA planning.

C. Primary Coolant Loop Monitors

& The primary coolant monitors consist of two physically_( independent and electrically separate high range area\ monitoring channels to monitor Reactor Coolant Systemradiation levels. A high range ion chamber detector is

Amendment U
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located next to each of the Reactor Coolant System hot legs
to provide a seismically and environmentally qualified
indication of a breach of fuel cladding following a loss of
coolant accident. Control room indication and alarms are,

| provided in compliance with Regulatory Guide 1.97
requirements for post-accident monitoring as described in'

Chapter 7.
|
'

D. High Range Containment Area Monitors

| The High Range Containment Area Monitors consist of two
L physically independent and electrically separated ion

| chambers located inside the reactor containment away from
! the influence of the Reactor Coolant System to measure high

range gamma radiation. This monitor gives operators a
seismically and environmentally qualified indication of
containment airborne activity. The design and qualification

|

! of these monitors meet the requirements of Regulatory Guide
| 1.97 for Category I instruments. Dose rate readings are
! correlated to determine airborne concentrations based on
|

expected accident source terms and the time _after an
i accident. Control Room indication and alarms are provided
| in compliance with Regulatory Guide 1.97 requirements for

post-accident monitoring as described in Chapter 7. The
High Range Containment Area Monitors will meet all of the
requirements of Section II.F.1-3 of NUREG-0737. This

j

includes Table II.F.1-3 requirements for range, detector'

response, redundancy, separation, in situ calibration, and
environmental /dWign qualification.

E. N-16 Steam Line Radiation Monitors;

N-16 radiation monitors are located outside of containment
downstream of the main steam isolation valves. One monitor
per generator will be mounted within close proximity of the

|
steam lines to detect radioactivity resulting from a steam
generator tube (SGTR) rupture. Alarms located in the
control room to alert the operator when these monitors
detect specified primary to secondary leakage.

*

|

11.5.1.3 Calibration and Maintenance j
l

Commercially available equipment with industryaproven technology |

is incorporated into the design of the Radiation Monitoring |

System. Monitoring equipment is factory tested and calibrated |
'

with provisions made for periodic field calibrations to verify
proper detector response. Factory calibration includes isotopic

|-
calibration using an adequate number of isotopes to accurately
determine the response of the equipment. The accuracy of these

calibrations can be traced to the National Institute of Standards
and Technology. Secondary calibration sources and decay curves
are supplied with the equipment.
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Radiation Monitoring System equipment is checked and inspected on
a periodic basis. Setpoint checks are performed on a monthly
basis with detector calibrations performed once per refueling
cycle. Detectors are also calibrated if an inadequate
checksource response indicates a problem or following any other
equipment maintenance that could affect the accuracy of the
instrument indication.

11.5.1.4 Administrative and Procedural Controls

As specified in Position C of Regulatory Guide 4 .15 , - written
procedures will be prepared, reviewed, and approved for sample
collection, preparation, and analysis. Procedures will also
exist for the use of radioactivity reference standards, detector
calibration and checks of the radiation monitor systems, and for
reduction, evaluation and reporting of data. The accuracy of '

sample flow rate devices will be determined on a regularly
scheduled basis. Adjustments to the instrumentation will be made
as needed to bring performance into specified limits. The
frequency of these calibrations will be specified and results
will be recorded. Also, collection efficiencies of the samplers
used will be documented.

11.5.2 PROCESS AND EFFLUENT RADIOLOGICAL SAMPLING PROGRAM

11.5.2.1 Program Overview

Periodic sampling is performed to supplement the function of the
process and effluent radiation monitors. The sampling programs
will be designed' in accordance with Regulatory Guide 1.21 and the
sampling requirements defined in the Technical Specifications.

All continuous effluents that are potentially _ radioactive are
periodically sampled and analyzed. All stored wastes are sampled
and samples analyzed before release of wastes to the environment.
Comparisons will be made between gross radioactivity measurements
of continuous monitors and analyses of specific radionuclides as
required by Regulatory Guide 1.21.

Special provisions are made for post-accident sampling of
effluent pathways in accordance with NUREG-0737, 10 CFR 50, and |Regulatory Guide 1.97 requirements.

11.5.2.2 Sampling Locations
,

Sampling locations are chosen to meet the requirements of
Regulatory Guide 1.21 and NUREG-0800 (SRP 11.5, Table 1). Sample
points and equipment are also provided to meet special post-
accident sampling requirements in NUREG-0737 and Regulatory Guide
1.97. Some of these requirements are met by using specialO while
features provided for in the Radiation Monitoring System (RMS),

| in other cases only sample taps are provided to collect
samples with portable instrumentation and equipment.
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The containment atmosphere (before purging) and all liquid waste
tanks (when tank contents are discharged to the environment) are
sampled prior to release to the environment. An analysis will be
performed to determine constituent radionuclides and the
concentrations, in order to set the proper release rates and
alarm setpoints in accordance with 10 CFR 20 limits. Steam
generator blowdown, condenser vacuum pump cxhaust, auxiliary
condensate header, and steam generator feedwater samples are
taken periodically to determine if there is leakage of reactor
coolant into the secondary side. These samples supplement the
continuous monitors for detection of steam generator leakage.

Other plant systems are periodically sampled to verify continuous
monitor readings or to detect radioactive leakage into non-
monitored systems. These samples can indicate heat exchanger or
other types of leakage which could be subsequently released to
the environment. Surveillance of the turbine building sump will
be increased whenever steam generator tube leakage is indicated
by the Main Condenser Evacuation System Monitor, Steam Generator
Blowdown Monitor, Main Steam Line Monitor, or other means of
detecting leakage.

Periodic samples are taken of the unit vent to quantify speuific
radionuclides that are being discharged from the station from
various gas discharges. These samples include iodino and
particulate samples which supplement the continuous uni'c vent
monitor measurements described in section 11.5.1.2.3.1. The
Gaseous Waste Management System (GWMS), which includes the
process gas and process vent branches, continuously dischm:cras to
the unit vent and out to the environment. Each input of tN GWMS
is sampled separately on a periodic basis to quantify the inputs
to the unit vent and to determine alarm setpoints. Refer to
Section 11.3 for a description of the inputs to the GWMS.

The following plant ventilation systems are monitored by off-line
gas monitors which have a particulate / iodine fixed filter
cartridge in the inlet sample tubing for taking iodine or

j particulate samples for laboratory analysis: the Fuel Building
Ventilation Monitor, the Ventilation Systems Multisampler
Monitor, the Control Room Air Intake Monitors, the Reactor
Building Annulus Monitor, and the Reactor Building Subsphere
Ventilation Monitors (Reference Section 11.5.1.2.1.4). Also,
the Nuclear Annex Ventilation System and the Radwaste Building
Ventilation System have continuous particulate and iodine
monitoring detection (Reference Section 11.5.1.2.4.E) in addition
to being able to take grab samples. Other air or gas systems
where sample points are provided for grab sample collection are
the GWMS (multiple points) Main Condenser Evacuation System, the
Gland Steam Condenser Exhaust, the Containment Purge Exhaust (Low

| and High), and the S/G Blowdown Flash Tank.
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The Liquid Waste Management System is designed to provide the
capability to take grab samples in each subsystem collection and
waste monitor tank, as well as in the effluent at the radiation
monitor location.

Special sampling procedures and equipment are also available for
post-accident sampling of the unit vent in accordance with
NUREG-0737 and Regulatory Guide 1.97 requirements. (See also
Section 11.5.1.2.3.1.B).
Also, sampling of_some systems is necessary because of required
actions in the Technical Specifications when certain continuous
monitors are out of service. The Technical Specification actions
specify the frequency of sampling and 'any other special
requirements which apply to the sampling procedure developed by
the COL-Applicant.

11.5.2.3 Expected Composition and Concentrations

The specific radionuclide compositions will vary for each batch
release from the containment or the liquid radioactive waste
management system and fluctuate somewhat from day to day from the
unit vent continuous releases due to variations in plant
operating conditions. The estimated radioactive releases for
liquid effluents are given in Table 11.2-1. The estimated annual
airborne effluent releases are given in Table 11.3-4.

11.5.2.4 Samplina Equipment and Procedures
|
, Samples are collected by plant technicians and analyzed and
I measured in the counting room in accordance with station

operation procedures concerning the release of radioactive waste.
The frequency of sampling is in accordance with Regulatory Guide

'1.21 guidelines. Station sampling procedures will establish
| methods of sampling for each sampling location to assure that l
| representative samples are taken and that these methods will be '

consistent for all personnel performing the sampling. Tables
' 11.5-6 and 11.5-7 list the process systems, sampling
! capabilities, sampling provisions, and the approximate location

that samples are taken from gaseous and liquid process and
effluent streams, respectively. The COL Applicant will determine
the sampling frequency, purpose, sensitivity, and type of
analysis and provide them in the operations and maintenance
manual. )

The liquid contents of a tank being sampled are recirculated
prior to taking the sample to ensure thorough mixing of sediments
and particulate solids in the tank. All sample connections are
located in a free flowing stream or in a location where a
representative sample may be taken. The sample lines are purged
for an adequate period of time before the sample is taken to
ensure that the sample is representative.
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Effluent ventilation ducts are sampled isokinetically in
accordance with ANSI N13.1 for radioactive gases, particulites,
and iodines. Iodine samples are collected using special iodine
filtering cartridges and taken to the counting room for analysis.
Particulate sampling utilizes fixed paper filters for laboratory
analysis. Gas sampling utilizes special gas collection canisters
which allow easy connection and disconnection from sample taps
for transport to the counting room.

