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POLICY ISSUE

May 2P 1992 (InfOrmation) SECY-92-196

For: The Commissioners

From: James M. Taylor
Executive Director for Operations

Sub.iect: DEVELOPMENT OF DESIGN ACCEPTANCE CRITERIA (DAC) FOR THE
ADVANCED BOILING WATER REACTOR (ABWR)

Purpose: To inform the Commission of the status of the development of
DAC for the GE Nuclear Energy (GE) ABWR.

Backaround: The staff has proposed the use of DAC as an approach to the
design review and resulting design certification for the GE
ABWR to resolve the difficulties being experienced in
obtaining detailed design information for selected areas of
the plant. The staff discussed this issue in SECY-92-053,
"Use of Design Acceptance Criteria During 10 CFR Part 52
Design Certification Reviews." The staff discussed two of
these DAC areas in SECY-91-272, " Role of Personnel and
Advanced Control Rooms in Future Nuclear Power Plants," and
SECY-91-292, " Digital Computer Systems for Advanced Light
Water Reactors." -

Discussion: Design and engineering information for some areas of the '

design at a level of detail customarily reviewed by the
staff in making a final safety determination is not avail-
able at this time from GE. GE has provided less detailed
information in these areas because they are areas of rapidly
changing technology or because they are areas for which GE
does not have sufficient as-built or as-procured information
to complete the final design. These areas include piping
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The Commissioners -2-
1

design, radiation shisiding and airborne concentrations,
control room design, and advanced instrumentation and con-
trols. GE is working with the staff to develop DAC which
when met would ensure the completed design and as-
constructed plant conforms to the design certification. The :

use of DAC would enable the staff to make a final safety
determination for the design,_ subject only to satisfactory
design implementation and verification by the combined
license applicant and holder, through appropriate inspec-
tions, tests, analyses, and acceptance criteria (ITAAC).
Thus, the acceptance criteria for DAC are specified together
with the related ITAAC, and both are part of the design
certification.

GE has stated that it will submit the full set of DAC by
May 31, 1992. The Nuclear Regulatory Corission's (NRC's)>

senior management has participated significantly in develop-
ing and reviewir.g the DAC, including participating in
meetings with the Advisory Committee on Reactor Safeguards
(ACRS). The staff has interacted extensively with GE to
develop these DAC in conjunction with the ITAAC for the
ABWR.

The DAC are a set of prescribed limits, parameters, proce-
dures, and attributos, in conjunctior with the available
design information, which the NRC relies upon in a limited
number of technical areas to make a final safety determina-
tion in support of the ABWR design certification. The,

L acceptance criteria for the DAC areas are objective; that
. is, they are inspectable, testable, or subject to analysis
|1 using pre-approved methods. - They will be incorporated into
| the design certification rule as appropriate for Tier 1
L information. The standard safety analysis report (SSAR)

will include, as appropriate, sample calculations or other
supporting information to illustrate methods that are ac-
ceptable to the staff for meeting Tier 1 DAC commitments.

The DAC areas are generally comprised of three parts. These
parts consist of the Tier 1 Design Description, the curre-
sponding ITAAC, and the Tier 2 supporting information con-.

tained in the SSAR for the DAC area. This format is consis-
tent with the format of other ITAAC for which DAC are not
needed for the staff to reach a final safety decision. The
staff will base its safety findings for the DAC areas on the
Tier 2 information specified in the SSAR, the Tier 1 design
information, including applicable methodologies, specified

| in the Tier 1 Design Description and the corresponding .

| ITAAC. GE has stated that it will provide cross references
showing where the acceptance criteria for the DAC areas''

apply to the systems.
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Enclosure 1 is a draft of the staff's final safety evalua-

tion report (SER) on the radiation protection '.nd airborne
concentration DAC area. The enclosure contains a Tier 1
Design Description, the corresponding ITAAC, and the corre- 1

sponding Tier 2 SSAR information. GE cannot provide the |

complete design information in this DAC area before design
'

i

certification because the radiation shielding design and the
calculated airborne concentrations are dependent on as-
built, as-procured informaticn. The ITAAC in the enclosure
address the verification of the plant radiation .ielding
desion and the plant airborne concentrations of radioactive
materials (e.g., the ventilation system and airborne moni-
toring system designs).

Enclosure 2 is a draft of the staff's final SER of w
piping design DAC area. The Tier 1 design descript::',
ITAAC, and corresponding SSAR are included. It should be
noted that there are open items in the staff's SER and
positions taken by the staff which are being addressed by
GE. The staff expects additional GE submittals to close
these open items, and in some cases GE will agree to staff
positions. With respect to dynamic analysis of piping to
assure pipe stress is within allowable values, the DAC is
essentially complete. In this area, GE cannot have complete
piping layout and final stress analyses before design cer-
tification because this information is dependent on as-
built, as-procured data. Much of the staff's SER is based
upon the staff's audit of the main steam, feedwater, and the
safety-relief valve discharge piping analysis.

GE has stated that .it will provide the DAC submittals for
the control room design and instrumentation and controls
systems as part of the third phase ITAAC submittal by
May 31, 1992. In accordance with SECY-91-161, " Schedules
for the Advanced Reactor Reviews and Regulatory Guidance
Revisions," the staff is scheduled to issue a final safety

.

evaluation report (FSER) in August 1992. As indicated ini

the Quarterly Status Report of Advanced Light Water Reactor
Reviews (December 1991 - February 1992), dated April 9,
1992, the staff intends to supplement the FSER following its

,.

i August 1992 issuance to address several issues including
| GE's May 31, 1992, ITAAC submittal. The August 1992 FSER

issuance is, however, expected to provide the Commission and
the ACRS with the bulk of the staff's safety findings in-
cluding the evaluation of the DAC submitted by GE. The

;

I
staff is continuing to interact with the ACRS to fully

~ evaluate the use of DAC and will consider the ACRS comments
| on this ard related ITAAC and DAC SECY papers in the de-

velopment of the FSER.

. . - . - - .- -
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Enclosures 1 and 2 are being provided for information on
progress being made in the review and technical approach to
DAC in the areas of radiation protection and piping design.
The final SER on these areas will be part of the staff's SER
on the ABWR for the final design approval (FDA). No deci-
sion is requested fr^m the Commission on these DAC at this
time.

Coordination: The staff is continuing to reet with the ACRS to discuss the
development of the DAC areas.

/

w[b
mesM.Taflor

/ ,xecutive Director
v for Operations

Enclosures:
1. Radiation Protection DAC Material

Appendix A - Design Description and ITAAC
Appendix B - Draft Safety Evaluation Report
Appendix C - SSAR Material

2. Piping Design DAC Material
Appendix A - Design Description and ITAAC
Appendix B - Draft Safety Evaluation Report
Appendix C - SSAR Material

,

DISTRIBUTION:
IConenissioners
OGC
OCAA
OIG'

EDO
ACFG
SECY
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Enclosure 1

RADIATION PROTECTION DAC MATERIAL

Appendix A - Design Description and ITAAC+

Appendix B - Draft Safety Evaluation Reporte

Appendix C - SSAR Mat: rial
-

*

b

.

L

r.

- _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ __



e

APPENDIX A TO ENCLOSURE 1ABWR oesign Document.

3,7 Radiation Protection

Design Description

The ABWR design proside> radiation protection features that will keep
exposures for both plant personnel and the general public well below allowable
limits. The3e low exposure condition > are achieved by an integrated approach
that recognizes the contribution of both shielding prosisions and ventilation
system designs that control airborne contaminants. Monitoring of radiation
levels is an integral part of the plant radiation protection strategy.

The plant design provide 3 radiation shielding for rooms, corridors and
operating areas commensurate with their occupancy requirements and thus
maintains radiation exposures to plant personnel as low as reasonably
achievable. Maintenance of plant components is achiesed without significant
radiation exposure from adjacent plant systems or equipment by use of shielded
cubicles, labyrinth access and provisions for temporary shielding. Under
accident conditions. plant shielding designs permit operators to perform
required safety functions in sital areas of the plant. In addition to protection of
operating personnel, the plant design provides radiation shielding which

.

maintains radiation exposure to the general public as low as is reasonably
achievable.

- Plant ventilation systems insure that concentrations of airborne radionuclides

are maintained at levels consistent with personnel access requirements. In
addition, airborne radioactivity monitoring is provided for those normally
occupied areas of the piant in which there exists a significant potential for
airborne contamination.

Inspection, Test Analyses and Acceptance Criteria

Tables 3.7a and 3.7b proside a definition of the inspections, tests, and/or
analyses together with associated acceptance criteria which will be undertaken
for the ABWR plant shielding, ventilacon and airborne monitoring equipment.

.

|
,

|
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Table 3.7a: Plant Shielding Design

inspections, Tests, Analyses and Acceptance Criteria
Certified Design Commitment inspections, Tests, Analyses Acceptance Criteria

1. The plant design shall provide radiation 1. An analysis of the expected f adiation levels 1. Maximum expected radiation levels areshielding for rooms, corridors and in each plant area will be performed to
well within (25% or less) of the radiationoperating areas commensurate with their verify the adequacy of the shielding zone designation, for each plant arca, asoccupancy :equirements to maintain design. This analysis shall consider the indicatud in Figures 3.7.a through 3.7.bb.radiation exposures to plant personnel as following:

low as reasonably achievable.
a. Confirmatory calculations shall

consider all significant radiation
sources (greater than 5% contribution)
for an area. Radiation source strength
in plant systems and components will
be determined based upon an assumed
source term of 100.000 pCurie/second
offgas release rate (after 30 minutes
decay), a 200 pCurie/ gram-steam N-16

g
L source term at the vessel exit nonie.

and a core inventory commensurate
with a 4005 MWT equilibrium core at
51.6 kwatt/ liter. All source terms stall
be adjusted for radiological decay and
buildup of activated corrosion and
wear products.

b. Commonly accepted shielding codes,
using nuclear properties derived from
well known references (such as Vitamin
C and ANSl/ANS-6.4) shall be used to

I
model and evaluate plant radiation

.

environments.
1) For non-complex geometries, point
kernal shield;ng codes (such as OAD or
GGG) shall be used.
2) For cornplex geometries, more
sophisticated two or three dimensiona!
transport codes (such ed DORT or

p
TORT) shall be used.

o
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. Table 3.7a: Plant Shielding Design (Continued):
,,

' Inspections; Tests,' Analyses and Acceptance Criteria

Certified Design Commitment inspections Tests, Analyses - ." Acceptance Criteria
'

3. (Cont.)

;. pressure core flooder (llPCF),'and the
; reactor core isolation cooling (RCIC)
systems.

b.' Gas containing systems: 100% of the
core equilibrium noble gas inventory .

and 25% of the core equilibrium ',

i . halogen activity are assumed to be
'

mixed in the containment -.

atmosphere. For vapor containing
systems (such as the main steam lines) -
these core inventory fractions are L

'' assumed to be contained in the reactor
. coolant vapor space.u

L
i 4. The plant design shall provide radiation - 4. ' Using the methods identified in (1) above, 4. The radiation dose to the maximally

j shielding to maintain radiation exposure to ' the radiation dose to the maximally . exposed member of the pubhc is a small
the general public as low'as is reasonably . .' exposed member of the general public fraction (10% or less) of the dose hmit to a;

"
achievable, from direct and scattered shall be ' member of the pubhc hsted in 40CFR190.

determined,

t
.

P

'h,

!
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,

k
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Table 3.7b: Ventilation And Airborne Monitoring
,

inspections. Tests, Analyses and Acceptance Criteria
,

Certified Design Commitment inspections. Tests. Analyses Acceptance Criteria
1. Plant design shall provide adequate 1. Expected concentrations of airborne 1. Calculation of radioactive airborne

containment of airborne radioactive radioactive material shall be calculated by concentration shall demonstrate that;
materials and the ventilation system will nuclide for normal plant operations,
ensure that concentrations of airborne anticipated operational occurrences for a. For normally occupied rooms and
radionuclides are maintained at levels each equipment cubicle. corridor, and areas of the plant (i.e. those areas
consistent with personnel access operating area requiring personnel requiring routine access to operate and
requirements. access. Calculat ons shall consider: maintain the plant) equilibrWm

i

concentrations of airborne nuchdes will
a. Design ventilation flow rates for each be a small fraction (10% or less) of the

area, occupational concentration hmits hsted
in 10 CFil 20 Appendix B.

b. Typicalleakage charactenstics for
equipment located in each area, and b. For rooms that require enfrequent

access (such as for non routmo
c. A radiation source term in each fluid equipment maintenance), the

<a system shall be determined based ventilation system shall be capable of
$ upon an assumed offgas rate of reduciag radeoactive airborne

100.000 Curie /second (30 rninute concentrations to (and maintaemng
decay) appropriately adjusted for them at) the occupational
radiological decay and buildup of concentration hmits bsted in 10CFR20
activated corrosion and wear products. Appendix B during the periods t!iat

occupancy is required.

c. For rooms that seldom require access
(such as tank rooms), plant design shall
provide sufficient containment and

ventefation to ensure airborne
contaministien does not spread to other
areas.

.

4

N
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Table 3.7b: Ventilation And Airborne Monitoring (Continued) -

.

Inspections, Tests, Analyses and Acceptance Criteria
Certified Design Commitment ' lospections. Tests, Analyses

. ; Acceptance Criteria
2. Airborne radioactivity monitoring shall be 2.' An analysis shall be performed to identify 2.- Airborne radioactivity monitoring systemprovided for those normally occupied the plant areas that require airborne shall:'

,

1 - areas of the plant in which there exists as ' radioactivity monitoring.
significant potential for air $0rne

Have the capability of detecting thea.contamination (greater than 0.1 per year) -
time integrated change in

,

roncentrations of the most limiting
; particulate and iodine radionuclides in L

each area equivalent to the
'

occtipational concentration limits in
,

10CFR20. Appendix 8 for 10tiours.
.

,

t b. Provide a calibrated response,
representalvie of the concentrations

! within the area (i E. air samphng
monstors in ventilation exhausta

Y . streams shall collect and isokinetic,

m sample).
i

| c. Provide local audible alarms (visual
alarms in liigh noise areas) with
varirble alarm set points, and readout /'

annunciation capability in the control
' room
3

I
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APPENDIX B TO ENCLOSURE 1

12.2 Radiation Sources

The staff has audited the contained sources and airborne
radioactive material se'rce terms provided in Section 12.2 and
Chapter 11 of the ABWR K.sR for completeness against the guidelines
in Regulatory Guide (RG) 1.70, and against the criteria set forth
in Section 12.2 of NUREG-0800 (SRP) . The contained source terms are
used as the basis for designing radiation protection features
(including radiation shielding calculations) and for personnel dose
assessment. Airborne radioactive source terms are used in the
design of ventilation systems and personnel dose assessment. The
staff review consisted of ensuring that GE had either committed to
following the criteria of RGs and staff positions contained in i

Section 12.2 of NUREG-0800 or provided acceptable alternatives. In
addition, the staff selectively compared source terms for specific
systems against those used for plants of similar design. The
- staff's review indicates that source term descriptions in the FdAR
are not of sufficient detail to allow the staff to perform
confirmatory calculations of the shielding effectiveness nor
confirm that the plant ventilation and airborne radioactive
material monitoring systems are adequate to protect personnel.
Therefore, the SSAR does not meet the criteria of RG 1.70 and |

NUREG-0800. !

|At the current stage in the ABWR design, GE is not able to describes
'

many in-plant radiation sources to the level of detail specified in
RG 1.70 and NUREG-0800. As an alternative, GE has provided design
acceptance criteria (DAC) to ensure that these confirmatory
calculations are performed prior to plant start up. The source term

-

'

information contained in the SSAR and DAC is consistent with the
acceptance criteria in NUREG-0800. Therefore, the staff concludes
that the information provided by the applicant with respect to
radiation sources is acceptable (pending final acceptance of the
DAC as discussed in section 12.2.2) and meets the requirements of
10CFR Part 20, 10CFR Part 50 subsection 50. 34 (f) and GDC 61.
Details of the review follow.

12.2.1 Cortained Sources and Airborne Radioactive
Material Sources

GE's description of radioactive sources in the ABWR are provided in
Chapters 11 and 12 of the SSAR. Section 11.1 provides information
on the radioactive source terms in reactor water and steam.
Section 12.2 provides descriptions of plant components that become
significant sources of radiation during plant operations, including
shutdown. Sources of airborne radioactive material are discussed in

i Section 12.2.2 of the SSAR.
|

| During power operations, the greatest potential for personnel
|- rad! " ion dose is incide the primary containment (drywell) due to

10
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nitrogen-16, noble gases, reactor neutrons and prompt gamma'
Nitrogen-16 is also a significant source of radiat4on frem the
steam and condensate systems outside of the drywell during power
operations. In other areas outside of the drywell, and inside the
drywell after shutdown, the primary sources of personnel radiation
exposure are the fission products from fuel clad defects, and the |
activation products that are transported to, and deposited in,
plant systems and components. The estimates of fission and
activation products concentrations in the ABWR systems containing
reactor water are based on ANSI /ANS-18.1, adjusted using the
assumptions in RG 1.112. Allowances are included for the buildup of
activated corrosion and wear products based on operating experience
of reactors of similar design. Neutron and-prompt gamma source
terms are based on reactor core physics calculations. The accident
source terms are based on NUREG-0737 NRC " Clarification of TMI
Action Plan Requirements".

The DSER identified several deficiencies in the SSAR description of
the contained radioactive source terms for ABWR. These deficiencies
were the omission of sources inside the drywell and in the turbine
building, missing description of sources in post-accident vital .

areas, and insufficient source characterization. GE has amended
section 12.3.5 of the SSAR to indicate that the post-accident
sources of concern in plant vital areas are limited to gamma
radiation shine from the reactor building and the radioactive
material contained in the post-accident coolant and effluent
monitoring systems. GE has also amended the tables of source terms
in section 12.2 to include sources inside the drywell and turbine
building. GE has provided tables of nominal source strengths based
on expected system configuration and approximate component
geometry. As discussed in section 12.2.2 of this FSER, the actual
source strengths for contaminated reactor system components is
dependent on as-built specifications. Therefore, the source terms
used in confirmatory shielding calculations will be determined as
part of the shielding DAC. These SSAR changes are acceptable to the
staff.

Almost all of the at ~5orne radioactivity within the plant is due to
equipment leakage. As discussed below, the leakage of contaminated
fluids from system 4 mponents can not be quantified at this stage
in the ABWR design. uE has proposed a DAC te determine the airborne
source terms in each room and operating area of the plant.

12.2.2 ITAAC

The level of design detail in the SSAR does not provide system
layouts within their rooms or cubicles. Information concerning the
type and size of components in thete systems is also not provided.
Without this "as-built" or "as-procured" information, source term
paramoters needed to calculate radiation shielding for these
systems or the concentrations of airborne radioactive material in
the rooms, cannot be provided as specified in the SRP. As an

11
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alternative, GE has provided design acceptance criteria (DAC) that
require the COL holder to determine these source term parameters
during the ITAAC phase of plant construction. These DAC are
discussed in section 12.3.5 of this FSER. The criteria in each DAC
describe the bases for the source term, consistent with the
acceptance criteria in NUREG-0800, used in it 1 analysis. Compliance
with these DAC, supplemented with the information in sections 11.1,
12.2, and 12.3 of the SSAR, will demonstrate that the ABWR design
can meet the requirements of 10CFR Part 20, as they relate to the
evaluation of radiation sources,and the related provisions of 10CFR
Part 50, GDC 61, as supplemented by the guidance of RG 1.112,
NUREG-0737 and ANSI /ANS 18.1. Therefore pending a review of the,

final DAC, the staff finds this acceptable.

12.2.3 Interfaces

Section 12.2.3 of the SSAR identifies two issues as plant
interfaces. It is the staff's position that these issues are
incorporated in the DAC discussed in section 12.2.2.above. During
a conference call, following the February 27,1992 meeting on plant
interfaces, GE agreed to amend the SSAR and appropriately
characterize these issues. This is a confirmatory issue pending a
review of the amended SSAR.

i

12.3 Radiation Protection Desian

The staff has audited the facility design features, shielding,
ventilation, and radiation and airborne monitoring instrumentation
contained in the ABWR SSAR for completeness against the guidelines
in RG 1.70 and against the criteria set forth in NUREG-0800,
Section 12.3. The staff review consisted of ensuring that GE had
either committed to following the criteria of RGs and staff
positions referenced in Sectfon 12.3 of NUREG-0800, or provided
acceptable citernatives. In addition, the staff selectively
reviewed GE's SSAR against the acceptance criteria of the SRP using
the review procedures in NUREG-0800.

The staff concludes that GE has not demonstrated that the ALUR
design can meet the relevant requirements of 10CFR Part 20, 10 CFR
Part 50, and General Design Criteria 19 and 61 in all areas of the ,

plant. Details of the staff's review follow.

12.3.1 Facility Design Features

GE has provided evidence that radiation dose accumulating tasks
(maintenance, refueling, radioactive material handling, in-service '

inspection, deconissioning, and accident recovery) have been
considered in the plant design. Several features, as dircussed
above (see Section 12.1.2) , have been included in the de%1gn to
help maintain doses ALARA. These features will facilitate access

12
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to work areas, reduce or allow the reduction of source intensity,
reduce the occupancy requirements in high radiation fields, and
provide for portable shielding, remoto-operation and
instrumentation for radioactive systems. These ABWR features are
consistent with the guidance of RG 8.8 (Rev. 3) and NUREG-0800 and
are acceptable to the staff.

GE has provided drawings of the plant layout which indicate
radiation zones used in the plant design. The six radiation zones
provide a basis for classifying occupancy and access restrictions
for various areas within the plant during normal operations and
accident conditions. Maximum design dose rates are established for
each zone and used as the basis for shiciding of the respective
zones. This method of plant zoning is consistent with the guidance
in RG 1.70 and NUREG-0800 and is acceptable to the staff.

The DSER identified several deficiencies related to the Chapter 12
figures 12.3-1 through 12.3-73 that depict plant radiation zones
(during normal operations, normal shutdown and accident conditions)
and area radiation monitor locations. GE has amended the SSAR to
provide more legible figures for the reactor, control and radwaste ,

buildings. These updated figures also indicate the normal
controlled and uncontrol'ed access routes to the plant as well as
the access / egress route. to plant vital areas under accident
conditions. On April 13,and May 1,1992, GE provided draft revised
copies of the reactor and turbine building figures. The revised
figures resolved the inconsistencies between the turbine building
figures noted in the DSER. This is a confirmatory item pending a
review of an corresponding amendment to the SSAR.

Several features are included in the ABWR design to minimize the
buildup of activated corrosion and wear products, a major
contribution to occupatione.1 doses. These features include a
reduction in cobalt bearing components used in reactor systems
(activated cobalt is a major contributor to plant radiation levels)
and pre-filming of reactor systems prior to plant operation, to
minimize activated material deposition on system interior surf aces.
Main condenser tubes and tube-sheets will be made of titanium
alloys to minimize the introduction of foreign material irto the
reactor system (which become activated and/or promote corcosion)
resulting from condenser tube leakage. Other features such as the
use of seamless piping, the use of straight through vs1ve design

,

! wherever possible, the uce of butt-welded piping connections, and
the use of back-flushing connections on instrument lines, minimize
build-up of radioactivity in plant piping systems.

The DSER contained an open item concerning the provision in the
|

ABWR design to facilitate chemical decontamination of heat
exchangers in systems that carry radioactive water. On April 9,

| 1992, GE provided a draft SSAR amendment that indicates that
separate connections arn provided on the reactor water cleanup non-
regenerative and regenerative heat exchangers. Heat exchangers in

|
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the RHR system and the RIP cooling heat exchangers are provided
with fittings by which they can be flushed with clean water.

GE's cCflosion product control features are consistent with the
guidance in RG B.8 (Rev. 3) and NUREG-0800 and are acceptah'e to
the staff. This is a confirmatory item pending a review of the SSAR
amendment consistent with the April 9, 1992 memorandum.

The AEWR is designed such that operation will not require an
application for alternate high radiation area controls (per 10 CFR
20.203(c)(5)), as experienced with current operating BWRs. The
design provides that all high radiation areas (greater than 100
mrem /hr) are raintained looked to control unauthorized access and
no credit is tahan for the relief provided in Section 12.6 of the
BWR Standard Technjeal Specifications (i.e., locked area at 1000
mrem /hr). This design positien is acceptable to the staff.

12.3.2 Shielding

The objective of the plant's radiation shielding is to provide
protection against radiation exposure for personnel, both inside
and outside the plant, during normal operation, including abncrmal
operational occurrences (Acos), and during reactor accidents. All
radioactive sources are provided with shielding based on access and
exposure level requirements consistent with the designed radiation
zoning. Concreto used for radiation shielding meets the NRC
guidance provided in RG 1.69. Shielding calculations were performed
by GE with the QAD-F, GGG and DOT. 4 computer codes. These are
commonly accepted shielding calculational codes and are therefore
acceptable to the staff.

The thickness of specific radiation shields have not been provided
by GE, in accordance with the guidance of RG 1.70 and the
acceptance criteria of NUREG-OB00. GE's position is that since the
system layouts and the phyeical dimensions of the radioactive
system components are not known, the shielding requirements for
these systems cannot be provided at this stage of the ABWR
design.Therefore the staff cannot perform confirmatory calculations
of shielding etfectiveness. As an alternative method, GE has
provided DAC to verify the adequacy of the ABWR shielding design.
The staff's review of these DAC is discussed in section 12.3.5.1
below. This alternative is acceptable to the staff. This is a
confirmatory issue pending the review and acceptance of the final
DAC.

An open item identified in the DSER is the adequacy of the
shielding in the upper drywell. The biological shield surrounding
the reactor vesscl (depicted in Figures 12.3-23 and 24) does not
cover a significant portion of the top of the reactor vessel. As
noted in S ction 12.1, a fuel handling mishap resulting in dropping
a SFA across the reactor flange is a significant radiological
hazard in BWRs. In addition to the radiological hazard presented

14+
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by this Aoo, it appears that raising an irridiated fuel bundle in
proximity of the vessel vall could result in significant radiation
dose rates in the upper drywell. On July 29, 1991, GE provided
details of a proposed design change to the shielding in the upper
drywell. This design change would raise the biological chield, to
within four inches of the upper drywell ceiling. The staff's
evaluation of this proposal indicated that the revised design would
provide sufficient shielding during the normal withdrawal of SPAS
f orm the reactor. However, a dropped SFA resting across the reactor
flange would still produce significant radiation streaming into the
upper dryvell. Personnel in the upper drywell during this Aoo could
still receive lethal radiation doses before they could escape. The
staff concludes that the ABWR design as described in the SSER ,as
revised by the July 29,1991 memorandum, is inadequate to ensure
radiation protection during this event, and is not acceptable.
Daring e management meeting held on March 25-26, 1992 in San Jose,
GE committed to re. vise tne upper drywell shielding to resolve this
issue.

This renains an open item pending n eview of the reviled design.

The DSER also identified an open item concerning the shielding of
the TIP system. As discussed in 12.1.2 above TIP drive and storage
are located in separate shielded rooms. However, the conduit that
guides the TIP from the reactor to its storage, is virtually
unshielded. This conduit shares the primary containment penetration
with the lower drywell personnel access. Personne) located at the
lower drywell access batch, or in the access tunnel, would be
exposed to the activated TIP and drive cable as they are retracted
from the reactor core. On March 26,1992, GE provided a draft SSAR
amendment that discusses the radiation design features associated
with the TIP system. This amendment notes that the lower drywell
access is located in a separate shielded room that can he locked to
prevent access to these areas while the TIP is being withdrawn from

-

the core. In addition, flashing alarms at the door to this room and
at the lower drywell access hatch are provided to warn personnel
when power is applied to the TIP drives. Also, the TIP system
operates such that TIP withdraw is in the high speed node which
will minimize the transit time of the activated components through
the unshicided portions of the system. These features ensure that
the personnel radiation exposures resulting from the operation of
the TIP system can be maintained ALARA, and are acceptable to the
staff. This is a confirmatory item pending a review of the SSAR
amendment consistent with the March 26, 1992 memorandum.

12.3.3 Ventilation
,

The ABWR ventilation systems are designed to protect personnel and
equipment from extreme environmental conditions and ensure tha*.
plant personnel are not inadvertently exposed to airborr.e
contaminants exceeding the concentration limits given in 10 CFR 20.
Design features intended to maintain personnel exposures ALARA

15
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include:

1) Airflow between areas potentially having airborne
,

contauination is always from the area of lower potential
contamination to the area of higher potential contamination;

2) The appropriate use of negative or positive pressure in areas |
to prevent exfiltration or infiltration of possible airborne |
contamination respectively;

3) A dual fresh air intake system for the control room
ventilation designed such that at least one intake is free of
contamination following a LOCA accident. 1

1

These design features are in accordance with the guidelines of |
RG 8.8 (Rev. 3) and are acceptable to the staff. However, as noted 1

in Section 12.2, the expected leakage of radioactive fluids from
plant systems cannot be determined at t' .s stage of the ABWR
design. Without this source term, GE is ,t able to provide the
concentrations of airborne contamination in cubicles, rooms, and
corridors as specified in the SRP. Therefore, the stafi' cannot -

verify that the plant ventilation system design meets the criteria
in the SRP. As an alternative, GE has provided DAC (on April 6,

1992)' that requires the COL holder to calculate the expected
concentrations of airborne radionuclides, for each normally
occupied plant area (i.e., areas that are accessed for maintenance
and operation of the plant). Section 12.3.5.2 contains the staff's
evaluation of this DAC. In addition, on May 1,1992, GE provided a
draft proposed appendix to SSAR Ch. 12 that describes the
calculational methods and assumptions used to determine these
airborne conceptrations of radionuclides. These calculational
methods and assumptions are concistent with the provisions of
NUREG-0800. Therefore, the staff finds them acceptable.

12.3.4 Area Radiation and Airborne Radioactive
Monitcring Instrumentation

The DSER identified an open item concerning the description of the
ABWR area ndiation monitoring system. GE has rev3 sed the SSAR with
the follouing information. The ABWR Area Radiation Monitoring
system consists of twenty five gamma sensitive detectors and their
associated dig!tal monitors. The detectors are provided in key
locations of the plant and have operating ranges (sensitivity)
commensurate with the expected radiation levels in the areas. These
area monitors are powered from the non-1E vital 120 Vac bus. The
monitors have adjustable alarm settings (both up-scale and down-
scale), with local audible alarms to warn personnel of abnormal
conditions such as higher than normal radiation levels or detector
failure. Although the RHR equipment areas are not vital areas, as
specified in NUREG-0737, ;tigh range monitors that meet the criteria
of RG 1.97 are provided in the unlikely event that personnel have
to enter these areas under accident condf ions. In addition, four
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high range gamma sensitive ion chambers are provided in the primary
containment that can measure up to 3.6X10' C/Kg/sec. (10' R/hr. ) for
assessing the magnitude of the release of radioactive material from
the core during an accident. The staff concludes that the area
radiation monitoring system meets the applicable criteria in RG
8.8, RG 1.97 and the provisions in item II.F.1.3 of NUREG-0737 and
is therefore acceptable. COL applicants will be required to address
the operational considerations, such as uonitor alarm set points,
listed in RG 1.70 section 12.3.4.

The DSER notes that the ABWR design does not provide criticality
accident monitors that meet the requirements of 10CFR70.24 as
provided in the SRP. In response to the staff's request, GE has
amended the SSAR to indicate that these monitors are not necessary
since ABWR is designed to ensure subcritical conditions during fuel
handling and storage. .Several operating BWRs have cited similar
design features, and a commitment to certain fuel handling and
storage procedures, as a basis for requesting a license condition
exempting them from the 10CFR70.24 requirement. The requirements of
10CFR Part 70 are outside the scope of this review. COL applicants
will be required to provide information showing that their plant .

meets the requirements of 10CFR70.24 or request an exemption .

Monitoring of airborne radioactive materials in nuclear power
plants typically provided by fixed continuous air monitors, that
sample the ventilation air exhausted from plant areas having the
highest potential for radioactivity release, supplemented with
movable continuous air monitors that are positioned in plant areas
that have a potential for airborne radioactivity release during
certain operating modes (i.e., area where a radioactive system is
opened during. maintenance). GE has not provided a description of
the airborne monitoring for the ABWR design. As discussed in
section 12.3.3 above, the expected concentrations of airborne
radionuclides can not be determined due to the current level of the
ABWR design. As-an alternative, GE has provided DAC that would
require the COL holder to verify that airborne monitors provided in
the final ABWR design meet the criteria of the SRP.The staffs
review of these DAC is in section 12.3.5 below.

;- 12.3.5 ITAAC

The staff's review has identified three areas where the level of
detail in the SSAR does not allow the staff to concluded that the
ABWR design meets the acceptance criteria in Ch.12 of the SRP.
These areas are the adequacy of the plant radiation shielding, the
adequacy of the plant ventilation system and the adequacy of the
plant airborne radioactivity monitoring system. As an alternative,
GE ha's provided design acceptance criteria (DAC) that require
shielding analysis and -airborne radionuclide concentration
calculations be performed by the COL holder during the lil AC stage
of plant construction and verify that the final ABWR decign is

17
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acceptable. Details of the staff's review of these DAC follow.

12.3.5.1 Plant Shielding DAC

Chapter 12 of the SSAR contains layouL drawings of the plant that
indicate the designed maximum radiation levels (or zones) for each
room, equipment cubicle, and operating space during normal power
operations, shutdown operations and accident conditions. As
discussed in section 12.2 abnve, the piping layout and component
selection have not been set for the ABWR systems. Parameters (such
as source strength and geometry) needed to verify the adequacy of
the radiation shields around these systems, as specified in the
SRP, are not available. In addition, altrogen-16 gammas from the
plant can be a significant contributor to off-site dose rates. The
adequacy of the plant shielding needed to comply with the public
dose limits in 40 CFR Part 190 can not be verified since site
specific parameters (such as distance to the site boundary) are
unknown.,

The staff has reviewed the Plant Shielding DAC provided in table
3.7.a of the " Tier 1 Design Certification Material for the GE ABWR
Design Stage 2 Submittal", submitted April 6,1992. This DAC requires
analysis be performed to verify the adequacy of 1) the shielding
around rooms and spaces during normal operations and shutdown
conditions, 2) the shielding, and temporary shield space, provided
between plant _ systems during maintenance activities, 3) the
'hielding provided around vital plant areas during accidents
conditions and 4) the plant shielding needed to limit public
dose.the staff's review indicates that the analysis assumption:,
methods and accepttnce criteria in this DAC are consistent with the
criteria in the SRF The staff concludes that compliance with these
DAC, as supplemented by the information contained in section 12.3.2
of the SSAR, meets the relevant requirements of 10CFR Part 20,
10CFR Part 50, GDC 19 and 61, as supplemented by the guidance of RG
E.8 and NUREG-0737, and is therefore acceptable.

12.3.5.2 Ventilation and Airborne Monitoring DAC

Due to the level of detail in the current ABWR design, the expected
airborne concentrations in rooms and operating areas within the
plant cannot be provided as specified in RG 1.70. Therefore, the
staff has not been able to verify that the plant ventilation nor
airborne radionuclide monitoring meet the criteria of the SRP.

The staff reviewed the Ventilation and Airborne Monitoring DAC
provided in table 3.7.b of the " Tier 1 Design Certification
Material for the GE ABWR Design Stage 2 Submittal", submitted April
6,1992. This DAC requires the COL holder to calculate the expected
concentrations of airborne radioactivity in each equipment cubicle,
corridor, and operating area that require personnel access. In
addition this DAC requires that an analysis be preformed to
identify those areas of the plant that require continuous

18
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monitoring of airborne radh .7tive materials. The staff's review
indicates that the casunptions and acceptance criteria in these DAC
are consistent with the criteria in NUREG-0800. The staf f concludes
that compliance with these DAC, as supplemented by the information
in sections 12.3.3, 12.3.4 and Appendix 12A of the SSAR, meets the
requirements in 10CFR Part 20, 10CFR Part 50, and GDC 61, with
respect to the control of to airborne radioactive materials, the
provisions for maintat.ning personnel exposure to airborne
radionuclides ALARA in RG 8.8, and the requirements in 10CFR Part
20,10CFR Part 50, and GDC 64 related to in-plant monitoring during
normal operations. Therefore, the staff finds them acceptable.

|

|
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12 3-4 Reactor Building Radiation Zone Map for Full Power
wa Shutdown Operatiom at Elevation 8500mm (B1M) 123-21

123 5- Reactor Building Radiation Zone Map for Full Power
and Shutdown Operations at Elevation G300mm (1F) 123-22

.