11.5.2.5 Analytical Procedures and Sensitivity

Samples of process and effluent gases and liquids are analyzed in
the counting room in accordance with station procedures and
Regulatory Guide 1.21. Analytical procedures used are based on
methodology utilized in general practice in the nuclear industry
or in applicable standards and the accuracy and precision of the
results are standardized with central or outside laboratories
using radioactivity standards traceable to the Nat ional Bureau of
Standards. A description of counting room instrumentation is
included in Section 12.5. Laboratory equipment is provided for
the counting room to perform gross beta counting, gross alpha
counting, gamma spectrometry, liquid scintillation counting, and
radiochemical separations.

11.5.2.6 System Operations and Maintenance Manual

The COL Applicant will provide an operation and maintenance
j manual that demonstrates and describes the following:

a. Procedures and/or methods for converting radiation monitor
measurement output into radioactivity release rates of
gaseous discharge through the unit vent.

b. The sampling technique used to monitor and sample effluent
gases to assure that a representative gas sample is taken

i and that the sampling system provided is capable of near
isokinetic conditions during and following an accident as
specified in NUREG-0737, Item II.F.1, Clarification 3 of
Attachment 2.

[ c. The collection technique used to extract a representative
| sample of radioactive iodines and particulates during and
! following an accident. The information obtained from these

samples will be used to quantify the releases for dose
calculations and assessments as specified in NUREG-0737,
Table II.F.1-2.

d. Calibration frequency and techniques for radiation monitors
based on vendor information for the equipment procured.

e. The sampling system is designed to ensure compliance with
regulatory shielding requirements for low radiation exposure
during post-accident conditions specified in NUREG-0737,
Item II.F.1, Clarification 2 of Attachment 2. The equipment
design and location specifications are discussed ili Section
11.5.1.2.3 of CESSAR-DC.
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12.1-8 I 12.3-17 U |

12.1-9 I 12.3-17a U
12.1-10 T 12.3-17b T
12.1-11 I 12.3-18 U
12.2-1 I 12.3-18a U
12.2-2 J 12.3-18b U
12.2-3 J 12.3-19 U
12.2-4 J 12.3-20 T
12.2-5 J 12.4-1 T
12.2-6 Q 12.4-2 J
12.2-7 Q 12.4-3 V
12.2-8 I 12.4-4 S
12.2-9 I 12.4-5 J

i

12.2-10 Q 12.4-6 U |

12.2-11 Q 12.4-6a U
12.2-12 J
12.2-13 Q
12.2-14 U
12.2-15 Q
12.2-16 T

l' 12.2-17 Q
! 12.2-18 S

12.3-1 T
12.3-2 K
12.3-3 K
12.3-4 K
12.3-5 K

(s 12.3-6 V
( ) 12.3-7 U
(/ 12.3-7a U

12.3-7b U .

Amendment V
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V 12.1.2 DESIGN CONSIDERATIONS

l

This section discusses the general design methods and features by
which the policy considerations of Section 12.1.1 are applied.
Provisions and designs for maintaining personnel exposures ALARA
are presented in detail in Sections 12.3, and 12.5.

Guidance for general design features to maintain personnel
exposures ALARA is provided by written System 80+ ALARA
guidelines which provide guidance for equipment design and
selection, shielding, contamination control and corrosion product
production reduction techniques. This guidance is consistent

)with recommendations given in Regulatory Guides 8.8 and 8.10. !

This guidance also incorporates lessons learned from past nuclear
plant designs into the System 80+ design. General arrangement
and plant layout characteristics are discussed in Section

I12.1.2.1.
|

12.1.2.1 General Desien Considerations for Shieldinc and |
ALARA ExDosures )

General design considerations, shielding, and methods employed to
maintain in plant radiation exposures ALARA consistent with the
recommendations of Regulatory Guide 8.8, Section C.3, have twos
objectives:

A. Minimizing the necessity for and amount of personnel time
spent in radiation areas.

B. Minimizing radiation levels in routinely occupied plant
areas in the vicinity of plant equipment expected to require
personnel attention.

1

Plant operating personnel are protected as necessary by shielding
wherever a potential radiation hazard may exist. The shielding
performs the following additional functions:

A. Assists in maintaining radiation exposure to plant control
room personnel within the limits of 10 CFR 50, Appendix A,
Criterion 19 in the unlikely event of an accident.

i

lB. Protects certain components from excessive activation or
;

excessive radiation exposure.
!

C. Facilitates access for maintenance of components.
Maintaining occupational exposures as low as reasonably
achievable (ALARA) is a major design consideration in accordance
with Section C.1 of Regulatory Guide 8.8. Although the station's

] design is intended to result in ALARA exposures during operation,
these design features will also facilitate decommissioning.

Amendment J
12.1-3 April 30, 1992
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Regulatory Guide 8.8 also provides guidance for both equipment
selection and plant layout. Equipment selection for System 80+
plays an integral part for maintaining personnel exposure ALARA.
Criteria used for equipment selection are discussed in written
ALARA guidelines. System 80+ design includes:

A. Enhanced reliability of equipment which reduces the
frequency of maintenance and the personnel exposure
associated with the maintenance.

This is illustrated by the following:

1. Use of reliable extended service lamping in high
radiation areas, as well as, location of lighting
fixtures so that maintenance can be performed in a
lower radiation area. These features are in accordance
with Regulatory Guide 8.8 Position C.2.i.

2. Use of ion exchangers instead of evaporators except in
the Chemical Volume and Control System. The System 80+
design will minimize the use of evaporators based on
industry experience. Ion exchangers are simpler in
design and are more reliable than evaporators.

B. Careful attention to environmental qualification of
equipment. This includes equipment qualification for a
variety of environmental conditions, such as radiation,
humidity, and temperature. This is discussed in greater
detail in Section 3.11.

Electrical components, containing radiation-sensitive
materials, will be shielded or located in low-radiation
areas. The COL applicant will establish environmental
qualification criteria for equipment.

C. Material selection of piping and components, such as valve
seats, in the primary system. Material is selected with low l
cobalt or nickel impurities. This minimizes the production '

of corrosion products which is a significant contributor to j
personnel exposure received during maintenance and '

operational activities.

D. Maintainability which includes plant layout and equipment
spacing.

The plant layout is designed to maintain personnel exposures
ALARA during normal and post-accident conditions. For
example, the plant layout is designed to provide:

1. Adequate spacing to facilitate accessibility of

equipment during maintenance activities,

5

Amendment V
12.1-4 April 29,1994
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2. Separation of non-radioactive systems from radioactive~

systems into quadrants minimizing the spread of
contamination,

3. Separation of system components into cubicles or
compartments based on:

frequency of maintenance,-

operational characteristics,-

level of radioactivity.-

\v

/^N

Amendment J
12.1-4a April 30, 1992
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\ a. Ample space is provided to permit decontamination

of the tank manway.

b. Internal spray nozzles are provided on potentially
highly contaminated tanks for internal
decontamination.

c. Back flush capability is provided for tank inlet
screens.

3. Tanks are designed with a convex or-sloped bottom'to
facilitate drainage and minimize the accumulation of
crud.

4. Tanks are provided with. vents to facilitate the removal i

of potentially radioactive gases-during maintenance. |
;

I5. Non pressurized tanks are provided with overflows,
routed to a floor _ drain pump or other suitable |
collection point to avoid spillage of radioactive !

fluids onto the floor or ground. The floor drain
system is connected to the Liquid Waste Management |

'

System for further processing prior to release to the
environment.

E. Valves

1. The following discussion summarizes valves
i

specifications that minimize valve leakage, as well as 4

extend valve design life. |
1

a. Except for modulating valve applications, packless i

valves are used on all valves two inches and under '

in diameter.

b. Modulating valves and valves greater than two
inches in diameter use live loading of the packing
by conical spring washers or equivalent means to
maintain a compressive force on the packing where |
possible. '

c. Double stem packing with a leak-off between the Ipacking is used for valves four inches and larger,
as well as normally open valves two to four inches
in diameter. Stem leakage is piped to an
appropriate drain sump or tank.

d. Valves utilizing stem packing are provided with
backseat capability.

Amendment K
12.3-5 October 30, 1992



CESSAR inacm2

e. Radiation resistant seals, gaskets, and elastomers
are utilized, when practicable, to extend the i

Idesign life and reduce maintenance requirements.

f. Valves located in high radiation areas will be
equipped with reach rods or motor operators to
minimize radiation expondre.

2. Fully ported valves are used to minimize internal
accumulation of crud.

3. Valves requiring removal during maintenance and
inspection activities are flanged.

4. Internal valve surfaces are designed free of crevices
to minimize the accumulation of crud.

5. Valve wetted parts are made of austenitic stainless
steel or corrosion resistant material.

6. Valves are designed so that they may be repacked
without removing the yoke or topworks.

F. Piping and Penetrations

1. There is no field run piping.

2. Resin and concentrate piping is designed as follows:

a. The length of pipe runs are minimized.

b. Piping is routed through shielded pipa chases
whenever possible to minimize routing through
personnel access corridors.

'
c. Large diameter piping (> 5 pipe diameters) is

utilized to minimize the potential for clogging
during slurry or resin transfer without violating
minimum flow requirements.

d. The number of pipe fittings (e.g., elbows, tees,
etc.) are minimized to reduce the potential for
radioactive crud accumulation.

e. Low points, deadlegs, and vertical pipe runs are
minimized.

f. Pipe runs are sloped and gravitational flow is
used where practicable.

g. crevices on piping internal surfaces are minimized
by the use of butt welds instead of socket welds.

Socket welds are known crud traps in radioactive i

syttrms The use of butt welds generally result |
in '- 2 'r internal surfaces reducing crud i
b"- Therefore, butt welds will be used in jc
. wu af socket welds, whenever possible, to |

|

Amendment V
12.3-6 April 29, 1994
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Q O. Electrical Service and Lighting

The System 80+ design provides good lighting and convenient !
electrical service. This will facilitate maintenance and |

1 inspection activities and reduce the anticipated personnel
exposure. Reliable extended service lamping in high-
radiation areas will be used, whenever possible, to minimize
the frequency of maintenance required. The lighting
fixtures are located to minimize personnel exposure during
maintenance. These features are in accordance with
Regulatory Guide 8.8, Position C.2.1 guidance. |

P. Spent Fuel Pool Decontamination

System 80+ provides the capability to use high pressure
domineralized water for the decontamination the spent. fuel
pool. Alternative methods of decontamination, such as use
of a strippable coating, may be evaluated by the operator,
as practical.

Q. Snubbers |

Mechanical snubbers rather than hydraulic snubbers will be
used in radiation areas to minimize the frequency of
maintenance and inspections required.

.

12.3.1.3 Bource Term control

'
Source term control is an important aspect of the System 80+
design. The following design features reduce the overall dose
due to operation, maintenance, and inspection activities.

A. Fuel Performance

The System 80+ design features assure low primary system
sources with improved fuel clad leakage performance of less '

than 0.1% fuel clad failures, as well as an extended fuel
cycle.

B. Corrosion Product Control
System 80+ design includes design features that reduce
corrosion product production in the primary system.
1. Primary System Materials |

|The System 80+ design specifies primary system j
materials with low corrosion rates and very low cobalt
impurities (0.05% by weight for equipment in direct

| contact with the primary coolant) except where no
'

proven alternative exists.

The presence of antimony in RCP bearings has presented
a proble.n with hot particles in the current generation
of nuclear plants. In the System 80+ design, the
reactor coolant pump bearings will be designed' to
minimize the presence of antimony.

O Steam generator tubes are fabricated to relieve

(U) stresses to reduce stress corrosion cracking. This|
' will reduce the probability of tube plugging activities

and further reduce maintenance exposures.

Amendment V
12.3-9 April 29, 1994
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Control rod drive materials are specified with low
| cobalt alloys, if no proven alternative exists to

reduce RCS exposures.

2. Primary System Chemistry
Increased pH in the range of 6.9 to 7.4 reduces
equilibriua corrosion rates and buildup of activated
corrosion products on primary system surfaces.

|

| 12.3.1.4 Airborne Contamination Control
| In the System 80+ design, plant ventilation systems are designed

so that flow is from areas of lower to areas of higher potential
activity. This design minimizes the potential for the spread of
contamination. In addition, the following confinement devices
are utilized to minimize the spread of contamination:

A. Drip Containment ,

Drip containment devices are used to collect equipment
leakage and prevent suspension of radioactive particulate
into the air or volatile radioisotopes, such as noble gases
and radiciodines.

B. Glove Bags

Glove bags are used to perform maintenance activities, such
as valve refurbishments, in an enclosed area.

C. Tents

Tents provide a large enclosed area to perform work such as
grinding or maintenance on large equipment. These tents are
provided with ventilation capabilities and essentially
provide for a local hot machine shop.

D. Hot Machine and Instrument Shops

These areas provide a dedicated area where maintenance can
be performed on radioactive and contaminated equipment.

E. Loop Seals

Water filled loop seals are provided in the Floor Drain
System, discussed in Section 9.3.3, to preclude the flow of
contaminated air from one area / floor to another.

12.3.1.5 Eauipment Improvements

A. The System 80+ RCPs incorporate a cartridge type of RCP seal
which is a proven, reliable and easily replaceable seal
design. The replacement is also facilitated by the addition
of platforms around the RCPs. This design allows the seal
to be removed and repaired outside the crane wall or other
low dose area. Therefore, the time required to perform

i maintenance on the RCP seals and maintenance exposure is
| reduced.

Amendment V
12.3-10 April 29, 1994
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TABLE 12.3-5 |

(Sheet 1 of 5)

AREA MONITOR LOCATIONS

Number of ,

Location Monitors |
|
'

Nuclear Anner (Elevation 50+0)

Normal Operation

- Floor Drain Sump Room (U, 17) (T, 18) 2
- Sample Panel Room (S, 16) 1
- CVCS Area (U, 14) 1 !

Primary Chemistry Lab Area (S, 10) 1 |-

Personnel Corridors (0, 12) (P, 21a) 2-

Personnel Corridors (H-I, 22) (H-I, 12) 2-

|

Post-Accident

Sample Panel Room (S, 16) 1-

Personnel Corridors (0, 12) (P, 21a) 2- -

/ - Personnel Corridors (H-I, 22) (H-I, 12) 2

Subschere (Elevation 50+0) i

I
Normal and Post-Accident

Haintenance Isle (45', 135', 225', 315') 4-

Nuclear Annex (Elevation 70+0)

Normal and Post-Accident

CVCS Storage Area (R, 10) 1-

Valve Maintenance Shop (R, 24) 1-

Control Complex (Elevation 70+0)

Area Adjacent to Remote Shutdown Panel (E, 17) 1

|

[0
Amendment V
April 29, 1994
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TABLE 12.3-5 (Cont'd)

(Sheet 2 of 5)

AREA MONITOR LOCATIONS

Number of
Location Monitors

Subschere (Elevation 70+0)

Normal and Post-Accident

- Subsphere Entrance (230', 130*) 2
Subsphere Maintenance Aisle (45', 315') 2-

Nuclear Annex (Elevation 81+0)

Normal and Post-Accident

- Valve Gallery Entrances (V, 14) (S, 16-17) 2
- Purification Filter Cubicles (T, 15-16) (T, 16)* 2

Reactor Buildina (Elevation 91+9)

Normal Operation

- Incore Chase (I-J, 90')

Nuclear Annex (Elevation 91+9)

Normal Operation

Equipment Decontamination Room (U, 12) 1-

Hot Machine Shop (S, 9) 1-

Resin Storage Area (V, 15) (S, 15) 2-

Fuel Pool Storage Area (R, 24) 1-

Personnel Corridors (P, 12) (P, 21a) 2-

Post-Accident

Personnel Corridors Outside Subsphere-

Entrance (90', 270') 2

|

Used primarily as an indication of crud burst from the*

Reactor Coolant System and to prevent activity on the filter
from exceeding Class C waste concentrations. It also
provides guidance for ALARA filter changeouts.

Amendment V
April 29, 1994
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U the reference plant in 1989. Approximately 3% of the 10,000

personnel received an individual exposure greater than 1.0
rem. Most of these employees were involved in.the primary )

| circuit resistance temperature detector (RTD) bypass system |
replacement or in steam generator maintenance where dose '

rate fields were in excess of 5.0 rem /hr. The RTD bypass |

| . system is not in this CESSAR design. )

12.4.4 SYSTEM 80+ ALARA DOSE REDUCTION FEATURES

One-half to three-quarters of all occupational exposures are
related to exposure to - activated corrosion products. 1

Minimization of primary system corrosion'and resultant dose rates |
will most effectively reduce total station occupational exposure,
reduce effluent releases and radwaste activity. The combined i

effectiveness of proper material selection and chemistry control |
| has reduced dose rate fields by as much as a factor. of 5 in-

existing PWRs.
1

Leakage of fuel rod cladding accounts for the remaining one- !
| quarter to one-half of sources of PWR occupational expoaure. The i

fuel rod performance of the System 80+ design is expected to |
reduce fuel leakage to below 0.1%. This is a factor of 2 to 4 !
better than average PWR fuel clad performance. This feature also |is expected to reduce effluent releases and radwaate activity.

O It is expected that proper material selection, chemistry control,
and improved fuel cladding leakage -will reduce the Annual,

Occupational Exposure by a factor of 2.5 compared to current)
plants, such as Duke Power Company's Oconee, McGuire, and Catawba .
plants. These plants currently try to reduce operational
exposure through pH control of the RCS and removal of fuel rods'
that have excessive leakage during refueling. However, these
plants did not consider material selection of low cobalt content
' R ing their construction. The System 80+ design is committed to

lecting materials that have a cobalt content of less than 0.05%t

by weight, except where no proven alternative exists, for piping
and equipment in direct contact with the RCS. The steam
generator tubes will have an average cobalt content of less than
0.015% by weight.

The design features described in Section 12.3.1.5.B for steam
generator maintenance and inspection will greatly reduce time
spent in performing this maintenance and inspection. This task
represents approximately 25% of the total station dose for the
average PWR system.

The dose received during an outage due to steam generator
maintenance is dependent on the number of tubes requiring
inspection and repair. Duke Power Company's McGuire Units 1 and
2 and Catawba Unit 1 steam generators have seen a considerableO amount of primary side tube stress corrosion cracking. This('j results in a considerable amount of time inspecting and repairing
the steam generator tubes by plugging or sleeving. In addition,

,

i

1

Amendment V
12.4-3 April 29, 1994
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McGuire had a steam generator tube rupture which has resulted in
the performance of 100% bobbin coil testing of the tubes and 100%
special application testing of the hot leg tubes. This has also
resulted in finding considerably more tubes requiring repair.
The number of steam generator tubes to be inspected is dependent
on the past history of the steam generator and previous problems.
A plant in which the steam generators have not seen significant
problems with tube cracking are only required to perform a 20%
bobbin coil eddy current testing.

The McGuire and Catawba steam generator problems can be
attributed to the lack of thermal treatment of the steam
generator tubes and other manufacturing techniques. The System
80+ steam generator design provides thermal treatment of the
steam generator tubes and has avoided manufacturing techniques
that cause past problems with steam generator. tube cracking. In
addition, the steam generator tubes are fabricated from Inconel
690 compared to Inconel 600. Inconel 690 has proven to be less
susceptible to steam generator tube cracking.