1234 Reattor Building Radiation Zone Map for Full Power
and Shutdown Operations at Elevation 18100mm (2F) 123-23

,

12 3-7 Reactor Building Radiation Zone Map for Full P<wer
and Shutdown Operations at Elevation 23500mm (3F) 12 3-24

123 8 Reactor Building Radiation Zone Map for Full Power
and Sheidown Operations at Elevation 27200mm (4F) 123-25

12 3-9 Reactor Building Radiation Zone Map for Full Power
and Shutdown Operations at Elevation 31700mm (4FM) 123 26

123-10 . Reactor Building Radiation Zone Map for Full Power
and Shutdown Operations at Cross Section View A A 12 3-27

123-11 Reactor Building Radiation Zone Map for Full Power
and Shutdown Operations at Cross Section View B-B 123 28

12 3-12 Reactor Building Radiation Zone Map Post LOCA at

Elevation 8200mm(B3F) 123-29

,.-:
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Figure Title Page
y

123-13- Reactor Building Radiation ~ Zone Map Post LOCA at -

Elevation .1700mm (B2F) 12 3-30

123-14 Reactor Buidng Radiation Zone Map Post LOCA at *

Elevation 4800mm (B1F) 123-31

-- 12 3-15 Reactor Building Radiation Zone Map Post LOCA at
' '

Elevation -8500mm (B1M) 12 3-32
.

!

:123-16 Reactor Building Radiation Zone Map Post LOCA at
. Elevation 12300mm (1F) 123-33

,

123-17' . Reactor Building Radiation Zone Map Post LOCA at -)
'

Elevation 18100mm (2F) 12 3-34

12 3-18 Reactor Building Radiation Zone Map Post LOCA at

Elevation-23500mm (3F) 123 35

m: -

123-19 - - Reactor Building Radiation Zone Map Post I OCA at
Elevation -27200mm (tF)' 123-36

123-20 Reactor Building Radiation Zone Map Post LOCA at +

' Elevation -31700mm (4FM) 12 3-37

'123-21 Reactor Building Radiatiot Zone Map Post LOCA at
Cross Section A-A 123-38

123-22 Reactor Building Radiation Zone Map Post LOCA at
'

Cross Section B-B 123 39

12 3-23 Deleted

123-24 Deleted
.-
-
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ILLUSTRATIONS'(continued)

Figure Title P.agt
7

123-25 Deleted =

123-26 - Deleted
,

i

-.123-27 . Deleted

123-28 - Deleted
-

.

123-29 Dele'ed

i

123-30 Deleted
.

. .

123-31 . Deleted

'123-32 Deleted-

123-33 Leletd

123 34 Deleted

'123-35 Deleted

123-36 Radwaste Building Equipmentlist 123-49

123-37 Radwaste Building, Radiation Zone Map, Normal
Operation at Elevation (-)6,500mm 123-51-

.12 3-38 ~ Radwaste Building, Radiation Zone Map, Normal
. Operation at Elevation (-)200mm 123-52

123-vi .
d

Amendment
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ILLUSTRATIONS (continued)
.

Figure Title P_ase

m

- 123-39 Radwaste Building, Radiation Zone Map, Normal
Operation at E.levation 7,300mm 123 53

123 4 Radwane Building, Radiation Zone Map, Normal
Operation at Elevation 16,000mm 123-54

123-41 Radwaste Building, Radiation Zone, Normal Operation
'

at Cross Section A A 123-55

123-42 . Control Building, Radiation Zone, Normal Operation-

at Floor Level (-)13,150mm ' 123-56

.123-43 Control Building, Radiation Zone, Normal Operation
at Floor Level (-)7,100mm 123-57

12 3-44 Control Building Radiation Zone, Normal Operation
,

at Floor Level (-)1,450mm 123-58- -

(- 12345 Control Buihng, Radiation Zone, Normal Operation
at Floor Level 2,900mm' 12 } 59

123-46 - Control Building, Radiation Zone, Normal Operation
at Floor Level 7,350mm 123-60

123-47 Control Building, Radiation Zone, Normal Operation
at Floor Level 13,295mm 123-61

12 3-48 Control Building, Radiation Zone, Normal Operation, .
Side View 12 3-62

- 12 3-49 Turbine Building, Radiation Zone, Normal Operation

|~
,

'at Elevation 53M 12 3-63

123-50 Turbine Building, Radiation Zone, Normal Operation

_| . at Elevation 123M 12 3-64

g

L. 123-51 Turbine Building, Radiation Zone, Normal Operation
.at Elevation 203M 12 3-65

p...

123-52 . Turbine Building, Radiation Zone, Normal Operation

.| at Elevation 303M 123-66
,

|

123-vii

|
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ILLUSTRATIONS (continued)

Figure Title Pane

'12 3-53 Turbine Building, Radiation Zone, at
LongitudinalSection A A 123-67

-123 54 Control Building, Radiation Zone, Post LOCA, Side View - 123-68

12 3-55 Turbine Building, Radiation Zone, Post LOCA, '
Longitudinal Section 123-69 -

12 3-56 Reactor Building, Area Radiation Monitors,(-)S.2m 123 70

123-57 - Reactor Building, Area Radistion Monitors,1.7m & 1.5m 12 3-71

Li~ 123-58 - - Reactor Building, Area Radiation Monitors,4.8m 123-72

123-59 Reactor Building, Area Radiation Monitors,123m - 123-73

123-60 Reactor Buildasg, Area Radiation Monitors,23.5m 12 3-74 -

123-61- Reactor Building, Area Radiation Monitors,27.2m 12 3-75

-1234i2 Reactor Building, Area Ra6. tion Monitors,31.7m 123-76

123-63 Reactor Building Area Radiation Monitors,
Section 270/90 123-77

123-64 Control Building, Area Radiation Monitors 12 3-78

123-65 Radwaste Building, Area Radiation Monitors,(-)6.5m 123-79

123-66 Radwaste Building, Area Radiation Monitors,(-)0.2m 123-80

12 3-67 Radwaste Building,' Area Radiation Monitors,73m 123-81-

12 3-68 - Radwaste Building, Area Radiation Monitors,16m 123-82
,

12 3-69 Deleted ~ 123-83-

12 3-70 - Turbice Building, Level 2, Area Radiation

1| Monitor Elevation 123m 123-84

L 123-71 ' Turbine Building, Level 3, Area Radiation Monitor
Elevation 203m 123 85

|

123-viii
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ILLUSTRATIONS (cont.inued)

Elgure Iltle Eage

12 3-72 Turbine Building, Level 4, Area Radiation
Monitor Eleva'. _n 2535m 12 3-86

123-73 Turbine Building, Longitudinal Section AA, Area
Radiation Monitors 123-87

.
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12.3 RADIATION PROTECTION corrcsion resistance) and for which no suitable
DESIGN FEATURES alternative low-nickel material is available.

Cobalt content in the inconel X750 used in the
| 12.3.1 Facility Design Features fuel assemblics is limited to 0.05%.

The ABWR Standard Plant is designed to meet Stellite is used for hard facing of
the intent of Regulatory Guide 8.8 (i.e., to keep components which must be extremely wear
radiation exposures to plant personnel as low as resistant. Use of high cobalt alloys such as
reasonably achievable (ALARA)). This section Stellite is restricted to those applications
describes the component and system designs in where no satisfactory alternative material is
addition to the equipment layout employed to available. An alternative material (Colmonoy)
maintain radiation exposures ALARA. Consider- has been used for some hard facings it. the core
ation of individual systems is provided to area.
illustrate the application of these principles.

12.3.1.1 Equipment Design for Maintaining
Material application for primary coolant Exposure ALARA

piping, tubing, vessel internal surf aces, and
other components in contact with the primary This subsection describes specific components |
coolant is discussed in the following pages. as well as system design features that aid in
Typical nickel and cobalt contents of the maintaining the exposure of plant personnel
principal materials applied are given in Table during system operation and maintenance ALARA.
12.3-2. Equipment layout to provide AIARA exposures of

plant personnel are discussed in Subsection
Carbon steel is used in a large portion of the 12.3.1.2.

~

system piping and equipment outside of the
nuclear steam supply systent. Carbon steel is (1) Pumps
typically low in nickel content and contains a
very small amount of cobalt impurity. Pumps located in radiation areas are

designed to minimize the time required for
Stainless steel is used in portions of the maintenance. Quick change cartridge-type

system such as the reactor internal components seals on pumps, and pumps with back pullout
and heat exchanger tubes where high corrosion features that permit removal of the pump
resistance is required. The nickel content of impeller or mechanical seals without
the stainless steels is in the 9 to 10.5% ange disassembly of attached piping, are employed.

and is controlled in accordance with applicable to minimize exposure time during pump
ASME material specifications. Cobalt content is maintenance. The configuration of piping
controlled to less than 0.05% in the XM-19 alloy about pumps is designed to provide
used in the control rod drives. sufficieat sp e for efficient pump

maintenance. Provisions are made for
A previous review of materials certifications slushing and in certain cases chemically

indicated an average cobalt content of only 0.15% cleaning pumps prior to maintenance. Pump
in austenitic stainless steels. casing drains provide a means for draining

pumps to the sumps prior to disassembly,
Ni Cr Fe alloys such as Inconel 600 and thus reducing the exposure of personnel and

Inconel X750, which have high nickel content, are decreasing the potential for contamination.
used in some reactor vessel internal components. Where two or more pumps conveying highly
These materials are user. in applications for radioactive fluids are required for orera-
which there are :pecial requirements to be tional reasons to be located adjacent to
satisfied (such as possessing specific thermal each other, shielding is provided between
expansion characteristics along with adequate the pumps to maintain exposure levels

Amendment 10 123-1
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ALARA. An example of this situation is the that could lead to radioactive crud deposi.
RWCS circulation pumps. i' umps adjacent to tion. Connections are available for conden-
other higiily radioactive equipment are also sate or demineralized water flushing of the j

shielded to reduce the maintenance exposure, heat exchangers. For the reactor water i

for example, in the radv.aste system. clean up (CUW) system, separate connections I

are provided to chemically decontaminate
Whenever possible, operation of the pumps both the heat exchangers (both regenerative )
and associated valving for radioactive and non-regene ative) and the pumps. The
systems is accomplished remotely. Pump other main heat exchangers (RilR and RIP) are
control instrumentation is located outside provided connections by which the exchangers
high radiation areas, and motor- or can be flushed with clean water. The last
pneumatic-operated valves and valve main heat exchanger, the fuel pool heat
extension stems are employed to allow exchanger, is downstream of the filter
operation from outside these areas. demineralizer and is therefore not subjected

to flows containing significant amounts of
(2) Instrumentation fission or activation products. In all

cases, the pumps directly involved with the
Instruments are located in low radiation heat exchangers are also inline for decon-
areas such as shielded valve galleries, tamination with the exchangers. Instru-

' corridors, or control rooms, whenever mentation and valves are remotely operable
possible. Shielded valve galleries provided to the maximum extent possible in the

.for this purpose include those for the RWCS, shielded heat exchanger cubicles, to seduce
FPCC, and radwaste (cleanup phase separator, the need for entering these high radiation ,
spent resin tank, and waste evaporator) areas.
systems. Instruments required to be located
in high radiation areas due to operations (4) Valves
requirements are designed such that removal
of these instruments to low radiation areas Valve packing and gasket material are
for maintenance is possible. Sensing lines selected on a conservative basis, accounting
are routed from taps on the primary system for environmental conditions such as
in order to avoid placing the transmitters temperature, pressure, and radiation
or readout devices in high radiation areas, tolerance requirements to provide a long
For example, reactor water level as well as operating life. Valves have back seats to
recirculation system pressure sensing minimize the leakage through the packing,
instruments are located outside the drywell. Straight through valve configurations were

selected where practical, over those which
Liquid service equipment for systems exhibit flow discontinuities or internal
containing radioactive fluids are provided crevices to minimize crud trapping. Teflon
with vent and backflush provisions, gaskets are not used.
Instrument lines, except those for the
reactor vessel, are designed with provisions Wherever possible, valves in systems
for backflushing and maintaining a clean containing radioactive fluids are separated
fill in the sensing lines. The reactor from those for " clean" services to reduce
vessel sensing lines may be flushed with the radiation exposure from adjacent valves
condensate following reactor blowdown. and piping during maintenance.

(3) Heat Exchangers Pneumatic or mechanically operated valves
are employed ir high radiation areas.

Heat exchangers are constructed of stainless whenever practical, to minimize the need for
reel or Cu/Ni tubes to minimize the pot- entering these areas. For certain
sibility of failure and reduce maintenance situations, n.anually operated valves are
requirements. The heat exchanger design required, and in such cases extension valve
allows for the complete drainage of fluids stems are provided which are operated from a
from the exchanger, avoiding pooli1g effects shielded area. Flushing and drain provi.

Amendment 20 12.3-2
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sions are employed in radioactive systems to
reduce exposure-to personnel during
maintenance.

For areas in whieb especially high radiation
levels are encountered, valving is reduced
to the maximum extent possible with abe bulk
of the valve and piping located in an
adjacen' valve gallery where the radiation
levels : lower.

.

!

|
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(5) Piping the radiation exposure of personnel during
maintenance. The dampers located in the

Piping was selected to provide a service cubicles are remotely operated, thus
life equivalent to the design life of the requiring no access to the cubicle during
plant, with consideration given to corrosion operatioc. A p .cumatic transfer system is
allowances and environmental conditions. employed to reniove the radioactive charcoal

| Piping for service in radioactive systems from the filter, requiring entry into the
such as the RWC system have butt welded shielded cubicle only during the conne: tion
ennnections, rather than socket welds, to of the hoses to the SGTS filter unit.
reduce crud traps. Distinction is made
between piping conveying radioactive and
nonradioactive fluids, and separate routing 12.3.1.2 Plant Design for Maintolning Exposure
is provided whenever possible. Piping (AIARA)
conveying highly radioactive fluids is
usually routed through shielded pipe chases This subsection describes features of
and shielded cubicles. However, when th-se equipment layout and design which are employed |
options are not feasible, the radioactive to maintain personnel exposures ALARA. i

piping is embedded is concrete walls and
floors. (1) Penetrations

(6) Lighting Penetrations through shield walls are
avoided whenever possible to reduce the

Lighting is designed to provided sufficient number of streaming paths provided by these ,
illumination in radiation areas to allow penetrations. Whenever peuetrations are
quick and efficient surveillance and required through shield walls, however, they
maintenance operations. To reduce the need are located to minimize the impact on
for immediate replacement of defective surrounding areas. Penottatitms are located
bulbs, multiple lighting fixtures are so that the radiation soune cannot "see'
provided in shielded cubicles. Considera- through the penetration. When t'ds is not
tion is also given to locating lighting pos.cible, or to prcvide an adde s order of
fixtures in easily accessible locations, red #,on, penetrations are located to exit
thus reducing the exposure time for bulb far avove floor level in open corridors or
replacement. in other relatively inaccessibic areas.

Penetrations which are offset through a
(7) Floor Drains shield wall are frequently employed for

electrical penetratiocs to reduce the
Floor drains with appropriately sloped streaming of radiation through these
floors are provided in shielded cubicles penetrations.
where the potential for spills exist. Those
drain lines having a potential for Where permitted, the annular region between
containing highly radioactive fluids are pipe and penetration sleeves, as well as
routed through pipe chases, shie5d electrical penetrations, are tilled with
cubicles, or are embedded in concret: walls shieldirg material to reduce the streaming
and floors. Smooth epoxy-type coatings are area presented by these penetrations. The
employed to facilitate decontamination when shielding materials used in these
a spill does occur. applications include a lead-loaded silicone

foam, with a density comparable to concrete,
(8) SGTS Filters and a boron-loaded refractory type material

for applications requiring neutron as well
The SGTS filter is located in a separate as gamma shielding. There are c'ertain
shielded cubicle and is separated by a penetrations where these two approa6cs are
shield wall from the exhaust fans to reduce not feasible or are not sufficiently

Amendment 10 12.3-3
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effective. In those cases, a shielded For situa: ions in which radioactive piping
enclosure about the penetration as it exits must be routed through corridors or other
in the shield well, with a 90 degree bend of low radiation areas, an analysis is
the process pipe as it exits the conducted to ensure that this routing does
penetration, is e m ploye d, not compromise the existing radiation

zoning.
(2) Sample Stations

Radioactive services are routed separately
Sample stations in the plant provide for the from piping containing nonradioactive
routine surveillance of reactor water fluids, whenever possible, to minimize the
quality. These sample stations are located exposure to personnel during maintenance.
in low radiation areas to reduce the When such routing combinations are required,
exposure to operating personnel. Flushing however, drain provisions are provided to
provisions are included using demineralized remove the radioactive fluid contained in
water, and pipe drains to plant sumps are equipment and piping. " Clean * services and
provided to minimize the possibility of radioactive piping are required at times to
spills. Fume hoods are employed for be routed together in shielded cubicles. In
airborne contamination control. Both such situations, provisions are made for the
working areas and fume hoods are constructed valves required for process operation to be
of polished stainless steel to ease controlled remotely, without need for
decontamination if a spill does occur. Grab entering the cubicle,
spouts are located above the sink to reduce
the possibility of contaminating surrounding Penetrations for piping through shield walls
areas during the sampling process. are designed to minimize the impact on '

surrounding areas. Approaches used to
(3) HVAC Systems accomplish this objective are described in

Subsection 12.3.1.2.1.
Major HVAC equipment (blowers, coolers, and
the like) is located in dedicated low Piping configurations are designed to
radiation areas to maintain exposures to minimize the number of * dead legs" and low
personnel maintaining these equipment points in piping runs to avoid accumulation
ALARA HVAC ducting is routed outside pipe of radioactive crud and fluids in the line.
chases and does not penetrate pipe chase Drains and flushing provisions are employed
walls, which could compromise the whenever feasible to reduce the impact of
shielding. HVAC ducting penetrations required * dead legs" and low points.
through walls of shielded cubicles are Systems containing radioactive fluids are
located to minimize the impact of the welded to the most practicai extent to
streaming radiation levels in adjoining reduce leakage through flanged or saewed
areas. Additional HVAC design connections. For highly radioactive
considerations are addressed in Subsection systems, butt welds are employed to minimize
12.3.3. crud traps. Provisions are also made in

radioactive systems for flushing with
(4) Piping condensate or chemically cleaning the piping

to reduce crud buildup.
Pipirg containing radioactive fluids is
routed through shielded pipe chases, (5) Equipment Layout
shielded equipment cubicles, or embedded in
concrete walls and floors, whenever Equipment layout is designed to reduce the
possible. " Clean" services such as exposure of p:rsonnel required to inspect or
compressed air and demineralized water are maintain equipment. " Clean * pieces of
not routed through shielded pipe chases. equipm:nt are located separately from those

.

Amendment 10 12.3-4
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which are sources of radiation whenever CRD removal under the reactor pressure
possible. For systems that have components vessel and in the CRD maintenance room.
that are major sources of radiation, piping
and pumps are located in separate cubicles Appropriately sloped floor drr. ins are
to reduce exposure from these components provided in shielded cubicles and other
during maintenance. These major radiation areas where the pntential for a spill exists
sources are also separately shielded from to limit the extent of contamination. Curbs
each other. are also provided to limit contaaination and

simplify washdown operations. A cask
(6) Contamination Control decontamination vault is located in the

reactor building where the spent fuel cask
Contaminated piping systems are welded to and other equipment may be cleaned. TH CRD
the most practical extent to minimize leaks maint nance room is used for disassembling
through screwed or flanged fittings. For control rod drives to reduce the
systems containing highly radioactive contamination potential.
fluids, drains are hard piped airectly to
equipc.ent drain sumps, rather than to allow Consideration is given in the design of the
cc,ntaminated fluid to flow across the floor plant for reducing the effort required for
to a floor drain. Certain valves in the decontamiaation, Epoxy-type wall and floor
main steam line arc also provided with caverings have been selected which provide
leakage drains piped to equipment drain smooth surfaces to ease decontamination
sumps to reduce contamination of the steam surfaces. Expanded metal-type floor
tunnel. Pump casing drains are employed on gratings are minimized in favor of smooth
radioactive systems whenever possible to surfaces in areas where radioactive spills '
removs iluids fror: the puup prior to could occur. Equipment and floor drak
disassembly. In addition, provisions for sumps are stainless steel lined to rec' .
flushing with condensate, and in especially crud buillup and to provide surfaces easily
contaminated systems, for chemically decentaminated,
cleaning the equipment prior to maintenance,
are provided. 123.13 Radiation Zoning

The HVAC system is designed to limit the Radiation zones are established in all areas
extent of airborne contamination by of the plant as a function of both the access
providing air flow patterns from areas of requirements of that area and the radiation
low contamination to more contaminated t,ources in that area. Operating activities,
areas. Penetrations through outer walls of inspection requirements of equipment,

i

the building containing radiation sources maintenance activities, and abnormal operating'

are scaled to prevent miscellaneous luks conditions are considered in determining the
into the environment. The equipment drain appropriate zoning for a given area. The
sump vents are fitted with charcoal relationship between radiation zone designations
canisters or piped directly to the radwaste and accessibility requirements is presected in
HVAC system to remove airborne contaminants the following tabulation:
evolved from discharges to the sump. Wet
transfer of both the steam dryer and Zone
separator also reduces the likelihood of Desig- Dose Rate Access
contaminants on this equipment being natign (mrem /hr) Descripti,n

released into the plant atmosphere. In
areas where the reduction of r.irborne A .s. 0.6 Uncontrolled, unlim-
contaminants cannot be climinated ited access
efficiently by HVAC systems, breathing air B <1 Controlled, unlim-
provisions are provided, for exampic, for ited access

Amendment 10 12.3-$
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Zone 123.1.4 Implementation of ALARA

Desig. Dose Rate

ration (mReg1/m) Description in this subsection, the implementation of
design consideration., to radion:tive systems for

C <5 Controlled limited maintaining personnel radiation exposures as low
access,20 hr/wk as reasanably achievable is described for the

following five systems:
D < 25 Controlled, limit d

access,4 hr/wk (1) Reactor water cleanup system;

E < 100 Controlled, limited (2) Residul heat removal system (shutdown
access, I hr/wk cooling mode);

F > 100 Controlled access. (3) Fuel pool cooling and cleanup system;
At thorization
required. (4) Main steam; and -

The dose rate applicable for a particular zone (5) Standby gas treattnent system
is based on operating experience and represents
design dose rates in a particular zone, ar. 12 3.1.4.1 Reactor Water Cleanup System

should not be interpreted as the expected dose
rates which would apply in all portions of that This system is designed to operate
zone, or for all types of work within that zone, continuously to reduce reactor water radioactive
or at all periods of entry into the zone. Large contamination. Components for this system are
BWR plants have been in operation for two located outside the containment and include
decades, and operating experience with similar filter demineralizers, a backwash receiving
design basis numbers shows that only a small tank, regenerative and nonregenerative heat
fraction of the 10CFR20 maximum permissible dose exchangers, p smps, and associated valves.
is received in such zones from radiation sources
controlled by equipment layout or the structrral The highest radiation level components
shielding provided. Therefore, on a practical include the filter demineralizers heat
basis, a radiation zoning approach as describw exchangers, and backwash receiving tank. The
above accomplishes the as low as reasonably filter demineralizers are located in separate
achievable objectives for doses as required by 10 concrete. shielded cubicles which are accessible
CFR 20.1(c). The radiation zone maps for this through shielded hatches. Valves and piping
plant with zone designations as aescribed in the within the cubicles are reduced to the extent
preceding tabulations are contained in Figures that entry into the cubicles is not required
12.3-1 through 12.3-22 and 12.3-37 through during any operational phase. Most of the
12.3-55. valves and piping are located in a shielded

valve gallery adjacent to t he filte r
Access to areas in the plant is controlled and demineralizer cubicles. The valves are remotely

regulated by the zoning of a given area. Areas operable to the greatest practical extent to
.vith dose rates such that an individual would minimize entry requirements into this area. The
receive a dose in excess of 100 mrem in a period RWCS beat exchangers are slso located in a
of one hour are locked and posted with "High shielded cubicle with valves operated remotely
Radiation Area * signs. Entry to these areas is by use of extension valve stems, or from
on a contrclied basis. Areas in which an instrument panels located outside the cubicle.
individual would receive a dose in eress of 5 The backwash tank is shielded separately from
mrem up to 100 mrem within a period of one hour the resin transfer pump, permitting maintenance
are posted with signs indicating that this is a of the pump without being exposed tr. the spent
radiation area and include, in certain cases,
barriers such as ropes or doors.

Amendment 12.M
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resins contained in the backwash tank. The purnp separate concrete shielded cubicles. The
valves are operated remotely frota outside the cubicles are accessible through labyrinths which
cubicle. reduce radiation levels outside the cubicle to

acceptable levels. A knockout wall constructed
The RWCS system is provided with chemical of vertically and horizontally lapped concrete

cleaning connections which can utilize the blocks is provided for pump removal. A concrete
condensate system to flush piping and equipment batch is provided through the roof of the
prior to maintenance. The RWCS filter cubicle for heat exchanger removal. Highest
demineralizer can be remotely back. flushed to radiation levels occur at the heat exchangers
remove spent resins and filter aid material. If during the cooldon period (1/2 to 4 hours after
additional decontamination is required, chemical shutdown). During all other operation and plant
addition connections are provided in the piping shutdown periods, the radiation level near these
to chan piping as well as equipment prior to compenents is considerably decreased.
maintenance. The backwash tank employs an
arrangement to agitate resins prior to Access to the RHR pumps and heat exchangers
discharge. The tank vent is fitted with a for any inspection or maintenance is permitted
charcoal filter canister to reduce emission of on a controlled basis. System maintenance is
radiciodines into the plant atmosphere. The HVAC performed during periods of system shutdown when
system is designed to limit the spread of no reactor coolant is being circulated through'

contaminants from these shielded cubicles by the system. Specific restrictions and controls
rnaintaining a negative pressure in the cubicles for personnel entry into the shielded cubicles
relative to the surrounding areas. are implemented to minimize personnel

exposures. Inspection of the equipment in these
Personnel access to the cubicles for cubicles can be conducted from platforming about '

maintenance of these components is on a the heat exchangers to simplify inspection of
controlled basis whereby specific restrictions this equipment and consequently reduce the
and controls are implemented to minimize exposure during inspection,
personnel exposure.

The reactor building is not used exclusively
123.1 A.2 Residual Heat Removal System for radioactive equipment or systems. However,
(Shutdown Cooling Mode) all components of the system, as described, are

contained within shielded cubicles. This
la the shutdown cooling mode, the system is shielding is sufficient to reduce the radiation

placed in operation to recirculate reactor level during the shutd-wn mode of operation to
coolant to remove reactor decay h;at following less than 5 mR/hr in adjacent areas where clean
the perio i of approximately 2 to 4 hours after components, materials, or equipment are located.
shutdown. During power operation, the system is
not in use except for flow testing to and from System control panels and instrumentation are
Il e suppression pool. Therefore, there is no located in the main control room. This pre-
reactor coolant flow through the system and only cludes exposure to the control operator during
traces of residual radioactive contamination may operation of the system for plant cooldown.
exist from prior operation.

123.1 A3 Fuel Pool Cooling and Cleanup

System components are located in the reactor System
building and includ: three RHR pumps and three
heat exchangers, which are actively used in the This system is designed to operate
shutdown cooling mode. The heat exchangers and continuously to handle the spent fuel cooling
associated pumps work independently of the other load and to reduce pool water radioactive
pump and heat exchangers and are located in contamination.

Amendment 10 123-7
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The system components are located in the 12 3.1.4.4 Main Steam System

reactor building. Included are two filter
demineralizer units which serve to remove All radioact've materials in the main stear'
radioactive contamination from the fuel pool and system, located in the ma;n steam-feedwater pipe
suppression water. These units are the highest tunnel of the reactor buildings, result from'

radiation level components in the system. Each radioactive sources carried over from the
unit is located in a concrete. shielded cubici, reactor during plant operatien, inc'uding high
which is accessible through a shielded hatch. energy short-lived Nitrogen 16. During plant
Provisions are made for remotely backflushing the shutdown, residual radioactivity from prior
units when filter and resin material are spent. plant operation is the radiation source.
This removal of radioactively contaminated
material reduces the component radiation level Access to the main steam pipe tunnelin the
considerably and serves to minimize exposures reactor building is controlled. Entry into the
during maintenance. All valves (inlet, outlet, reactor building steam tunnel is through a
recycle, ve nt, and drain) to the filter controlled personnel access door shielded by a
demineralizer units are located outside the concrete labyrinth to attenuate radiation
shielded cubicles in a separate shielded cubicle streaming from the steam lines to adjoining

areas. During reactor operation, tha steamtogether with associated piping, headers, and
instrumentation. The radiation level in this tunnel is not accessible except in the hot
cubicle is sufficiently low to permit required standby conditions under regulated access,
maintenance to be performed. Piping potentially
containing resin is continuously sloped downward Leakage from selected valves on to
to the backwash tank. surrounding areas is minimized by providing

valve drains piped to equipment drain sumps. ~
The backwash tank is shared with the RWCS (see Floor drains are provided to micimize the spread

Section 12.3.1.4.1) . The system also includes of contamination should a leakage occur.
two low radiation level heat exchangers and two
circulation pumps. The heat exchangers' design Penetrations through the steam tunnel walls
radiation levels are low enough to locate them in are minimized to reduce the streaming paths made
an open alcove area. The pumps are located in a available by these penetrations. The blowout
low radiation area adjacent to the shielded panels for the stearn tunnel are located in the
backwash tank. System piping is routed so as not relatively inaccessible upper section of the RHR
to compromise zoning requirements as established heat exchanger shielded cubicles which are
in the radiation zone maps. controlled access areas. Penetrations through

the steam tunnel walls, when they are required,
All of the aforementioned shielded system are located so as to exit in controlled access

components are consolidated in the same section areas or in areas that are not aligned with the
of the reactor building. Personnel access to steam lines. A lead loaded silicone foam is
shielded systern components is controlled to employed whenever possible f or these
minimize personnel exposure. Shielding for the penetrations to reduce the available streaming
components is designed to reduce the radiation area presented.
level to less than 1 mR/hr in adjacent areas
where normal access is permitted. Controlled 12 3.1.4.5 Standby Gas Treatment System
areas where the new resin tank, filter aid tank,
and pumps are located, are shielded to less than The standby gas treatment system treats the
5 mR/hr. reactor building ventilation air in the event of

the release of radioactivity to this building.
Op: ration of the system is accomplished from The system contains radioactivity only in the

the MRC and local control panels located where event of an emergency of abnormal condition.
designed radiation levels are less than 1 mR/hr However, it is a potential source of concen-
and normal personnel access is permitted. trated radioactivity following such an

occurtenCe.

Amch4 ment 10 12 3-8 i
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. The systete starts' automatically on a high operation and maintenance. The radiation i

' building ventilation radiation or LOCA signal.and shielding is also_ designed to _ keep radiation
can.also be manually. started from the main doses to equipment below levels at which |

control room.1 Operation of the system does not disabling radiation _ damage occurs.
|

- require entering the shielded filter cubicle. Specifically, Ge shielding requiren.ents'in the
plant are designed to perform the following

The system consists of two parallel treatment functions: >"

trains,' each train being located in its own-

shielded room . In addition, the fans for each (1) limit the. exposure of the general'public,
. train are shield:d from the filter, which'is the plant personnel, contractors, and visitors
dominant source of radiation for the system. to levels that are AIARA and within 10CFR20

- Each train includes high efficiency particula.. requirements;

filters and charcoal filters for r emoval of
radioactivity prior to exhausting. air to the (2) limit the radiation exposure of personnel,
outside environment. in the unhiely event of an accident, _to

levels that are ALARA and which conform to ,

' All components are located in the reactor the limits spc6fied in 10CFR50, Appendix A,
building, and personnel access to the shielded- Criterion 19 to ensure that the plant is

- rooms for inspection or maintenance is on a maintained in a safe condition during an
controlled basis. A remote charcoal filter accident; and
removal. capability is provided to minimize
exposures, which requires entry into the filter (3) limit the radiation exposure of critical
area' only_ during the initial connection of the components within specified radiation ,~

unit to the charcoal removal system. Sufficient tolerances, to assure that component
- space is provided around the filter unit to allow performance and design life are not
easy removal and bagging of the high efficiency- impaired.
filters.

12.3.2.2 Design Description

12.3.2.2.1 General Design Guides

In order to meet the design objectives, the
following design guides are used in the

1 shielding design of the ABWR:

-The'SGTS filter shielding is adequate to (1) All systems containing radioactivity are
: reduce the radiation levelin fuel areas of the identified and shielded based on access and
reactor building to less than 1 mR/hr following exposure level requirements of surrounding
an isolation scram event with containment purge. areas. The radiation zone maps described inn

Subsection 12.3.1.3 indicate design
=12.3.2 Shielding radiation levels for which shielding for-

_ _

equipment contributing to the dose rate in
.12.3.2.1 Design Objectives the area is designed.

i:

The primary objective.of the radiation (2) The source terms used in the shielding
shielding is to protect operating personnel and calculations are analyzed with- a

the general public from radiation emanating from conservative approach. Transient conditic,ns
the reactor, the power conversion systems, the as well as shut down and normal operating
radwaste process systems, and the auxiliary conditions are considered to ensure that a
systems, while maintaining appropriate access for conservative source is used in the analysis.

Amendment 10 12.3-9
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Shielding design is based on fission product and flushing associated equipment so that
quantities in the coolant corresponding to radiation exposure is minimited. If manual
the design basis off-gas release, in valves are used, provision is made for
addition to activation products. This is shielding the operator from the valve by
considered an anticipated operational use of shield walls and valve stem
occurrence, and hence represents extensions, where practicable.
conservatista in design. For components
where N-16 is the major radiation source, a (7) Shielding is provided to permit access and
concentration based upon operating plant occupancy of the control room to ensure
data is used. that plant personnel exposure following an

accident does not exceec the guideline
(3) Effort is made to locate processing values set forth in 10CFR50, Appendix A,

equipment in a manner which minimizes the Criterion 19. The analyses of the doses to
shielding requirements. Shielded labyrinths Control Room personnel for the design basis
are used to climinate radiation streaming accidents are included in Chapter 15.

through access ways fror sources located in
cubicles. (8) The dose at the site boundary as a result

of direct and scattered radiation from the
(4) Penetrations through shield walls are turbine and associated equipment is

located so as to minimize the impact on considered.
surrounding areas due to radiation strearning
through the penetrations. The approaches (9) In selected situations, provisions are made
used to locate and shield penetrations, when for chielding major radiation sources
required, are discussed in Subsection during inservice inspection to reduce -
12.3.1.2 (1), exposure to inspection personnel. For

exan.ple, steel platforms are provided for
(5) Wherever possible, radioactive piping is run ISI of the RPV nozzle welds and associated

in a manner which will minimize radiation piping.
exposure to plant personnel. This involves:

(10) The primary material used for shielding is
(a) minimizing radioactive pipe routing in concrete at a density of 2.3 gr/cm3,

corridors; Concrete used for shiciding purposes is
designed in accordance with Regulatory

(b) avoiding the routing of high-activity Guide 1.69. Where special circumstances
pipes through low-radiation zones; dictate, steel, lead, water, lead loaded

sibne foam, or a boron-laced refractory
(c) use of shielded pipe trenches and pipe material is used.

chases, where routing of high. activity
pipes in low level areas cannot be (11) There is no field routed piping in the ABWR
avoided, or if these are not available design. Large and small piping, as well as
and the pipe routing permits, embedding instrument tubing, are routed by designers
the pipes in concrete walls and floor; as indicated in the preceding paragraph
and (5).

(d) s e p a r a t i n g r a d i o a c t i y e and 12 3.2.2.2 Method of Shielding Design

nonradioactive pipes for maintenance
The radiation shield wall thicknesses arepurposes.

determined using basic shielding data and proven
(6) To maintain acceptable levels at the valve shielding codes. A list of the computer

stations, motor-operated or diaphragm valves programs used is contained in Table 123-1. The
are used where practical. For valve shielding design methods used also rely on basic
maintenance, provision is made for draining radiation transport equations contained in

Reference 1. The sources for basic shielding

12 3-10Arnendment 10
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data, such as cross sections, buildup factors, scattered and direct, are conducted using point
and radioisotope decay information, are listed in kernel codes (QADF/GGG). The source terms are
References 2 through 10. divided inte groups as a function of photon

energy, and each group is treated independently
The shielding design is based on the plant of the others. Credit is taken for attenuation

operating at maximum design power with the thr , ugh all phases of material, and buildup is
release of fission products resulting in a source accounted for using a third. order polynomial
of 100,000 mci /sec of noble gas after a 30 buildup factor equation. The more conservative
minute decay period, and the corresponding material buildup coefficients are selected for
activation and corrosion product concentrations laminated shield configuration to ensure
in the reactor water listed in Section 11.1. conservative results.
Radiation sources in various pieces of plant
equipment are cited in Section 12.2. Shutdown For combined gamma and neutron shielding
conditions, such as fuel transfer operation, as -ituations, discrete ordinates ( ANISN)

well as accident conditions, such as a LOCA or an techniques are applied.
FHA, have also been considered in designing
shielding for the plant.

The mathematical models used to represent a
radiation source and associate equipment and
shielding are established to ensure conservative
calculational results. Depending on the
versatility of the applicable computer program,
various degrees of complexity of the actual .

physical situation are incorporated, in general, The shieldio thicknesses are selected to
reduce the arpw te dose rate from significantcylindrically shaped equipment such as tanks, a

heat exchangers, and demineralizers are radiation sources in surrounding areas to values
mathematically modelled as truncated cylinders. below the upper limit of the radiation zone
Equipment internals are sectionally homogenized specified in the zone maps in Subsection
to incorporate density variations where 12.3.1.3. By maintaining dose rates in these
applicable. For example, the tube bundle section areas at less than the upper limit values
of a beat exchanger exhibits a higher density specified in the zone maps, sufficient access to
than the tube bundle clearance circle, due to the the plant areas is allowed for maintenance and
tube density, and this variation is accounted for operational requirements,
in the model. Complex piping runs are
conservatively modelled as a series of point Where shielded entries to high-radiatior.
sources spaced along the piping run. Equipment areas such as labyrinths are required, a gamma
containing sources in a paralleipiped ray scattering code (GGG) is used to confirm the
configuration, such as fuel assemblies, fuel adequacy of the labyrinth design. The
racks, and the SGTS charcoal filters, are labyrinths are designed to reduce the mttued '

modelled as parallelpiped with a suitable z.s well as the direct contribution to the
homogenization of materials contained in the aggregate dose ra:e outside tb et, tty, such that
equipment. The shielding for these sources is the radiation zone designated for the area is
also modelled on a conservative basis, with not violated.
discontinuities in the shielding, such as
penetrations, doors, and partial walls accounted 173.23 Plant Shielding Description
for. The dimension of the floor decking is not
considered in the shielding calculation as it is Figures 12.3-1 through 12.3-11 show the |
part of the effective shield thickness provided layout of equipment containing rad *oactive

i by the floor slab. process materials. The general description of
the shielding is described below;

f Pure gamma dose rate calculations, both

|

|
|
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y) Drywel? silicone sleeve to reduce the radiction
streaming are made available by tbc

The majt .Miding structures located in penetrations. Penetrations are also located
the drywell area consist of the reactor so as to minimize the impact of radiation
shield wall and the drywell wall. The streaming into surrounding areas.
reactor shield wall :n general consists 01
0.6m of concret: sandwiched between two 3.7 The components of the reactor water cleanup
em thick steel plates. The primary function (RWC) system are located in the reactor
served by tne reactor shield wall is the building. Both the RWC regenerative and
reduction of r.diation levels in the drywell nonregenerative heat exchangers are located
due to the reactot to valves that do not in shielded cubicles separated from the
unduly limit the service life of the other components of the system. Neither
equipment located in the dryw:ll. In cubicle needs to be entered for system
addition, the reactor shield wall reduces eperation.
gamma heating effects on the drywell wall,
as well as providing for low radiation Process piping between the heat exchangers
levels in the drywell during reactor and the filter demineralizers is routed
shutdown. Penetrations through the reactor through shielded areas or embedded in
shield wall are shielded to the extent that concrete to reduce the dose rate in
radiation streaming through the penetrations surrounding aress. The two RWC system
does not exceed the total neutron and gamma filter demineralizers are located in
dose rates at the core midplane just outside separate shielded cubicles, which allows,

E the reactor shield wall. The drywell is an maintenance of one unit while operating the -
F radiation zone during full power reactor other. The dose rate in the adjoining'

operatico and is not accessible durin6 this filter demineralizer cubicle from the
period. operating unit is less than 6 mR/hr. Entry

into the filter demineralizer cubicle, which
The drywell wall is a 2m thick reinforced h infrequently required, is via a steppec
concrete cylinder, which is topped by a 2Am shield plug at the top of the cubicle. The
thick reinforced concrete cap. The drywell bulk of the piping and valves for the filtei
wall attenuates radiation from the reactor demineralizers is located in an adjacent
and other radiation sources in the drywell, shielded valve gallery. Backflushing and
such as the recirculation system and main tesin application of the filt e r
steam piping, to allow occupancy of the deminerahzers are controlled from an area
reactor building ouring full power reactor where dose rates are less than 1 mR/hr. The
operation. RWC system backwash receiving tank is also

separately shielded from the other
(2) Reactor Building components of the RWC system, including tM

tank discharge pump, which allows
In general, the shielding for the reactor maintenance of the pump without direct
building is designed to maintain open areas exposure to the spent resins contained ir.
at dose rates less than 0.6 mR/hr. the backwash tank. The backwash tank

cubicle is shielded to reduce the dose rate
Penetrations of the drywell wall are outside the entry to less than 1 mR/hr.
shielded to reduce radiation streaming

Shielding of the Transverte Incore Probe |through the penetrations. Localized dose
rates outside these penetrations are limited (TIP) is provided by locating the higher
to less than 5 mR/hr. The penetrations radiation components in a separate shielded
through interior shield walls of the reactor room with labyrinth entry way. The TIF
building are shielded using a lead-loaded itself during maintenance is withdrawn into

a lead shielded cask for entry into the
room. The TIP location is maintained by a
position sensor on the instrun.ent which is

Amendmes 10 12.3-t 2
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alarmed to the control room. The TIP entry The main steam lines are located in the
location into the room from the drywell is shielded steam tunnel. The steam tunnel
via the suppression pool instrumentation reduces the dose rates from the steam lines
tunnel and then upward into the room. Area to less than 1 mR/hr in all adjoining areas
radiation monitors in both TIP room and except the roof of the steam tunnel, which
spooler room maintain a secondcry is less that 5 mR/hr.
surveillance of both rooms being alarmed to
both the control rooms and locally in the (4) FuelComponents

'TIP facility. An inadvertent withdrawal of
the TIP will result in alarming both the The fuel storage pool is designed to insure
position sensor and area radiation monitors tLat the dose rate in adjoining areas is
resulting in local alarms to cgress the ''ss than 1 mR/hr. During 'iormal operation,
area. dose rates in th.: pump area are less than 1

mR/hr. During an isolation traasient,
(3) ECCS Components however, dose rates in the area temporarily

increase to 700 mR/hr. Due to the nature of
The ECCS systems are located in separately the event, egress from the area can be
shielded cubicles. Shield labyriuths are accomplished wel! before dose rates reach
provided to gain entry into the cubicles, this level. Access to equipment in this
and equipment removal doors are shielded area is not requi ed during tbis
with removaHe horizontally and vertically occurrence. An individual in this area will
lapped concrete block. Piping to and from know that the dose rate is increasing since
the ECCS system !s routed througl shielded a local 'nounted area radiation monitoring ,
pipe chases. Access into the ca.mics is sent: ' , coaverter, indicating auxiliary
not required to operate the systems. In unit. and audio alarm are provided.
general, the radiatinn levels in the open
corridors of the reactor building are less (5) Control Room
than 1 mR/hr, except during RHR shutdown
cooling mode operation, when radiation The dose rate in the control room is much
levels may temporarily range between 1 and 5 less than 0.6 mR/hr during normal taactor
mR/hr in areas near the RHR cubicles. operating conditions. The outer walls of

the control building are designed to
The RWC system pumps are located in a attenuate radiation from radioactive
shielded cubicle designed to reduce the materials contained within the reactor
radiation levels in the adjoining open building and from possible airborne
corridor io less than 1 mR/hr. The pumps radiation surrounding the control building
are separated Sy chield walls to allow following a LOCA. The walls provide
operation of one of the pumps while sufficient shielding to limit the
performing maintenance on the other. Dose direct shine exposure of control room
rates at this pump due to the operating pump personnel following a LOCA to a l' action of
and piping are less than 5 mR/br. A the 5 Rem limit as is required by 10CFR50,
shielded valve gallery is employed to permit Appendix A, Criterion 19 Shielding for the
manual operation of the valves associated outdoor air cleanup filters i, also provided
with the RWC system pumps without entering to allow temporary access to the mechanical
the pump area. Piping for the pumps is equipment area of the coatrol building
directly routed from the steam tunnel to the following a LOCA, should it be required.
RWC system pump area.

(6) The main steam tunnel extends from the
ne CRD maintenance room walls are designed primary containment boundary in the reactor
to reduce dose rates in the adjoining building through the control building up to
corridor to less than 1 mR/hr during all CRD the turbine stop valves. The primary
maintenance operations except CRD transfer, purpose of the steam tunnel is to shield the
when dose rates in the corridor temporarily plant complex from N-16 gamma sh'ne in the.

range between 1 and 5 mR/hr. main steam lines. A minimum of 1.6 meters

Amendment 20 12.3-13
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of concrete or its equivelent (other material or normal plant surveillance and maintenance
distance) is required on any ray pathway from the shall be kept below :he limits of 10CFR20
main steam lines to any point which may be during normal power operation. This is
inhabited during normal opesations. a he design accomplished by establishing in each area a
of the steam tunnel is shown on Figures 1.214, reasonable comprimise between specifications
1.2-15,1.2-20,1.2-21, and 1.2 28. The tunnel on potential airborne leakages in the area
is classified as Seismic Category 1 in the and HVAC flow through the area. Appendix
reactor building and in the control building and 12A to this chapter outlines the methodology
is designed to UBC Seismic Standards in the by which such calculations are made,
turbine building. The interface between the
buildings proviiles for bayonet connection to The applicable gnidance provided in Regula-
permit differential building motion during tory Guide 1.5? has been implemented for the ESF
seismic events and shielding in the areas between filter systems for the control building outdoor
buildings. The exact details on the bayonet air cleanup system and the standby gas treatment
desip are not shown on the referenced system (STGS) as described in Subsections 6.5.1
arrangement drawings but requires complete and 9A.I.
shielding ir. the building interface area. The
tunnel also serves a secondary purpose as a 1233.2 Design Description
relief and release pathway for high energy events
in the reactor building. Any high energy event in the following sections, the design fee-
(line break) in the reactor building will, tures of I .e various ventilation systems that
through a series of blow out panels, vent into achieve toe radiation control design objectives
the steam tunnel and from the steam tunnel are discussed. For all areas potentially having
through the tunnel vent shaft to the turbine airborne radioactivity, the ventilation systems .
building (see Figure 1.2-28) for processing to are designed such that during normal and mainte-
the plant : tack. See Subsection 6.2.3.3.1 for nance operations, airflow between areas is
morc complete description of this function. always from an area of low potential contamina-

tion to an area of higher potential contamina-
12.3.3 Ventilation tion.

The HVAC systems fcr the various buildings in 1233.2.1 Control Room Ventilation
the plant are discussed in Section 9.4, including
the design base:, system descriptions, and evalua- The control building atmosphere is main-
tions with regard to the heating, cooling, and tained at a slightly positive pressure (up to
ventilating capabilities of the systems. This 0.5 in, wg) at all times, except if exhausting

_

section discusses the radiation control aspects o isolation are required, in order to prevent
of the HVAC systems, infiltration of contaminants. Fresh air is

taken in via a dual inlet system, which has both
1232.1 Design Objectives intake structures on the roof of the building.

The inlets are arranged with respect to th 5GTS
The following design objectives apply to all exhaust stack such that at least ot,e of the

building ventilation systems: intakes is free of contamination after a LOCA.
Both inlets, however, can be submerged in con-

(1) The systems shall be designed to mah air- taminated air from a LOCA, but the calculated
borne radiation exposures to plant personne dose in the control room from such an eventual-
and releases to the environment ALARA. To ity is still below the limit of Criterion 19 of
achieve this objective, the guidance pro- 10CFR50, Appendix A.
vided in Regulatory Guide 8.8 shall be fol-
lowed. Outside ali coming into the intakes is nor-

mally filtered by a particulate filter. If a
(2) The concentration of radionuclides in the high radiation level in the air is detected by

air in areas accessible to personnel fot the airborne radiation monitoring system, flow
is automatically diverted to another filter
train (an outdoor r.ir cleanup unit) that has:

Amendment 12.3-t3d
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(1) a particular filter; (2) electrical equipment area, cable tunnels,
cable spreading rooms, remote control panel

(2) a HEPA filter; area, diesel generator rooms, reactor inter.
nal pump panel rooms, and the heating and

(3) a charcoal filter; and ventilating equipment rooms; and

(4) another HEPA filter. (3) steam tunnel (this room also contains a po-
tential source of radioactive material

Two redundant, divisionally separated tr- leakage).
diation monitors and filter trains are provided.
(See Subsection 9.4.1 for detailed description of Air pressure in the rooms in Zone 1 is main-
the design.)- Conservative calculations show that tained slightly below outside atmospheric pre.
the filters keep the dose in the control room sure by a fresh air supply and exhaust system.
from a LOCA below the limits of Criterion 19 of The supply air is filtered by a particulate
10CFR50, Appendix A. filter. The exhaust stream is monitored for ra-

dioactivity, and if a high activity level is de-
The outdoor cleanup units are located in in- tected, the exhaust stream is diverted to the

dividual, closed rooms that help prevent the SGTS.
spread of any radiation during maintenance. Ad-
equate space is provided for maintenance ac. Normally, exhaust air is drawn from the cor-
tivities. The particulate and HEPA filters can ridor and various rooms. The exhaust duct has
be bagged when being removed from the unit. two isolation valves in series and a radiation
Before removing the charcoal, any reliaactivity monitor. The valves isol. ate the system if high
is allowed to decay to minimal levels, and is airborne radioactivity is detected by the ra .
then removed through a connection in the bottom diation monitor.
of the filter by a pneumatic transfer system.
Air used in the transfer system goes through a Zone 2 of the reactor building is maintained
HEPA filter before being exhausted. Face masks at a positive pressure during normal operation.
can worn during maintenance activities, if
desired. For a description of the reactnr building

HVAC system, see Subsection 9.4.5.
1233.2.2 Dryaell

1233.2.4 Radwuste Building
Access into the drywell is not permitted

during normal operation. The ventilation system The radwaste building is divided into two
inside merely circulates, without filtering, the zones for ventilation purposes. The control
air. The only airflow out of the drywell into ac- room is one zone, and the remainder of the build-
cessible areas is minor leakage through the wall. ing is the other zone. The air pressure in ti.e

first zone is maintained slightly above atmo-
During maintenance, the drywell air is spheric, while the air pressure in the second

purged before access is allowed. zone is maintained slightly below atmospheric.
Air in the second zone is drawn from outside the

12J3.23 Reactor Building building and distributed to variot a work areas
within the building. Air flows from the work

The reactor building HVAC system is divided areas and is then discharged via the reactor
into three zones, which sre separated by building stack. An alarm sounds in the control
leaktight, physical barriers. The zones include: room if the exhaust fan fails. The exhaust flow

is monitored for radioactivity, and if a high ac.
(1) secondary containment ('his area contains tivity level is detected, the potentially radio-

equipment that b a potential source of ra- active cells are automatically isolated, but
dio .ctivity and if a leak occurs, the other airflow through the work areas continues.
accessible areas of the building are not con-
ta ainsted); If the exhaust flow high-radiation alarm con-

tinues to annunciate after the tank and pump

Amendment 123-13.2
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rooms are isolated,'the work area' branch exhaust'

J ducts are telectively manual _ly isolated toy' '
~

locate the involved building area. . Should thisci1 '

s" technique fail, because the airborne radiation -
bas spread throughout the building, the controls_ - :

* - room air conditioning continues, but the air con -
ditioning for the balance of the building is shut:

down.'

- The work ~ area's exhaust air is drawn through - <

a filter unit consisting _of a particulate filter,
M a HEPA filter, a charcoal filter, and then

another HEPA filter, before being discharged to -,

the reactor building st'ack. - Tne air is mo 2itored , .

"

i for radioactivity,-and if a high. level is de- -
' tected, supply and exhaust is terminated, and the ;

*

SGTS is started.-

Maintenance provisions for the filters are
similar to those for.the control building HVAC

,

system.
.

See Subsection 9.4.6 for a detailed discus-
sio of the radwaste building HVAC system. . .

_

r

s, i

:<

,
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4

-
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i
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12.3.4 Area Radiation and Airborne 12.3.4.3 System Design -

RLdioactivity Monitors;
The area radiation monitoring detectors, -

! This section defines and describes the area provided in each plant building are listed in
~ diation system that monitors the gamma Tables 12.3-3 through 12.3 7 along with areara
. radiation ~ levels throughout the plant except _ location maps shown in Figures 12.3-56 thrcugh
within the containment; The gamma radiation 12.3-73. Also, these tables specify the

. levels within the containment _ (drywell and . sensitivity range of each channel as designated
suppression chamber) are monitored continuously below along with requirements for local area

(by the containment atmospheric monitoring system alarms.

dL
(CAMS) as ' described in Subsection 7.6.2. Four

' g mma sensitive ion chambers (two per divisions 1 The channel sensitivity covers the following
.

& 2) are provided by CAMS to monitor for airborne ranges:*

1d| s tadioactivity up to 10 rads per/hr. Those
2four sensors are located at the penetrations a) Range 10-2 to 10 mR/hr H1

listed in Table 6.2 8. The area radiation (High Sensitivity)
. monitoring system is classified as non safety.

3b) Range 10-1 to 10 mR/hr - M
12.3.4.1 System Objectives (Medium Sensitivity)

4The purpose of the area radiation monitoring c) Range I to 10 mR/hr - L (Low
,

system is to warn plan' personnel of excessive Sensitivity)
- t

gamme ray levels in service areas including the ,

2 6areas where nuclear fuel is stored or handled, to d) Range 10 to 10 mR/hr - LL (Low
record and indicate the monitored gamma radiation Low Sensitivity)
levels in the control room at selected locations
within the various plant b'uildings, and to e) Range 10-I to10 mR/hr VL4

provide audible local alarms at key locations (Very tow Sensitivity)
where abnormal radiation levels could endanger
plant personnel. There are two radiation detectors that are

located in the fuel storage and handling area,
12.3.4.2 System Description one is positioned to' monitor the radiation near

the fuel pool and the other is placed in the
The area radiation monitoring system . fuel handling area to monitor the radiation that

consists of gamma sensitive detectors, associated may result from accidental fuel handling.
digital radiation monitors, auxiliary units, Criticality detection monitors for this area are
local audible warning devices and multipoint not needed to satisfy the criticality accident

.

recorders. The detector signals are digitized requirements of 10CFR70.24, because the ABWR
and optically multiplexed for transmission to the design utilizes specialized high density fuel
radiation monitors. Each monitor has two storage racks that preclude the possibility of-
adjustable trip circuits for alarm initiation, criticality accident under. normal and abnormal'
one high radiation' level trip and one downscale conditions.- The new fuel bundt are stored in
trip. The downscale trip circuit operates on racks that are placed at the bottom of the fuel
loss of power or when gross equipment failure storage pool. A full array of loaded fuel
occurs. Auxiliary units are provided in local _ storage racks are designed to be subcritical by
areas for radiation indication and for initiating- at least 5% delta k. Refer to Sections 9.1 and
the sonic alarms on abnormal levels. The 9.2 for details.

'

electronics are powered from the non 1E vital 120
Vac source while the recorders are powered from The detectors and radiation monitors are.

the 120 Vac instrument bus, responsive to gamma radiation over an energy
range of 80 kev 7 MeV. The energy dependence

Amendment 18 12.3-14
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will not exceed 20% of point from 100eV to 3
MeV. The overali system design accuracy is
within 9.5% of equivalent linear full scale
recorder output for any decade.

The trip alarm setpoints will be established
in the field following equipment installation at
the site. The exact settings will be based on
scuse- location, back ground radiation levels,
expected radiation levels, and low occupational
radiation exposures.

Each channelis calibrated boed on a pseudo
input signal to confirm ace, rate monitor
response. The detectors are calibrated using
standardized traceable radioactive source in
order to establish the linearity and sensitivity
of the channel for subsequent calibration. The
area radiation monitoring system is designed to
accommodiate periodic surveillance testing.

The area radiation monitoring instru-
mentation is designed and properly located to

,

provide early detection and warning for personnel
protection to insure that occupational radiation
exposures will be as low as is reasonably
achieved (ALARA) in accordance with guidelines
stipulated in Reg Guide 8.2 and 8.8.

The area radiation monitoring system in-
cludes instrumentation provided to assess the
radiation conditions in crucial areas in the
reactor building (the RHR equipment areas) where
access may be required to service the safety
related equipment during post LOCA per Reg Guide
1.97. -

.

Amendment 18 12 3-14.1
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123.5 Post Accident Access from the clean access corridor at the 4800 level
Requirernents (B1F) and up three floors to the 23500 level

(3F). There are two access corri- dors, clean
The locations requiring access to mitigate the and dirty, with contamination in those areas

consequences of an accident during the 100. day limited to air inflitration from the environment
post-accident period are the control room, the ud penetration leakage from the PASS system.
technical support center, the remote shutdown In addition, the lices penetrating the PASS room
panel, the primary containment sample station are doubly valved permitting line isolation in
(post accident sample system), the health physics the event of any r atential rupture. Sources of
facility (counting room), and the nitrogen gas radiation therefore are limited to minor leakage
supply bottles. Each area has low post LOCA and gamma shine including the stack monitor room
radiation levels. The dose evaluations in which contains only instrumentation and
Subsection 15.6.5 are within regulatory associated penetrations for monitoring stack

e f flu e nt.guidelines.

Access to vital areas through out the reactor 12.3.6 Post Accident Radiation
building / control building / turbine building Zone Maps
complex is controlled via the service building.
Entrance to the service building and access to The post accident radiation zone maps for the
the other areas are controlled via double locked areas in the reactor building are presented in
secured entry ways. Access to the reactor Figures 12.3-12 through 12.3-22. The zone maps
building is via two specific routes, one for represent the maximum gamma dose rates that
clean access and the second for cor* rolled exist in these areas during the post-accident
access. During a event such as a design basis period. These dose tr.tes do not include the .
accident, the service building / control building airborne contribution in the reactor building,
are maintained under filtered HVAC at a positive
pressure with respect to the environment. Air Post-accident zone maps of the control
infiltration is minimized by positive flow via building and iurbine building are presented in
double entry ways. Therefore, radiation exposure Figures 12.3-54 and 55 respectively. The zone
is limited to gamma shine from the reactor maps are designed to reflect the criteria
building, turbine building, main steam line established in Subt s tion 3.1.2.2.10.
access corridor, and skyline. This shine is
minimized by locating highly populated areas 12.3.7 Deleted
below ground.

During a design basis accident event, access 123.8 References
to remote shutdown panel, nitrogen bottles, and
the PASS and monitor systems is controlled from 1. N. M. Schaeffer, Reactor Shielding for
the service building via the controlled access Nuclear Engineers, TID.25951, U.S. Atomic
way. These corridors are not maintained under Energy Commission (1973),

filtered positive pressure so that personal
protection equipment (radiation protection suits, 2. J. H. Hubbell, Photon Cross Sections,
breathing gear, etc.) will be required in the Attenuation Coefficients, and Energy
access corridor. Primary contamination would Absorption Coefficients from 10 kev ro 100
occur from leakage through the PASS system and GeV, NSRDS-NBS20, U.S. Department of

air infiltration from the environment. Both Commerce, August 1969.

pathways are considered minimal and minor
contamination under even the most adverse 3. Radiological Health Handbook, U.S.
conditions is expected. Department of Health, Education, and

Welfare, Revised Edition, January 1970.
The reactor building vital areas are all

located off one of of the two primary access ways 4. Reactor Handbook, Volume III, Part B, E.P.

except the nitrogen bottle areas which are Blizzard, U.S. Atomic Energy Commission
located on the refueling floor and are accessible (1962).

12 k15
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5. Lederer, Hollander, and Perlman, Table of
Isotopes, Sixth Edition, (1968).

6. M.A. Capo, Polynomial Approximation of>

Gamma Ray Buildup Factors for * Point
isotropic Source, APEX-Slo, Novemb. 1958.

7. Reactor Physics Constants, Second Edition,
ANL-5800, U.S. Atomic Energy Comtaission,
July 1963.

8. ENDF/B-III and ENDF/B-IV Cross Section
Libraries, Brookhaven National Laboratory.

9. ?DS-31 Cross Section Library, Oak Ridge
National Laboratory.

10. DLC-7, ENDF/B Photo lateraction Library.

.
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Table 12.3-1

COMPUTER CODES USEu iN'

- i SHIELDING DESIGN CALCULATIONS
' "

.,

s

Computer CodeDescription

-QADF- - A multigroup, multiregion,' point kernal, gamma ray code
'for calculating the flux and dose rate at discrete
locations within a complex source-geometry configuration.

GGG A multigroup, multiregion, point kernal code for
calculating the contribution due to gamma ray scattering
in a hetrogeneous three dimensional space

:

DOT.4 A discrete ordinates, two-dimensional transport code.
,

-.Multigroup, multiregion neutron or gamma transport
,

.

.-

i-

s

b

!

i'

+

i -j'

4
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Table 12.3 2

TYPICAL NICKEL AND COLBALT CONTENT OF MATERIALS

Nickcl Colball*

Materlat til L3]

Carbon Steel 0.25 1% of Ni

Stainless Steel 10 1% of Ni

Ni-Cr Fe (loconel 600, 70 1% of Ni

loconel X750)

Stellite 6 3 58

.

f

!

I-
,

..

A vtwlmeat 10 113 17

-.
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Table 12.3 3

AIEA RADIATION MONITORS
REACTOR IlUILDING

Sensitivity w el

h 1xation & Descrir, tion Ficure # Bargt Alarms

1 Reactor area (A) 4F 123-62 11 X
2 Reactor area (B) 4F 123-62 LL
3 Fuel storage pool area (A)-4F 12 3-62 LL X
4 Fuel storage poci area (B)-4F 12 3-62 LL
5 R/B 4F soetit area 123-62 11

6 R/B 4F SE area 123-62 11 X
~

R/B 3F NW area 123-60 11

R/B 3F SE arca 123-60 11 Xo

9 CUW control panel area B3F 12 3-56 H
10 R/B equipment hatch D2F 123-57 11 X
11 HCU area (A) B3F 12 3-56 M X
12 HCU arca (B) B3F 123-56 M X
13 SRV/MS!V valve maintenance room 3F 123-63 M X
14 R/B 1F SE hatch area 123-49 H X
15 RFV instrument tack room (A) B1F 123-58 H X
16 RPV instrument rack room (B) B1F 12 3-58 H X
17 R/B B1F SE hatch area 12 3-58 H
18 TIF drive machine room El 1500 123-57 M X
19 TIF machine equipment room El1500 123 57 L X
20 Core cooling water sampling room-M4F 12 3-61 M X
21 CRD maintenance room-B2P 123-57 M X
22 R/B B2F SE hatch area 12 3-57 H X
23 R/B B2F NW hatch area 123-57 H X
24 R/B B3F NW arca RHR 'A' equip area 12 3-56 VL X
25 R/B B3F SE arca RHR *B* equip area 123-56 VL X

Amendment 18 12.3 17.1
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Table 12.3 4

AREA RADIATION MONITORS
'

CONTROL BUILDING
.s

Sensitivity
d'2, Location & Descrintion - Fleurr # Eangt

|
'

'1 . Main Control Room 123-M H ,

2_ Passage Way Underneath Stearn Tunnel 123-M H ;*

3 RBCW *A* Area El.1315 123-M H

4 RBCW"B" Atea El 1315 123-M H

5 RBCW"C" Area.El.1315 123-M 11
!

.

Table 12.3 5 .

AREA RADIATION MONITORS
SERVICE BUILDING

Sensitivity
Ep., 1mation & Descrintion Fleure # Eanac

1 Service Building Tech. Support Center 123-M H -

5

| a

p
V u

t

|:
..

!

|:
-

i-

'.
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Table 12.3 6

AREA RADIATION MONITORS
RADWASTE BUILDING

Senstthity local

& 14 cation & Dncrici!!al ficure # Eann Atarms

1 R/W Building Control Room El16000 1234e if

2 Maintenance area #1 El16000 12 3-68 }{ X

3 Maintenance Area #2-El16000 123 48 }{ X

R/W Building flVAC Exhaust El 1600 123-te l{
<

$ R/W Building Truck Area El 7300 12347 }{
s

6 MSW Compactor Area El7300 123-67 }{

7 Cenidor to Aux. Building El7300 123-67 11 X

8 Equip Rack Area #1.El-0200 12346 }{
'

9 EquipRack Area #2-El 0200 12346 11

10 R/W Building MSW ControlRoom El 0200 12 3-66 I{

11 Rad Waste Sampling Room El-6500 12345 l{

12 MSW Equipment Area-El 5500 12345 }{ X

13 R/W Equipment Rack Area #1 El 4500 12345 l{

~

14 R/W Equipment Rack Area #2-El-6500 12 3-65 11

122 173
Arnendment 18,
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Table 12.3 7

AREA RADIATION MONITORS
TURillNE IlUILDING

Sensitisity local
E2, Location & Description Drure No. EEDat A! anus

1. Condensate Pump Maintenance Area 123 70 M

2. Condensate Sampling & Control Area 123-;0 M X

3. Off Gas Sample & Control Area 12 3-70 M X

4 RFP 1A,1B & 1C Area 123-70 H X

5. Filter Maintenance Area 123-71 M X

6. Demineralizer Area 123 71 H

7. SJAE A & Recombiner Area 12 3-71 H
,

8. SJAF B & Recombiner Area 123 71 H

9. HP Heaters & Drain Tank Area 1 12 3-71 H

10. HP Heaters & Drain Tank Area 2 123 71 H

11. MSR 1A & IC Area 12 3-72 H

12. MSR 1B & ID Area 123 72 H

13. Turbine Building Operating Floor 12.2-73 H X

14. Equipment Main Access Area 123-73 H X

Amendment 18 123-17.4
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the kth removal constant for12A.1 CALCULATION OF n*. .
=

AIRBORNE RADIONUCLIDES the jth source and the iih
radionuclide as discussed

This appendix presents a simplified below,

methodology to calculatt: the airborne concen.
.

radionuclide decay constanttrations of radionuclides in a compartment. This X, =

methodology is conservative in nature and
assumes that diffusion and mixing in a Evaluation Parameters

compartment is basically iratantaneous with
respect to those mitigating mechanisms such as The following parameters require evaluation on a

radioac. .e decay and other removal mechanisms. case by case basis dictated by the physical parameters

The following calculations need to be performed and processes germaine to the modeling process.

on an isotope by isotope basis to verify airborne
concentrations are within the limits of 10CFR20. (1) S is defined as the source rate for radionuclide i

iMo the compartment. Typically these sources take

(1) . For the compartment, all sot.rces of airborne the form of:

radioauclides need to be identified such as:
(a) Inflow of contaminated air from an upstream

(a) Flow of contaminated air from other compartment, Given the concentration of
radionuclide i, c,, in this air and a flow rate ofareas
*r* the source rate then becomes S rc.

, ,

(b) Gaseous releases from equipment in the
compartment - (b) Production of airborne radionuclides from

equipment. This typically takes two forms,

(c) Evolution of airborne sources from gaseous leakage, and liquid leakage.
-

sumps or water leaking from equipment
(i) For gaseous leakage sources, the source

(2) Second, the primary sinks of airborne rate is equal to the concentration of
radionuclides need to be identified. His will radionuclide 1, c., and the leakage rate, *r",

'
primarily be outflow from the compartment or S = re#.d
but may also take the form of condensat'on
onto room coolers. (ii) For liquid sources, the source rate is

simils but cuore complex. Given a liquid

(3) Given the above information the following concentration e, and a leakage rate, *r*, the

equation will calculate a conservative total release from the leak is rc. The
concentration. fraction of this release which then becomes

airborne is typically evaluated by a
S partition factor, P, which may be conser-J 5

V k (A, + g R,) vately estimated from:
-

'

"
Where: Noble Gases P, = 1

C, = Concentration of the ith hh
' #

radionuclides in the room All others P' =
.

b h'*
' V = Volume of rcom

where: h= sa'nrated liquid
'

|
S = The jth source (rate) of the enthalpy
U lih realourclide to the room.

- nese sources are dis,:ussed- h' a
saturated liquid

below. enthalpy at one
atmosphere =

100.10 Kcal/Kg

12A 11
Amendmcat'
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h= saturated vapor (2) The compartment contalus a pump carrying reactor

coolant witp a maximum spejified leakage rate of' ea:ba1py at one
atmosphc e - 639.18 0.000034 m per hour at 273.6 C.
Kcal/Kg

(a) Conservatively it can be estimated based upon
Therefore the liquid release rate properties from steam tables (see note 1) that

under these conditions 44% of the liquid will
becomes, re P,.s flash to steam and become airborne. Along'

(2) R is defined as the removal rate with the flashing liquid it is assumed that a
co't$ tant and typically consist of: proportional amount of I-131 will become

(a) Exhaust rate from the compar.
tment. This term considers not (b) Using the design basis iodine concentrations
only the exhaust of any initially for reactor water from Table 11.1-2 of 0.016
contaminated air but also any clean pCi/gm of 1 131, it is calculated that the
air which may be used to dilute the pugp is providing a source of I 131 of 5.0 x
compartment air. 10' Ci/see to the air. (see Note 2)

(b) Cornpartment filter systems are Second, the sinks for airborae material need to be

treated by the equation: identified. This example include only exhaust which

is categorized as flow ou,t of the compartment at

R = (1-F,) * r, 150% per hour or 4.2 x 10 per second.

where r. = filter system flow Therefore, for an equilibrium sitt:ation, the 1-131
rate airborne concentration from this liquid source'

would be calculated from the following equation.

F, = filter efficiency
for radionuclide i A = S,/ ( A+ R,) + S,/( A+ R ),where

(c) Other removal factors on a case by S,- sourg rate in Curies per second = SS
case basis which may be deemed x 10 Ci/ ce from liquid
reasonable and conservative.

S= source rate from inflow = 2.4 x 10'"
2

Example Calculation Ci/sec

(Values used below are examples only and = isotopt decay constant in units of per
should not be used in any actual evaluation.) second = 9.977 x 10''/sec

R'xfiltration) = 4.2 x 10 per second= removal rate consjant per secondThis exampic will look at 11p1 in a R, =
(ccompartment 6.1x6.1x7.6 = 282.80 m = V

#
First all primary source of radionuclides A = 6.2 x 10 pCi/ml of I-131.
needs to be identified and categurized

Notes:
(1) Flow into the compar' ment equals 424.8m#

per hour with thepr it 1131 concen- tration 1. The assumption of 44% flashing at 273.6 C is

equal to 2 x 10' y Ci/ml (gom upstream extremely conservative, see Reference 1 for a
compartments) or'2.4 x 1F Ci/sec. No discussion of fission product transport.

other sources of air either contaminated or 3

clean air are assumed. 2. Water density assumed at 0.743 gm/cm based upon
standard tables for water at 273.6 C.