The Palo Verde steam generator tubes are fabricated of Inconel -
600 and are thermally treated. Palo Verde has not seen the tube
cracking problems experienced by McGuire and Catawba. This has
resulted in a significant difference in the annual dose received
from the performance of steam generator maintenance activities.
Palo Verde's average refueling outage exposure due to steam
generator maintenance has been 39.7 man-rem compared to Duke
Power Company's average of 62 man-rem. Therefore, a factor of
1.6 reduction in annual occupational exposure is expected for
steam generator maintenance due to improved manufacturing
techniques and material selection. System 80+ has several
additional features which are not provided at Palo Verde or the
Duke Power Company units as described in Section 12.3.1.5.B.
These features will reduce the time spent performing the steam
generator maintenance and thus, are expected to reduce the annual
occupational exposure due to steam generator maintenance by a
factor of 1.5. In addition, a factor of 2.5 reduction is
expected from material selection, chemistry control, and improved
fuel performance as described above. Therefore, all of the above
System 80+ design features will result in an overall reduction of
the annual occupational exposure due to steam generator
maintenance by a factor of 6.

Reactor coolant pump maintenance and inspection represents
approximately 4% of total station exposures. The System 80+
design minimizes the need for seal replacement and reduces the

itime for performing this task.

Many other features to reduce occupational exposures are designed
into the System 80+ design. Some examples are:

1. Extended fuel cycle

2. Identification of RCS leakage

Amendment S
12.4-4 September 30, 1993
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! TABLE 12.4-3

INDIVIDUAL EXPOSURE DISTRIBUTION FOR REFERENCE PLANTS

# of-Individu'als

Exposure Ranae (rem) Oconee McGuire Catawba

Less iban 0.001 1285 1505 1392
0.01 to 0.10 861 841- 748
0.10 to 0.25 441 383 429
0.25 to-0.50 423 347 303
0.50 to 0.75 243 166 127.
0.75 to 1.00 104 91 33
1.00 to 2.00 -117 160 20
2.00 to 3.00' 14' 6 0
3.00 to 4.00 2 0 0
4.00 to 5.00- 0 0 0

% Above 1 rem 3.8 4.7 0.66

0

.

l

O
1

Amendment I 1

December 21, 1990
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TABLE 12.4-4

SYSTEM 804 ESTIMATED ANNUAL OCCUPATIONAL EXPOSURE

System 80+
PWR Avg ALARA Estimate

Task (%/ man-rem) Reduction (man-remi

Routine Operation 21/48 2.5 19 |
and Maintenance

Steam Generator 25/62 6 10

Reactor Vessel 12/27 2.5 11 |
Head Insp & Main

Valve Main. 16/37 2.5 15 |

General RB Entry 8/17 2.5 7

Nuclear Station 4/11 2.5 4 |
Modifications

In-Service Inspections 5/11 2.5 4

Reactor Coolant Pumps 3/8 2.5 3

Decontamination 6/14 2.5 6 |

Total 100/234 79 |

O
:

Amendment V
April 29, 1994
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Y TABLE 12.4-5
,

'

SYSTEM 80+ ANNUAL EXPOSURE BREAKDOWN AMONG WORKERJ

Exposure Annual Exposure j
Work Group (% of Total) (man-res)

Operations 5 4

Maintenance 25- 17

Construction & Maintenance Craft 32 22

Health Physics 15 10

Instrumentation & Electrical 8 6

Decontamination 7 5

Others* 8 6

s

* Others ..r.cludes Radwaste, Chemistry, Engineering, QA/QC, Security, Projects
and Management

O
Amendment S
Septembe: 30, 1993
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13.3.3.1.3 Location+

.

; To optimize communications, the TSC is located as close as
possible to the control room within the control building. The,

walking time from the TSC to the control room does not exceed 2
minutes. This close location allows the senior plant manager,,

; normally working in the TSC, to quickly enter the MCR for face-
; to-face interaction with control room personnel. This proximity
: also provides access to information in the control room that is

not available in the TSC data system.

Provisions are made for the safe and timely movement of personnel
between the TSC and the control room under emergency conditions.
These provisions include consideration of the effects of direct
radiation and airborne radioactivity from in-plant sources on
personnel. traveling between the two facilities.

13.3.3.1.4 Staffing and Training

The site-specific SAR addresses all staffing and training issues.

13.3.3.1.5 Size

The TSC is sized to provide the following:s

A. Working space, without crowding, for the personnel assigned
to the TSC at the maximum level of occupancy (minimum size
of working space provided is' approximately 75 sq ft/ person) .
The TSC working space is sized for a minimum of 25 persons,
including 20 persons designated by the license and 5 NRC
personnel.

B. Space for the TSC data system equipment needed to acquire,
process, and display data used in the TSC.

C. Sufficient space to perform repair, maintenance, and service
of equipment, displays, and instrumentation.

D. Space for data transmission equipment . needed to transmit
data originating in the TSC to other locations.

E. Space for personnel access to functional displays of TSC
data.

F. Space for unhindered access to communications equipment by
all TSC personnel who need communications capabilities to
perform their functions.

G. Space for storage of and/or access to plant records and
historical data.

H. A separate room adequate for at least three persons to be
used for private NRC consultations.

Oa
Amendment J

13.3-3 April 30, 1992
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13.3.3.1.6 Habitability

TSC personnel are protected from radiological hazards, including
direct radiation and airborne radioactivity from in-plant sources
under accident conditions, to the same degree as control room
personnel, so far as the maximum permissible radiation exposure
is concerned while the TSC is habitable. Applicable criteria are

| specified in 10 CFR 50 General Design Criterion 19, NRC Standard
Review Plan 6.4, and NUREG-0737, " Clarification of TMI Action

| Plan Requirements," Item II.B.2.

To ensure adequate radiological protection of TSC personnel,
radiation monitoring systems are provided in the TSC. These
systems continuously indicate radiation dose rates and airborne
radioactivity concentrations inside the TSC while it is in use
during an emergency. These monitoring systems shall include
local alarms with trip levels set to provide early warning to TSC
personnel of adverse conditions that may affect the habitability
of the TSC. Detectors are able to distinguish the presence og
absence of radioiodines at concentrations as low as 10
microcuries/cc.
If the TSC becomes uninhabitable, the TSC plant management
function can be performed in the control room. Reference Section
6.4 TSC for habitability details. Control Building HVAC is
discussed in Section 9.4.1.

13.3.3.1.7 Communications

The TSC is the primary onsite communications center for the
nuclear power plant during an emergency. It has reliable voice
communications to the control room, the OSC, the emergency
operations facility (EOF), and the NRC. The primary functions of
this voice communication system are plant management
communications and the immediate exchange of information on plant
status and operations. Provisions for communications with State
and local operations centers are provided in the TSC to provide
early notification and recommendations to offsite authorities
prior to activation of the EOF. |

The TSC voice communications facilities includes means for I

reliable primary and backup communication. The TSC voice
communications will include private telephones, commercial
telephones, radio networks, and intercommunication systems as
appropriate to accomplish the TSC functions during emergency
operating conditions. The licensee provides a means for TSC
telephone access to commercial telephone common-carrier services |
that may be susceptible to loss of power during emergencies. The |

licensee ensures that spare commercial telephone lines to the
plant are available for use by the TSC during emergencies.

Amendment V
13.3'-4 April 29, 1994
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l' 14.2.12.1.20 . Gas Stripper Effluent Radiation Monitor

Subsystem Test<

1

1.0 OBJECTIVE

1.1 To demonstrate proper operation of. the Gas Stripper
Effluent Radiation Monitor Subsystem.

2.0 PREREQUISITES,

!

| 2.1 The Gas Stripper Effluent Radiation Monitor has been
! installed, all interconnections have been completed,
i and the sample chamber has been filled with reactor
I makeup water.

2.2 The Gas Stripper Radiation Monitor has been calibrated.

2.3 Support systems required for operation of the Gas
Stripper Effluent Radiation Monitor Subsystem are
complete and operational'.

'

2.4 A check source is available.
'

. 3.0 TEST METHOD
'

' 3.1 Utilizing the built-in test features, observe process
radiation monitor indications, outputs to interface
equipment, and alarm operation.

'

3.2 Utilizing a check source, verify calibration of the
process monitor.

,

|
4.0 DATA REQUIRED

,

| 4.1 Process monitor operating data.
|
'

4.2 Process monitor response to the check source.

4.3 Value of parameters required to actuate alarms.

5.0 ACCEPTANCE CRITERIA

5.1 The Gas Stripper Effluent Radiation Monitor Subsystem
| performs as described in Section 9.3.4.
i |
|

I .

1
|

|

| Amendment Q
l - 14.2-53 June 30, 1993
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14.2.12.1.21 Shutdown Cooling System Test

1.0 OBJECTIVE i

|

,

1.1 To demonstrate proper operation of Shutdown Cooling
| System and the Shutdown Cooling Pumps.

2.0 PREREOUISITES

2.1 Construction activities on the systems to be tested are
complete.

'

Plant systems required to support testing are operable2.2
|

and temporary systems are installed and operable.
1

l 2.3 Permanently installed instrumentation is operable and
j calibrated.

2.4 Test instrumentation is available and calibrated.

2.5 All lines in the Shutdown Cooling System have been
filled and vented.

2.6 The LTOP valve relief capacity has been verified by
i

| bench testing.
|

3.0 TEST METHOD

i 3.1 Verify proper operation of each shutdown cooling pump
with minimum flow established.