12A12
Amendment
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: APPENDIX A TO ENCLOSURE 2

ABWR oesign Document

3.3 Piping Design

Design Description

Piping associated with hydraulic and pneumatic systems is categorized as either
nuclear safety related or norssalety related. Piping systems that must remain
functional following a safe shutdown earthquake (SSE) ar e designated as
Seismic C uegory 1. Depending on the intended senice conditions and system
design functions, piping is further classified as ASME Code Class 1,2,3, or non-
Code Class. NRC regulations govern piping designations and piping in the
certified design may further be classified as Quality Group A, b, C, or D.

All ABWR piping components will be designed, fabricated, installed and
examined to confirm f ull compliance with all applicable regulatory
requirements and ir.dustrial codes and standards.

Inspection, Test, Analyses and Acceptance Criteria

Table 3.3 provides a definition of the inspections, tests and analyses, together
with the acceptance criteria, which will be performed for ABWR piping in order
to den.onstrate compliance with the certified design commitments.The
information in Table 3.3 is intended to be generic and to apply to all safety
related piping governed by Quali:y Group A,11, or C and ASME Code Class 1,2,

k or 3 designations. Not all of the entries in Table S.3 apply to all piping
classifications. Appropriate applicability, based on designation, will be
incorporated at the time the inspections, tests, and analyses are implemented.
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' I.1,. -

,
. Tab'Is 3.3:^ G;naric Piping D; sign :

'

Inspections, Tests, Analyses and Acceptance Criteria -

Certified Design Commitment inspections, Tests, Analyses . . Acceptance Criteria -

1. The piping shall be designed for a fatigue - 1. An inspection of the certified stress report 1. ASME Code, Section lit requirements shall '
life of 60 years. This design shali account will be conducted to assure that the fatigue ~ be satisfied, including the cumulative
for the cyclic stresses resulting from the - evaluation is consistent with the ASME- ' fatigue usage factor. which shall be lessi ,

expected pressure / temperature cycles and . Code, Section 111 requirements and with the . than or equal to 1.0. The applied
loads in the required combinations. For - 60 year design life. subsections of ASME Code shall be
'ASME Class 1 piping systems, a fatigue contained in the approved editions :
analysis will be performed in accordance ' documented in 10CFR50.55a.
with ASME Code, Section ill
requirements. For ASME Class 2 & 3,

piping. ASME Code, Section til rules will be .
followed using a stress range reduction
factor of 1.0, based on fewer than 7000
cycles. These fatigue analyses results shall
be documented in a certified stress report.

2. Pipe mounted equipment allowable loads 2.' Inspections of stress reports, design 2. The allowables for pipe mounted :
, a

i.> and attachment interface (for example, the. specifications, and design drawings will be equipment and interfacing equipment shall
"

interface between a snubber and its conducted to confirm that the as-designed be rnet. The allowables at attachment
. embedment plate) allowable loads, : interface loads, accelerations and stresses interfaces shall be met.

2 accelerations and stresses shall be ' are consistent with the interfacing vendor's
I satisfied. The loads accelerations, and / con < tructor's specified hardware

stresses that the piping system imposes on a!!owables.
its pipe mounted equipment and on_its
interfaces shall be determined by analyses
of the piping systems and compared to the
allowable values.The results of these -
analyses shall be documented as interfacc
requirements to assure design
compatibility with the equipment and -
interfaces.
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Table 3.3: Generic Piping Design (Continued)

Inspections, Tests, Analyses and Acceptance Criteria

Certified Design Commitment inspections, Tests, Analyses Acceptance Criteria

3. Analytical methods for the dynamic and 3. ' Inspection (review) of the certified design 3. Methods shall be in compliance with all
static analysis of piping systems and the specification and the certified stress report applicable regulatory requirements.
corresponding component stress analysis will be conducted to confirm that the
shall be specified in a certified design piping was designed and analyzed in
specification for each piping system. The compliance with all regulatory (and other
dynamic analysis of piping systems shall applicable) requirements.
use a suitable dynamic method, such as
time history or response spectrum method,
or an equivalent static load method. Linear-
elastic analysis or nonlinear-plastic
analysis shall be used. For the applied
method, the key analysis parameters shall
be addressed. For example, for the
response spectrum method, the following
shall be defined:
a. Combination of group responses wheno

9 multiple response spectro ara used.
" - b. Combination of modal responst,s.

c. Combination of response spectra
analysis results with differential
building movement analysis results.

d. Damping coefficients.
e. Cut-off frequency.
f. High frequency modes.

U
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: Table;3.3: G;neric Piping Desig'. (Continu:d) ~
'

-

~1nspections, Tests, Analyses and Acceptance Criteria

Certified fbsign Commitme-nt - Inspections, Tests, Analyses ' Acceptance Criteria

4. Essential piping systems, including - 4. .. Inspections of ASME Cude 111 required . 4. "The essential functions of structures,
e equired pipe whip restraints, shall be documents and the pipe break analysis systems, and components shall not be4

designed to protect against the dynamic report, or leak-before-break justification ' precluded by the postulated pipe breaks.
For those components required for safe -effects associated with the postulated report,will be conducted to confirm that " ~

. shutdown, limits to meet the ASME Coderupture of high energy and moderate the piping system was designed / analyzed
energy fluid systems. A pipe break analysis- in compliance with requirements that ' requirements for faulted conditions and
report shall be generated to confirm that assure postulated pipe breaks will not limits to ensure required operability shall-
the piping system is acceptable for all unduly impact the safety of the plant. be met.
postulated breaks. Piping systems that are
qualified for the optional leak-before-break
design approach may exclude design t

against the dynamic effects from the
postulation of breaksin high energy
piping

5. All ASME Code Safety Class 1,2, and 3 5. ' An inspection of the certified stress report 5. ASME Code, Section 111 limits that protect -

$ piping systems which are essential for safe will be conducted to assure that none of the piping and pipe supports against
k shutdown, shall be designed to assure that the stresses or deflections of the piping primary stress failures will be compared

they will maintain sufficient dimensional system exceed va!aes which could lead to with allowable values that preclude
stability to perform their required function large reductions in the cross-secticmal flow impairment of functional capability. In no
fo!!owing application of all loads to which ' area. case will stresses exceed values allowed
they will be subjected during postulated for Service Level D in ASME Code. Section
events requiring their safety function. Ill.

$
$
~
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Table 3.3: Generic Piping Design (Continued)
'

,

ilnspections, Tests, Analyses and Acceptance Criteria"
Certified Design Commitment Inspections, Tests, Analyses _ Acceptance Criteria '

6. When performing static and dynamic .- ; 6. ' An inspection (verification) of the
, . 6. Analytical modeling practices shall be in)

analysis of piping systems, the - - mathematical model will be performed to .. compliance with all applicable regulatory...
.,

mathematical model of the piping system confirm that the boundary conditions and requirements. The metitods used for
shall be constructed to t4 listically reflect ' dynamic and static characteristics have modeling will be applied to NRC :
the dynamic and static characteristics of ' been adcquately technically addressed; . benchmark problems and the results of the ~
the piping system.The following corresponding analyses shall be ' , .

,

parameters shall be addressed:
. compared to the NRC benchmark and '

a. The model shall adequately account for. . consistency shall be confirmed.
modes up to the analysis cut-off -
frequency.:

b. The appropriate stiffness and mass of
piping, pipe supports, and pipe
mounted equiprnent shall be included
in the piping system model,

a
c. The appropriate stiffnesses for anchors -

and intermediate supports shall beu
is included in the piping system model.
"'
,-

Construction Items:

7. The piping, its appurtenances, and its . 7. . Inspections will be conducted of ASME 7. Existence of ASME Code required
supports, shall satisfy the ASME Class, Code required documents and the Code documents and the Code stamps on the
Seismic Category, ar.d Quality Group stamp on the components. components confirms that 15e piping and -
requirements commensurate with its components have been designed,
classification.; . analyzed, fabricatcd, and examined in

accordance with the applicable -
requirements. .

8. For those piping systems using ferritic 8. Fracture toughness tests will be performed 8. ' Records of the fracture toughness tests
materials, the ferritic materials shall not be in accordance with ASME Code, Section 111. must confirm that the req sirements cf
susceptible to brittle fracture under ASME Code, Section til are satisfied.

! pressure during the expected service
conditions. Only intrinsically tough grades
of ferritic materials conforming to the.

! ASME Code, Section ill SA specifications'
shall be used.

|

| $ .
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'"Tabb 3.3:: G:n:ric Piping Dxign (C::ntinusd) C-

Inspections, Tests, Analyses and Acceptance Criteria

' Certifled Design Commitment - . inspections, Tests, Ana' yses - Acceptance Critarial

9. ' For those piping systems using austenitic ' 9. - Inspections of ASME Code required . 9. Records of the materials and processes
stainless steel materials, the stainless steel documents and other pertinent records will must confirm that the committed

'

. piping shall be selected to minimize the - be conducted to confirm that manufacture, . requirements to avoid the potential of.-
possibility of cracking during service. ' fabrication, welding, and examination we e stainless steel to crack in service are '
Special chemical, fabrication, handling, performed in accordance with the ' satisfied -
welding, and examination requirements committed requirements.~
that minimize cracking shall be met.'

10. For e;sential systems, the as-built piping . - .10.
.

10.

system shall be confirmed to be consistent - a. Pipe routing will be confirmed by a. .The as-built pipe routing is within the'.
with the as-designed piping system. All inspecting isometric drawings tolerances allowed on the as-designed

_

deviations shall be shown to not invalidate - containing verification stamps from drawings. The piping system has the
the design. 'ield visual inspections. This minimum specified clearance from

documentation will also confirm that : neighboring hardware. Deviations shall
no interferences exist. be addressed in compliance with c

below.
'',' b. The exact location, orientation, and size
;,

en of snubbers and struts; the location b. The location, size, orientation of pipe
and size of hangers; the location and ' ' mounted components are vdthin the

,,

weight of valves, pumps, and heat tolerances allowed on the as-designed ' ,

exchangers; the location and drawings. Deviations shall be
configuration of anc'iors; the location addressed in clompliance with c below. :

of guides ar'd pipe whip restraints; and
the specified clearances will be c. For Safety Class 1. 2, & 3 piping, the . ;

confirmed by reviewing isometric required allowables in the applicable
drawings containing quality control . subsections of ASME Code, Section Ill ,

verification stamps, or by taking the as- shall be satisfied. The applied - !

built measurements. subsections of ASME Coda, Section 111 -
3

shall be contained in the approved *

c. Deviations from the as-designed ' editions documented in 10CFR 50.55a. -

condition will be documer.ted and
e aluated. If acceptance limits are not ,

'
satisfied in the reevaluation, a
reanalysis of the as-built condition will
be performed, the stress report and ' . i

design drawings will be revised, and

$ the final stress report will be certified.

O
w
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LTable 3,30 Generic Piping Design (Continued) ;

Inspections, Tests,' Analyses and Acceptance Criteria

Certified Design Commitment . Inspections Tests, Analyses Acceptance Criteria

Combination Design and Construction items:

11. ASME Code Safety Class 1,2, and 3 piping . 11, inspections of ASME Code required 11. For safety class 1,2, & 3 piping, the ;
.

shall retain its pressure integrity under all- documents will be conducted to confirm . required allowables in the applicable
. _

. that the piping system was designed / ' subsections of ASME Code, Section Ili shall |internal pressures that will be expected
~ analyzed in compliance with requirements - be satisfied The applied subsections of L

_

during its design lifetime. Piping and. _
that assure pressure integrity ASME Code, Section ill shall be contained .piping components shall be designed and

analyzed to show compliance with the ~ in the approved editions documented in.
pressure integrity requirements of ASME ' A hydrostatic test of the Safety Class 1. 2, 10CFR 50.5Sa.

Code. and 3 piping will be conducted as required
by, and in accordance with, the ASME - The resuits of the hydrostatic test mustL
Code. conform with the requirements in the

ASME Code;

12. Piping shall be designed (and installed) to .12. An inspection of the certified stress report 12. The design allowables f ar piping clearant e.
provide adequate clearance to prevent will be conducted to assure that the in both the axial and lateral directions shill :

9 interference with other piping, structures, catculated ,sipe deflection values do nri be met.
$ ,. and components as the piping moves or result in the piping exceeding its design

deflects due to the thermal, dynamic, and/ allowables for the specified load
or static loads which it experiences in combinations and that the minimum
service. Stress analyses shall be performed specified clearances adequately
to calculate piping movements. TheAe encompass these deflections.
calculated movements shall be used to
develop and document minimum required . A field walkdown will be performed on all
clearances. essential piping to measure the "As-

installed" piping clearances and confirm
the actual clearances are within allowable
values.

i
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SAFETY EVALUATION OF THE ABWR PIPING DESIGN AND RELATED ITAAQ
,

1 IN1RODUCTION

'In 10 CFR 52.47(a)(2), it is required that an application for design
certification contain a level of design information sufficient to enabl.' the
Commission to judge the applicant's proposed means of assuring that
construction conforms to the design and to reach a final conclusion on all
safety questions associated with the design before the certification is
granted. It is also required in 10 CFR 52.47(a)(1) that an application for
design certification contain proposed inspections, tests, and analyses, and
acceptance criteria (ITAAC) which are necessary and sufficient to provide
reasonable assurance that, if the inspections, tests, and analy9s are
performed and the acceptance criteria are met, a plant which rc.arences the
design is built and will operate in accordance with the design certification.
In SECY-92-053 dated February 19, 1992, the staff proposed to the Commission a
method for using design acceptance criteria (DAC) together with detailed
design information during the 10 CFR Part 52 process for reviewing and
approving designs. The approach for using DAC was proposed in the design
certification review of the ABWR, in part, because of difficulties experienced
by the ABWR vendor, General Electric (GE), in obtaining as-built or as-
procured information to finalize its piping design and analyses. GE-believed
that the use of preliminary information to establish an initial design would
not have been cost-effective because of the many design changes that would
likely occur when the as-built and as-procured information would be available.

The DAC are a set of prescribed limits, parameters, procedures, and attributes
upon which the NRC relies in making a final safety determination to support a
design certification. The DAC are objective (measurable, testable, or subject
to analysis using pre-approved methods), and must be verified as a part of the
ITAAC performed to demonstrate that the as-built facility conforms to the
certified design. The use of DAC regarding how the acceptance criteria for
design will be demonstrated by the COL holder during construction. The
concept of DAC would enable the staff to make a final safety determination,
subject only to satisfactory design implementation and verification by the COL
holder through related ITAAC,

This report provides the staff's safety evaluation of the proposed DACi

approach for the ABWR piping design. Consistent with the above posit'on, the,

l staff reviewed the oetails of the ABWR piping design approach, and ou,
evaluation of the analysis methods, design procedures, and acceptance criteria
to be used by the COL holder to complete the ABWR piping design are discussed
herein.

|

|
The staff's review of the ABWR piping design was performed using the Standard
Review Plan guidelines to evaluate the information in the ABWR SSAR and
included a detailed audit of the piping design criteria and sample
calculations using the ABWR design criteria. The review evaluated the

1
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adequacy of the structural integrity and functional capabilit" of
safety-related piping systems in the ABWR standardized plant design. The
review was not limited to ASME Code Class 1, 2, and 3 piping and supports, but
also included buried piping, instrumentation lines, the interaction of ncn-
Category I piping with Category 1 piping, and any safety-related piping i
designed to indu:.try standardt other than the ASME Boiler and Pressure Vessel
Code. The staff's evaluation of the adecuacy of the ABWR piping design
methods, acceptance criteria, and relatec IT/M that are to be used for the
completion and verification of the ABWR piping design is provided in ".e
following sections of this safety evaluation. The staff's evaluation
includes:

(1) applicable codes and standards
(2) analysis methods to be used for completing the piping design
(3) modeling techniques
(4) pipe stress analyses criteria
(5) pipe support design criteria
(6) high energy line break criteria.
(7) leak-before @ eak approach applicable to the ABWR
(8) generic pipihg design ITAAC

The staff must arrive at a final--safety determination that, upon successful
completion by the COL toider of (1) the piping design and analyses and (2) the
inspections . tests, analyses, and their acceptance criteria (ITAAC) as
required in 10 CFR Part 52 using the design methods and accepthnce criteria
discussed herein, there is adequate assurance of the piping systems performing
their safety-related functions under all postulated combinations of normal
operating conditions, system operating transients, postulated pipe breaks, and
seismic events.

;

i
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2 CODES AND STANDARDS
i

2.1 ASME Boiler end Pressure Vessel Code

i for the ABWR design certification, GE has established that the ASME Boiler and
Pressure Vessel Code, Section til is to be used for the design of ASME Code
Class 1, 2, and 3 piping systems. The specific edition and addenda has not <

been specified for the piping during the ABWR design certification review, in
part, because of the evolving technical content of the Code which might result
in inconsistencies betLean design and construction practices. The ASME Code
involves a consensus process to reflect the evolving design and construction
practices of the industry. Although the reference to a specific editlen of
th Code for the design of piping systems is entirely feasible during the
design certification stage, the construction practices and examination methods
of an updated Code that would be effective at the COL stage might not be
consistent with the earlier design practices used at the design certification
stage.

In order to avoid this potential inconsistency for the ABWR piping systems,
the staff finds that the specification of the ASME Boiler and Pressure Vessel
Code without a commitment to a specific edition and appropriate addenda is
sufficient because the regulations in 10 CFR 50.55a p ovide the means for the
staff to revise or supplement specific portions of the updated Code editions
>nd addenda *a reflect their application to the certified designs. In this
manner, the ;gecific edition and addenda to be used at the time of the COL
application is ensured to be consistent with the latest design, construction,
and examination practices at that time. However, the staff finds that there
is a need to adopt certain information from a specific Code edition or addenda
during its design certification review particularly when that information is
of importance to verify some aspect of the design or is used by the staff to
reach its final safety determination. Such considerations are reflected in
the various sections of this safety evaluation.

Therefore, all ASME Code Class 1, 2 and 3 piping and piping supports shall be
designed in accordance with the requirements of the ASME Boiler and Pressure
vessel Code, Section III as endorsed in 10 CFR 50.55a in effect at the time of
plant construction.

2.2 A_SME Code Cases

The only acceptable ASME Code Cases that may be used for the design of ASME
Code Class 1, 2, and 3 piping systems in the ABWR standard plant are those
either conditionally or unconditionally approved in RG's 1.84 and 1.85 in
effnct at the time of plant construction. However, as noted above the staff
has reviewed the acceptability of several proposed Code Cases that are
currently endorsed in RG 1.84 and 1.85 in order to reach a final safety '

determination on the ABWR certified design.

In RG 1.84, the staff has conditionally endorsed ASME Code Case N-397,
" Alternative Rules to the Spectral Broadening Procedure," for use on a case-
by-case basis only. For the ABWR at this time, Code Case N-397 M s not been
requested for use and is not applicable.

3
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In RG-1.84, the staff has conditionally endorsed ASME Code Case tl-411,'

" Alternative Damping Values for Response Spectra Analysis of Classes 1, 2, and
3 Piping, Section III, Division 1." This Code Case is acceptable for the
ABWR. The acceptability of the Code Case and its application is-further
discussed in Section 5.4 of this safety evaluation. 1

Other ASME Code Cases requested by GE that are applicable to the ABWR piping
and support design are listed below:

ASME Code Case N-71-15 " Additional Materials for Subsection NF, Classes 1, 2,
3 and MC Component Supports Fabricated be Welding, Section III, Division I."
This Code Case has been endorsed by the staff in RG 1.85.

ASME Code Case N-122, " Stress Indices for Structure Attachments, Class 1
Section III, Division 1." This Code Case has been endorsed by the staff in RG
1.84.

ASME Code Case N-247, " Certified Design Report Summary for Component Standard
Supports, Section III, Division 1. Class 1, 2, 3 and MC." This Code Case has
been endorsed by the staff in RG 1.54.

: ASME Code Case N-249-9, " Additional Material for Subsection NF, Classes 1, 2,
3 and MC Component Supports Fabricated Without Welding, Section III, Division
1." This Code Case has been endorsed by the staff in RG 1.85.

ASME Code Case N-309-1, " Identification of Materials for Component Supports.
-Section III, Division 1." This ' Code Case has been endorsed by the staff in RG
.1.84.

ASME Code Case N-313. " Alternate Rules for Half-Coupling Branch Connections,
Section Ill, Division 1." This Code Case has been endorsed by the staff in RG
1.84.

ASME Code' Case N-316. " Alternate Rules for Fillet Weld Dimensions for Socket -

Welded Fittings,-Section III,-Division 1, Class-1, 2, 3." This Code Case has
been endorsed by the staff in RG 1.84.

^ASME Code Case N-318-3, " Procedure for Evaluation of the Design of Rectangular
Cross Section Attachments on Class 2 or 3 Piping, Section III, Division 1."
This Code Case has been conditionally endorsed by the staff in RG 1.84 and is
discussed further in Section 5.15 of this safety evaluation.

ASME Code Case N-319, " Alternate Procedure for Evaluation of Stress in Butt
Weld Elbows in Class 1 Piping, Section III, Division 1." This Code Case has
been endorsed by the staff in RG 1.84.

- ASME Code Case N-391,-" Procedure for Evaluation of the Design of Hollow
-Circular Cross Section Weld 3d Attachments on Class 1 Piping, Section III,
-Division 1." This Code Case has been endorsed by the staff in RG 1.84.-

- ASME Code Case N-392, " Procedure for Evaluation of the Design of Hollow
Circular Cross Section Welded Attachments on Classes 2 and 3 Piping, Section

4
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"I, Division 1.* This Code Case has been endorsed by the staff in RG 1.84.,
.

ASME Code Case N-393, " Repair Welding Structural Steel Rolled Shaped and
Plates for Component Supports, Section III, Division 1." This Code Case has
been endorsed by the staff in RG 1.84.

ASME Code Case N-414 " Tack Welds for Class 1, 2, 3 and MC Components and
Piping Supports." This Code Case has been endorsed by the staff in RG 1.84.

ASME Code Case N-430, " Requirements for Welding Workmanship and Visual
Acceptance Criteria for Class 1, 2, 3 and MC Linear-Type and Standard
Supports." This Code Case has been endorsed by the staff in RG 1.84.

ASME Code Case N-416," Alternative Rules for Hydrostatic Testing of Repair or
Replacement of Class 2 Piping." This Code Case has been endorsed by the staff
in RG 1.147.

ASME Code Case N-463, " Evaluation Procedures and Acceptance Criteria for Flaws
in Class 1 Ferritic Piping That Exceed the Acceptance Standards of IWB-3514-
2." This Code Case has been endorsed by the staff in RG 1.147,

2.3 Desian Specificatios,;

The ASME Boiler and Pressure Vessel Code, Section III requires that a design
specification be prepared for Class 1, 2, and 3 components such as pumps,
valves, and piping systems. The design specification is intended to become a
principal document governing the design and construction of these components
and should specify loading combinations, design data, and other design data
inputs. The Code also 4 squires a design report for ASME Code, Class 1, 2, and
3 piping and components. In tha ABWR SSAR, GE committed to construct all

| safety-related components, such as vessels, pumps, valves and piping systems,
to applicable requirements of the ASME Code, Section Ill. During its revie
of the ABWR SSAR, the staff reviewed selected documents related to design
specifications and design re)nrts. Those documents were not specifically for
the ABWR, but were provided ay GE and reviewed by the staff as a demonstration
of how design specifications and design reports will be prepared for ABWR
plants. The staff determined that the demonstration documents, with
modifications, would meet code requirements. However, because the documents
were not specifically for the ABWR, they will have to be modified before the
staff can conclude that the design specification and design report
requirements in ASME Code, Section III, Subsection NCA have been met. in

| order for the staff to reach this conclusion, it will perform plant-specific
design documentation audits for plants referencing the ABWR design. In -'

Section 3.9.7, " Interfaces," GE made a commitment that utility applicants
referencing the ABWR design will make available to the staff design

,

specifications and design reports required by the ASME Code for vessels,
pumps, valves, and piping systems for the purpose of audit. The staff finds
this commitment to be an acceptable COL action item.

|
2.4 Conclusions

L On the basis of its review of Section 3.9.3.1 of the SSAR, the staff finds

'

5
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that GE met 10 CFR 50.55a and GDC 1 with respect to the codes and standards
specified for ASME Code, Class 1, 2, and 3 components by ensuring that systems
'nd components important to safety are designed to qual'ty standards
unnnensurate with their importance to safety.

:
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3 ANALYSIS METHODS
|

The staff reviewed the information in Section 3.9.1 of the SSAR relative to
the design transients and methods of analysis used for all seismic Category I !

piping and pipe supports designated as ASME Code Class 1, 2, and.3 under ASME
Code, Section III, and those not covered by the code. It reviewed the |

assumptions and procedures used for the inclusion of transients in the design '

and fatigue evaluation of ASME Code Class 1 and CS components, it also
reviewed the computer programs used in the design and analysis of seismic
Category I components and their supports, as well as experimental and
inelastic ana',ytical techniques.

3.1 Experimental Stress Analysis

In Section 3.9.1.3 of the SSAR, GE identified severd components for which
experimental stress analysis is performed in conjunction with analytical
evaluation. In the piping area these components include the piping seismic
snubbers and pipe whip restraints. The o ff's evaluation of the analysisa

methods used to qualify these componer M .u ~ M v :59d in further in Sections
6 and 7 of this ufety evaluation. Th shfe . :it M is that exp?rimental
stress analysis Nthods shall be in cot nin.c q > %,. .adix II of the ASME
Code, Section Ill.

3.2 Modal Restpnse Spectrum Method

GE performed the system and subsystem analyses an an elastic basis. Modal
response spectrum snd time history methods form the basis for the analytes of
all major seismic Category I piping systems and components. In a response
spectrum method of ana.ysis, the mode shapes and the natural frequencies are
calculated first. The dynamic response of the system is then calculated for
each mode using the floor response spectrum as the input to the analysis. For
a piping system that is supported at points with different dynamic
excitations, the response analysis is usually performed using an enveloped
response spectrum.

Three components of earthquake motion shall be considered in the analysis.
The maximum response due to each of the three components should be combined by
the square-root-of-the-sum-of-squares (SLSS) of the maximum codirectional
responses caused by each of the three_ components of earthquake motion. For
other dynamic events, the SRSS methor' can be used provided it can be
demonstrated that there is no phase relationship between the three
perpendicular excitation direction.

3.3 Independent Sucoort Motion Method

As an alternative to the enveloped response spectrum method, the
multiple-support excitation analysis method may be used. When this method is
used, the staff's position is that the responses due to motions of supports
between two or more different support groups may be combined by the SRSS
method if a support group is defined by supports that have the same time
history input. This usually means all supports located on the same floor, or
positions of a floor, of a structure. In Amendment 11 to the SSAR, GE

7
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- comitted to use this definition for the design of .ABWR piping systems.
Therefore, the staff finds this alternative to the enveloped response spectrum
method to be _ acceptable.

This method should be implemented in accordance with the information and
recommendations in Sections 2.3 and 2.4 of NUREG-1061, " Report of the
U.S.N.R.C. Piping Review Committee," Volume 4.

3.4 Time-History Method-

A time history analysis is performed using either the direct integration or
modal superposition method. Based on the GE documents reviewed by the staff
during its audit at the offices of General Electric on March 23-26, 1992, only
the direct integration method is addressed. This method of analysis is
primarily used by GE for systems subjected to short duration and high
frequency excitation such as those systems in the suppression pool subjected
to the direct SRV and LOCA loads. The-loadings may be applied either as an
external load onto the pipe or as an internal fluid hydraulic transient load.

An appropriate integration time step, At, shall be selected to ensure stable
integration. This is generally achieved when- smaller time steps introduce no
more than a 10% error in the total dynamic response. In addition,
consideration should be given in the analysis of expected variations of piping
properties, damping, and loadings - comparable to the peak broadening in
developing seismic floor response spectra.

The method for combining the three-dimensional effects may utilize the
approach described.in Section 3.2 of this safety evaluation or may be combined
algebraically at each time step.

3.5 Inelastic Analysis Method

GE has not provided any information on the use of inelastic analysis methods-
-for the ABWR piping analyses. If inelastic methods are to be used in any ABWR
piping' analyses, then the staff requires that the details of the inelastic
method and its acceptance criteria as well as tho scope and extent of its
-application shall be submittad to the staff for approval prior to its use.

3.6 Small-Bort _,P_ig,taqlg,thof

At this-time, GE has not provided the staff any-specific information with
respect to the method to be used for the structural design of small-bore
piping systems and instrumentation lines in the ABWR standard plant. This
information is required to be included in the SSAR in order for the staff to
reach a final safety determination on the adequacy of the ABWR small-bore
piping design. This is. considered an open item.

With respect to the use of EPRI-6628, " Procedure for Seismic Evaluation and
Design of Small Bore Piping," (NCIG-14), the staff finds that the ap) roach
incorporates, in part, the use of a seismic experience-based approac1 for the
qualification of safety-related piping. The staff has not accepted this

8



experienced-based approach for the design or qualification of safety-related
piping in nuclear power plants at this time. Currently, the staff accepts a
suitable dynamic analysis or a suitable qualification test except where the
use of an equivalent static analysis has been demonstrated to be adequate for
the design of piping systems. The staff position is that the NCIG-14 approach
is not acceptable for the design of safety-related, small-bora piping in the
ABWR standard plant.

3.7 Non-Seismic / Seismic Interaction (II/I)

All non-seismic Category I piping (or other systems and components) should be
isolated from Category I piping. This may be achieved by designing a seismic
constraint or barrier or by locating the two sufficiently apart to preclude
any interaction. If it is impractical to isolate the Category I piping
system, the adjacent non-seismic Category I system should be evaluated to the
same criteria as the Category 1 system. The use of other methods should be
submitted to the staff for review and approval prior to its use.

For non-seismic Category I piping systems attached to seismic Category I
piping systems, the dynam' effects of the non-seismic Category I system shall
be considered in the analysis of the Category I piping. In addition, the non-
seismic Category I piping from the attachment point to the first anchor shall
be evaluated to ensure that under all loading conditions, it will not cause a
failure of the seismic Category I piping system.

3.8 Main Steam Line and By-Pass line in the Turbine Buildina

for the ABWR plant design, GE proposed to eliminate the main steam isolation
valve leakage control system. Instead, it proposes to rely on the use of an
alternate leakage path which takes advantage of the large volume and surface
area in the main steam piping, by-pass line, and condenser to hold up and
plate out the release of fission products following core damage. In this
manner, the main steam piping, by-pass line, and condenser are used to
mitigate the consequences of an accident and are required to remain functional
during and after a safe-shutdown earthquake.

For this reason, the staff position is that the main steam piping beyond the
second outermost isolation valve up to the seismic interface restraint and
connecting branch lines up to the first normally-closed valve be classified as
Quality Group B (Safety Class 2) and Seismic Category I. The main steamline
from the seismic interface restraint up to but not including the turbine stop
valve (including branch lines to the first normally-closed valve) shall be
classified as Quality Group B and inspected in accordance with the applicable
portions of ASME Section XI, but may be classified as non-seismic Category I
if they have been analyzed using a dynamic seismic analysis method to
demonstrate their structural integrity under SSE-loading conditions. However,
all pertinent quality assurance requirements of 10 CFR Part 50, Appendix B are
applicable to ensure that the quality of the piping material is commensurate
with its importance to safety during normal operational, transient, and
accident conditions. For assuring the integrity of the main steam by-pass
line from the first valve to the main condenser hot-well, the staff position
is that (I) the main steam by-pass line from the first valve up to the

!
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condenser inlet and (2) the main steam piping between the turbine stop valve
and the turbine inlet is not required to be classified as safety-related nor
as Seismic Category 1, but should be analyzed using a dynamic seismic analysis
to demonstrate their structural integrity under SSE loading conditions.

Lastly, the main steam piping and by-pass line in the turbine buildinp shall
be protected from the collapse of any non-seismic Category I structure in the
event of an SSE. As a final confirmatory measure, the staff requires that a
plant-specific walkdown be performed prior to operation to assess the
potential failures of non-seismically designed systems, structures, and
components overhead, adjacent to, and attached to the alternate leakage path
(i.e., the main steam piping, by-pass line, and the main condenser). This
walkdown should be performed as a part of the ITAAC verification of non-
seismic / seismic interaction.

GE has proposed a revision to its SSAR to reflect the above staff position.
Contingent upon the SSAR revision incorporating the above staff position, the
staff finds that the methods of analyses described above to be used to assure
the structural integrity of the alternate leakage path provides an acceptable
methodology to ensure the structural integrity of the main steam piping and
by-pass line in the turbine building during and following an SSE.

3.9 Buried Pioina

Section 3.7.3.12 of the SSAR outline criteria that will be used in the
analysis of buried seismic Category I piping systems. These criteria conform
to the applicable guidelines in SRP Section 3.9.2. However, GE has not
provided any detailed information on how the criteria are to be applied in the
design of buried piping. Specifically, GE should address, as a minimum, (1)
the maximum bearing loads, (2) the categorization of seismic stresses in the
Code evaluation, and (3) the allowable stress limits for the piping. In order
for the staff to complete its review of the ABWR buried piping, the staff
requires that this information be included in the SSAR.

3.10 ASME Section Ill. Appendix N

The staff has not endorsed the use of ASME Code Section 111, Appendix N,
" Dynamic Analysis Methods." This is a non-mandatory appendix which is still
evolving and does not currently agree with some regulatory positions.,

Therefore, for the ABWR piping design, when the methodology in Appendix N is f
not consistent with regulatory positions discussed herein, then the regulatory I

positions shall be used.

3.11 Conclusions

Contingent upon GE providing an acceptable revision to its SSAR that addresses
the lack of information identified above and reflects the staff's positions as
indicated, and on the basis of its review of the SSAR Section 3.9.2 and its
audit of the specific design procedures for the ABWR piping systems, the staff
concludes that the analysis methods to be used for all Seismic Category I
piping systems as well as non-seismic Category I piping systems that are
important to safety utilize a suitable dynamic analysis method or an
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equivalent static analysis method. The analysis methods utilize piping design ,

practices that are commonly used in the industry and provide an adequate |
margin of safety to withstand the loadings due to normal operating, transient, |

and accident conditions.
,

,

11,

. _ _

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



_ _ _ .__

4 PIPING MODELING

4.1 Computer Codes

This section addresses the computer codes to be used to analyze piping systems
in the ABWR design. All computer programs used by GE for static and dynamic
analy ms to determine the structural and functional integrity of seismic
Category I Code and non-Seismic Category I code items are included in
Appendix 3D to the SSAR. Design control measures to verify the adequacy of
the design of safety-related components are required by 10 CFR Part 50,
Appendix B. In Section 3.9.1.2 of the SSAR, GE stated that the quality of the
programs and the computer results are controlled either by GE or by outside
computer program developers. In addition, the programs are verified by one or
more of the methods recommended in SRP Section 3.9.1.

The staff is currently performing an independent confirmatory piping stress
analysis of representative piping systems in the ABWR standard plant. The
purpose of these analyses is to verify the adequacy of the GE computer program
used to generate the sample piping analyses that were audited by the staff on
March 23-26, 1992 at GE's offices in San Jose, California. The results of the
confirmatory analysis will be discussed in a supplement to this safety
evaluation.

4.2 Dynamic Pinino Model

For the dynamic analysis of seismic Category I piping, each system is
idealized as a mathematical model consisting of lumped masses connected by
elastic members. The stiffness matrix for the piping system is determined
using the elastic properties of the pipe. This includes the effects of
torsional, bending, shear, and axial deformations as well as change in
stiffness due to curved members.

The staff reviewed the method for selecting the number of masses or degrees of
freedom in the mathematical piping model to determine its dynamic response.
Based on the staff's March 23-26, 1992 audit of GE's internal documents, pipe
and fluid masses are lumped at nodes which are selected to coincide with the
locations of large masses (e.g., valves, pumps, and tanks) and with locations
of significant geometric changes (e.g., pipe elbows, reducers, and tees).
Additional mass points are selected to ensure that the spacing between any two
adjacent piping nodes and masses is no greater than an idealized value, This
value corresponds to the length of a simply supported beam with a uniformally
distributed mass whose undamped natural frequency is equal to the cut-off
frequency. Since this approach in effect would capture all modes up to the
cut-off frequency, the staff finds that the ABWR method for locating mass
points is acceptable. The SSAR should be revised to reflect the above
described approach.

The effect of pipe supports on the piping response shall be considered in the
analytical model by including its actual stiffness properties. If default or
generic stiffnesses are used _in the piping model, then justification shall be
developed to validate the stiffness values used in the piping model. The
justification shall include verification that the generic values are
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representative of the types of pipe supports used in the piping system. This
alternative approach to use generic stiffness values and its bases should be
submitted to the staff for review and approval prior tu its use.
Additionally, because the amplified response spectra are generally specified i
at uiscrete building node points, any additional flexibility between these
points and the pipe support (e.g., supplementary steel) shall also be
addressed. The SSAR should be revised to incorporate the above information.

|
When piping terminates at non-rigid equipment (e.g., tanks, pumps, or heat
exchangers) then the analytical riping model shall consider the flexibility
and mass effects from these equipment. The SSAR should be revised to address
how the flexibility and masses of equipment attached to the piping are to be
modelled.

|4.3 Picino Benchmark Procram
.

The NRC staff is currently reviewing the adequacy of the GE computer program |
used in the representative ABWR piping analyses that were audited by the staff '

on March 23-26, 1992 at GE's offices in San Jose, California. The staff is
performing an independent confirmatory piping analysis and will compare the
results of its analysis with those provided by GE. Contingent upon an
acceptable resolution of this confirmatory analysis, the staff concludes that
the computer program used by GE for the ABWR piping analysis is adequate.

To verify the adequacy of the computer program used by the COL holder to
complete the ABWR piping system design and analyses, mathematical models of
representative piping systems in the ABWR standardized plant will be
established by the NRC staff to be used in a benchmark program. The
mathematical models are based on the dynamic piping mo61 described in Section
4.2 and on the piping design criteria in Section 5 of this safety evaluation.
The benchmark program verifies the adequacy of linear-clastic, dynamic piping
analysis methods using the enveloped response spectrum method, multiple
response spectrum method, and time-history method of analyses.

The benchmark program essentially consists of constructing mathematical models
of the ABWR feedwater piping system inside containment and a safety-relief
valve (SRV) discharge line inside the suppression pool wetwell area using the
COL holder's computer program. The piping configuration for the piping models
are described in NUREG-XXXX (currently under preparation by the NRC staff) and
include (1) piping dimensions, (2) pipe sizes, (3) materials, (4) valve
weights, (5) support and anchor stiffnesses, and (6) support locations. The
piping input' parameters for the benchmark analyses are also specified in
NUREG-XXXX and include (1) damping values, (2) loading definitions, and (3)
load combinations.

When the COL holder's dynamic piping analyses are completed, the results of
the analyses shall be compared with the results of the benchmark problems
provided in NUREG-XXXX. The piping results to be compared and evaluated
include the system modal frequencies, the maximum pipe moments, the maximum
support loads and equipment rea:tions, and the maximum pipe deflections. The
acceptance criteria or range of acceptable values are specified in NUREG-XXXX
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and shall be satisfied. Any deviations from these values as well as the
justification for their deviations shall be documented and submitted to the

NRC staff for review and approval prior to initiating final certified piping
analyses.

The benchmark program provides assurance that the computer program used to
complete the ABWR piping design and analyses produces results that are
consistent with results considered acceptable to the NRC staff.

4.4 Decouplina Criteria

When analyzing piping systems, the size of the mathematical model might exceed
the capacity of the computer program when large and small bore piping are
included. Thus, the small bore branch lines are generally decoupled from the
large bcre main piping. Currently, the SSAR does not provide any criteria for
the decoupling of the piping systems in the analysis model. However, in a
letter from P. Marriott (GE) to USNRC dated February 24, 1992, GE has provided
a decoupling criteria in a GE document entitled, "ABWR SSAR Main Steam,
Feedwater and SRVDL Piping Systems Design Criteria and Analysis Methods,"
(draft), Revision 0, dated February 1992. This document stated that when the
ratio between pipe diameters of the branch line to main line is less than one-
third, the branch line can be excluded from the piping model of the main line.

For GE to utilize this criteria for all piping systems in the ABWR plant, the
basis for the one-third ratio needs to be reviewed by the staff. GE also
needs to define how the mass effect of the decoupled line is accounted for in
the model of the main line and how the frequency ratio effect (or resonant
amplification of the main line) is accounted for in the modeling and analysis
of the branch line. GE should revise its SSAR to include this information.

4.5 Conclusions

Contingent upon GE providing an acceptable revision to its SSAR that reflec+s
the staff's positions as indicated above, the staff concludes that GE met
10 CFR Part 50, Appendix B, and CDC 1 by submitting information that
demonstrates the applicability and validity of the design methods and computer
programs used for the design and analysis of seismic Category I piping
designated as ASME Code Class 1, 2, and 3 and those not covered by the code
within the present state-of-the-art limits and by having design control mea-
sures that are acceptable for ensuring the quality of its computer programs.
Although utility applicants referencing the ABWR design are not required to
use the GE computer programs, the staff will require that computer programs
used by the COL holder to complete its analyses of the ABWR piping systems be
validated using the piping benchmark program discussed herein.

,
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5 PIPE STRESS ANALYSIS CRITE"'A

5.1 Seismic Inout (Enveloce Vs. Site-Specific Soil Properties)

The ABWR standardized plant is designed for a safe shutdown earthquake (SSE-
ground motion defined by a RG 1.60 response spectrum anchored to a peak ground
acceleration of 0.39 Amplified buildir.g response spectra are generated for
the ABWR standard plant to account for varying soll properties in the U.S. by
enveloping 14 site conditions. GE has proposed that the COL holder use these
enveloping amplified building response spectra provided in the SSAR to
complete the design and analyses of the ABWR piping systems.

The 3taff recognizes that the enveloping amplified building response spectra
for the ABWR plant contain conservatism that might be excessive for certain
specific site conditions. Accordingly, the staff's position is that when the
SSE response spectrum is defined by a RG 1.60 response spectrum anchored to a
peak ground acceleration of 0.3g, the type of soil properties applicable to
the site may be considered in generating the amplified building response
spectra. The method used to generate the amplified building response spectra
shall be consistent with the method described in the SSAR as approved by the
staff.

The staff's evaluation of the method used by GE for generating the amplified
building response spectra will be provided in the st;ff's final safety
evaluation of the ABWR standard plant design.

5.2 Desian Transients

In Table 3.9-1 of the SSAR, GE lists the design transients for five plant
operating conditions and the number of either plant operating events or cycles
for each of the design transients that will be used in the design and fatigue
analyses of the ASME Code Class 1 piping systems. For a design life of 60
years, the number of cycles for each transient shall be increased by a factor
of 1.5. The SSAR should be revised to reflect this factor. The operating
conditions included the following:

(1) ASME Service Level A - normal conditions

(2) ASME Service level B - upset conditions - incidents of moderate
frequency

(3) ASME Service Level C - emergency ccnditions - infrequent incidents

(4) ASME Service Level D - faulted conditions - low-probability postulated
events

(5) testing conditions

The number of events or cycles resulting from each of the listed design tran-
sients that are applicable to other ASME Code Class piping systems is to be
documented by the COL holder in its design specification and/or stress report
for each component.
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5.3 Loadinas and Load Combinations

The staff reviewed the methodology used for load combinations and the selected
values of allowable stress limits. GE provided the design criteria for all
ASME Code, Class 1, 2, and 3 piping and piping supports using the load combi-
nations and stress limits given in Section 3.3.3.1 of the SSAR. The method i

used in the combination of dynamic responses of piping loadings shall be in i
accordance with NUREG-0484, " Methodology for Combining Dynamic Responses," |
Revision 1, dated May 1980. !

!

The staff reviewed this information and concludes that appropriate ;

combinations of normal, operating transients, and accident loadings is '

specified to provide a conservative design anvelope for the design of piping
systems. The load combinations are consistent with the guidelines provided in
SRP Section 3.9.3 and is thus acceptable.

5.4 Damoina Values

RG 1.61, " Damping Values for Seismic Design of Nuclear Power Plants," contains
recommended values-of damping to be used in the seismic analysis of
structures, systems, and components. In addition, RG 1.84, " Design and
Fabrication Code Case Acceptability, ASME Section III, Division 1,"
Revision 25, May 1988, conditionally endorses ASME Code Case N-411-1,
" Alternative Damping Values for Response Spectra Analysis of Classes 1, 2, and
3 Piping, Section III, Division 1." The damping values used by GE are the
same as those specified in either RG 1.61 or those specified in ASME Code Case
N-411-1 as permitted by RG 1.84, and, therefore, the staff finds these
criteria to be acceptable.

GE proposed to use the damping values specified in ASME Code Case N-411 with
the independent support motion (ISM) method of response spectrum analysis.
The staff's position on the application of N-411 damping values to the ISM
method of analysis is that it is acceptable when the ISM method is u:;ed in
recordance with the information and recommendations in Sections 2.3 and 2.4 of
NUREG-1061, Volume 4.

The staff's position on the use of N-411 damping values with ASME Code case F
420, " Linear Energy Absorbing Supports for Subsection NF, Classes 1, 2, and 3
Construction, Section III, Division 1," is that the two Code Cases may only be
used in separate analyses as a further condition of RG 1.84 because the
damping values established in Code Case N-411 might not be entirely _
appropriate for the damping characteristics of the linear energy absorbing
supports. Therefore, the two Code Cases are not to be used in the same
analysis.

5.5 C,ombindian of Mp_Q]_fesoonses

for the response spectrum method of analysis, the modal responses are combined
by the square-root-of-the-sum-of-the-sqcares (SRSS) method. Closely spaced
modes are combined using the criteria of RG 1.92. GE considers all modes with

.

'

frequencies below 33 Hz in computing equipment au component response for
seismic loadings. The staff finds that this method is consistent with the
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applicable guidelines of SRP Section 3.9.2 and is thus acceptable.

5.6 Hiah Freauency Modes

For seismic analysis, consideration of high-frequency modes to preclude
missing mass effects shall be included. The staff's guidelines for this is
provided in SRP Section 3.7.2, Appendix A. The SSAR should be revised to
reflect the above staff position or if an alternative method is used, then the
details of its basis shall be submitted to the staff for review and approval
prior to its use.

For the analyses of vibratory loads (other than scismic) with significant high
frequency input, i.e., 33 to 100 Hz, tne staff's positions are as follows:

a. . The methodology for the combination of high frequency modal results
has not been addressed by GE at this time for the ABWR piping design.
The staff's position is that the high frequency modes shall be combined
using the guidelines provided in RG 1.92, " Combining Modal Responses and
Spatial Components in Seismic Response Analysis." Use of nther
combination methods such as the algebraic modal combination method for
combining high f.equency modes will require further justification and
staff approval prior to their use.

.

b. Non-linear analyses used to account for gaps between pipe and its
supports when subjected to vibratory loads with significant high
frequency has not been addressed by GE at this time for the ABWR piping
design. The staff position is that the description of and justification
for such analyses must be submitted to the staff for review and approval
prior to their use.

5.7 Fatiaue Evaluation for ASME Code Class 1 pioina

The ASME Code, Section III requires that the cumulative damage due to fatigue
be evaluated for all ASME Code Class 1 piping. The cumulative fatigue usage
factor should take into consideration all cyclic effects caused by the plant
operating transients listed in Table 3.9-1 of the ABWR SSAR. For a 60-year
design life, the number of cycles for each transient listed in Table 3.9-1
shall be multiplied by a factce of 1.5. However, recent test data indicates
that the effects of the reactor environment could significantly reduce the
fatigue resistance of certain materials. A comparison of the test data with
th^ Code requirements indicates that the margins in the ASME Code fatigue
design curves might be less than originally intended. The staff is currently
developing an interim position to account for the environmental effects in the
fatigue design of the affected materials which will be available at a later
date.

For the ABWR, GE discussed with the staff its tentative procedure that it is
currently using for a foreign boiling water reactor plant design. The
information was provided to the staff during an audit held at the GE offices
in San Jose, California on March 23-26, 1992. The specified material for the
ASME Code Class 1 piping in the ABWR is carbon steel. Using the GE position,
additional fatigue evaluations would not be required when certain conditions
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are met, such as when the fluid temperature is below 245'C, the oxygen content
is below 0.3 ppm, or the tensile stress hold time does not exceed 10 seconds.
The exemption rules also extend to piping elbows and tees and valve bodies
when these components are conservatively designed and analyzed using the
stress index method. Thus, only the circumferential girth butt welds in
piping.are considered to be critical by GE and are evaluated for environmental
effects. The approach used by GE to account for the environmental effects on
the girth butt welds is to modify the local peak stress through four factors:
(1) the notch factor, (2) the mean stress factor, (3) the environmental
correction factor and (4) the butt weld strength reduction factor.

The staff is currently reviewing the approach used by GE for accounting for
the environmental effects on the fatigue life of the ASME Code Class I
components. The results of the staff's review will be provided in a
supplement to this safety evaluation. GE should include in its SSAR the
proposed approach for accounting for the environmental effects in its fatigue
analyses.

5.8 Fatiaue Evaluation of ASME Class 2 and 3 Pioina

Section 3.9.3.1 in the SSAR states that the design life for the ABWR is 60
years. In response to a staff request, GE provided a commitment in Sections
3.9.3.1 and 3.9.7.2 that applicants referencing the ABWR design will identify
all ASME Code, Class 2, 3, and Quality Group D components that will be sub-
jected to loadings that could result in thermal or dynamic fatigue and provide
the analyses required by ASME Code, Section III, Subsection NB (ASME Class 1).
These analyses will include the appropriate operating vibration loads and will
account for the effects of mixing hot and cold fluids. Examples of such
piping components shall include, as a minimum, the safety-relief valve (SRV)
discharge piping in the wetwell airspace, the SRV quencher devicei, and the
connection of the residual heat removal / reactor water cleanup piping to the
main fe?dwater piping outside containment. The staff finds this commitment to
be acceptable.

on current data, the staff is of the opinion that the margins built in
s i ASME fatigue design curves might not be sufficient to account for
vat .tions in the original fatigue test data due to various environmental
effects. Therefore, consistent with the staff position discussed in Section
5.7 for ASME Class 1 piping, the staff's position for ASME Code Class 2 and 3'

| piping for which a fatigue analysis is performed is that the environmental
effects shall be considered in the fatigue analysis.

5.9 Thermal Stresses in Pioina Connected to the Reactor Coolant System

In accordance with NRC Bulletin 88-08, " Thermal Stresses in Piping Connected
to Reactor Coolant Systems," the staff is requesting that licensees and ap-
plicants review systems connected to the reactor coolant system to determine
whether any sections of such piping that cannot be isolated can be subjected
to stresses from temperature stratification or tenperature oscillations that
could be induced by leaking valves. The staff requested that GE review the
ABWR design to determine if this phenomenon could occur.
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In response to this request, GE stated that in the ABWR design, the systems
connected directly to the reactor coolant system or the reactor pressure
vessel (RPV) are the nuclear boiler system and the emergency core cooling
systems. In the nuclear boiler system, the feedwater subsystem that will 1

supply makeup water to the RPV was thoroughly reviewed by GE from the point of |
view of temperature stratification. The design requirements for temperature
stratification of feedwater piping were satisfactorily defined in system
specification and piping cycle diagrams.

1

In the design of the emergency core cooling systems, both the residual heat i

removal (RHR) system and high-pressure core flooder (HPCF) have piping that is
directly connected to the RPV. In the unisolable sections of RHR piping,
leaking toward the RPV cannot occur because the pressure will always be higher
on the reactor side during normal plant operation when the upstream pumps are
not operating. In the HPCF system design, the only unisolable piping
connected to the RPV is the section of pipe between the reactor nozzle and the
upstream isolation check valve. Cold water in this system is at the upstream
of the injection valve (gate valve) that is outside the primary containment.
The region upstream of the injection valve will operate at a pressure lower
than reactor pressure except when the HPCF safety function is required.
Therefore, cold water will not flow to the unisolable pipe section and
stratification will not be a problem in the HPCF system.

On the basis of the above information, the staff concludes that the ABWR
design adequately addresses the potential problems described in
Bulletin 88-08.

5.10 Safety-Relief Valve Desion. Installation. and Testina

The staff reviewed Section 3.9.3.3 in the SSAR with respect to the design,
installation, and testing criteria applicable to the mounting of
pressure-relief devices used for the overpressure protection of ASME Code,
Class 1, 2, and 3 components. This review which was conducted in accordance
with SRP Section 3.9.3 included an evaluation of the applicable loading
combinations and stress criteria. The design review extended to consideration
of the means provided to accommodate the rapidly applied reaction force when a
safety valve or relief valve opens, and the transient fluid-induced loads
applied to the piping downstream of a safety valve or relief valve in a closed
discharge piping system. The information in Section 3.9.3.3, Amendment 3 to
the SSAR, meets the applicable guidelines of SRP Section 3.9.3 and is,
therefore, acceptable.

In accordance with Item II.D.1 of NUREG-0737, " Clarification of TMI Action
Plan Requirements," both pressurized water reactor and boiling water reactor
licensees and applicants are required to conduct testing to qualify the
reactor coolant system relief and safety valves and associated piping and
supports under expected operating conditions for design-baeis transients and
accidents. GE's. response to Item II.D.1 is briefly discussed in
Section lA.2.9, Appendix 1A of the SSAR. This section states that the
safety / relief valve models that will be used for ABWR plants have been tested
under ABWR steam discharge conditions. It further states that if the ABWR
design should contain any safety / relief valves or discharge piping that is not
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similar to those that have been tested, the valves will be tested in
accordance with NUREG-0737, Item 11.0.1. The staff finds this commitment tc.

be acceptable.'

In performing the hydraulic transient piping analues associated with the
safety and relief valve (SRV) discharge, GE assumed a minimum rise time of 20
msec. Rise times faster than this value could result in higher loads than
analytically predicted. The essumed rise time is based on past SRV designs
and existing test data. Contingent upon the commitment described above to
retest the SRVs if the COL applicant should purchase any SRV or install its
SRV piping in a configuration that is not similar to those that hwe been
tested, then this approach is acceptable to the staff.

The COL applicant should confirm that any safety-relief valves or discharge
piping installed in the ABWR standard plant that is not similar to those that
have been tested, will have been tested in accordance with NUREG-0737 Item
11.D.1. This is a COL action item.

5.11 functional Canability

In Note (6) to Table 3.9-2 of the SSAR, GE stated that all ASME Code Class 1,
2, and 3 piping systems which are essential for safe shutdcwn under the
postulated events are designed to meet the requirements of GE's topical report
NEDO-21985, " Functional Capability Criteria for Essential Mark II Piping,"
dated September 1978. This report has been previously approved by the NRC
staff in its evaluation of the topical report dated July 17, 1980 and its
results are still applicable to the ABWR piping. Thus, the staff finds the
methodology for ensuring the functional capability of essential piping systems
is acceptable.

5.12 Combination of Inertial and Seismic Motion Effects

The piping analyses shall consider the effects caused by the relative building
movements at supports and anchors (seismic anchor motion) as well as the
seismic inertial loads. This is necessary when piping is supported at
multiple locations within a single structure or is attached to two separate
structures.

The effects of relative displacements at support points shall be evaluated by
imposing the maximum support displacements in the most unfavorable
combination. This can be performed using a static analysis procedure.
Relative displacements of equipment supports (e.g., pumps or tanks) shall be
included in the analysis along with the building support movements.

When required for certain evaluations, such as support design, the responses
due to the inertia effect and relative displacement effect should be combined
by the absolute sum method.

In lieu of the above method, time histories of support excitations may be used
in which case both inertial and relative displacement effects are already
included.

20
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5.13 Cut-off Freauency for Hydrodynamic Loadinas
-

As discussed in SSAR Section 3.9.2.2.1, the minimum cut-off frequency for |dynamic analysis of suppression pool hydrodynamic loads is 60 Hertz which was i

based on a generic study using the missing strain energy method for I

representative BWR equipment under high-frequency input loadings. This cut- !

off frequency was previously used in the hydrodynamic analyses for currently
operating BWR plants. Because the hydrodynamic load methodology used for the
ABWR is the same as that used for the operating BWR plants, the staff finds
that the cut-off frequency is also appropriate for the ABWR and is thus
acceptable.

5.14 OBE as a Desian load

The NRC staff is currently proposing rulemaking to revise 10 CFR Part 100,
Appendix A to decouple the operating basis earthquake (OBE) from the safe
shutdown earthquake (SSE) or possibly eliminate the OBE fror design altogether
for advanced light water reactors. For the ABWR, GE proposed that the OBE be
equal-to one-third of the SSE. For the evaluation of the ABWR plant
components, GE will use the maximum OBE ground motion equal to one-half of the
maximum SSE ground motion. However, the rulemaking is not expeck to be
finalized until after the design certification of the ABWR. Thus, at this
time, the staff position is that ABWR shall include the OBE as a design load
and it shall be equal to one-half of the SSE. The loads and load combinations
in the SSAR currently include the OBE as a design loading for the ABWR and are
thus acceptable.

5.15 Welded Attachments

For the analysis of local stresses at welded attachments to piping (e.g.,
lugs, trunnions, or stanchions), GE proposed in its SSAR to use several ASME
Code Cases. Code Case N-318-3, " Procedure for Evaluation of the Design of
Rectangular Cross Section Attachments on Class 2 or 3 Piping, Section III,
Division 1," is acceptable to the staff and is endorsed in RG 1.84. It should
be noted that in RG 1.84, the Code Case is conditionally approved based on the
applicant specifying in its SAR (1) the method of lug attachment, (2) the
piping system. involved, and (3) the location in the system where the Case is
to be applied. The staff finds that for the ABWR design certification, this
information is not needed to reach a safety conclusion and therefore is not
required.

Code Cases N-391, " Procedure for Evaluation of the Design of Hollow Circular
Cross Section Welded Attachments on Class 1 Piping, Section III, Division 1,"

and N-392, " Procedure for Evaluation of the Design of Hollow Circular Cross
Section Welded Attachments on Class 2 and 3 Piping, Section III, Division 1,"
are endorsed by the staff in RG 1.84 and are thus acceptable.

|

5.16 Modal Damoino for Composite Structures

The issue of modal damping for composite structures was reviewed by the staff
in the audit conducted on March 23-26, 1992, at GE's offices in San Jose,
California. The GE SSAR does not describe the application of modal damping
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for composite structures in the analysis of piping systems. However, a review
of a GE internal document entitled, " Piping Systems Design Criteria and
Analysis Methods," contained a table of damping values for various types of
piping supports. .The damping values for the piping supports (e.g., snubbers
and struts) were higher than the dsmping values tabulated for the piping.

GE indicated that these values wen Jresented because modal damping for
composite structures could be used in a response spectrum analysis as an
option. If GE plans to use the modal damping for composite structures as an
option for piping analysis, then a description and justification of the
approach must be provided in the SSAR for staff review and approval prior to
its use.

5.17 Minimum Temoerature for Thermal Analyses

GE has not provided the staff any information that would establish a minimum
temperature at which an explicit piping thermal expansion analysis would be
required. Unless GE provides this information in the SSAR, the staff requires
that thermal analyses will be performed for all temperature conditions above
ambient.

5.18 Conclusions

Contingent upon GE providing an acceptable revision to its SSAR that addresses
the lack of information identified above and reflects the staff's positions as
indicated, the staff concludes the following:

On the basis of its review of Section 3.9.1 of the SSAR, the staff concludes
that the design transients and resulting load combinations with appropriate
specific design and service limits for mechanical components and supports are
acceptable and meet the applicable portions of GDC 1, 2,14, and 15; 10 CFR
Part 50, Appendix B; 10 CFR Part 100, Appendix A; and SRP Section 3.9.1.

GE met _GDC 14 and 15 by demonstrating that the design transients and resulting
loads and load combinations with appropriate specific design and service
limits that GE used for designing ASME Code Class 1 piping and supports
provide a complete basis for the design of the reactor coolant pressure
boundary piping for all conditions and events expected over the service
lifetime of the plant.

GE met GDC 2 and 10 CFR Part 100, Appendix A, by including seismic events in
design transients that serve as the design basis for withstanding the effects
of natural phenomena.

On the basis of its review of the SSAR Section 3.9.2 and its audit of the
specific design procedures for the ABWR piping systems, the staff concludes
that GE met GDC 2 with respect to ensuring the design adequacy of all setmic
Category I piping systems and their supports to withstand earthquakes by
meeting the positions of RGs 1.61 and 1.92 or acceptable alternatives and by
providing acceptable seismic analysis procedures and criteria that are
consistent with applicable guidelines in SRP Section 3.9.2.

|

; 22

:

~. , _ . . . . -- - . . - . - _ _ _ _ _ - - _ _ _ - _ _ _ . - . _ - - _ _ _ - _ . - -



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

!

On the basis of its review of Sections 3.9.3.3 and 1A.2.9 of the SSAR, the
staff finds that GE met GDC 1, 2, and 3 with respect to the criteria to be
used for the design and installation of ASME Code, Class 1, 2, and 3
overpressure-relief devices by ensuring that safety and relief valves and
their installations will be designed to standards that are commensurate with
their safety functions, and that they will accommcdate the effects of pressure
relief caused by normal operation as well as postulated events such as LOCAs
and the dynamic effects resulting from the SSE. GE also met GDC 14 and 15
with respect to ensuring that the reactor coolant pressure boundary design
limits for normal operation, including anticipated operational occurrences,
will not be exceeded. The criteria used by GE in the design and installation
of ASME Code, Class 1, 2, and 3 safety and relief valves provide adequate
assurance that, under discharging canditions, the resulting stresses will not
exceed allowable stress and strain limits for the materials of construction.
Limiting the stresses under the leading combinations associated with the
actuation of these pressure-relief devices provides a conservative basis for
the design and installation of the devices for ensuring that the devices will
withstand these loads without loss of structural integrity or impairment of
the overpressure-protection function.

On the basis of its review of Section 3.9.3.1 of the SSAR, the staff finds
that GE met GDC 2 and 4 with respect to the design and service load
combinations and associated stress and deformation limits specified for ASME
Code, Class 1, 2, and 3 components by ensuring that these systems and
components can accommodate the effects of normal operation as well as
postulated events such as LOCAs and the dynamic effects resulting from
earthquakes. The specified design and service combinations of loading as
applied to ASME Code, Class 1, 2, and 3 pressure-retaining components in
systems designed to maet seismic Category I standards provide assurance that,
in the event of an earthquake affecting the site or other service loading
caused by postulated events or system operating transients, the resulting
combined stresses imposed on system components will not exceed allowable
stress and strain limits for the materials of construction. Limiting stresses
under such loading combinations provides a conservative design basis for
ensuring that the system components will withstand the most adverse
combination of loading events without loss of structural integrity.
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6 PIPE SUPPORT CRITERIA

6.1 Apolicable Codes

The staff's review of Sections 3.9.3.4 and 3.9.3.5 of the SSAR relates to the
methodology used in the design of ASME Code Class 1, 2, and 3 component
supports. The review included an assessment of the design and structural
integrity of the supports. It addressed three types of supports: plate and
shell, linear, and component standard types. All ASME Code Class 1, 2, and 3
component supports for the ABWR standard plant shall be constructed in
accordance with ASME Code, Section 111, Subsection NF, " Component Supports."
In addition, GE states in its SSAR that the design is augmented by the
application of Code Case N-476, Supplement 89.1 which governs the design of
sir.gle-angle members. Also, when eccentric loads or other torsional loads are
not accommodated by designing the load to act through the shear center or does
not meet " Standard for Steel Support Design," then analyses will be performed
in accordance with the torsional analysis methods such as " Torsional Analysis
of Steel Members, USS Steel Manual," Publication Tll4-2/83. The staff
position is that Subsection NF is an acceptable code for the design of piping
supports. However, the rules shall be augmented by acceptable guidelines
governing the design of single-angle members of supports and the methodology
used to accommodate torsional loads. At this time, although Code Case N-476
has not yet been endorsed by the staff in RG 1.84, the staff finds that it
provides adequate design rules for the single-angle members. For torsional
analysis of steel members, the staff's review of the GE proposed documents
finds thtt they provide sufficient technical guidelines to perform a torsional
analyses of steel members and are thus acceptable.

The staff has not yet endorsed the use of ANSI /AISC N-690, " Specification for
the Design, Fabrication and Erection of Steel Safety-Related Structures for
Nuclear Facilities," in lieu of Subsection NF.

6.2 Jurisdictional Boundaries

In Section 3.9.3.4 of the SSAR, GE committed to define the jurisdictional
boundaries between pipe supports and interface attachment points such as
structural steel in accordance with the ASME Code, Section 111, Subsection NF,
1989 Edition. The staff's review of the jurisdictional boundaries described
in the 1989 Edition finds that they are sufficiently defined to ensure a clear
division between the pipe support and the structural steel nd are thus
acceptable.

6.3 Loads and load Combinations

In Section 3.9.3.4.1 of the SSAR, GE states that the loading combinations for
the design of piping supports correspond to those used for the design of the
supported pipe. The staff's evaluation of the load combinations for the
supported pipe is contained in Section 5.3 of this safety evaluation. The
stress limii.s for pipe supports are in accordance with the ASME Code, Section
III, Subsection NF and Appendix F. The supports are generally designed or
qualified by the load rating method as described in paragraph NF-3260 or by
the stress limits specified in paragraph NF-3231. The staff's review of these
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methods and limits as specified in the 1989 Edition of the ASME Code, Section
III finds them to be acceptable.

6.4 Pioe Sucoort Baseplate and Anchor Bolt Desian

Section 3.9.3.4 states that concrete anchor bolts that will be used for pipe
support base plates will be designed to the applicable factors of safety
defined in Office of Inspection and Enforcement (IE) Bulletin 79-02, " Pipe
Support Base Plate Designs Using Concrete Expansion Anchor Bolts," Revision 1,
June 21, 1979. Loading combinations for component supports are discussed in
Section 6.3 above. The staff finds that, in general, the factors of safety
for anchor bolts are acceptable.

However, GE has not discussed the use of specific types of ancnor bolts to be
used in the ABWR standard plant. For example, under-cut type anchor bolts
behave in a ductile manner but the staff's position is that the safety factors
in IE Bulletir. 79-02 shall still be applicable unless justification for
alternative safety factors is provided. GE has not provided any guidelines
for use of under-cut type anchor bolts in the ABWR piping systems. Therefore,
the use of safety factors for anchor bolts other than those provided in IE
Bulletin 79-02 shall be justified and submitted to the staff for review and
approval prior to their use.

Irrespective of the type of concrete anchor bolt used for piping supports, the
action item in IE Bulletin 79-02 relative to pipe support baseplate
flexibility shall be implemented.

6.5 Use of Enerov Absorbers

GE has not provided to the staff any details regarding the specific analysis
methods or procedures to be used for the ABWR pipe support design. In order
for the staff to complete its review, GE should include in the SSAR additional
details of the pipe support design that addresses the use of seismic
restraints other than snubbert and their modeling assumptions.

6.6 Use of Snubbers

GE has not provided to the staff any details regarding the specific analysis
methods or procedures to be used for the ABWR pipe support design. In order
for the staff to complete its review, GE should include in the SSAR additional
details of the pipe support design that addresses the types of snubbers and
their character' 2'es to be used in the ABWR standard plant.

In addition, the dynamic qualification testing and periodic functional testing
of large-bore hydraulic snubbers are important to verify that the snubbers are
adequately designed and maintained for the life of the plant as discussed in
Generic Issue 113, " Dynamic Qualification and Testing of Large Bore Hydraulic
Snubbers." In order to complete its review, the staff requires that GE submit
in its SSAR additional details addressing the environmental (including
dynamic) qualification and inservice inspection and testing requirements for
large-bore hydraulic snubbers (rated at 50 kips or greater) if they are
intended to be used in the ABWR star.dard plant.
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6.7 Pioe Support Stiffnesses

GE has not provided to the staff any details regarding the specific analysis
methods or procedures to be used for the ABWR pipe support design. In order
for the staff to complete its review. GE should include in the SSAR additional
details of the pipe support design that addresses the pipe support stiffness
values and support deflection limits used in the piping analyses.

6.8 Seismic Self-Weicht Excitation

GE has not provided to the staff any details regarding the specific analysis
methods or procedures to be used for the ABWR pipe support design. In order
for the staff to complete its review, GE should include in the SSAR additional
details of the pipe support design that addresses how the seismic excitation
of the pipe supports (especially large frame-type structures) are to be
considered in the det ~ ,n of the pipe support anchorage.

6.9 Desion of Supplementary Steel

In Section 3.9.3.4 of the SSAR, GE provided its design criteria for the desigr.
of pipe supports using supplementary steel. 1he building structure component
supports are designed in accordance with AISC, " Specification for the Design,
Fabrication and Erection of Structural Steel for Buildings." The use of this
specification is standard industry practice and has been proven to provide
adequate design guidelines for the design of structural steel for use as pipe
supports. Thus, the staff finds the specification to be acceptable.

6.10 Consideration of Friction Forces

GE has not provided to the staff any details regarding the specific analysis
methods or procedures to be used fcr the ABWR pipe support design. In order
for the staff to complete its review, GE should include in the SSAR additional
the coefficient of friction to be used for cor.sidering friction forces between
the pipe and the steel frames.

_

6.11 Pipe Suonort Gaos and Clearances

GE has not provided to the staff any details regarding the specific analysis
methods or procedures to be used for the ABWR pipe support design. In order
for the staff to complete its review, GE should include in the SSAR additior.al
details of the pipe sppport design that addresses the hot and cold gaps to be
used between the pipe and the box frame-type of support.

6.12 Instrumentation t.ine Suonort Criteria

GE has not provided the staff any information on the design criteria for the
structural design of instrumentation line supports.

The industry has taken the position that ANS/AISC N-690 is useful in the
design of instrumentation sensing line supporti and has reconcerUd that the
industry be allowed to use it. Its use would have the effec +. of reducing the
QA recordkeeping requirements and Code stamping rec;uired by Section NF of the

26

|

_ _ _ _ _ _ _ _ - - - _ - _ _ _ - _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _



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

ASME Boiler and Pressure Vessel Code, Section Ill. The staff's position on
this issue is that for construction of ASME component supports, ANS/?'SC N-690
alone is not an acceptable standard. ASME Code, Section III, Subsect' J
should be used. However, the staff is currently participating in the r 4
effort to incorporate N-690 into S 2section NF. Subsequent to a staff-
endorsed version of NF incorporating N-690 into it, Subsection NF will also
specify the rules acceptable to the staff for construction of ASME Class
supports. When this staff-approved version is available, the COL holder
seeking to use it may submit a request to the :taff for approval on a plant-
specific basis.

6.13 Pipe Deflection liqM

GE has not provided to the staff any details regarding the specific analysis
methods or procedures to be used for the ABWR pipe support design. In order
for the staff to complete its review, GE should include in the SSt.R additional
details of the pipe support design criteria that will ensure that the maximum
deflections nf the piping at support locations for static and dynamic loadings
are withir. an allowable limit to preclude failure of the pipe supports and
hangers.

6.14 Conclusions

GE has not provided to the staff any details regarding the specific analysis
methods or procedures to be used for the ABWR pipe support design. In order
for the staff to complete its review, GE should include in the SSAR additional
details of the pipe support design that addresses as a minimum (1) the
jurisdictional boundaries, (2) the design of supplementary steel (e.g.,
frames) for pipe supports, (3) pipe support stiffnesses, (4) types of
baseplate anchor bolts to be used and their safety factors, (S) types of
piping seismic restraints tc be used and their modeling assumptions, (6)
consideration of friction forces, (7) seismic self-weight excitation, (8) pipe
support gaps and clearances, and (9) deflection limits.