3.2 Verify pump performance including head and flow
characteristics for all design flow paths which include
the normal decay heat removal flow path and

1. Shutdown cooling system flow to the chemical and
volume control system for purification.

,

; 2. Shutdown cooling system transfer of refueling
i water to the IRWST.

3. Shutdown cooling system to cool the IRWST.

| 3.3 Perform a full flow test of the shutdown cooling
| system.

3.4 Verify proper operation, stroking speed, position
indication and response to interlock of control and
isolation valves.

3.5 Verify the proper operation of the protective devices,
controls, interlocks, indications, and alarms using
actual or simulated signals.

3.6 Verify isolation valves can be opened against design
j differential pressure.
|
i

i Amendment V
| 14.2-54 April 29, 1994
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I 14.2.12.1.40 Containment Spray System (CSS).T9st

e

1.0 OBJECTIVE

1.1 To verify the proper operation of the Containment Spray
. System and the containment spray pumps.

1.2 To verify proper ' operation of tne Emergency Containment
Spray Backup (ECSB).

I
I 2.0 PREREOUISITES.

2.1 Construction activities on the systems to be. tested are
complete.

2.2 Plant systems required to support testing are operable
and temporary systems are installed and operable.

2.3 Permanently installed instrumentation is operable and-
calibrated. '

'

2.4 Test instrumentation is-available and calibrated.

2.5 The emergency | containment spray backup pumping device("
| 1s operable.
i

2.6 ECSB components are located in their designated storage
area (s)

| 2.7 The ECSB water source is sufficient for testing.
I

! 3.0 TEST METHOD
,

t
I

3.1 Verify proper operation of each containment spray pump
with minimum flow established.

3.2 Verify pump performance including head and flow
characteristics for all design flow paths.

3.3 Verify, if applicable, proper operation, stroking
speed, and position indication of control valves. !

3.4 Verify by using service air that the containment spray |
' header and nozzles are free of obstructions..

3.5 Verify the automatic operation of all components in
response to a Containment Spray Actuation Signal.

| 3.6 Verify the interchangeability of the Shutdown Cooling
pumps with the CSS pumps.

3.7 Verify adequate heat removal capability by the CSS heat|

| exchangers.

Amendment V
14.2-85 April 29, 1994
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3.8 Verify power-operated valves fail to the position

specified in Section 6.5.2 and 6.3.2 upon loss of
motive power.

3.9 Verify emergency containment spray backup pumping
device connectability to the containment spray tee
connection. Verify pumping device performance
including head and flow characteristics.

3.10 For ECSB testing in each division:

a) Confirm that the containment spray header
isolation valve is closed.

b) Connect the ECSB to the suction (water) source and
to the IRWST Fill / CSS Header flange.

c) Establish a flow path to a suitable collection
I tank (e.g., IRWST).

d) Verify ECSB pump performance characteristics at
rated flow conditions.

4.0 DATA REQUIRED

.

Valve position indications.4.1
|

4.2 Pump head versus flow characteristics.

4.3 Valve opening and closing time, where required.

4.4 Setpoints at which interlocks and alarms occur.

4.5 Position response of valves to loss of motive power.

I 4.6 For ECSB testing in each division:

a) Time to connect ECSB and initiate flow.

! b) ECSB pump head at rated flow.

5.0 ACCEPTANCE CRITERIA

5.1 The Containment Spray System and Containment Spray
Pumps perform as described in Section 6.5.

5.2 The emergency containment spray backup pumping device
performs as described in Section 6.5.2.

| 5.3 The ECSB performs as described in Section 6.5.2.5.1.

O
Amendment V

14.2-86 April 29, 1994
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4.3 Operating data for pumps and compressors.
,

!

4.4 Operating data for the heaters.
|

|

4.5 EDG starting air volume parameters after consecutive
starts.

4.6 Position response of valves to loss of motive power. |

5.0 ACCEPTANCE CRITERIA

| 5.1 The DG Engine Fuel Oil System operates as described in
'

Section 9.5.4.

5.2 The DG Engine Cooling Water System operates as
described in Section 9.5.5.

| 5.3 The DG Engine Starting Air System operates as described
' in Section 9.5.6.

5.4 The DG Engine Lube Oil System operates as described in
Section 9.5.7.

!

!

| ,r x

! I. )
\~/

|

|

|

,

I, )'

v

Amendment U
14.2-183 December 31, 1993
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14.2.12.1.96 Alternate AC Source System Test

1.0 OBJECTIVE

1.1 To verify the proper operation of the Alternate AC
(AAC) Source System.

2.0 PREREQUISITES

2.1 Construction activities on the Alternate AC Source have
been completed.

2.2 Support systems including the AAC Support Systems and
the 4160 KV distribution system required for the
operation of the AAC source system are complete and
operational.

2.3 Alternate AC Source instrumentation has been
calibrated.

2.4 Test instrumentation is available and calibrated.

3.0 TEST METHOD

3.1 Verify the system alarms, instrumentation, interlocks
and controls.

3.2 Verify the AAC Source provides rated power at the
proper voltage and frequency.

3.3 Verify operation of the AAC Source from all its control
stations.

3.4 Demonstrate the AAC Source can be connected in the
design configuration to each 4160 V bus combination.

3.5 Verify AAC can carry design loads.

4.0 DATA REQUIRED

4.1 Setpoints at which alarms and interlocks occur.

4.2 AAC Source operating data at designated loads including
time to start and connect to each assigned 4160 V bus
combination.

5.0 ACCEPTANCE CRITERIA

5.1 The Alternate AC Source System operates as described in
Section 8.3.1.

O
Amendment V
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3.10 Verify system response to a high radiation signal.

3.11 Verify the proper operation of the Fuel Building
Ventilation System radiation monitor.

4.0 DATA REOUIRED

4.1 Air balancing' verification.

4.2 Fan and damper operating data.

4 ~.'3 Temperature data-in the' Fuel Building.

4.4 Setpoints at which alarms, interlocks, and controls
occur.

4.5 Fuel Building negative pressurization data during
normal and postulated emergency conditions.

4.6 Filter and carbon adsorber data.

4.7 Fuel Building Ventilation' System radiation monitor's
performance data.

5.0 ACCEPTANCE CRITERIA

5.1 The Fuel Building . Ventilation System operates as
described in Section 9.4.2. |

,

5.2 The Fuel Building Ventilation System radiation monitor
performs as described in Section 11.5.

|

i

'

O
Amendment T
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14.2.12.1.109 Annulus Ventilation System Test

1.O OBJECTIVE

1.1 To demonstrate the capability of the Annulus
Ventilation System to produce and maintain a negative
pressure in the annulus following a LOCA and to
minimize the release of radioisotopes following a LOCA
by recirculating a large volume of filtered annulus air
relative to the volume discharged for negative pressure
maintenance.

2.0 PREREQUISITES

2.1 Construction activities on the containment wall and
shield wall are complete with all penetrations sealed
in place.

2.2 Construction activities on the Annulus ' Ventilation
System have been conpleted.

2.3 Annulus Ventilation System instrumentation has been
calibratad.

2.4 Support systems required for operation of the Annulus
Venti]ation System are complete and operational.

2.5 Test instrL , "tation is available and calibrated.

3.0 TEST METHOD

3.1 Verify all control logic, including response to ESFAS.

3.2 Verify the proper operation, failure mode, stroking
speed, and position indication of control valves and
dampers.

3.3 Demonstrate that the Annulus Ventilation System will
| achieve a negative pressure in the Annulus greater than
| or equal to 0.25 inches water gauge within 110 seconds

of actuation.

3.4 Verify the proper operation of all protective devices,
controls, interlocks, instrumentation, and alarms.

3.5 Verify design air flow for normal and emergency
operation.

3.6 Perform filter and carbon absorber efficiency test.

O
Amendment V
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14.2.12.1.119 4160 Volt Class 1E Auxiliary Power System

Test

1.0 OBJECTIVE

1.1 To demonstrate the operation of 4160V Class 1E Systems.

2.0 PREREQUISITES

2.1 Construction activities on the 4160 Volt Class 1E Auxiliary
Power System have been completed. j

2.2 4160 Volt Class 1E Auxiliary Power System instrumentation
has been calibrated.

2.3 Support systems required for operation of the 4160 Volt |
Class 1E Auxiliary Power System are completed and
operational.

2.4 Test Instrumentation is available and calibrated. |
1

2.5 All 4.16KV feeders and buses voltage tested with acceptable
results. |--

\ 2.6 4.16KV power is available from the normal and alternate ESF
transformer sources.

2.7 Switchgear assembly, breakers, control and protective
equipment / circuits have been inspected'and tested and are
capable of being placed into service.

2.8 The Emergency Diesel Generator and Alternate AC Sources are
available.

3.0 TEST METHOD

3.1 Demonstrate the operability of the feeder and crosstie
protective circuit breakers locally and remotely.

3.2 Demonstrate the operability of the bus interlocks, alarms
and-protective relays.

?

3.3 Verify the operation of meters and annunciators.

3.4 Load the systems to the extent practical and verify full
load voltage is within system design parameters. Verify
the capability of bus loads to start and operate properly
when connected to the Class 1E 4160V buses at up to 10%

g-~ above and 10%-below nominal voltage.
%' 3.5 Verify the 4160V and 480V safety related systems load shed

as designed on undervoltage.

Amendment V
14.2-219 April 29, 1994
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3.6 Verify the 4160V Class 1E buses can be energized from power

sources including the Unit Auxiliary Transformer,

| respective Reserve Auxiliary Transformer, Emergency Diesel
Generators, and the Alternate AC Source.

4.0 DATA REQUIRED

4.1 Full load bus voltage data.

4.2 Setpoints at which alarms, interlocks and protective relays
occur.

4.3 System response to low bus voltage.

5.0 ACCEPTANCE CRITERIA

5.1 The 4160V Class 1E Auxiliary Power System operates as
described in Section 8.3.1.

O

O
Amendment T

14.2-220 November 15, 1993
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TABLE 14.2-2

POST-CORE HOT FUNCTIONAL TESTS

Section Title-

14.2.12.2.1 Post-core Hot Functional Test Controlling
Document

14.2.12.2.2 Loose Parts Monitoring System

14.2.12.2.3 Reactor Coolant System Flow Measurements

14.2.12.2.4 Post-core Control Element Drive Mechanism
Performance

14.2.12.2.5 Post-core Reactor Coolant and Secondary Water
Chemistry Data

14.2.12.2.6 Post-core Pressurizer Spray Valve and Control-
Adjustments.

; 14.2.12.2.7 Post-core Reactor Coolant System-Leak Rate
| Measurement
|
!

! 14.2.12.2.8 Post-core In-Core Instrumentation

14.2.12.2.9 Post-core Instrument Correlation

14.2.12.2.10 Post-core Acoustic Leak Monitor System Test
14.2.12.2.11 Post-core Ex-core Nuclear Instrumentation|

: System Test
|

4

l.
,

Amendment-J-
April 30, 1992,

;
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TABLE 14.2-3 |

|

|LOW POWER PHYSICS TESTS
|

Section Title

14.2.12.3.1 Low Power Biological Shield Survey Test

14.2.12.3.2 Isothermal Temperature Coefficient Test |

14.2.12.3.3 Shutdown and Regulating CEA Group Worth Test

14.2.12.3.4 Differential Boron Worth Test

14.2.12.3.5 Critical Boron Concentration Test

O

i
!

!

|

O
Amendment V
. April 29, 1994
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14.3 CERTIFIED DESIGN MATERIAL

The Certified Design Material is that set of principal design characteristics, site parameters and |
interfaces, and the inspections, tests, analyses and acceptance criteria that are certified through the

| rulemaking process of 10 CFR Part 52 and are included in the formal Certification Rule. The
| selection criteria and processes used to develop the System 80+ Standard Plant Certified Design

Material (CDM) are described in this section.

The System 80+ standard plant design infonnation included in the CDM is derived from the more
j detailed design information presented in CESSAR-DC. The CDM is the most significant of the

design information and reflects the tiered approach to design certification endorsed by the
Commission [ Staff Review Memorandum 2/15/91 regarding SECY-90-377; 10CFR Part 52 Statement
of Considerations,52 Federal Register 15372,15377, (1989)]. In addition, the selection of the most
significant design information was reviewed by multidiscipline design teams for completeness,
accuracy, and consistency with the material in CESSAR-DC. Further, separate reviews were
conducted by industry representatives and subsequently by combined industry / regulatory
representatives in public session to ensure that the CDM met the criteria of "necessary and suf0cient"
as specified in 10 CFR 52.

The System 80+ standard plant Certified Design Material contzins:

[3 * An in:roduction section which defines terms used in the CDM, general provisions that are
| () applicable to all CDM entries, and acronyms and legends used in the body of the CDM.

e Design descriptions for: a) systems that are fully within the scope of the System 80+ standard
plant design certification, and b) the in-scope portion of those systems that are only partially within
the scope of the System 80+ standard plant design certification. The intent of the CDM design

i
descriptions is to delineate the principal design features and principal design characteristics that |

are referenced in the Design Certification Rule. The design descriptions are accompanied by the
inspections, tests, analyses and acceptance criteria (ITAAC) required by 10 CFR 52.47(a) (1) (vi)
to be part of the design certification application. The ITAAC define verification activities that are i
to be performed for a plant with specific pre-defined acceptance criteria to be met with the '

objective of confirming that the plant is built and will operate in accordance with the design
certification. Successful completion of these !TAAC, together with the combined license (COL)
applicant's ITAAC for the site-specific portions of the plant, will be the basis for NRC
authorization to load fuel per the provisions of 10 CFR 52.103.

* Design descriptions and their associated ITAAC for design and construction activities that are
applicable to more than one system. Design-related processes have been included in the CDM for |

.s
; \

\v]
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| aspects of the design that are dependent upon characteristics of as-procured, as-installed systems,

structures and components. These characteristics are not available at the time of certification and
therefore cannot be used to develop and certify design details. Ilowever, the design processes
associated with these aspects of the design can be certified and applied at the time of COL

| applica: ion and facility construction.

| * Interface requirements as defined by 10 CFR Part 52.47(a) (1) (vii). Interface requirements are
those requirements which must be met by the site-specific portions of the complete nuclear power

| plant that are not within the scope of the certified design. These requirements define
characteristics of the site-specific features which must be provided in order for the certified design

'

to comply with certification commitments. Interface requirements are defined for: a) systems
entirely outside the scope of the design certification and b) the out-of-scope portions of those
systems that are only partially within the scope of the design certification. The COL applicant will
provide ITAAC for the site-specific design features that implement the interface requirements;
therefore, the CDM does not include ITAAC for interface requirements.

| * Site parameters used as the basis for the System 80+ standard plant design presented in CESSAR-
'

DC. These parameters represent a bounding envelope of site conditions for any license application
referencing the System 80+ standard plant design certification. ITAAC are not necessary for the
site parameters entries because compliance with site parameters will be verified as part of issuance
of a license for a plant that references the System 80+ standard plant design.

The following is a description of the criteria and methods by which specific technical entries for the
CDM were selected. The structure of the description is based upon the structure of the CDM.

The criteria and methods that are discussed in the following sections are guidelines only. For some
matters, the contents of the CDM may not directly correspond to these guidelines because special
considerations related to the matters may have warranted an alternate, but essentially equivalent,
approach. For such matters, a case-by-case determination was made regarding how or whether the

|
matters should be addressed in the CDM. These determinations were based upon the principles

! inherent in Part 52 and its underlying purposes.

I
14.3.1 CDM SECTION 1.0: INTRODUCTION

Definitions, General Provisions, and Figure Legend and Abbreviations are described in this
subsection.

14.3.1.1 CDM Section 1.1: Definitions

Selection Criteria - This Section defines terms which are used throughout the CDM and could
(potentially) be subject to various interpretations. Selection of entries wcs based on the judgement
that a particular word / phrase merited definition - with particular emphasis on terms associated with
implementation of the ITAAC.

Selection Methodology - The terms defined in the Definition section were selected based on the |

perceived need to specifically state the context in which the term was to be used. These terms were
identified during the preparation and review of the CDM.

14.3 2 Amendment V - 04/29/94
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(4) In general, the certified design descriptions for structures, systems, and components are limited
to a statement of design features and functions. The design bases of structures, systems, and
components, and explanations of their importance to safety, are provided in CESSAR-DC and
are not included in the certified design descriptions. The purpose of the CDM design
descriptions is to define the certified design. Justification that the design meets regulatory

,

requirements is presented in CESSAR-DC. For example, the design descriptions for the !
emergency core cooling systems state the now capacity of the systems; the descriptions do not |
provide information that demonstrates these flow capacities are sufficient to maintain |

post-accident fuel clad temperatures within 10 CFR 50 Appendix K limits.

(5) The certified design descriptions focus on the physical characteristics of the facility. The i

Icertified design descriptions do not contain programmatic requirements related to operating
conditions or to operations, maintenance, or other programs because these matters are l

controlled by other means such as the Technical Specifications. For example, the design
descriptions do not describe operator actions needed to control systems.

(6) The certified design descriptions in Section 2.0 of the CDM discuss the configuration and |
performance characteristics that the structures, systems, and components should have after !
construction is completed. In general, the certified design descriptions do not discuss the
processes that will be used for designing and constructing a plant that references the '

System 80+ standard plant design certification. This is acceptable because the safety-
j'] performance of a structure, system, or component is demonstrated by appropriate inspections, '

(") tests and analyses on the as-built structures, systems and components. Exceptions to this
criterion include:

(a) the welding, seismic qualification, environmental qualification and valve testing
requirements addressed in CDM Section 1.2, and

(b) the various design and qualification processes defined in Section 3.

In addition, the programmatic aspects of the design and construction processes (training,
quality assurance, qualification of welders, etc.) are part of the licensee's programs and are
subject to commitments made at the time of COL issuance. Consequently, these issues are not
addressed in the CDM.

(7) In general, the certified design descriptions address fixed design features expected to be in
place for the lifetime of the facility. This is acceptable because portable equipment and
replaceable items are controlled through operational-related programs. Since the CDM
pertains to the design, it is not appropriate for it to include a discussion of these items. One
exception to this general approach pertains to nuclear fuel, and control element assemblies
(CEAs). These components are discussed in the certified design descriptions due to their
importance to safety and the desire to control their overall design throughout the lifetime of
a plant that references the System 80+ standard plant certified design.

(8) The certified System 80+ standard plant design descriptions do not discuss component types
( } (e.g., valve and instrument types), component internals, or component manufacturers. This
Qj
.
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approach is based on the premise that the safety function of a p:icular design element can
be performed by a variety of component types and internals from aiiserent manufacturers. |

Consequently, a CDM entry that defines partict.lar component type / manufacturer would have
no safety-related benefits and would unnecessarily restrict the procurement options of future
applicants and licensees. The CDM does contain exceptions to this general criterion, and these

|exceptions occur when the type of component is of safety-significance.

(9) The certified design descriptions do not contain any proprietary information.

| (10) The CDM design description is intended to be self-contained and does not make direct
reference to CESSAR-DC, industrial standards, regulatory requirements or other documents.
(There are some exceptions involving the ASME Code and the Code of Federal Regulations.)
If these sources contain technical information of sufficient safety-significance to warrant CDM
treatment, the information has been extracted from the source and included directly in the
appropriate system design description. This approach is appropriate because it is unambiguous
and it avoids potential confusion regarding how much of a referenced document is
encompassed in, and becomes part of, the CDM.