Contingent upon GE providing an acceptable revision to its SSAR to address the
above issues and to reflect the above staff positions, and on the basis of its
review of Section 3.9.3.4 in the SSAR, the staf' finds that GE met
10 CFR 50.55a and GDC 1, 2, and 4 with respect to the design and service load
combinations and associated stress and deformation limits specified for ASME
Code, Class 1, 2, and 3 component supports by ensuring (1) that component
supports irtportant to safety will be designed to quality standards
commensurate with their importance to safety and (2) that these supports will
accommodate the effects of normal operation as well as postulated events such
as LOCAs and the dynamic effects resulting from the SSE. The combination of
loadings (including system operating transients) considered for each component
support within a system, including the designation of the appropriate service
stress limit for aach loading combination, will be ir, accordance ilth the SRP
Section 3.9.3. The specified design and service loading combinations used for
the design of ASME Code Class 1, 2, and 3 component supports in systems
classf fied as seismic Category I provide assurance that, in the event of an
eart5 quake or other service loadings caused by postulated events or system
operating transients, the resulting combined stresses imposed on system
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components and . component supports will not exceed allowable stress and strain
limits for the materials of construction. Limiting the stresses under such
loading combinations provides a conservative design basis for ensuring that
component support will withstand the most adverse combination of loading
events without loss of stro:tural integrity.

,
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7 HIGH ENERGY LINE BREAK CRITERIA

GDC 4 requires that structures, systems, and components important to safety be
designed to be compatible with and to accommcdate the effects of the
environment 31 conditions resulting from normal operations, maintenance,
testing, ano postulated accidents, including lass-of-coolant accidents. It

also requires that they be adequately protected against dynamic effects
(including the effects of missiles, pipe whipping, and discharging fluids)
that may result from equipment failures and from events and conditions outside
the nuclear power plant.

The staff reviewed, in accordance with SRP Section 3.6.2, Revision 2, June
1987, the criteria and methodology proposed by GE for the COL holder to use to
analyze the effects that breaks in high-energy fluid systems would have on
adjacent safety-related structures, systems, or components with respect to
pipe whip and jet impingement loadings. The criteria and methodology
discussed herein shall be used by the COL holder to ensure adequate protection
against the dynamic effects of postulated ruptures of piping in the ABWR
standard design.

7.1 Hiah Eneroy Pinina Systems

Pipe whip need only be conridered for those high-energy piping systems having
fluid reservoirs with sufficient capacity to develop a jet stream. The crite-
ria for determining high- and moderate-energy lines in SRP Section 3.6.1,
Branch Technical Position (BTP) ASB 3-1, " Plant Design for Protaction Against
Postulated Piping Failures in Fluid Systems Outside Containment," were
adequately defined by GE in Section 3.6.2.1 of the SSAR. All high-energy
systems are listed in Tables 3.6-3 and 3.6-4 of the SSAR.

7.2 Pine Break Criteria Within the Containment Penetration Areas

In the ABWR breaks are not postulated in those portions of high-energy piping
between the containment isolation valves outside and inside the containment
that are designed to meet AS.'iE Code, Section III, Artio.e NE-Il20, and the
additional design guidelines in SRP Section 3.6.2, including BTP MEB 3-1,
Revision 2, June 1987. These guidelines recommend that an augmented inservice
inspection program be implemented for those portions of piping within the
break exclusion region. For the ABWR, the COL bolder is committed to perform
a 100 percent volumetric examination of circumferential and longitudinal pipe
welds in the break exclusion region during each inspection interval as defined
in Article IWA-2400, ASME Code, Section XI. The staff finds that the above
commitment for the design and examination of high-energy piping in the
containment penetration area meets SRP Section 3.6.2 and is acceptable.

7.3 Pioe Break Criteria Outs' Containment Penetration Areas

Ft. ASME Code, Class 1, 2, ano ,, and non-ASME seisnic Category I high- and
moderate-energy lines that are not in the containment penetration area, GE, in
Section 3.6.2 of the SSAR, presented the criteria for determining postulated
rupture and crack locations and the methodology used to evaluate the dynamic
effects of pipe whip, jet thrust, and jet impingement that result from such
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breaks.

SkP Section 3.6.S. also states that for the final design approval, GE should
include the following in the SSAR:

o Sketches of applicable piping systems showing the location, size, and
orientation of postulated pipe breaks and the location of pipe whip re-
straints and jet impingement barriers.

o A summary of the data developed to se%ct postulated break locations.
This should include calculated stres: .ntensities, cumulative usage fac-'

tors and stress ranges as delineated i;. SRP Section 3.6.2, BTP MEB 3-1.

In the SSAR, Section 3.6.4.1, " Interfaces," Amendment 10, GE identified the
above information as a confirmatory-type interface that must be submitted by
the applicants that reference the ABWR design. The staff concludes that this
is an acceptable COL action item for the ABWR standard plant.

During an audit of the high energy piping criteria and sample calculations
performed et the offices of GE in San Jose, California on March 23-27, 1992,
the staff found that the description of the pipe whip analyses being performed
and Ine design requirements for the pipe whip restraints being considered for
the ABWR were not in accordance with the description and commitments in
Sect =.ons 3.6.2.2.2 and 3.6.2.3.3 of the SSAR, respectively. Section 3.6.2.2.2
of the SSAR states that the pipe whip analyses were performed using the PDA
computer program. Section 3.6.2.3.3 identifies four types of pipe whip
restraint components and their associated material, inspection, and design
limits.

At this time, the representative pipe whip analyses for breaks in the main
steamline were not complete. However, analyses were being performed using the
COMET and the ANSYS computer programs. These ana'yses were also intermd to
demonstrate that the stress limits in Branch Technical Position MEB 3-1,
Revision 2, Section B.1.b.(1).(c) for the effects of pipe failure in ASME Code

_

Class 1 piping in the containment penetration areas were satisfied. The PDA
computer program is capable only of analyzing a straight uniform pipe which is
fixed at one end, restrained by an intermediate pipe whip restraint and
subjected to a time-dependent thrust force at the other end. Hence, it is not
suitable for the intended analyses and should not be used for the ABWR pipe
wnip analyses.

In addition , the pipe whip restraints were not being desigr.ed in accordance
with the criteria in Section 3.6.2.3.3 of the SSAR but were planned to be
seleded from staurd GE Y-1000 restraints of U-rod type design.

Therefore, GE shall revise its SSAR to describe the computer programs it used
for pipe whip analyses and the design methodology for pipe whip restraints
that are applicable to the ABWR plant design.

It was also found that the referenced edition of ANSI /ANS-58.2 in Section
3.6.2.2.1 of the SSAR was not current and that the criteria on Section
3.6.2.3.1 for evaluating the effects of fluid jets on essential structures,
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systems and components were not in complete agreement with the guidelines of
SRP Section 3.6.2 dated July 1981 anJ with the ANSI /ANS-58.2 standard,1988
Edition.

Accordingly, GE should revise its SSAR in Section 3.6.2.2.1 to update it;
reference to the 1988 edition of the ANS /ANS-58.2 and revise the criteria in
SSAR Section 3.6.2.3.1 to be consistent with the SRP Section 3.6.2 and
ANSI /ANS-58.2 (1988).

7.4 Conclusions

GE has nnt provided to the staff sufficient details regarding the specific
analysis methods or procedures to be used for the ABWR high energy line break
design. In order for the staff to complete its review, GE should include in
the SSAR additional details of the high energy line break analysis methods
that are intended to be used for (1) the completion of the pipe whip and jet
impingement analyses and (2) the design and qualification of the pipe whip
restraints and jet impingement shields.

Contingent upon GE providing an acceptable revision to its SSAR addressing the
above inconsistencies and on the basis of its review of Section 3.6.2 af the'

.SSAR, tim staff concludes that the criteric for postulating pipe rupture and
crack locations and the methodology for evaluating the subsequent dynamic
effects resulting from these ruptures comply with SRP Section 3.6.2, meet
GDC 4 and, therefore, are acceptable for ensuring that the ABWR plant design
is adequately protected against the effects of postulated high energy line
breaks. The staff's conclusion is based on the following.

The proposed pipe rupture locations will be adequately determined using the
above staff-approved critecia and guidelines. The design methods for high
energy mitigation devices and the measures to deal with the subsequent dynamic
effects of pipe whip and jet impingement have been sufficiently and adequately
defined by GE to provide adequate assurance that upon completion of the high
energy line break analyses by the COL holder, the ability of safety-related
structures, systems, and components to perform their safety functions will not
be impaired by the postulated pipe ruotures.

The provisions for protection against the dynamic effects associated with pipe
ruptures of the reacto coolant pressure boundary inside the containment and.

the resulting discharging fluid provides adequate assurance that design-basis
loss-of-coolant accidents will not be aggravated by the sequential failures of
safety-related piping and that the performance of the emergency core cooling
system will not be degraded as a result of these dynamic effects.

The arrangement of pipi'g and restraints and the final design considerations
for high- and moderate-energy fluid systems inside and outside the

: containment, including the reactor coolant pressure boundary, shall be the
responsibility of the COL holder to complete and shall use the above staff-
approved high-energy line break criterir. and guidelines to provide the
assurance that the structures, systems, and components important to safety
that are in close proximity to the postulated pipe ruptures will be protected.
In usi J the above criteria and guidelines, the staff is assared that the
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consequences of pipe ruptures will be adequately mitigated so that the reactor
can be safely shut down and be maintained in a safe-shutdown condition in the
event of a postulated rupture of a high- or moderate-energy piping system
inside or outside the containment.

t

F
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8 LEAX-BEFORE-BREAK CRITERIA

In a letter dated February 3,1992, GE committed to provide in a future
amendment to its SSAR Section 3.6.3 and Appendix 3E, a description of the
evaluation procedures for a leak hefore-break (LBB) methodology. The use of
the leak-before-break approach has not been pre-approved by the staff in the
ABWR desigr. certification phase; but, rather is a design option for the COL
holder to consider in the COL phase in lieu of performing high energy line
break analyses as discussed in the above Section 7. The staff evaluation
provided herein provides guidance on the approach to be used and the material
required to be submitted by the COL holder to the staff in its request for
approval of the leak-before-break option.

The application of the LBB methodology to piping systems is permitted in GDC 4
of 10 CFR Part 50, Appendix A. GDC 4 states, in part, that " dynamic effects
associated with postulated pipe ruptures in nuclear power units may be
excluded from the design basis when analyses reviewed and approved by the
Commission demonstrate that the probability of fluid system piping rupture is
extremely low under conditions consistent with the design basis for the
piping."

The analyses referred to in the GDC 4 rule (Federal Reaister, Vol. 52, No.
207, October 27,1987,41288-41295,) should be based on specific plant data,
such as piping geometry, materials, piping loads, and pipe support locations.
The staff must review the LBB analyses for specific piping designs before the
applicant can exclude the dynamic ef fects from the design basis for the piping
system.

GE intends to submit in its future amendment to SSAR Section 3.6.3 and
Appendix 3E, an LBB methodology, not a plant-specific analysis. It is GE's
intent that COL holders referencing the AdWR design will use stcff-approved
LBB methodology and acceptance criteria in effect at that time in their
detailed plant-specific piping analyses during the COL phase. This approach
is consistent with the staff's position in that GDC 4 rule calls only for LBB
analyses, not methodology, to be reviewed and approved. In addition, the
staff has not yet reviewed any LBB requests by currently operating BWR plants
at this time, in part, because stainless steel piping materials in a BWR
environment are susceptible to intergranular stress corrosion cracking
(IGSCC). For the ABWR, GE stated that it would use IGSCC-resistant piping
materials and implement IGSCC-mitigating measures; however, GE has yet to
provide sufficient data to convince the staff about the effectiveness of these
ICSCC-mitigating measures for any "IGSCC-resistant" materials that might be
used in ABWRs.

Utility applicants referencing the ABWR design must submit an LBB
plant-specific analysis in accordance with GDC 4. In addition, these
applicants must provide information on resistance of the materials to IGSCC
and proposed IGSCC-mitigating measures.

"e staff reviewed the technical content of the proposed amendment to the SSAR
Section 3.6.3 and Appendix E during an audit performed at the offices of GE in
San Jose, California on March 24-27, 1992. The purpose of the audit was to

33



evaluate the technical content of the LBB example analysis to assess whether
the analysis approach was consistent with the current guidelines ad
acceptance criteria established by the staff in SRP 3.6.3 (draft dated August
1987) and NUREG-1061, Volume 3 dated November 1984. The staff found the
following.

(1) In Section 3E.2.1 of Appendix 3E, GE proposed a modified tearing modulus
(J/T) methodology for LBB evaluations. The modified methodology was
based on the modified J-integral, J , and tearing modulus, T
proposedbyErnst(Reference 8inSTARSection3E.1.2). JustNication

,

for the proposed (Jg/Tg) procedure was not provided by GE.

(2) In Section 3E.2.2.1 of Appendix 3E, a description of a carbon steel
fracture toughness test program was provided. The extent of the program
described might not be representative of the actual test program
required for approval of a request for LBB application in order to
qualify selected piping systems.

(3) In Section 3E.2.1.2 of Appendix 3E, GE proposed a linear interaction
criterion for tearing instability evaluations for combinations of
applied tension and bending stresses. Justification for tDo oroposed
criterion was provided.

(4) In Section 3E.4 of Appendix E, GE proposed a procedure for estimation of
leak rates during blowdown of saturated steam. The validation of the
proposed procedure was not provided.

(5) The criteria and procedures for bi-;. Illic welds were not provided in
Section 3.6.3 of the SSAR.

(6) The materials specified in Section 3E.2 and 3E.6 of Appendix 3E are
inconsistent. Furthermore, materials that are currently unavailable or
materials that are not intended to be used in LBB candidate piping were
identified. Currently, the staff has not approved LBB in any carbon
steel piping that is not clad with stainless steel, in part, due to
concerns with erosion-corrosion.

Accordingly, these issues need to resolved in LBB submittals by the COL holder
intending to use-the leak-b: Are-break approach in lieu of postulating high
energy line breaks in the A:WR.

The staff concludes that utility applicants seeking approval of the leak-
before-break approach for high energy piping systems in the ABWR shall submit
to the NRC staff an LBB plant-specific analysis in accordance with GDC 4.
Although the staff is currently using the methodology cnd acceptance criteria
provided in SRP Section 3.6.3 and NUREG-1061, Vclume 3 and the GE example
analysis was. evaluated using these guidelines, the staff recognizes that the
LBB technology is continually evolving. Therefore, staff evaluations of LBB
requests for the ABWR plant will reviewed on a case-by-case basis using the
staff's methodology and acceptance criteria in effect at the time of the
submittal.
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9 GENERIC PIPING DESIGN ITAAC

In Section 3.3 of the ABWR Design ' ocument, GE provided its inspections,J
tests,- analyses, and acceptance criteria (ITAAC) for piping design. The staff
reviewed Table 3.3 which identified 12 certified design commitments for the
ABWR piping design and the corresponding ITAAC.

The staff's evaluation of the 12 certified design commitments and ITAAC
follows.

9.1 Fatiaue

GE' provided a certified design comitment that the piping shall be designed
for a fatigue life of 60 years. For ASME Code Class 1 piping systems, a
fatigue analysis will be performed in accordance with the applicable ASME
Boiler and Pressure Vessel Code, Section III requirements. For ASME Code
Class 2 and 3 piping, Section III rules will be followed using a stress
reduction factor of 1.0 for those piping systems expected to experience fewe-
than 7000 thermal cycles in its 60 year design life.

An inspection of the certified stress report by the COL holder shall be
conducted to assure that the fatigue evaluation meets the ASME Code
requirements and with the 60 year design life.

The acceptance criteria for the fatigue design of ASME Code Class 1 piping
shall be that the cumulative usage factor is less than 1.0.

The staff' finds that the fatigue design of safety-related piping is a
necessary certified design commitment to ensure the integrity of the reactor
coolant pressur6 Doundary and the ability of the piping systems to perform
their safety function for their 60-year design. life. The design acceptance
criterion for a cumulative usage _ factor to be less than 1.0 is consistent with
current ASME Code requirements for fatigue evaluation as stated in
Subparagraph NB-3222.4. For fatigue evaluation, the environmental effects
shall be considered as discussed in Section 5.7 of this safety evaluation.

The inspection to be performed by the COL holder assures that the ASME Code
requirements for fatigue will be satisfied upon completion of the Code-
required stress report. However, the staff finds that an additional certified
design commitment is needed for any ASME Code Class 2 and 3 piping system for
which it is identified in the design specificction that it is expected to
experience 7000 or more thermal stress cycles in its 60-year design life. For
any such piping, a stress reduction factor of less than 1.0 shall be used in
its stress analysis as required by Subparagraph NC/ND-3611.2 of the ASME Code,
Section III. In addition, for ASME Code Class 2 and 3 piping systems for
which an ASME Code Class I fatigue evaluation is required as discussed in
Section 5.8 of this safety evaluation, a cumulative usage factor of 1.0 shall
be met with environmental effects considered.

Contingent upon the completion of the above ITAAC verifying that the certified
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design commitment meets the above-specified design acceptance criteria, the
staff concludes that there is reasonable assurance that the design of the ABWR
piping systems will be adequately evaluated for fatigue effects and is, thus,
acceptable.

9.2 Eioe-mounted Eouiement Allowable loads

GE provided a certified design commitment that the loads imposed by the piping
system on pipe-mounted equipment and attachment interfaces shall meet the
vendor allowable loads. A COL action item will require that these loads be
documented for comparison with the vendor's allowable loads.

An inspection of the design documents will be performed to verify that the as-
designed interface loads meet the vendor's specified allowable loads.

The staff finds that- upon completion of the as-built piping analyses, it is
~

necessary-to ensure that the calculated loads imposed by the piping on the
equipment nozzles and other attachment interfaces are within the vendor's
recommended allowable values. This verification will-ensure that the
equipment and supports will function as intended under normal operating,
transient, and accident conditions.

Contingent upon the completion of the ITAAC by the COL holder verifying that
the caletlat,d piping loads are within the equipment and interface allowable
loads, the staff concludes that there is reasonable assurance that the ABWR
pipe-mounted equipment and piping attachment interfaces will adequately
satisfy the vendor interface allowable limits to ensure that the equipment can
perform their intended safety functions under normal, operating, transient,
and accident loading conditions.

9.3 Pioina At alvsis hethods

GE provided a certified design commitment that would require the analytical
methods and component stress analyses be specified in a certified design m

specification. The analysis of the piping system will use a suitable dynamic
method or an equivalent-static load method.

;

An inspection of the certified design specification and certified stress
report will verify that the piping method used is in compliance with the
regulatory requirements.

The staff position is that the analytical methods to be used to complete the
ABWR piping design shall ensure the pressure integrity, structural integrity,
and the functional capability of the piping system under normal operating and
accident loading conditions and shall use a suitable dynamic analysis or an
equivalent static analysis method as approved by the staff. The analysis
methods approved by the staff for the ABWR piping design are discussed in
Section 3 of this' safety evaluation. The key analysis input parameters
approved by the staff for the ABWR piping analysis are discussed in Section 5
of this safety evaluation.

Contingent upon the ITAAC verifying that the completion of the ABWR piping
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analyses used the staff-approved analysis. methods:and input parameters,1 the
!

. staff- concludes-that there _isireasonable assurance that the ABWR analysis
methods are adequate to ensure the pressure-integrity, stru'ctural integrity,
and functional capability of.the~ piping.

9.4 Hiah Enerav' line Break Analysis

GE provided-a certified design commitment that would require an analysis _
1

demonstrating.that essential piping systems are protected against the dynamic !
effects | associated with the postulated rupture of-high energy piping systems. !

_

'An'_ inspection of.the pipe rupture' analysis report or a " leak-before-break"
analysis report would be performed to verify that- the safety of the plant will

-not be adversely impacted by the dynamic. effects resulting from the postulated
pipe-breaks. For those impacted components needed to safely shutdown the
plant, the ASME Code requirements for- faulted plant conditions and operability
limits shall. be met-. Pipe rupture mitigation devices (e.g., pipe whip
restraints and jet impingement shields) shall be used to restrain the whipping
pipe- and deflect the blowdown loads.

The. staff position is that a pipe rupture analysis shall be completed by the
COL holder-to demonstrate that safety-related. systems, structures, and
components will. be protected against the dynamic _ effects of a postulated pipe
break using the methods described in Section:7 of this. safety evaluation. As,

an alternative, the COL = holder may submit a request for staff approval to
eliminate breaks using.a " leak-before-break" approach as discussed in Section-
'8 of this: safety evaluation.

Contingent upon the'ITAAC verifying that the completion of the high energy
line break analysis used the staff-approved analysis methods discussed above,
the staff concludes that there _is reasonable assurance ~ that the safety-related
systems, structures, and components in the ABWR are adequately protected

sagainst_the dynamic ~ effects of-postulated high energy line breaks.

9. 5 ~ Functional Canability

- GE > identified a certified design commitment that all ASME Code Class 1, 2, and-

3 piping _ systems which are essential fu the safe shutdown of the plant shall
be designed to assure that they will waintain sufficient dimensional stability
to perform their required function-under all loading conditions.- In Section

- 511 of this safety evaluation, the staff evaluated the stress limits proposed
by GE tofensure the functional capability of the essential piping systems. In
no case:shall the piping-stress exceed the limits designated for Service Level
D in the ASME Code, Section III. The service Level D limits are 3.0 Sm (not
.to exceed.2.0 Sy) for ASME Code Class 1 piping and 3.0 Sh (not to exceed 2.0-
Sy) for. Class 2- and 3 piping.

An inspectiotof the certified stress report by the COL holder will be
conducted in conjunction with ITAAC to assure that the functional capability
limits have been satisfied.

The staff finds that the limits specified by GE to ensure functional
.
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capability of piping as documented in NED0-21985 have been previously approved
by the staff as discussed in Section 4.10 of this safety evaluation. The use
of Service Level D limits (not to exceed 2.0 Sy) are consistent with the str.ff
recommendations based on high-level dynamic tests sponsored by the EPRI andL

the NRC staff.

Contingent upon the ITAAC verifying that the piping stresses in the certified
stress report satisfy the design acceptance criteria discussed above, the
staff concludes that there is reasonable assurance that the piping is capable,

of performing-its safety function under all normal operating, transient, and
accident conditions.

9.6 Analytical Modelina of Pioina

GE identified a certified design commitment to verify the piping analysis
model for the computer code to be used by the COL holder to complete its _

piping stress analyses. The-piping analysis model shall address the key
parameters needed to ensure adequate static and dynamic characteristics of tho
piping system. The key parameters for the piping model are discussed in
Section 4.? of this safety evaluation. The computer program and the modeling
techniques shall be evaluated using the NRC benchmark program discussed in
Section 4.3 of this safety evaluation.

The verification of the sufficiency of the computer code and modeling
techniques shall be performed in conjunction with ITAAC.

Contingent upon the ITAAC verifying that the piping benchmark results are
within the acceptable range of values specified in the benchmark .rogram, the
staff concludes that there is reasonable assurance that the computer code and
analytical modeling techniques to be used to complete the ABWR piping design
and analyses are adequate.

9.7 ASME Code Stamo

GE identified a certified design commitment that the ABWR pipitg, its
-

appurtenances, and its supports shall satisfy the ASME class, seismic
category, and quality group requirements commensurate with their
classification. An inspection shall be performed of the ASME Code-required
design documents and installed components. The inspection shall verify the
completion of a certified stress report and related Code-required documents
and that the installed component has received an approoriate ASME Code Symbol
Stamp.

The staff concludes that contingent upon the completion of the inspection
verifying the existence of Code-required documents and Code Symbol Stamp,
there is reasonable assurance that the piping and its subcomponents are
adequately designed, fabricated, and examined in accordance with the
applicable ASME Code requirements.

9.8 Fracture Touahness

GE provided a certified design commitment that the piping systems made of
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ferritic material _ shall not be susceptible to brittle fracture. Only
intrinsically tough grades of ferritic materials shall be used. Fracture
toughness tests shall be performed. The fracture toughnass requirements of
the ASME Code,- Section III- shall be satisfied.

The staff finds that the fracture toughness tests are in accordance with the
ASME Code, Section III-rules. Contingent upon the ferritic materials
satisfying;the ASME Code, Section III requirements, the staff concludes that
there is reasonable assurance that the material for piping systems are
adequataly specified to preclude brittle fracture under pressure loadings for
the expecteri service conditions.

9.9 Crackino in Stainless Steel Pipino

GE provided a certified design commitment that piping systems made of
austenitic stainless steel shall be selected to minimize the possibility of
cracking during their 60-year design life. Special chemical, fabrication,
handling, welding, and examination requirements that minimize the potential
for cracking shall be satisfied. An inspection of the ASME Code-required
documents and other related records will be performed to verify that the ASME
Code and any special requirements have been satisfied.

The staff position is that-the guidelines in NUREG-0313, " Technical Report on
Material Selection and Processing Guidelines for BWR Coolant Pressure Boundary
Piping," Revision 2, shall be followed.

Contingent upon an. inspection of the records verifying that the material and
processes satisfied the ASME Code and special-requirements, the staff
concludes that there is reasonable assurance that the austenitic stainless
steel piping systems have been adequately fabricated to minimize the potential

. for cracking during service.

9.10 As-Built Pipino Verificatio_D

GE identified a certified design commitment that the as-built piping system
shall- be consistent with the as-designed piping. An inspection shall be
performed to _ verify the pipe routing configurations; the location, size, and

.

orientation of piping supports, valves, and equipment; and to identify
deviations from the as-designed condition. The piping configuration and
component location, size, and orientation will be within-the specified
tolerances. Deviations (outside the tolerances) will be evaluated to ensure
that the vendor allowable loads and ASME Code, Section III stress limits are
satisfied.

The staff-finds that the as-built piping verification is necessary to ensure
that the as-constructed piping is consistent with the certified piping stress
report. Contingent upon the completion of the inspection verifying that the
installation lerances have been satisfied and that all deviations have been
reconciled using the staf#-approved methods and design acceptance criteria
discussed in this safety evaluation, the staff concludes that there is
reasonable assurance that the ABWR piping systems are constructed in
accordance with the design documents.

! 39
i
I



- --

9.11 Pressure Inteority

GE identified a certified design commitment that the ASME Code Class 1, 2, and
3 piping shall retain its pressure integrity for its 60-year design life. The
piping systems shall be designed to the requirements of the ASME Code,
Section III as discussed in Section 2.1 of the safety evaluation.

An inspection shall be performed to verify that the ASME Code, Section III
requirements have been satisfied for ASME Code Class 1, 2, and 3 piping
systems. In addition, hydrostatic pressure tests of the ASME Class 1, 2, and
3 piping shall be performed in accordance with the ASME Code requirements.

The staff finds that the inspections and tests will provide assurance that the
ASME Code, Section III requirements have been satisfied. Contingent upon the
successful completion of the inspections and tests, the staff concludes that
the ASME Code Class 1, 2, and 3 piping systems are designed and tested to
ensure their pressure intercity in service under normal operating, testing,
transient, and accident conditions.

9.12 Interferences

GE identified a certified design commitment that piping shall be designed with
adequate clearances to preclude interferences with nearby systems, structures,
and components resulting from piping displacements. An inspection shall be
performed to verify that the maximum calculated pipe deflections under normal
operating, transient, and accident conditions do not exceed the minimum
specified clearances between the piping and nearby systems, structures, and
components.

Contingent upon the completion of the inspection verifying that maximum
.alculated pipe deflections are within the minimum specified clearances, the
staff concludes that there is reasonable assurance that the piping deflections
under normal operating, transient, and accident conditions do not cause
interferences with nearby systems, structures, and components.

9.13 Conclusions

On the basis of its review of Section 3.3 of the ABWR Design Document, the
staff finds that GE met 10 CFR 52.47 with respect to submitting proposed
inspections, tests, and analyses, and acceptance criteria for piping systems
that are necessary and sufficient to provide reasonable assurance that, if the
inspections, tests, and analyses are performed and the acceptance criteria arei

met, a plant which references the design will be built and will operate in
: accordance with the design certification. The referenced design for the ABWR

incorporates the staff's approved piping design criteria and analysis methods'

for ensuring that the piping systems are adequately designed and will perform
i- their safety-related functions for all postulated combinations of normal

operating, system operating transients, and accident conditions.

|
!
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10 OVERA'.L CONCLUSION

On the basis of (1) its review of the information provided in the ABWR SSAR
and (2) its audit of the specific design criteria and representative sample
analyses for the ABWR piping systems and (3) contingent upon GE supplementing
its SSAR with the requested information and staff positions discussed above,
the staff concludes that the applicant has satisfied 10 CFR 52.47 by providing
sufficient information to reach a final safety conclusion on t'l safety
questions associated with the ABWR piping design. The staff further concludes
that the applicant has satisfied the applicable requirements of 10 CFR Parts
50, 52, and 100 by providing reasonable assurance that the piping systems will
be designed and built in accordance with the certified design and will perform
their safety-related functions under all postulated combinations of normal
operating conditions, system operating transients, postulated pipe breaks, and
seismic events. The staff's conclusion is based on the use of pre-approved
piping analysis methodology as a part of the design acceptance criteria by the
COL holder to complete the design and analyses of the ABWR piping systems.
The implementation of these pre-approved methods and satisfaction of the
acceptance criteria will be verified through the performance of the ITAAC by
the COL holder to ensure that the final as-built piping stress analyses and
high energy line break analyses as well as the as-constructed piping systems
are in accordance with the certified design commitments.
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~ 3,6 PROTECTION AGAINST DYNAMIC
EFFECTS ASSOCIATED WITH THE Subsection 3.6.3 and. Appendix 3E describe the
POSTULATED RUPTURE OF PIPING implementation of the leak-before break (LBB)

evaluation procedures as permitted by the broad
This Section deals with the structures, sys- scope amendment to General Design Criterion 4

tems, components and equipment in the ABWR (GDC-4) published in Reference 1. It is antici-
Standard Plant.

'

pated, as mentioned in Subsection 3.6.4.2, that
a COL applicant v ' apply to the NRC for

Subsections 3.6.1 and 3.6.2 describe the approval of LBB qc, cation of selected piping
design bases and protective measures which ensurw by submitting a technical justification report.
that the containment; essential systems, compo. The approved piping, referred to in this SSAR as
nents and equipment; and other essential struc- the LBB qualified piping, will be excluded from -

tures are adequately protected from the conse- pipe breaks, which are required to be postulated
. quences associated with a postulated rupture of by Subsection 3.6.1 and 3.6.2, for design
high energy piping or' crack of moderate-energy against their potential dynamic eff_ects,
piping both inside and outside the containment. However, such piping are included in postulation

of pipe cracks fer their effects as described in
Before delineating the criteria and as: ump. Subseetioas 3. 6.1.3.1, 3.6.2.1.5 a n d

tions used to evaluate the consequences of pip. 3.6.2.1.6.2. It is emphasized that an LBB
ing failures inside and outside of containment, qualification submittal is not a mandatory
it is necessary to define a pipe break event and requirement; a COL applicant has an option to
a postulated piping failure: select from none to all technically feasible

.

piping systems for the benefits of the LBB'

Pipe break event: 'Any single postulated approach. The decision may be made based 2pon a .-

piping failure occurring during normal plant ' cost-benefit evaluation (Reference 6).
operation.and any subsequent piping failure

- and/or equipment failure that occurs as a direct 3.6.1 Postulated Piping Failures
consequence of the postulated piping failure. -In Fluid Systems Inside and

Outside of Containment
Postulated Piping Failure: Longitudinal orr

circumferential break or rupture postulated in This subsection sets forth the design bases,
high-energy fluid system piping or throughwall description, and safety evaluation for determin- -

leakage crack postulated in moderate energy fluid ing the effects of postulated piping failures in
system piping. The terms used in this definition fluid systems both inside and outside the con-
are explained in Subsection 3.6.2. tainment, and for including necessary protective

measures.
Structures, systems, components and equipment

- - - that are required to shut down the reactor and 3.6.1.1 Design Bases -

- mitigate the consequences of a postulated piping
. failure, without'offsite power, are defined as 3.6.1.1.1 Criteria
- essential and are designed to Seismic Category I
requirements. Pipe break event protection conforms to 10CFR50

L Appendix A, General Design Criterion 4, Enviro *:-
,

L .The dynamic effects that may result from a mental and Missile Design Bases. The design
-postulated rupture of high energy piping include bases for this protection is in compliance with
missile generation; pipe whipping; pipe break NRC Branch Technical Positions (BTP) ASB 3-1 and
reaction forces; jet impingement forces; compart- MEB 3-1 included in Subsections 3.6.1 and 3.6.2,
ment, subcompartment and cavity pressurizations; respectively, of NUREG 0800 (Standard Review
decompression waves within the ruptured pipes and Plan),
seven types of loads identified with loss of cool-
ant accident (LOCA) on Table 3.9-2.;.

;.
,

I

|

!

Amendment 3.61

J

w -m--v , . ,- r . , . - , , , , . ,w m - - , , -



1
1

\ 23A6100AE
Standard Plant RI).* B |

_

MEB 3-1 describes an acceptable basis for
selecting the de ign locations and orientations
of postulated breaks and cracks in fluid systems
piping. Standard Review Plan Sections 3.6.1 and
3.6.2 describe acceptable measures that could be
taken for protection against the breaks and
cracks and for restraint against pipe whip that
may result from breaks.

The design of the containment structure, com-
ponent arrangement, pipe runs, pipe whip re-
straints and compartmentalization are done in

Amendment 3.6-1.1
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consonance with the acknowledgment of protection in item (4) below. A SACF is malfunction or
. against dynamic effects associated with a pipe loss of function of a. component _of electric.
. break event. Analytically sized and positioned al or fluid systems. The failure of an ac.
pipe whip restraints are engineered to preclude tive component 'of a fluid system is consi-
damage based on the pipe break evaluation. dered to be a loss'of component function as

~

a result of mechanical, hydraulic, or elec-
~

3.6.1.1.2 Objectives - trical malfunction but not the loss of com-
ponent structural integrity. The direct

Protection against pipe break event dynamic - consequences of a SACF are considered to be
effes.is provided to fulfill the following ob. a pert of the single active failure. The
jectives:

'

single active component failure is assumed
to occur in addition to the postulated '

(1) Assure that the reactor can be shut down piping failure and any direct consequences
safely.and maintained in.a safe cold shut- of th piping failure.
down condition and that the consequences of
the postulated piping failure are mitigated (4) Where the postulated piping failure is as-
to acceptable limits without offsite power. sumed to occur in one of two or more redun-

dant trains of a dual purpose moderate-en-
(2) - Assure that containment integrity is main- ergy essential system (i.e., one required to

- tained, operate during normal plant conditions as
well as to shut down the reactor and miti-

(3) Assure that the radiological doses of a pos- gate the consequences of the piping fail-
tulated piping failure remain below the ure), single active failure of components in
limits of 10CFR100. the other train or trains of that system

'

only are not assumed, provided the system is ~
,

3.6.1.1.3 Assumptions designed to Seismic Category I standards,is

_ _

powered from both offsite and onsite sour.
The following assumptions are used to deter- ces, and is constructed, operated, and in.

~

mine the protection requirements. spected to quality assurance, testing ~ and
inservice inspection standards appropriate

(1) Pipe break' events _may occur during normal for nuclear safety related systems. Re-
plant conditions -(i.e., reactor startup, sidual heat removal system is an example of
operation at power, normal hot standby * or such a system.

= reactor cooldown to a cold shutdown condi-
tions but excluding test modes). (5) If a pipe break event involves a failure of

.non Seismic Category I piping, the pipe
(2) A pipe break event may occur simultaneously break event must not result in failure of

with a seismic event,' however, a seismic essential systems, components and equipmentp
-g. event does not initiate a pipe break event. to shut down the reactor aed mitigate the

This applies to Seismic Category I and non- consequences of the pipe break event consid-"

Seismic Category I piping. ering a SACF in accordance with items (3)
and (4) above. '

F -(3) A single active component failure (SACF) is
assumed in systems used to mitigate conse- (6) If loss of offsite power is a direct conse-
quences of the postulated piping failure and quence of the pipe break event (e.g., trip
to shut down the reactor, except as noted of the turbine-generator producing a power

- Normal hot standby is a normally attained*

,

zero power plant operating state (as opposed
to a hot standby initiated by a plant upset
condition) where both feedwater and main
condenser are available and in use.

Amendment 3 36-2
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surge which in turn trips the main breaker), 3.6.1.1.4 Approach
then a loss of offsite power occurs in a
mechanistic time sequence with a SACF, To comply with the objectives previously
Otherwise, offsite power is assumed available described, the essential systems, components,
with a SACF. and equipment are identified. The essential

systems, components, and equipment, or portions
(7) A whipping pipe is not capable of rupturing thereof, are identified in Table 3.61 for pip-

impacted pipes of equal or greater neminal ing failures postulated inside the containment
pipe diameter, but may &velop throughwall and in Table 3.6-2 for outside the containment.
cracks in equal or larger nominal pipe sizes
with thinner wall thickness. 3.6.1.2 Description

(8) All available systems, including those ac- The lines identified as high-energy per
tuated by operator actions, are available to Subsection 3.6.2.1.1 are listed in Table 3.6-3
mitigate the consequences of a postulated for inside the containment and in Table 3.6 4
piping failure. In judging the availability for outside the containment. Moderate-energy
of systems, secount is taken of the postu- piping defined in Subsection 3.6.2.1.2 is listed
lated failure and its direct consequences in Table 3.6-5 for outside the containment. |
such as unit trip and loss of offsite power, Pressure response analyses are performed for the
and of the assumed SACF and its direct con- subcompartments containing high energy pipin g.
sequences. The feasibility of carrying out A detailed discussion of the line breaks
operator actions are judged on the basis of selected, vent paths, room volumes, analytical
ample time and adequate access to equipment methods, pressure results, etc., is provided in
being available for the proposed actions. Section 6.2 for primary containment-

srbcompartments.
Although a pipe break event outside the
containment may require a cold shutdown, up to The effects of pipe whip, jet impingement,
eight hours in hot standby is allowed in order spraying, and flooding on required function of
for plant personnel to assess the situation essential systems, components, and equipment, or
and make repairs. portions thereof, inside and outside the

containment are considered.
(10) Pipe whip occurs in the plane defined by the

piping geometry and causes movement in the In particular, there are no high-energy lines
direction of the jet reaction. If unre- near the control room. As such, there are no
strained, a whipping pipe with a constant effects upon the habitability of the control
energy source forms a plastic hinge and room by a piping failure in the control building
rotates about the nearest rigid restraint, or elsewhere either from pipe whip, jet impinge-
anchor, or wall penetration. If unre- ment, or transport of steam. Further discussion
strained, a whipping pipe without a constant on control room habitability systems is provided
energy source (i.e., a break at a closed in Section 6.4
valve with only one side subject to
pressure) is not capable of forming a 3.6.1.3 Safety Evaluation
plastic hinge and rotating provided its
movement can be defined and evaluated. 3.6.1.3.1 General

(11) The fluid internal energy associated with An analysis of pipe break events is performed
ti , pipe break reaction can take into to identify those essential systems, components,
account any line restrictions (e.g., flow and equipment that provide protective actions
limiter) between the pressure source and required to mitigate, to acceptable limits, the
break location and absence of energy consequences of the pipe break event.
reservoirs, as applicable.

Pipe break events involving high-energy fluid

Amendment 3.6-3
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systems are evaluated for the effects of pipe therefore, is the basic protective measure
whip, jet impingement, flooding, room pressuri- incorporated in the design to protect against
zation, and other environmental effects such as the dynamic effects of postulated pipe failures.
temperature. Pipe break events involving
moderate energy fluid systems are evaluated for Due to the complexities of several divisions
wetting from spray, flooding, and other environ- being adjacent to high-energy lines in the dry-
mental effects. well and reactor building steam tunnel, speci-

fic break locations are determined in accordance
By means of the design features such as with Subsection 3.6.2.1.4.3 for possible spatial

separation, barriers, and pipe whip restraints, a separation. Care is taken to avoid concentra-
discussion of which follows, adequate protection ting essential equipment in the break exclusion
is provided against the effects of pipe break zone allowed per Subsection 3.6.2.1.4.2. If

events for essential items to an extent that spatial separation requircments (distance and/or
their ability to shut down the plant safely or arrangement to prevent damage) cannot be met
mitigate the consequences of the postulated pipe based on the postulation of specific breaks,
failure would not be impairc barriers, enclosures, shields, or restraints are

provided. These methods of protection are dis-
3.6.13.2 Protection Methods cussed on Subseetions 3.6.1.3.2.3 a n d

3.6.1.3.2.4.
3.6.1.3.2.1 General

For other areas where physical separation is
The direct effects associated with a particu- not practical, the fctiowing higt-energy line-

lar postulated break or crack must be mechanis- separation analysis (HELSA) evaluation is done
tically consistent with the failure. Thus, actu- to determine which high ccergy lines meet the ~
al pipe dimensions, piping layouts, material pro- spatial separ& Con requiremen: and which lines
perties, and equipment arrangements are consider- require fu ther protectiom
ed in defining the following specific measure for
protection against actual pipe movement and other (1) Fnr the HELGA evaluation, no particular
associated consequences of postulated failures, orcak points are identified. Cubicles or

areas ;hrous,a which the high-energy lines
(1) Protection against the dynamic effects of pa as examired in total. Breaks are pos-

pipe failures is provided in the form of tulated at any point in the piping system.
pipe whip restraints, equipment shields, and
physical separation of piping, equipment, (2) Essen:al systems, components, and equipment
and instrumentation. at a distance greater than thirty feet from

any high energy piping are considered as
(2) The precise method chosen depends largely mettmg spatial separation requirements. No

upon limitations placed on the designer such damage is assumed to occur due to jet im-
as accessibility, maintenance, and proximity pingement since the impingement force be-
to other pipes. comes negligible beyond 30 feet. Likewise,

a 30-ft evaluation zone is established for
3.6.13.2.2 Separation pipe breaks to assure protection against

potential damage from a whipping pipe. As.
The plant arrangement provides physical surance that 30 feet represents the maximum

separation to the extent pra Gble to maintain free length E made in the piping layout.
the independence of redundant essential systems
(including their auxiliarie ) in order to prevent (3) Essential systems, components, and equipment
the loss of saf:!y function due to any single at a distance less than 30 feet from any
postulated e ent. R .dundant trains (e.g., A and high-energy piping are evaluated to see if
B trains) und diviions are located in separate damage could occur to more than one
compartments to the extent possible. Physical essential division, preventing safe shutdown
sepa.ation between redundant essential systems of the plant. If damage occurred to only
with their related auxiliary supporting featur :, one division of a redundant system, the

Amendment 7 364
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requirement for redundant separation is protected against the effects of these
m e t. Other redundant divisions are postulated pipe failures will be provided by the
available for safe shutdown of the plant and applicant referencing the ABWR design (see
no further evaluation is performed. Subscetion 3.6.4.1, item 4 and 6),

(4) If damage could occur to more than one Barriers or shields that are identified as
division of a redundant essential system necessary by the HELSA evaluation (i.e., based
within 30 ft of any high energy piping, on no specific break locations), are designed
other protection in the form of barriers, for worst-case loads. The closest high-energy
shields, or enclosures is used. These pipe location and resultant loads are used to
methods of protection are discussed in Sub- size the barriers.
section 3.6.1.3.2.3. Pipe whip restraints
as discussed in Subsection 3.6.1.3.2.4 a r e 3.6.13.2.4 Pipe Whip Restraints
used if protection from whipping pipe is not
possible by barriers and shields. Pipe whip restraints are used where pipe

break protection requirements could no' be
3.6.13.23 Barriers, Shields, and Enclosures satisfied using spatial separation, barriers,

shields, or enclosures alone. Restraints are
Protection requirements are met through the located based on the specific break locations

protection afforded by the walls, floors, determined in accordance with Subsections
columns, abutments, and foundations in many 3.6.2.1. 4.3 a n d 3.6.2.1.4.4 Af ter the
cases. Where adequate protection is not already restraints are located, the piping and essential
present due to spatial separation or existing systems are evaluated for jet isnpingement and
plant features, additional barriers, deflectors, pipe whip. For those cases where jet ~
or shields are identified as necessary to meet impingement damage could still occur, barriers,
the fucetional protection requirements. shields, or encimres are utilized.

Barriers or shields that are identified as The design criteria for restraints is given in
necessity by the use of specific break locations Subsection 3.6.2.3.3.
in the drywell are designed for the specific
loads associated with the particular break 3.6.133 Specific Protection Measures
location.

(1) Nonessential systems and system components
'I he steam tunnel is made of reinforced are not required for the safe shutdown of

concrete 2m thick. A steam tunnel subcompartment the reactor, nor are they required for the
analysis was performed for the postulated rupture limitation of the offsite release in the
of a mainsteam line and for a feedwate line (see event of a pipe rupture. However, while
Subsection 6.233.1). The peak pressure from a none of this equipment is needed during or
mainsteam line break was found to be 11 psig. following a pipe break event, pipe whip
The peak pressure from a feedwater line break was protection is considered where a resulting
found to be 3.9 psig. The steam tunnel is f ailure of a nonessential system or
designed for the effects of an SSE coincident component could initiate or escalate the
with high energy line break inside the steam pipe break event in an essential system or
tunnel. Under this conservative load component, or in another nonessential system
combination, no failure in any portion of the whose failure could affect an essential
steam tunnel was found to occur; therefore, a system,
high energy line break inside the steam tunnel
will not effect control room habitability. (2) For high energy piping systems penetrating

through the containment, isolation .alves
The MSIVs and the feedwater isolation and check are located as close to the containment as

valves located inside the tunnel shall be possible.
designed for the effects of a line break. The
s'.etails of how the MSIV and feedwater isolation (3) The pressure, water level, and flow sensor
and check valves functional capabilities are instrumentation for those essential systems,

Amendment 17 36-5
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which are required to function following a
pipe rupture, are protected.

(4) High-energy fluid system pipe whip
restraints and protective measures are
designed so that a postulated break in one
pipe could not, in turn, lead to a rupture
of other nearby pipes or components if the
secondary rupture could result in
consequences that would be considered
unacceptable for the initial postulated
break.

(5) For any postulated pipe rupture, the
structural ictegrity of the containment
structure is maintained. In addition, for
those postulated ruptures classified as a
loss of reactor coolant, the design leak
tightness of the containment fission product
barrier is maintained.

(6) Safety / relief valves (SRV) and the reactor
core isolation cooling (RCIC) system steam-
line are located and restrained so that a
pipe failure would not prevent depres.;uri- -

zation.

Amendment 3 6-5.t
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(7) Separation is provided to preserve the those systems or portions of systems that,
independence of the low-pressure flooder during normal plant conditions (as defined in
(LPFL) systems. Subsection 3.6.1.1.3(1)),are either in operation

or are maintained pressurized under conditions
(8) Protection for the FMCRO scram ins:rt lines where either or both of the following are met:

is not required since the motor operation of
the FMCRD can adequately insert the control (1) maximum operating temperature exceeds
rods even with a complete loss of insert 200 F, or

lines (See Subsection 3.6.2.1.6.1).
(2) maximum operating pressure exceeds 275 psig.

(9) The escape of steam, water, combustible or
corrosive fluids, gases, and heat in the 3.6.2.1.2 Dennition of Moderate. Energy Fluid
event of a pipe rupture do not preclude: Systems.

(a) Accessibility to any areas required to Moderate-energy fluid systems are defined to
cope with the postulated pipe rupture; be + hose systems or portions of systems that,

dus e normal plant conditions (as defined in
(b) Habitability of the control room; or Subsection 3. 6.1.1. 3 . ( 1 ) ) , are either in

operation or are maintained pressurized (above
(c) T h e a b ilit y of essentia1 atmospheric pressure) under conditions where

i.2strumentetion, electric power both of the following are met:
supplies, components, and controls to
perform their safety related function. (1) maximum tocrating temperature is 200 F

or less, and -

3.6.2 Determination of Break
Locations and Dynamic EITects (2) maximum og crating pressure is 275 psig or
Associated with the Postulated less.
Rupture of Piping

Piping systems are classified as
'Information concerning break and crack mr.derate energy systems when they operate as

location criteria and methods of analysis for nigh-energy piping for only short operational
dynamic effects is presented in this Subse.: tion. periods in performing their system function but,
The location criteria and methods of analysis are for the major operational period, qualify as
needed to evaluate the dynamic effects associated moderate-energy fluid syster. . . An operational

_

with postulated breaks and cracks in high- and period is considered short if the total fraction
moderate-energy fluid system piping inside and of time that the system operates within the
outside of primary containment. This information pressure temperature conditions specified for
provides the basis for the requirements for the high energy fluid systems is less than two
protection of essential structures, systems, and percent of the total time that the system
components defined in introduction of Section operates as a moderate-energy fluid system.
3.6.

3.6.2.1.3 Postulated Pipe Breaks and Cracks
3.6.2.1 Criteria Used to Define Break and
Crack location and Configuration A postulated pipe break is defined as a

sudden gross failure of the pressure boundary
The following subsections establish the either in the form of a complete circumferential

criteria for the location and configuration of severance (guillotine break) or a sudden
postulated breaks and cracks. longitudinal split without pipe severance, and >

is postulated for high-energy fluid systems
3.6.2.1.1 Definition of fligh Energy Fluid only. For moderate-energy fluid system, pipe
Systems failures are limited to postulation of cracks in

piping and branch runs. These cracks affect the
High-energy fluid systems are defined to be surrounding environmental conditions only and do

Amendment 7 364
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not result in whipping of the cracked pipe. are generally not identified with partiestlar
High. energy fluid systems are also postulated to break points. Breaks are postulated at all
have cracks for conservative environmental possible points in such high-energy piping
conditions in a confined area where high and systems. However, in some systems break points
moderate-energy fluid systems are located. are particularly specified per the following

subsections if special protection devices such
The following high-energy piping systems (or as barriers or restraints are provided.

portions of systems) are considered as potential
candidates for a pmtulated pipe break during 3.6.2.1 A.2 Pipingir. Containment Penetration
normal plant conditions and are analyzed for Areas
potential damage resulting from dynamic effects:

No pipe breaks or cracks are postulated in
(1) All piping which is part of the reactor those portions of piping from containment wall

coolant pressure boundary and subject to to and including the inboard or on tboaad
reactor pressure continuously during station isolation valves which meet the following
operation; requirement in addition to the requirement of

the ASME Code, Section III, Subarticle NE-1120:
(2) All piping which is beyond the second

isolation valve but subject to reactor (1) The following design stress and fatigue
pressure continuously during station limits are not exceeded:
operation; and

For ASME Code. Section Ill. Class 1 Pitiine
(3) All other piping systems or portions of

piping systems considered high-energy (a) The maximum stress range between any two .
systems. loads sets (including the zero load set)

does not exceed 2.4 S , and is
Portions of piping systems that are isolated calculated * by Eq. (10) in NB-ES3, ASME

from the source of the high energy fluid during Code, Section III.
normal plant conditions are exempted from
consideration of postulated pipe breaks. This If the calculated maximum stress range
includes portions of piping systems beyond a of Eq. (10) exceeds 2.4 S the stress
normally closed valve. Pump and valve bodies are ranges calculated by both"k,q. (12) and
also exempted from consideration of pipe break Eq. (13) in Paragraph NB-3653 meet the
because of their greater wall tlGekness. limit of 2A S .

m

3.6.2.1A Locations of Postulated Pipe Breaks (b) The cumulative usage factor is less than
0.1

Postulated pipe break locations are selected
as follows: (c) The maximum stress, as calculated by Eq.

(9) in NB-3652 under the loadings
3.6.2.1 A.! Piping Meeting Separation resulting from a postulated piping
Requirements failure beyond these portions of piping

does not exceed the lesser of 2.25 S
Based on the HELSA evaluation described in and 1.8 S except that following*3

Subsection 3.6.1.3.2.2, the high-energy lines failure outlide containment, the pipe
which meet the spatial separation requirements between the outboard isolation valve and

For those loads and conditions in which'

Level A and Level B stress limits have been
specified in the Design Specification.

Amendment t 3.6-7
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the first restraint' may.be permitted analyses, or tests, are performed _ to i
v

r higher stresses provided-a plastic hinge demonstrate compliance with the hits of
is not formed and operability _ of the -item (1).
valves with such stresses is assured in-

~ ~ : accordance with the requirement (3) The number of circuml: rential and longi-

={
specified in Se4 tion 3.9.3. Primary tudinal piping welds and branch connections

_

- loads include those which are deflection - are minimized. -Where penetration sleeves
-limited by whip _ restraints, are used, the enclosed portion of fluid

_

system piping is_ seamless construction and 'l
'

- For ASME '' ode. Section III. Class 2 Pining - wi'hout circumferential welds unless
specific access provisions are' made to

:(d) The maximum stress as calculated by the permit inservice volumetric examination of -
- sum of Eqs. (9) and (10) in _ Paragraph . longitudinal and circumferential welds.~
,NC-3652,- ASME Code, Section III,
consid_ering those loads and conditions (4) The length of these portions of piping are i

^ thereof for wnich level A and level B reduced to the minimum length practical.
.

stress-limits'are specified in the
system's Design Specification (i.e., (5) The design of pipe anchors or restraints
sustained to.+ds, occasional loads, and (e.g., connections to containment

-thermal expansion) including an_OBE ' penetrations and pipe whip restraints) do
event does nat exceed 0.8(1.8 S +- not equire welding directly to the outer
Si). The S and S are allowa le surface f the piping (e.g., flued integ.

h
- st"resses at maximum ot) temperature rally forged pipe fittings may be used)
and allowable stress range for thermal except where such welds are 100 percent.-'

expansion, respectively, as defined in volumetrically examinable in service and a
Article NC-3600 of the ASME Code, detailed stress analysis is performed to

' Section III. demonstrate compliance with the limits of
item (1).

(c)! (The maximum stress, as calculated by Eq.
-(9) h1 NC 3653 under the loadings (6) Sleeves provided for those portions of
resulting.from a postulated piping piping in the contaioment penetration areas
failure of fluid system piping beyond are constructed in cecordance with the rules,

these portions of paping does not exceed of Class MC,";ubsection NE of the ASME Code,

the lesser of 2.25 S and 1.8 S . Section 111/ where the sleeve is part of the
h I- containment boundary. In addition, the

Primary loads include those which are entire sleeve assembly is designed to meet
=defle: tion limited by whip restraints. The the following requirements and tests:

~

; exceptions permitted in (c) above may also -s

. be applied provided that when the piping _ (a) - The design pressure and temperature are
between the. outboard isola tion valve and not less than the maximum operating

| the restraint is con structed in accordance pressure .and temperature of the
- with the Power Piping Code ANSI B31.1,' the= enclosed pipe under normal plant'

,

piping is either of seamless construction - . conditions,

with full radiography.of all circumferential
welds, or all-lougitudinal and circum- (b) The Level C stress limits in NE 3220,'

. ferential. welds are fully radiographed. ASME Code, Section III, are not
exceeded under the loadings associated,

.

with containment design pressure and:(2) Welded attachments, for pipe supports.or .
,

- other purposes, to these portions of piping temperature in combination with the*

are avoided except where detailed stress safe shutdown earthquake.'

,

i
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(c) The assemblics are subjected to a single As a result of piping re-analysis due to
pressure test at a pressure not less differences between the design configuration
than its design pressure. and the as-built configuration, the highest

stress or cumulative usage factor locations
(d) The assemblies do not prevent the access may be shifted; however, the initially

required to conduct the inservice determined intermediate break locations need
examination specified in item ). not be changed unless one of the following

conditions exists:
(7) A 100% volumetric inservice examination of

all pipe welds would be conducted during (i) The dynamic effects from the new
each inspection interval as defined in (as-built) intermediate break locations
IWA-2400, ASME Code, Section XI. are not mitigated by the original pipe

whip restraints and jet shields.
| 3.6.2.1.43ASME Code Section 111 Class 1

Piping in Areas Other'Than Containment (ii) A change is sequired in pipe parameters
Penetration such as major differences in pipe size, '

wall thickness, and routing.
With the exception of those portions of piping

identified in Subsection 3.6.2.1.4.2, breaks in 3.6.2.1.4.4 ASME Code Section 111 Class 2 and
..SME Code, Sect' ion Ill, Class 1 piping are 3 Piping in Areas Other'Ihan Containment
postulated at the following locations in each Penetration
piping and branch run:

With the exceptions of those portions of
(a) At terminal ends' piping identified in Subsection 3.6.2.1.4.2,.

breaks in ASME Codes, Section III, Class 2 and 3
(b) At intermediate locations where the piping are postulated at the following locations

maximum stress range (see Subsection in those portions of each piping and branch run:
3.6.2.1.4.2, Paragref.i (1)(a)) as
calculated by Eq. (10) in NB-3653, ASME (a) At t e rmin a1 e n d s (s e e S u b s e ctio n
Code, Section III. 3.6.2.1.4.3, Paragraph (a))

If the calculated maximum stress range (b) At intermediate locations selected by one of
of Eq.(10) exceeds the stress range the following criteria:
calculated bv both Eq.(12) and Eq.(13)
in Paragrapt NB-3653 should meet the (i) At each pipe fitting (e.g., cibow, tee,
limit of 2.4 Sm. cross, flange, and nonstandard

fitting), welded attachment, and
(c) At intermediate locations where the valve. Where the piping contains no

cumulative usage factor exceeds 0.1. fittings, welded attachments, or
valves, at one location at cach extreme

* Extremities of piping runs Ihat connect to oi the piping run ad)aceat to the
structures, components (e.g., vessels, pumps, protective structure.
valves), or pipe anchors that act as rigid
constraints to piping motion and thermal (ii) At each location where stresses calcu-
expansion. A branch connection to a main lated (see Subsection 3.6.2.1.4.2,
piping run is a terminal end of the branch Paragraph (1)(d)) by the sum c,f Eqs.
run, except where the branch run is classified (9) and (10) in NC/ND-3653, ASME Code,
as part of a main run in the stress analysis Section Ill, exceed 0.8 times the sum
and is shown to have a significant effect on of the stress limits given in NC/ND-
the main run behavior. In piping runs which 3653.
are maintained pressurized during normal plant
conditions for only a portion of the run As a result of piping re analysis due
(i.e., up to the first normally closed valve) to diiferences between the design
a terminal end of such runs is the piping configuration and th as-built
connection to this closed valve. configuration, the highest stress

Arnendment 3.69
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locations may be used unless a redesign identified in Subsection 3.6.2.1.4.2, leakage
of the piping resulting in a change in cracks are postulated for the most sesere
the pipe parameters (diameter, wall environmental effects as follows;
thickness, rooting) is required, or the
dynamic effects from the new (as built) (1) For ASME Code, Section 111 Class 1 piping.
inter nediate break location are not at axial locations where the calculated
mitigated by the original pipe whip stress range (see Subsection 3.6.2.1.4.2,
restraints and jet shields. Paragraph (1)(a)) by Eq. (10) and en,ier Eq.

(12) or Eq. (13) in ND 3653 exceeds 1.2
3.6.2.1.<.5 Non.ASME Class Piping S m-

Urcaks in seismically analyzed non ASME Class r2) For ASME Code, Section til Class 2 and 3 or
(not ASME Class 1,4 or 3) piping are postulated non ASME class piping, at axial locations
according to the same regidrements for ASME Class where the calculated stress (see Subsection
2 and 3 piping above. Separation and interaction 3.6.2.1.4.4, Paragraph (b)(ii)) by the sum
requirements between Seismically analyzed and of Eqs. (4) and (10) in NC/ND-3653 exceeds
non seismically analyzed piping are met as 0.4 times ,he sum of the stress limits given
described in Subsection 3.7.3.13, in NC/ND 3653.

3.6.2.1.4.6 Separating Structure With Illgh. (3) Non ASMC class piping which has not been
F ' Lines evaluat:d to obtain stress information have.

leakage cracks postulated at axiallocations
if a structure separates a high energy line that produce the most severe environmental

f rom an essential component, the separating effects. -

structure is designed to withstand the consequen-
ces of the pipe break in the high energy line at 3.6.2.1.53 Moderate Energy Pip'ng
locations that the aforementioned critr >ia
require to be postulated. However, as noted in 3.6.2.1.5.3.1 Piping In Containment Penetration
Subsection 3.6.1.3.2.3, so:m structures that are Areas
identified as necessary by the HELSA evaluation
(i.e., based on no specific break locations), are Leakage cracks are not postulated in : hose
designed for worst cast: loads, portions of piping from containment wall to and

including the inboard or outboard isolation
3.6.2.1.5 Imations of Postulated Pipe Cracks valves provided they meet the requirements of

the ?.SME Code, Section 111, NE 1120, and the
Postulated pipe crack locations are selected stresses calculated (See Subsection 3.6.2.1.4.4,

as follows: Paragraph (b)(ii)) by the sum of Eqs. (9) and
(10) in ASME Code, Section III, NC-3653 do not

3.6.2.1.5.1 Piping Meeting Separation exceed 0.4 times the sum of the stress limits
Requirements given in NC 3653.

Based on the HELSA evaluation described in 3.6.2.1.5.3.2 Piping In Areas Other Than
Subsection 3.6.1.3.2.2, the high or moderate. Containment Penetration

'

energy lines which meet the s paration require-
ments are not identified with particular crack (1) Leakage cracks are postulated in piping
locations. Cracks are postula:ed at all possible located adjacent to essential structures,
points that are necessary to demonstrate aQuacy syst e nu or components, except:
of separation or other means cif protections pro-,

vided for essential structures, systems and (a) Where exempted by Subsections
; components. 3.6.2.1.5.3.1 a n d 3.6.2.1.5.4,

i

3.6.2.1.5.2 Illgh Energy Piping (b) For ASME Code, Section III, Class 1 pip.
ing the stress range calculated (see

V/ith the exception of '.aose portions of piping Subsection 3.6.2.1.4.2, Paragraph (1)

i

|
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(a)) by Eq. (10) and either Eq. (12) or Eq. Table 3.21). Additionall), the 1 1/4 inch
(13) in NB-3653 is less than 1.2 S,. hydraulic control unit far,t scram lines do

not require special protection measure
(c) For ASME Code, Section 111, Class 2 or 3 and because of the following reasons:

non ASMC class piping, the stresses calcu-
lated (see Subsection 3.6.2.1.4.4, P m graph (a) The piping to the control rod drives
(b)(ii)) by the sum of Eqs. (9) and (10) in from the hydraulic control units (ilCUs)
NC/ND 3653 are less thaa 0.4 times the sum are located in the containment under
of the stress limits given in NC/ND 3653. reactor vessel, and in the reactor

building away from other asfety related
(2) Leakage cracks, unless the piping ,ystem is equipment; therefore should a line fail,

exempted by item (1) above, are postulated it would not affect any safety-telated
at axial and circumferential locations that equipment but oaly hopact on cther ilCU
result in the most severe environmental lines. As discussed in Subsection 3.6.
consequences. 1.1.3, Paragraph (7), a whipping pipe

will only rupture an impacted pipe of
(3) Leakage cracks are postulated in fluid smaller nominal pipe size or cause a

system piping designed to nonseismic through wall crack lo the same nominal
standards as nt cessary to meet the pipe size but wirh thinner wall
environmental protection requirements of thictness.
Subsectton 3.6.1.1.3.

(b) The total at.1ount of energy contained in
3.6.2.1.5.4 Moderate Energy Piping in Pmtimity the 1-1/4' peplag between normally
to lligh Energy Piping closed scram insert valve on tht, ilCU

module and the ball check valve in the
Moderate energy fluid system piping or control rod housing is small. In the

portions thereof that are located within a event of a rupture of t: sis line, the
compartment of confined area involving ball check valve will close to prevent
considerations for a postulated break in reactor vessel flow out of the break.
high energy fluid system piping are acceptable
without postulation of throughwall leakage cracks (c) Even if a number of the llCU lines rup-
except where a postulated leakage crack in the tured, the control rod insertion func-
moderate energy fluid system piping results in tion would not be impaired since the
more severe environmental conditions than the electrical motor of the fine motion con-
break in the proximate high energy fluid s:1 tem trol drive would drive in the control
piping, in which case the provisions of rods.
Subsection 3.6.2.1.5.3 are applied.

(2) Longitudinal breaks are postulated only in
3.6.2.1.6 Types of Ilttaks and Cracks to be piping having a nominal diameter equal to or
Postulated greater than four inches.

3.6.2.1.6.1 Pipe Breaks (3) Circumferential breeks are only assumed at
all terminal ends.

The following types of breaks are postulated
in high energy fluid system piping at the (4) At each of the intermediate postulated break
locations identified by the criteria specified in locations identified to exceed the stress
Subsection 3.6.2.1.4. and usage factor limits of ibe criteria in

Subsectioas 3.6.2.1.4.3 a n d 3.6.2.1.4.4,
(1) No breaks are pm.ulaed in piping having a considerations is given to the occurrence of

nominal dismeter less than or equal to one either a longitudinel or circumferential
inch. Instrument lines one inch and less break. Examination of the state of stress
nominal pipe or tubing size meet the in the vicinity of the postulated ' reak

1 provision of regulatory Guide 1.11 (See location is usec, to identify the sost

Amendment t 3 6-11
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probably type of break. If the maximum in the center of the piping at two
stress range in the longitudinal direction diametrically opposed points (but not
is greater than 1.5 times the maximum stress concurrently) locatsd so that the reaction
range in the circumferential direction, only force is perpendicular to the plane of the
the circumferential break is postulated. piping configuration and produces out of.
Conversely, if the maximum stress range in plane bending. Alternatively, a single
the circumferential d'm an is greater split is assumed at the section of highest
than 1.5 times the e u ~ange in the tensile stress as determined by detailed
longitudinal directics a f ue longitudi- stress analysis (e.g., finite element
nal break is postulaw is no significant analysis).
difference between the circumferential and
longitudinal stresses is determined, then (9) The dynamic force of the fluid jet discharge
both types of breaks are considered. is based on a circular or elliptical (2D x

1/2D) break area equal to the effective
(5) Where breaks we postulated to occur at each cross 4ectional flow area of the pipe at the

btermediate pipe fitting, weld attachment, break location and on a calculated fluid
or valve without the benefit of stress pressure modified by an analytically or
calculations, only circumferential breaks experimentally determined thrust coefficient
are postulated, as determined for a circumferential bret. tt

the same location. Line restrictions, flow
(6) For both longitudinal and circumferential limiters, positive pump controlled flow, and

breaks, after assessing the contribution of the absence of energy reservoirs may be
upstream piping flexibility, pipe whip is take into account as arplicable in the
assumed to occur in the plane defined by the reduction of jet discharge. -

piping geometry and configuration for
circumferential breaks and out of plane for 3.62.1.6.2 Pipe Cracks
longitudinal breaks and to cause piping
movement in the direction of the jet reac- The following criteria are used to postulate
tions. Structural members, piping throughwall leakage cracks in high or moderate.
restraints, or piping stiffness as demon- energy fluid systems or portions of systems,
strated by inciastic limit analysis are
considered in determining the piping (1) Cracks are postulated in moderate-energy
movement limit (alternatively, circumfer- fluid system piping and branch runs
ential breaks are assumed to result in pipc exceeding a nominal pipe size of one inch.
severance and separation amounting to at
least a one diameter lateral di1 placement of (2) At axial locations determined per Subsection
the ruptured piping tections). 3.6.2.1.5, the post ula t e d cracks a r e

oriented circumferentially to result in the
(7) For a circumferential break, the dynamic most severe environmental consequences.

force of the jet discharged at the bred
location is based upon the effective (3) Crack openings are assumed as a circular
crossocctional flow area of the pipe and on orifice of area equal to that of a rectangle
a calculated fluid pressure as modified by having dimensions one half pipe diameter in
an analytically or experimentally determined length and one half-pipe wall thickness in
thrust coefficient. Limited pipe width.
displacement at the break location, line
restrictions, flow limiters, positive (4) The flow from the crack opening is assumed
pump controlled flow, and the absence of to result in an environment that wets all
energy reservoirs are used, as applicable, unprotected components within the compart-
in the reduction of the jet discharge, ment, with consequent flooding in the com-

partment and communicating compartments,
(8) Longitudinal breaks in the form of axial based on a conservatively estimated time

split without pipe severance are postulat d period to effect corrective actions.

Amendment 7 3M2
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3.6.2.2 Anal tle Methods to Define Illowdown turbine. A pipe break causes the steam flow to3

Forcing functions and Resp <mse Models. reverse its direction and to flow from the
turbine to the break location. The pipe segment

3.6.2.2.1 Analytic Methods to 3crine Illowdown force time histories are determined by
Forcing Functions. calculating the momentum change in tW pipe

segments of a closed system. Tbc broken pipe
The rupture of a pressurized pipe causes the segment force time history is calculated in

flow characteristics of the system to change accordance with Appendix B of ANSI /ANS 58.2.
creating reaction forces which can dynamically
excite the piping system. The reaction forces
are a function of time and space and depend upon
fluid state within the pipe prior to rupture,
break flow area, frictional losses, plant system
characteristics, piping system, and other
factors. The methods used to calculate the
reaction forces for various piping systems are
presented in the following subsections.

The criteria that are used for calculation of
fluid blowdown forcirp betions include:

(1) Circumferential breaks are assumed to result
in pipe severance and separation amounting
to at least a one diameter lateral ,

displacement of the ruptured piping sections
unless physically limited by piping
restraints, structural members, or piping
stlif acss as may be demonstrated by
inelastic limit analysis (e.g., a plastic
hinge in the piping is not developed under
loading).

(2) Tbc dynamic force of the jet discharge at
the break location is based on the
cross sectional flow area of the pipe and on
a calculated fluid pressure as modified by
analytically, or experimentally determined,

thrust r:oefficient. Line restrictions, flow
limiters, positive pump-controlled flow, and
the absence of energy reservoirs are taken
into accounts, as applicable, in the
reduction of jet discharge.

(3) All breaks are assumed to attain full size
within one millisecond af ter break
initiation.

The forcing functions due to the postulated
pipe breaks near the reactor ot at a branch
connection are calculated by the solution of
one-dimensional, compressible unsteady steam flow
in the gas system. The numerical analysis is
performed by the method of characteristics. The
flow starts with steady flow from the RPV to the

Amendment 3613
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(5) Piping within the broken loop is no longer
considered part of the RCPib Plastic
deformation in the pipe is considered as a
potential energy absorber. Limits of strain
are laposed which are similar to strain,

3 levci: allowed in restraint plastic
members. Piping systems are designed so"

that plistic instability does not occur in
the pipe at the design dynamic and static
loads unless damage studies are performed
which show the consequences do not result in
direct damage to any essential system or ;

component,

(6) Components such as vessel safe ends ana val-

Analyses
'

ves which are attached to the broken piping3.6.2.2.2 Pipe Whlp Dynamic Response
system, do not serve a safety related func.
tion, or failure of which would not further

The predletion of time dependent and steady- escalate the consequences of the accident
thrust reaction loads caused by blowdown of sub- are not designed to meet ASME Code-imposed
cooled, saturated, and two phase fluid from rup. limits for essential components under fault.
t'ured pipe is used in design and evaluation of ed loading. However, if these components
dynamic effects of pipe breaks. A discussian of are required for safe shutdown or serve to |

' the analytical methods employed to compute these protect the structural integrity of an es.
~

blowdown loads is given in Subsection 3.6.2.2.1. sential component, limits to meet the Code
Following is a discussion of analytical methods requirements for faulted conditions and 11 .

used to' account for this loading. mits to ensure required operability will be -

met. *

The criteria used for performing the pipe whip
dynamic response analyses include: (7) The piping stresses in the containment

penetration areas due to loads resulting
(1) - A pipe whip analysis is performed for each from a postulated piping failure can not

postulated pipe break. However, a given exceed the limits specified in Subsection
analysis can be used for more than one post. 3.6.2.1.4.2(1)(c).