The Initial Test Program (ITP) defines testing activities that will be conducted following completion
of construction and construction related inspections and tests. The ITP extends through to the start
of commercial operation of the facility. The ITP is addressed in Section 2.0 of the CDM and is
defined in Chapter 14 of CESSAR. The testing specified in Section 2.0 and Section 3.0 of the CDM
are subset of the ITP.

The ITP has been included in the CDM because of. the importance of the ITP in defining
comprehensive testing in accordance with detailed procedures and administrative controls for the as-
built facility to demonstrate compliance with the design certification.

No ITAAC entries are necessary in the CDM for the ITP. This is acceptable because:

(a) These ITP activities that involve testing with the reactor containing fuel or conducted at
various power levels cannot be completed prior to fuel load. (Part 52 requires ITAAC to be
completed prior to fuel load.)

(b) Testhg activities specified as part of the ITAAC in the CDM must be performed prior to fuel
load. Since the ITAAC addresses the design features and characteristics of key safety
significance, additional ITAAC assigned to ITP are not necessary to assure that the as-built
plant conforms with the certified design.

Selection Methodology - Using the criteria listed above, design description material was developed
for each system by reviewing the CESSAR-DC material relating to that system.

Of particular importance was 11 e review of those sections of':E iAR-DC that document plant safety
evaluations showing acceptable plant performance. Specifi a sly Jetailed reviews were conducted of
the following in chapters of CESSAR-DC; the flooding ; yses in Chapter 5, the analysis of
overpressure protection in Chapter 5, containment analyses m Chapter 6, the core cooling analyses

la t6 Amendment V - 04/29/94
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in Chapters 6 and 15, the analysis of fire protection in Chapter 9, the safety analysis of transients and
anticipated transients without scram (ATWS) in Chapter 15, the radiological analyses in Chapter 15,
and the resolution of urcesolved or generic safety issues and Three Mile Island issues in Chapters 1

| and 20. These reviews were a key factor in identifying the important, safety-related system design
information warranting discussion in the design descriptions.

Example Entries - Because the safety significance of the System />0+ standard plant systems varies
considerably, application of the criteria listed above results in r. graded treatment of the systems.
This leads to considerable va iations in the scope of the design description entries. The following
lists the types of System 80+ standard plant systems and is a srmmary of the overall consequences
of this graded treatment:

.
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Selection Methodology - Using the criteria listed above, ITAAC table entries were developed fori

| each system. This was achieved by evaluating the design features and performance characteristics
j defined in the CDM design description and preparing an ITAAC table entry for each design
i description entry that satisfied the above selection criteria. As a result of this process, there is a close

correlation (although not necessarily one-for-one for the reasons noted in item (2) above) between
the left-hand column of the ITAAC table and the corresponding design description entry.

Having established the design features for which ITAAC are appropriate, the ITAAC table was
completed by selecting the method to be used for verification (either a test, an inspection or an

| analysis (ITA) or a combination of inspection, test, and analysis) and the acceptance criteria (AC)

i against which the as-built feature or functional performance will be measured. Selection of these
items is dependent upon the plant feature to be verified but was guided by the following:

Inspection To be used when verification can be accomplished by visual observations,
physical examinations, review of records based on visual observations or physical
examinations that compare the as-built structure, system or component condition,

) to one or more design description commitments.

Test To be used when verification can be accomplished in a practical manner by the
actuation or operation, or establishment of specified conditions, to evaluate the
performance or integrity of the as-built structures, systems or components. The

p) type of tests identified in the ITAAC tables are not limited to in-situ testing of|

(" the completed facility but also include (as appropriate) other activities such as
factory testing. special test facility programs, and laboratory testing.

Analysis To be used when verification can be accomplished by calculation, mathematical
computation or engineering or technical evaluations of the as-built structures,
systems or components. (In this case, engineering or technical evaluations could
include, but are not limited to, comparisons with operating experience or design
of similar structures, systems or components.)

The proposed verification activity is identified in the middle column of the ITAAC table. In some
cases, CESSAR-DC also provides details regarding implementation of the verification activity. For
example, CESSAR-DC Chapter 14 test abstracts contain specific testing descriptions related to
ITAAC. This CESSAR-DC information is not referenced in the CDM and is not part of the CDM;
it is considered as providing only one of potentially several acceptable methods for completing the
ITA.

Selection of acceptance criteria (AC) is dependent upon the specific design characteristic being
verified by the ITAAC table entry; in most cases, the appropriate AC is based upon the CDM design |
description. For many of the ITAAC, the AC is a statement that the as-built facility has the design ;

feature or performance characteristic identified in the design description. A central guiding principle j
for AC preparation is the recognition that the criteria should be objective and unambiguous. The use

{
of objective and unambiguous terms for the AC will minimize opportunities for multiple, subjective j
(and potentially conflicting) interpretations as to whether an AC has, or has not, been met. In some

i
cases, the ITAAC acceptance criteria contain parameters from CESSAR-DC that are not specifically '

V
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identified in the CDM design descriptions. Also, in some cases, CESSAR-DC has identified detailed
criteria applicable to the same design feature or function that is the subject of more general
acceptance criteria in the ITAAC table.

Ranges, limits, and/or tolerances are included for numerical AC. This is necessary and acceptable
because:

| * Specification of a single-value AC is impractical since minute / trivial deviations would represent

| noncompliance.
l

| * Tolerances recognize that as-built variations can occur which do not affect function or
j performana.

* Minor variations within the tolerance bounds have no impact on plant safety.

I

14.3.3 CDM SECTION 3.0: ADDITIONAL CERTIFIED DESIGN MATERIAL

|
Entries in this section of the CDM have the same structure as the system material discussed in
Section 14.3.2; i.e., design description text and figures and a table of ITAAC entries. The objectivei

of this CDM material is to address selected design and construction activities which are applicable
to more than one system and cannot appropriately be covered in the system-by-system information
presented in Section 2.0 of the CDM. There are only two entries in Section 3.0 of the CDM, Piping;

| Design and Radiation Protection. Instrumentation and Controls (I&C) and Human Factor
| Engineering (HFE) are not specified in this section, but are included as defined systems in Section

2.0 of the CDM.

,

The Instrumentation and Controls design is specified as defined systems; e.g., Plant Protection
System, in Section 2.0 of the CDM in the same manner as other systems, structures, and|

components. The I&C system designs including applicable program plans; e.g., the Software

| Development Plan, that have been completed and approved. The aspects of the design which are not

| completely specified relate to the components to be used in the as-built system. For these aspects,

i detailed plans have been developed, reviewed, and approved. This includes a software program

|
manual governing verification and validation activities, an equipment qualification plan, and a plan
specifying safety system dedication of commercial products. This level of design detail combined
with the completion of the required detailed planning documents provides the basis for a positive
safety determination and the ability to specify ITAAC to assure that the as-built I&C system conforms
to the certified design. Improvements in I&C technology are still readily accommodated into the I&C
systems at the component level without affecting the certified design.

Human factors design is incorporated in the design of the Main Control Room (MCR) and the ,

!Remote Shutdown Room (RSR) which are contained in Section 2.0 of the CDM. Design details,
features, and characteristics, including applicable planning documents are completed such that only
human factors verification and validation of the as-built configurations of the MCR and RSR are
required to complete specified ITAAC. Design details for the MCR configuration, integrating display
(IPSO), and six standard man-machine interface features used throughout the MCR and RSR designs ,

were reviewed and approved. The human factors process review included the eight HFE Program
'

Review model elements. Four PRM elements were completed. Procedures development, the fifth

14.3-10 Amendment V - 04/29/94
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element, is performed by a COL applicant. The remaining three elements were addressed with
detailed plan and human factors guidance documents which were reviewed and approved.
Consequently, the ITAAC specified in the CDM for the MCR and the RSR relate only to the human
factors verification and validation evaluations of the as-built configurations with the detailed
evaluation methods and acceptance criteria specified in CESSAR-DC and its referenced plans. This
level of detail in the design and the completeness of the supporting plans and guidance documents
provide the bases for a positive safety determination and the ability to specify ITAAC that would

,

demonstrate conformance with the certified design.
,

14.3.3.1 Pinine Desien |

The piping design section of the CDM defines the processes by which System 80+ standard plant
piping will be designed and evaluated. The material applies to piping systems that are classified as
nuclear safety-related. In general, these piping systems are designated as Seismic Category I and are
further classified as ASME Code Section III. Class 1, 2 or 3. The section also addresses the
consequential effects of pipe rupture such as jet impingement, potential missile generation, and
pressure / temperature effects.

Certification of plant safety-related piping systems via design processes rather than via certification
i of specific design features is necessitated and justified by the following:
4

4

(1) Piping design is based on detailed piping arrangement information as well as the geometry and
) dynamic characteristics of the as-procured equipment that forms part of the piping system./

) This detailed plant-specific information is unavailable at the time of design certification and,

cannot therefore be used to develop detailed design information. This precludes certification
of specific piping designs.

(2) An extensive definition of design methodologies is contained in Chapter 3 of CESSAR-DC.
These methodologies are not considered to be part of the CDM but are one of several methods
for executing the design process steps defined in the piping design CDM. In addition, sample
design calculations have been performed with these methods to provide confidence that they
are complete and yield acceptable design information.

(3) Piping design for nuclear plants is a well-understood process based on straightforward
engineering principles. This, together with the methodology definition and sample
calculations, provides confidence that future design work by individual applicants / licensees will
result in acceptable designs that properly implement the applicable requirements.

The technical material in the piping design CDM entry was selected using the criteria and
methodology as discussed above for the Section 2.0 system entries.

14.3.3.2 Radiation Protection |

The radiation protection section of the CDM defines the processes by which it will be confirmed that
the as-built facility has radiation protection features that maintain exposures for both plant personnel
and the general public below allowable limits. The material applies to the radiological shielding and

/'N ventilation design of buildings within the scope of the certified design. 1

;

V)e
i
!
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Certi0 cation of plant radiation protection features via process definition rather than via certification
of specific design features is necessitated and justified by the following:

(1) Actual radiological source terms are dependent upon the characteristics of the as-built, as-
installed equipment. For example, such parameters as equipment sizes, geometry, and valve
stem leakage rates in0uence source terms. Consequently, final radiological evaluation cannot
be completed prior to availability of this as-built data and therefore cannot be used to finalize
radiological protection design features at the time of design certification.

(2) Radiological studies using representative design assumptions have been completed and reported
in the CESSAR-DC Chapter 12. These preliminary studies show the radiological protection
features are such that acceptance criteria related to occupational and general public exposure
are met. This provides high confidence that the processes de0ned in the radiological CDM
entry can be successfully executed within the envelope of the certified design. This confidence
is based in part on the recognition that technology associated with radiation sources and
protection is well understood and design methodology and protection technology would only
improve during the lifetime of the design certification.

Selection of entries in the CDM utilized the same selection criteria and methodology as discussed
above for the Section 2.0 system entries.

14.3.4 CDM SECTION 4,0: INTERFACE REQUIREMENTS

This section of the CDM provides interface requirements for those structures, systems and
components of a complete power-generating facility that are either totally or partially not within the

| scope of the System 80+ standard plant design as defined in the certification application. For the
' System 80+ standard plant, these systems are identified in Section 1.9. Generally, structures,

,
systems and components that are part of, or within, the Nuclear Island Structure, Turbine Building,

! Radwaste Building, Diesel Fuel Storage Building, and Component Cooling Water Heat Exchanger
Structure are in the System 80+ standard plant scope. Those portions of the plant outside of these
buildings are not generally in the System 80+ standard plant scope. This scope split occurs because
design of the plant features located outside the main buildings is dependent upon site-specific
characteristics which are not specified at the time of certification (e.g., the source of plant cooling
water, the characteristics of the electrical grid to which the plant is connected, etc.). The basis for
this interface requirements entry in the CDM is the discussion in 10 CFR 52.47(a) (1) (vii). An
applicant for a license that references the CESSAR-DC design certification must provide site-specific
systems with design features / characteristics that comply with the interface requirements.

An entry is provided in Section 4.0 of the CDM for each of the systems listed in CESSAR-DC
Section 1.9; for systems that have no interface requirements of sufficient safety-significance to
warrant CDM treatment, there are.no entries. For systems that are partially within the scope of the
System 80+ standard plant, interface requirements are listed in CDM Section 4.0 and in a separate
sub-part of the Section 2.0 entry which addresses the in-scope portion of the system. In all cases,
the CDM entries for these systems are limited to defining interface requirements. Conceptual designs
for the out-of-scope interfacing systems are required by 10 CFR Part 52.47(a)(1)(ix); these designs
are presented in CESSAR-DC but are not addressed in the CDM. This is appropriate because the
applicant will provide site-specific designs that meet the interface requirements; these site-specific
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designs may not, and need not, correspond to the conceptual designs described in CESSAR-DC. The
CDM does not define any ITAAC associated with the interface requirements. This is acceptable
because ITAAC for the plant structures, systems, and components outside the scope of the
System 80+ standard plant design certification will be provided on a site-specific, design-specific
basis by the individual COL applicants who reference the System 80+ standard plant design
certification. (Part of the review process at the time of the license application will be to assess
compliance of the site-specific designs with the interface requirements.)

10 CFR Part 52.47(a) (1) (viii) specifies that design certification applications containjustification that
the requirements are verifiable through inspection, testing or analysis and that the method to be used
for verification be included as part of the ITAAC. The introductory text of CDM Section 4.0
addresses these issues by stating the interface requirements are similar in nature to the design
commitments in Section 2.0 for which ITAAC have been developed. This representsjustification that
a COL applicant-will be able to develop ITAAC to verify compliance with the design features or
characteristics that implement the interface requirements. The methods to be used for these
verifications will be specified in the COL ITAAC and will be similar to the methods in the
Section 2.0 ITAAC for comparable /similar design characteristics.

Selection Criteria - The selection criteria listed in Section 14.3.2.1 were used to guide selection of
interface requirements defined in Section 4.0 of the CDM (or in the Section 2.0 entries referenced
from Section 4.0). The intent is that the interface requirements in the CDM define key, safety-
significant design attributes and performance characteristics of the site-specific, out-of-scope portion
of the plant which must be provided in order for the certified portions of the System 80+ standard

\ plant to comply with the design commitments in the CDM. It is an objective of this section that it
address interfaces between in-scope and out-of-scope portions of the plant that are unique to the
System 80+ standard plant design; it is not intended that it be a comprehensive listing of design '

requirements applicable to the out-of-scope portions of the plant. A discussion of the design feature
of out-of-scope portions of the plant will be provided for NRC review when the COL applicant
submits a site-specific safety analysis report.

Selection Methodology - The interface requirements included in the CDM were selected from the
interface requirements listed in the CESSAR-DC for fully or partially out-of-scope systems. For
example, CESSAR-DC Section 8.2 defines interface requirements for the Offsite Power Systems.
These sections and similar interface requirement sections for other systems were reviewed, and CDM
Section 4.0 entries selected using the criteria discussed above.

14.3.5 CDM SECTION 5.0: SITE PARAMETERS

This section of the CDM defines the site parameters which were used as a basis for the design
defined in the System 80+ standard plant design certification application. These entries respond to
the 10 CFR 52.47(a) (1) (iii) requirement that the design certification documentation include site
parameter information. The plant must be designed and built using the parameters in Section 5.0.
Furthermore, it is intended that applicants referencing the System 80+ standard plant design
certification demonstrate that these parameters for the selected site are within the certification
envelope.

s
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Site-specific external threats that relate to the acceptability of the design (and not to the acceptability
of the site) are not considered site parameters and are addressed as interface requirements in the
appropriate system entry.

Section 5.0 of the CDM does not include any ITAAC and is limited to defining site parameters. This
is an appropriate approach because compliance of the site with these parameters must be demonstrated
by a COL applicant prior to issuance of the license.

Selection Criteria - Section 2.0, Table 2.0-1 of CESSAR-DC provides the envelope of site design
parameters used for the System 80+ standard plant design. The corresponding CDM Section 5.0
is based on using CESSAR-DC Table 2.0-1 in its entirety except as modified to meet the CDM
content criteria previously discussed. For example, references in the CESSAR-DC table to specify
Regulatory Guides have been deleted from the CDM table because of the guideline that the CDM
does not contain direct references to codes and standards. Section 5 is limited to a tabular entry; no
supporting text material is required.

14.3.6 ELEMENTS OF CESSAR-DC DESIGN MATERIAL INCORPORATED LNTO
TIIE CERTIFIED DESIGN MATERIAL

Tables 14.3-1 through 14.3-7 summarize the design material contained in CESSAR-DC that has been
incorporated into the CDM in the areas of 1) Design Bases Accident Analysis,2) Probabilistic Risk
Assessment,3) Shutdown Risk,4) Severe Accident Analysis,5) Flood Protection,6) Fire Protection,
and 7) Anticipated Transients Without Scram (ATWS). PRA assumptions incorporated into these
tables encompass elements of the system design and assumptions that were expressly included in
Tier i due to their importance. Both types of PRA assumptions are included for completeness, but
are not distinguished in the tables. CDM falling outside of the seven subject areas are intentionally
not incorporated in these tables, llowever, the referenced CESSAR-DC sections may contain more
information than just that encompassed by the these seven subject areas. Each table may also include
design information (certified or non-certified) that is not directly related to the particular subject area.
Further, the tables are not intended to include all system-specific CDM information that is provided
in the CESSAR-DC system descriptions.

.
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TABLE 15A-9

,

CONTAINMENT DATA

Item Value

3Volume, nominal, ft 3,337,000

Sprayed volume, % 82 |

Transfer rate between sprayed See Figure 6.5-4
'

unsprayed regions

-ISpray removal constant, hr See Figure 6.5-5

i Maximum containment power 16,000
purge rate, CFM

Containment leak rate See Section 15.6.5

|
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Amendment S
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TABLE 15A-10

CONTROL ROOM DATA |

Item Value

Maximum pop,t accident filtered 2,000
2air intake rate, CFM

Maximum post accident unfiltered 10
inleakage rate, CFM

Nominal, post accipent filtered 4,000
recirculation rate , CFM

Maximum unfiltered normal air 2,000
intake rate, CFM

Maximum post accident unfiltered 1,000
inleakage during loss of pressurization
during a LOOP, CFM

Control Ropm nominal net free 67,300
volume, ft

Post accident intake and recirculating
iodine filter efficiencies:

elemental 0.95

organic 0.95

particulate 0.99

Control Room pressurization (w.g.) 1/8"

Control Room occupancy factors

0-8 hours 1

8 - 24 hours 1

1-4 days 0.6
4 - 30 days 0.4

Loss of Offsite Power Yes

' Filtered intake and recirculation is activated by either the SI signal or
redundant safety related Control Room intake radiation monitors located
at each Control Room intake.

2 Total post accident flow through the Control Room emergency filters is
6000 cfm (i.e., 2000 cfm intake and 4000 cfm recirculation flow).

Amendment V
April 29, 1994