: ulated break location if the blowdown fore- ,

ing function, piping'and restraint system - An analysis for pipewhip restraint selection
geometry, and piping and restraint system PDA computer program; and a pipe break modeling
properties are conservative for other break program ANSYS are performed as described in

. locations. Appendix 3D, which predicts the response of a
pipe subjected to the thrust force occurring

- (2): The analysis includes the dynamic response after a pipe break. The program treats the
'

of the pipe in question and the pipe whip situation in terms of generic pipe break con -4

restraints which transmit loading to the figuration which invohes a straight, uniform ,

support structures, pipe fixed at one end and subjected to a time-
-dependent thrust force at the other end. A.

. (3) ' The analytical model adequately represents typical restraint used to reduce the resulting
the mass / inertia and stiffness properties of deformation is also included at a location

-

the system. between the two ends. Nonlinear and
time independent stress strain relationships

(4) . Pipe whipping is assumed to occur in the are used to model the pipe and the restraint.
plane defined by the piping geometry and Using a plastic hinge concept, bending of the
configuration and to cause pipe movement in pipe is assumed io occur only at
the direction of the jet reaction.

3.6-14Aroendment
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the fixed end and at the. location supported by
the restraint.

E'fects of pipe sacar deflection are consider-
ed negligible. The pipe bending moment-deflec-
tion (or rotation) relation used for these loca-
tions is obtained from a static nonlinear 3.6.2.3 Dynamic Analysis Methods to Verify
cantilever-beam analysis. Using the moment ro. Integrity and Operability
tation relation, nonlir tar equations of motion of
the pipe are formulated using energy considera-
tions and the equations are numerically integrat. 3.6 2.3.1 Jet Impingement Analyses and
ed in small time steps to yield time history of Effects on Safety Related Components
the pipe motion.

The methods used to evaluate the jet effects
The piping stresses in the containment resulting from the postulated breaks of high-

penetration areas are calculated by the ANSYS energy piring are described in Appendices C and
computer program, a program as described in D of ANSI /ANS 58.2 and presented in this
Appendix 3D. The program is used to perform the subsection,

non linear analysis of a piping system for time
varying displacements and forces due to The criteria used for evaluating the effects
postulated pipe breaks. of fluid jets on essential structures, systems,

and components are as follows:

(1) Essential structures, systems, and compo -
nents are not impaired so as to preclude es-
sential functions. For any given postulat-
ed pipe break and consequent jet, those es-
sential structures, systems, and components
need to safely shut down she plant are
identified.

(2) Essential structures, systems, and compo-
nents which are not necessary to safely shut
down the plant for a given break are not
protected from the consequences of the fluid I
jet.

(3) Safe shutdown of the plant due to postulated
pipe ruptures within the RCPB is not
aggravated by sequential failures of
safety relued piping and the required
emergency cooling system performance is
maintained,

y (4) Offsite dose limits specified in 10CFR100
are. complied with.

(5) Postulated breaks resulting in jet
impiagement loads are assumed to occur in J

high energy lines at full (102rc) power |
operation of the plant.

(6) Throughwall leakage cracks are postulated in
moderate energy lines and are assumed to

Amendment 3 6-15
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result in wetting and spraying of essential (7) The distance of jet travel is di ided into
structures, systems, and components. two or three regions. Region 1 (Figure

3.6 3) catends from the break to the
(7) Reflected jets are considered only when esym-totic area. Within this region the

there is an obvious reflecting surface (such discharging fluid flashes and undergoes
as a flat plate) which directs the jet onto expansion from the break area pressure to
an essential equipment. Only the first the atmospheric pressure. In Region 2 the
reflection is considered in evaluating jet expands further. For partial separa-
potential targets. tion circumferential breaks, the area

increases as the jet expands. In Region 3
(8) Potential targets in the jet path are con- jet expands at a half angle of 10

sidered at the calculated final position of (Figut es 3.6 3a and c.)
the broken end of the ruptured pipe. This
selection of potential targets is considered (8) The s.nalytical model for estimating the
adequate due to the large number of bicaks asymptotic jet area for subcooled water and
analyzed and the protection provided from saturated water assumes a constant jet

area. For fluids discharging from a breakthe effects of these postulated breaks.
which are below the saturation temperature

The analytical methods used to determine which at the corresponding room pressure or have
targets will be impinged upo_ by a fluid jet and a pressure at the break area equal to the
the corresponding jet impingement load include: room pressure, the free expansion does not

occur.
(1) The direction of the fluid jet is based on

the arrested position of the pipe during (9) The distance downstream from the break-
steady state blowdown, where the asymptotic area is reached

(Region 2) is calculted for circum-
(2) The impinging jet proceeds along a straight ferential and longitudinal breaks.

. path.

(3) The total impingement force acting on any
cros. .cctional area of the jet is time and
distance invariant with a total magnitude
equivalent to the steady-stat- fluid .

blowdown force given in Subsection 3.6.2.2.1
and with jet characteristics shown in Figure (10) Both longitudinal and fully separated
3.6-3. circumferential breaks > e treated

similarly. The value of fL/L, used in the
(4) The jet impingement force is uniformly blowdown calculation is used for jet

distributed across the cross sectional area impingement also.
of the jet and only the portion intercepted
by the target is considered. (11) Circumferential breaks with partial (i.e.,

h< D/2) separation between the two ends of
(5) The break opening is assumed to be a circu- the broken pipe not significantly offset

lar orifice of cross sectional flow area (i.e., no more than one pipe wall thickness
equal to the effective flow area of the lateral displacement) are more difficult to
break.

(6) The jet impingement force is equal to the
steady-state value of the fluid blowdown
force calculated by the methods described in
Subsection 3.6.2.2.1,

3 6-15Amendment
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quantify. For the.,e cases, the following
assumptions are made.

(a) The jet is uniformly distributed around
the periphery.

(b) The jet cross section at any cut through (12) Target loads are determined using the
the pipe axis has the configuration following procedures.
depicted in Figure 3.6 3b and the jet
regions are as therein delineated. (a) For both the f ully separated

circumferential break and the
(c) The jet force F) = total blowdown F. longitudinal break, the jet is studied

by determining target locations vs.
(d) The pressure at any point intersected by asymptomatic distance and applying

the jet is: ANSI /ANS 58.2, Appendices C and D.

P. = s
)

^R

where

the total 360 area of the jet at aAR= radius equal to the distance from the
.

pipe centerl:nc to the target.

(c) The pressure of the jet is then
multiplied by the area of the target
submerged within the jet.

_

(b) For circumferential break limited
separation, the jet is analyzed by
using different equations of ANSI /ANS
58.2, Appendices C and D and determing
respective target and asymptomatic
locations

Amendment 34-17
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c) After determination of the total area of the D = pipe OD of target pipe for a fully
jet at the target, the jet pressure is submerged pipe.
calculated by:

When the target (pipe) is larger than the area
F of the jet, the effective target area equals the

r} = )_ expanded jet area
A

^te *^ x

(3) For all cases, the jet area (A,) is as-
P= incident pressure sumed to be uniform and the load is

3 uniformly distributed on the impinged target

A, = ma M & nyM M M & am A
, te'

target Intersection,

if the effective target area (A is less than
expanded jet area (A e < A )te)he target is,t

g
fully submerged in the jet and*the impingement
load is equal to (P 3) ( A If the
effective target area is greater kha)n expanded

.

jet area (A >A , the target interecpts
the entire jet *and thE) impingement load is equalI 3.6.2.3.2 Pipe Whip Effects on Essential
to (P ) ( A ) = F . The effective targes Components
areafA )ior varkaus geometries follows:

This sut section provides the criteria and -
(1) Flat surface For a case where a target methods used to evaluate the effects of pipe

is oriente:I at angle displacements on essentiai structures, systems,
with physical area A, jet axis and with noand compo.2ents following a postulated piped with respect to the
flow reversal, the effective target area rupture.

* Pipe whip (displacement) effects on essential
structures, systems, and components can be

(A ) (sind). placed in two categories: (1) pipe displacementA =
g

effects on components (r.ozzles, valves, tees,
etc.) which are la the same piping run that the

(2) Pipe Surface As the jet hits the convex break occurs in; and (2) pipe whip or controlled
surface of the pipe, its forward momentum is displacements onto exteinsi components such as
decreased rather ttian stopped; therefore, building structure, other piping systems, cable
the jet impingement load on the impacted trays, and conduits, etc.
area is expected to be reduced. For
conservatism, no credit is taken for this 3.6.2.3.2.1 Pipe Displacement Effects oc
reduction and the pipe is assumed to be Components in the Same Piping Run
impacted with the full impingement load.
However, where shape factors are The criteria for determining the effects of
justifiable, they may be used. The pipe displacements on inline components are as

effective target area Ate '' " **

A = (D )(D) (1) Components such as vessel safe ends and
te A valves which are attached to the broken

where piping system and do not serve a safety
function or failure of which would not

D = diameter of the jet at the further escalate the consequences of the
A target interf ace, and accident need not be designed to meet ASME

Amendment 3.6-1B
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Code Section lil-imposed limits for essential failure in a piping system carrying high. energy
components under faulted loading. fluid. In the ABWR plant, the piping integrity

does not depend on the pipe whip restraints for
(2) If these components are required for safe any piping design loading combination including

shutdown or serve to protect the structural carthquake but shall remain functional following
integrity of an essential component, limits an curthquake up to and including the SSE (See
to meet the ASME Code requirements for Subsection 3.2.1). When the piping integrity is
faulted conditions and limits to ensure lost because of a postulated bred. the pipe
required opert.bility are met. whip restraint acts to limit the moseunt of the

broken pipe to an acceptable distance. The pipe
The methods used to calculate the pipe whip whip restraints (i.e., those devices which serve

loads on piping components in the same run as the oniv to control the movement of a ruptured pipe
postulated break are described in Section following gross failure) will be subjected to
3.6.2.2.2. once-in a-lifetime loading. For the purpose of

the pipe whip restraint design, the pipe break
3.6.23.2.2 Pipe Displacement Effects on is considered to be a faulted condition (See
Essential Structures Other Systems, and Subsection 3.9.3.1.1.4) and the structure to
Components which the restraint is attached is also analyzed

and designed accordingly. The pipe whip
The criteria and methods used to calculate the restraints are non ASME Code components;

effects of pipe whip on external components however,the ASME Code requirements may be used
consists of the following: in the design selectively to assure its

safety related fuuction if ever needed. Other
(1) The effects on essential structures and bar- methods, i.e. testing, with reliable data base .

riers are evaluated in accordance with the for design and sizing of pipe whip restraints
barrier design procedures given in subsec- can also be used.
tion 3.5.3

The pipe whip restraints utilize energy ab-
(2) If the whipping pipe imtrets a pipe of equal sorbing U-rods to attenuate the kinetic energy

or greater nominal pipe diameter and equal of a ruptured pipe. A typical pipe whip re-
or greater wall thickness, the whipping pipe straint is shown in Figure 3.6 6. The principal
does not rupture the impacted pipe. Other- feature of these restraints is that they are in-
wise, the impacted pipe is assutaed te be stalled with several inches of annular clearance
ruptured. between them and the process pipe. This allows

for installation of normal piping insulatie- and
(3) 1( the whipping pipe impacts other compo- for unrestricted pipe thermal movements 1 ring

nents (valve actuators, cable trays, con- plant operation. Select critical locations in-
duits, etc.), it is assumed that the im- side primary containment are also monitored
pacted component is unavailable to mitigate during hot functional testing to provide veiifi-
the consequences of the pipe break event. cation of adequate clearances prior to plant

operation. The specific design objectives for
(4) Damage of unrestrained whipping pipe on es- the restraints are:

sential structures, comp 9nents, and systems
other than the ruptured one is prevented by (1) The restraints shall in no way increase the
either separating high energy systems from reacter coolant pressure boundary stresses
the essential systems or providing pipe whip by their presence during any normal mode of
restraints, reactor operation or condition;

3.6.233 Loading Combinations and Design (2) The restraint system shall function to stop
Criteria for Pipe Whip Restraint the movement of a pipe failure (gross loss

of piping integrity) without allowing damage
Pipe whip restraints, as differentiat.ed from to critical components or missile develop-

piping supports, are designed to function and ment; and
carry load for an extremely low probability gross

Amendment 3 6-19
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(3) The restraints should provide minimum
bindrance to inservice inspection of the
process piping.

For the purpose of design, the pipe whip
restraints are designed for the following dynamic i

loads:

(1) Blowdown thrust of the pipe section that
impacts the restraint;

-

(2) Dynamic inertia loads of the moving pipe
section which is accelerated by the blowdown
thrust and subsequent impact on the
restraint;

(3) Design characteristics of the pipe whip
restraints are included and verified by the
pipe whip dynamic analysis described in
Subsection 3.6.2.2.2; and

(4) Since the pipe whip restraints are not
contacted during normal plant operation, the
postulated pipe rupture event is the only
design loading condition,

!

I

i

Amendment 3h20
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3.6.2.4 Guard Pipe Assembly Design

The ABWR primary containment does not require
guard pipes.

t

3.6.2.5 Material to be Supplied for the
Operating License Review

See Subsection 3.6.4.1

3.6.3 Irak Before. Break
Evaluation Procedures

Per Regulatory Guide 1.70, Revision 3,
Noveraber 1978, the safety analysis Section 3.6 J

Strain rate effects and other material has traditionally addressed the protection
property variations have been considered in the measures against dynamic effects associated with
design of the pipe whip restraints. The material the non- mechanistic or postulated ruptures of
properties utilized in the design have included piping. The dynamic effects are defined in
one or more of the following methods: Introduction to Section 3.6. Three forms of

piping failure (full flow area circumferential
(1) Code minimum or specification yield and and longitudinal breaks, and throughwall leakage

ultimate strength values for the affected crack) are postulated in accordance with
components and structures are used for both Subsection 3.6.2 and Branch Technical Position
the dynamic and steady state events; MEB 3-1 of NUREG 0800 (Standard Review Plan)

for their dynamic as well as environmental
(2) Not more than a 10% incre=se in minimum code effcets,

or spacification strength values is ut.ed
when designing components or structures for However, in accordance with the modified
the dynamic event, and code minimum or General Electric Criterion 4 (GDC-4), effective

' specification yield and ultimate strength November 27,1987, (Reference 1), the
values are used for the steady state twds: mechanistic leak before break (LBB) epproael.,

justified by appropriate fracture mechanics
(3) Pepresentative or actual test data values techniques, is recognized as an acceptable

are used in the design of components and pacedure under certain conditions to exclude
structures including justifiably elevated design against the dynamic effects from
strain rate affected stress limits in excess postulation of breaks in high energy piping.
of 10%; or The LBB approach is not used to exclude

postulation of cracks and associated effects as
(4) Representative or actual test data are used required in Subsection 3.6.2.1.5 and 3.6.2.1

for any affected component (s) and the .6.2. It is anticipated, as mentioned in
minimum code or specification values are Subsection 3.6.4.2, that a COL applicant will
used for the structures for the dynamic and apply to the NRC for approval of LBB quali-
the steady state events fir of selected piping. These approved

pi: < ,, referred to in this SSAR as the LBB-
I

Amendment 3622
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accordance with Subsections 3.6.2.1.5 and portion thereof) is evaluated with the following
3.6.2.1.6.2. considerations in addition to the deterministic

LBB evaluation procedure of Subsection 3.5.3.2
The LBB approach is not applicable to piping

sy tems where operating experience has indicated (1) Degradation by crosion, erosion / corrosion
particular susceptibility to failure from the and erosion / cavitation due to unfavorable
effects of intergranular stress corrosion flow conditions and water chemistry is
cracking (IGSCC), water hamtner, thermal fatigues, examined. T he evaluation is based on the
or erosion. industry experience and guidelines. Addi-

tionally, fabrication wall thinning of el-
The LBB approach is not a replacement for bows and other fittings is considered in the

existing regulations or criteria pertaining to purchase specification to assure that the
the design bases of emergency core cooling system code minimum wall requirements are met.
(Subsection 6.3), containment system (Subsection These evaluations demonstrate that these me-
6.2) or equipment qualification (Subsection chanisms are not potential sources of pipe
3.11). However, benefits of the LBB procedures rupture
to these areas will be taken and the subsections
will be revised as the regulations will be (2) The ABWR plant design involves operation
relaxed by the NRC. For clarity, it is noted below 7000F in ferritic steel piping and
that the LBB approach is not used to relax the below 8000F in austenitic steel piping.
design requirements of the primary containment This assures that creep and creep fatigue
system that includes the primary containment are not potential sources of pipe rupture.
vessel (PCV), vent systems (vertical flow
channels and horizontal vent discharges), drywell (3) The design also assures that the piping-
2ones, suppression chamber (wetwell), vacunm material is not susceptible to brittle
breakers, PCV penetrations, and drywell head. cleavage type failure over the full range of
However, in designing for loads per Table 3.9 2, system operating temperatures (that is, the
which does not apply to these PCV sute tems, materict is on the upper shelf).
the seven types of design loads identh._d with
LOCA-induced dynamics of suppression pool or (4) The ABWR plant design specifies use of
shield wall annulus pressurization are excluded austenitic stainless steel piping made of
if they are a result of LOCA postulated in those material (e.g., nuclear grade or low carbon
piping that meet the LBB criteria. type) that is recognized as resistant to

IGSCC. The material of piping in reactor
rAppendix 3d characterizes fracture mechanics coolant pressure boundary is ferritic steel.

properti s of piping .uterials and analysis me-
thods including leakage calculation methods, as (5) A systems evaluation of potential water
required by the criteria of this subsection. hammer is made to assure that pipe rupture
Following NRC's review and approval, this appen- due to this mechanism is unlikely. Wr.ter
dix will become approved LBB methodology for app. hammer is a generic term including various
lication to ABWR Standard Plant piping. Appendix unanticipated high frequency hydrodynamic
3F applies these properties and methods to events such as steam hammer and water
specific piping to demonstrate their eligibi- slugging. To demonstrate that water hammer
lity for exclusion under the LBB approac' . See is not a significant contributor to pipea
Subsection 3.61.2 for interface requirements. rupture, reliance on historical frequency of

water hammer events in specific piping
systems coupled with a review of operating
procedures and condit;ons is used for this
evaluation. The ABWR design includes
features such as vacuum breakers and jockey

3.6.3.1 G:neral Evaluation pumps coupled with improved operational
procedures to reduce or climinate the pot-

The high energy piping system (or analyzable ential for water hammer identified by past |
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experience. Certain anticipated water (1) Use the fracture mechanics and the leak
hammer events, such as a closure of a valve, rate computational methods that are accept-
are accounted for in the Code design and ed by the NRC staff, or are demonstrated
analysis of the piping. accurate with respect to other acceptable

computational procedures or with !
(6) The systems evaluation also addresses a po- experimental data.

;

tential for fatigue cracking or failure from '

thermal and mechanical induced fatigue. (2) Identify the types of materials and ma-
Based on past experience, the piping design terials specifications used for base metal,
avoid.: potential for significant mixing of weldments and safe ends, and provide the
b;gh and low. temperature fluids or materials properties including toughness
mechanical vibration. The startup and and tensile data,long term effects such as
preoperational monitoring assures avoidance thermal aging, and other limitations.
of detrimental mechanical vibration.

(3) Specify the type and magnitude of the loads
(7) Based on experience and studies by Lawrence applied (forces, bending and torsional

Livermore Laboratory, potential indirect moments), their source (s) and method of
sources of indirect pipe rupture are remote combination. For each pipe size in the
causes of pipe rupture. Compliance with the functional system, identify the location (s)
snubber surveillance requirements of the which have the least favorable combination
technical specifications assures that of stress and material properties for base
snubber failure rates are acceptably low. metal, weldments and safe ends.

(8) Initial LBB cvaluation is based on the (4) Postulate a throughwall flaw at the
design configuration and stress levels that location (s) specified in (3) above. The
are acceptably higher than those identified size of the flaw Fould be large enough so
by the initial analysis. This evaluation is that the leakage is assured detection with
reconciled when the as built configuration sufficient margin using the installed leak
is documented and the Code stress evaluation detection capability when the pipes are
is reconciled. It is assured that the subjected o normal operating loads. If
as-built configuration does not deviate auxiliary leak detection systems are relied
significantly from the design configuration on, they should be described. For the
to invalidate the initial LDB evaluation, or estimation of leakage, the normal operating
a new evaluation coupled with necessary loads (i.e., deadweight, thermal expansion,
configuration modifications is made to and pressure) are to be combined based on
assure applicability of the LBB procedure. the algebraic sum of individual values.

(9) Sufficiently reliable, redundant, diverse Using fracture mechanics stability analysis
and sensitive leak detection systems are or limit load analysis bas-d on (11) below,
provided for monitoring of leak. The system and normal plus SSE loads, determine the
that is relied upon to predict the through- critical crack size for the postulated
wali flaw used in the deterministic fracture througbwall crack. Determine crack size
mechanics evaluation is sufficiently margin by comparing the selected leakage
reliable and sensitive to justify a margia size crack to the critice8 crack size,

of 2 on the leakage prediction. Demonstrate that there is a margin of 2
between the leakage and critical crack

3.6.3.2 Deterministic Evaluation Procedure sizes. The same load combination method
selected in (5) below is used to determine

The following deterministic analysis and the critical crack size.
evaluation are performed as an NRC approved
method for the ABWR Standard Nuclear Island to (5) Determine margin in terms of applied loads
justify applicability of the LBB concept. by a crack stability analysis. Demonstrate

Amendment 1 3 6-24
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that the leakage size cracks will not expe- adequate, a determination is made to demon.
rience unst ble crack growth if 1.4 times strate that the generic data base represents
the normal plus SSE loads are applied. De- the tange of plant materials to be evalu-
monstrate that crack growth is stable and ated. This determination is based on a com.
the final crack is limited such that a parison of the plant material properties
double ended pipe break will out occur. The identifi d in (:') above with those of thee

dead weight, thermal expansion, pressure, materials used to develop the generic data
SSE (inertial), and seismic anchor motion base. The number of material heats and wcld
(SAM) loads are combined based on the same procedures tested are adequate to cover the
method used for the primary stress evalu- strength and toughness range of the actual
ation by the ASME Code. The SSE (inertial) plant materials. Reasonable lower bound
and SAM loads are combined by square-root- tensile and toughness properties from the
of the-sum of-the- squares (SRSS) method. plant specific generic data base are to be

used for the stability analysis of indivi-
(6) The piping material toughness (J-R curves) dual materials, unless otherwisc justified.

_

and tensile (stress-strain curves)
properties are determined at temperatures Industry generic data bases are reviewed to
near the upper range of normal plant provide a reasonable lower bound for the
operation. population of m"crial tensile and toughness

properties associated with any individual
(7) The specimen used to generate J R curves is specification (e.g., A106, Grade B), material

assured large enough to provide crack type (e.g., austenitic steel) or welding
extensions up to an amount consistent with procedures.
J/T condition determined by analysis for the -

application. Because practical specimen The number of material beau and weld proce-
size limitations exist, the ability to dures tesied should be adequate to cover the
obtain the desired amount of experimental raoge of the strength and tensile properties
crack extension may be restricted. In this expected for specific material specifica-
case, extrapolation techniques is used as tions or types. Reasonable lower bound
described in NUREG-1061, Volume 3, or in tensile and toughness properties from the
NUREG/CR-4575. Other techniques can be used industry generic data base are used for the
ifadequatelyjustified. stability analysis of individual materials.

(8) The stress strain curves are obtained over If the data aie being developed from an
the range from the proportional limit to archival heat of material, three stress-
maximum load. strain curves and three J resistance curves

from that one heat of material is sufficient.
(9) Preferably, the materials tests should be The tests should be conducted at temperatures

conducted using archival materials for the near the upper range of normal plant
pipe being evaluated, if archival material operation. Tests should also be conducted at
is not available, plant specific or industry a lower temperature, which may represent a
wide generic material data bases are plant condition (e.g., hot standby) where pipe
assembled and used to define the required break would present safety concerns similar to
material tensile and toughness properties. normal operation. These tests are intended
Test materialincludes base and weld metals. only to determine if there is any significant

dependence of toughness on temperature over
(10) To provide an acceptable level of reli- the ternperature range of interest. The lower

ability, generic data bases are reasonable toughness should be used in the fracture
lower bounds for compatible sets of material mechanics evaluation. One J-R curve and one
tensile and toughness properties associated stress strain curve for one base metal and
with materials at the plant. To assure that weld ractal are considered adequate to
the plant specific generic data base is determine temperature dependence.

Amendment t 364.s
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(11) There are certain limitations that currently When the mastes curve is constructed using
preclude generic use of limit load analyses Eqs. (1), (2), and (3) or (5), the allowable
to evaluate leak before break condi; ions circumferential throughwa." Tw length can be
deterministically. However, a modified determined by entering i < master curve at a
limit load analysis can be used for stress index (SI) value determined from the
austenitic steel piping to demonstrate loads and austenitic steel piping material of
acceptable margins as indicated below: interest. The allowable flaw size determined

from the master curve at the appropriate 51
Conistruct a master Curve where a stress index, value can then be used to determine if the
SI, given by required margins are met. Allowable values of

6 are those that result in S being greater
SI -5+MP (1) than zero from Eqs. (3) and (5). The flowm
is plotted as a function of postulated total stress used to construct the rnaster curve and
circumferential throughwall flaw length, L, the definition of SI used to enter the master
defined by curve are defined for each material category

as follows:
L =2eR (?)

Base Metal and TIG Welds
where

The flow stress used to construct the master
S = h{ [ 2 sinB sin 0], (3) curve is

n

at = 0.5 (oy + o ). u
B = 0.5 [(n 0) - n (Pm/of)] (4) ~

when the yield strength, a , and the ulti-y
0 = half angle in radians of the postu- mate strength, o u, at temperature are

lated throughwall circumferential known.
flaw.

If the yield and ultimate strengths at temper-
R = pipe mean radius, that is, the aver- ature are not known, then Code minimum values

age between the inner and outer at temperature can be used, or alternatively
radius, if

P = the combined membrane stress, GD < 2.5, thenm
including pressure, deadweight, and 17M
seismic components,

of = 51 ksi, or
M = 1.4, the margin associated with the

load cornbination method selected for if
the analysis, per item (5).

GD > 2.5, then
at = flow stress for austenitic steel 17M

pipe material categories,
of = 45 ksi.

If 0 + $ from Eqs. (2) and (4) is greater
than x,then The value of SI used to enter the master curve

for base metal and TIG welds is
S = hr [ sins] (5)

SI = M (Pn+P) (7)n
b

where where

l

- n(P /Of). (6) Ph = the combined primary bending stress,= m
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(1) A summary of the dynamic analyses
applicable to high energy piping systems
in accordance with Subsection 3.6.2.5 of
Regulatory Guide 1.70. This shall
include:

) (a) Sketches of applicable piping
systems showing the location, size
and orientition of postulated pipe
breaks and the location of pipe whip
restraints and jet impingement
barriers.

(b) A summary of the data developed to
select postulated break locations
including calculated stress
intensitics, cumulative usage
f actors and stress ranges as
delineated in BTP MEB 31.

(2) For failure in the moderate-energy |piping systems listed in Table 3.6 5,
descriptions showing how safety related ;;
systems are protected from the resulting. $
jets, flooding and other adverse
environmental effects.

I(3) Identification of protective measures
provided against the effects of ;1

postulated pipe failures for protection $
of each of the systems listed in Tables
3.61 and 3.6 2.

(4) The details of how the MSIV functional
capability is protected against the !
effects of postulated pipe failures. '

(5) Typical examples, if any, whet e
protection for safety related systems
and components against the dynamic
effects of pipe failures include their *t
enclosure in suitably designed $
structures or compartments (including
any additional drainage system or
equipment environmental qualification

3.6.4 COLLicenseInformation needs).

3.6.4.1 Details of Pipe Break Analysis Results (6) The details of how the feedwater line
and Protection Methods check and feedwater isolation valves

functional capabilities are protected
The following shall be provided by the COL against the effects of postulated pipe

|
'

applicant (See Subsection 3.6.2.5): failures.

i
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3.6.4.2 Leak.Before Break Analysis Report

As required by Reference 1, and LDB analysis
report shall be prepared for the piping systems
proposed for exclusion from analysis for the
dynamic effects due to f ailure of piping
f ailu r e. The report shall be parpared in
accrodance with the guidelines presented in
Appendix 3E and Submitted by the COL applicant to
the NRC for approvai

3.6.5 References
%

1. Modification of General Design Criterion 4
Requirements for Protection Against Dynamic
Effects of Postuloted Pipe Rupture, Federal
Recister. Volume 52, No. 207, Rules and
Regulations, Pages 41208 to 41295, October 27,
1987

2. RELAP 3, A Computer Program for Reactor
Blowdown Analysis, IN 1321, issued June
1970, Reactor Technolocv TID 4500.

~

3. ANSI /ANS 58.2, Design Basis for r:otection of
Light Water Nuclear Power Plants Against the
Effects of Postulated Pipe Rupture.

4. Standard Review Plant Public Comments
Solicited, Federal Recister. Volume 52, No.
167, Notices, Pages 32626 to 32633, August
28,1987.

5. NUREG 1061, Volume 3, Evaluation of Potential
for Pipe Breaks, Report of the U.S. NRC Piping
Peview Comunitore, November 1984.

6. Mehta, H. S., Patel, N.T. and Ranganath, S.,
Application of the Leak Befro: Break Approach
to BWR Piping, Report NP-4991, Electric Power
Research Institute, Palo Alto, CA, December
1986.

3627.1
Amendment

- __ --_ - - - --____-_ _ _ _ _ _ _ _ _ _ _ _ _ _ _



'''ad---3*-~*au+ -EA4.1S#-. ,gA ,4Ah # M *Jun4- 4 I -Mh.4 a AAS SJ$ s L 4- -.hv. AJLAA-&_.,.Lu9ts ew. Amha ,4med5_.=M44,.4,

-

- a

"_

. '

E

-.

3

6

7

4

i
l

I e
t

i
.

I

%

$

r

9

I

-M s%- -, -- w ,e-g.+,,m-~ , . . - --. e. , y--*...w-- ve-3%.-. e.- - . , - - . e e- e ,,r -,--.c-w---mi, , ,,m o,-.--,.-+--m%eryn--e., -w---sw e ,r-- rw --ec-- . - -,-. ., w- -e w e a s-



.. . .. . . .

._ - - _ _ _ - _ _ _ _ _ _ _ _ _ _ _ -_ ____ _ - _ _ _ _ _ _ _ _

MN 23A6100All

Standard Plant nev A

Table 3.61

ESSENTIAL SYSTEMS, COMPONENTS, AND EQUIPMENT * FOR
POSTULATED PIPE FAILURES INSIDE CONTAINMENT

1. Reactor Coolant Pressure Boundary (up to and including the outboard isolation vahes)

2. Containment Isolation system and Containment Boundary (including liner plate)

- 3. Reactor Protection system (SCRAM SIGNALS)

4. Emergency Core Cooling Systems" (For LOCA events only)

One of the following combinations is available (see Table 6.3-3):
_

(a) HPCF(B and C) + RCIC + RHR LPFL(B and C) + ADS
(b) HPCF (B and C) + RHR LPFL (A and B and C) + ADS
(c) HPCF(B or C) + RCIC + RHR LPFL (A and either of B or C) + ADS

5. - C,.c Cooling Systems (other than LOCA events)

(a) HPCF(B or C) or RCIC
.

(b) RHR.LPFL(A or B or C) + ADS

(c) RHR shutdown Cooling Mode (two loops)

(d) RHR Suppression Pool Cooling Mode (two loops)

6. Control rod drive (scram / rod insertion)

7. Flow restrictors (passive)

8. Atmospheric control (for LOCA event only)
~

9. Standby gas treatment *" (for LOCA event only)

10. Control Room Environmental *"

11. The following equipment / systems or portions thereof required
to assure the proper operation of those essentialitems
listed in items 1 through 10.

(a) Class 1E electrical systems, ac and de (including diesel
generator system *", 6900,480 and 120V ac, and 125V de
emergency buses *', motor control centers * * *,
switchgear"*, batteries *" and distribution systems)

Amendment 1 3 6-28

|
. . . . . . . . . .
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Table 3.61
!

ESSENTIAL SYSTEMS, COMPONENTS, AND EQUIPMENT * FOR |

POSTULATED PIPE FAILURES INSIDE CONTAINMENT (Continued) .

(b) Reactor Building Cooling Water *" to the following:

1. Room coolers

2. Pump coolers

3. Diesel generator jacket coolers _ j

4. Electrical switchgear coolers !

(c) EnntonmentalSystems"* (HVAC)

(d) Instrumentation (including post LOCA monitoring)

(c) Fire Protection System *"
'

g (f) _ HVAC Emergency Cooling Water System "*
-

G
(g)- Process Sampling System "*

EQIE

The essential items listed in this table are protected in*

accordance with Subsection 3.6.1 consistent with the particular
pipe break evaluated.

,

Reference Section 6.3 for detailed discussion of emergency core"

cooling capabilities.

'" Located outside containment but listed for completeness of
essential shutdown requiremen:s.

-_

Amendment 10 3.6-29
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Table 3.6 2

ESSENTIAL SYSTEMS, COMPONEhTS, AND EQUIPMENT * FOR
POSTULATED PIPE FAILURES OUTSIDE COSTAINMENT

1. Containment isolation System and containment boundary.

2. Reactor Protection System (SCRAM signals)
,

.

3. Core Cooling systems

'

(a) HPCF (B or C) or RCIC

(b) RHR.LPFL(A or B or C) + ADS

(c) RHR shutdewn cooling mode (two loops)

(d) RHR suppression pool cooling mode (two loops)
,

4. Flow restrictors

5. Control room habitability

'

6. Spent fuel pool cooling
i-

7. Standby gas treatment

8. The following equipment / systems or portions thereof requit d to assure
.- the. proper operation of those essentialitems listed in items 1 through

L.. 7.

u .

(a) Class 1E electrical syste.ms, ac and de (including diesel generator
system,6900,480 and 120V ac, and 125V de emergency bu es, motor
control centers, switchgear, batteries, auxiliary shutdown control
. panel, and distribution systems).

+

(b) Reactor Building Cooling water to the following:
;

(1) Room coolers

(2) Pump coolers (motors and seals)

(3) Diesel generator auxiliary system coolers -| ,

(4) Electrical switchgear coolers

-(5) RHR heat exchangers ]
|:

The essential items listed in this table are protected in accordance*

with Subsection 3.6.1 consistent with the particular pipe break
evaluated.

3630
Amendment 17
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Table 3.6 2 j

ESSENTIAL SYSTEMS, COMPONENTS, AND EQUIPMENT' FOR
POSTULATED PIPE FAILURES OUTSIDE CONTAINMENT (Continued)

' (6) FPC heat exchangers .

(7) HECW refrigerators

(c) HVAC

(d) instrumentation (including post accident rnonitoring)

(c) Fire Water System

(f) - HVAC Emergency Cooling Water System

(g) Process Sampling System
,

&

.

._

|

'
Amendmem 17 3.G30.1

I:
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Table 3.6-3

j I!!GH. ENERGY PIPING INSIDE CONTAINMENT

Piping Syrtem

Main steam

Main steam drains

Steam supply to RCIC

Feedwater

Recirculation motor cooling

HPCF (RPV to first check valve)

RHR-LPFL (RPV to first check vahe)

RHR (Suction from RPV to first normally closed gate valve)
,

Reactor Water Cleanup (from RHR and RPV drain)

RPV bead spray (RPV to first check valve)

| RPV vent (RPV to first closed valve)
o

Standby Liquid Control (from HPCF to first check valve)

CRD (Scram / rod insertion)

RPV bottom head drain lines (RPV to first closed valves)

Miscellaneous } inch and smaller piping

I

Amendment 7 1 6-31

I
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Table 3.6-4

HIGH ENERGY PIPING OUTSIDE CONTAINMENT
|

l
<

Piping System * |

Main Steam

Main Steam Drains

Steam supply to RCIC Turbine

CRD(to and from IICU)

RHR(injection to feedwater from nearest check valves in the RiiR
lines)

Reactor Water Cleanup (to Feedwater da RHR and to first inlet valve
to RPV head spray)

Reactor Water Cleanup (pumps suction and discharge)
,

* Fluid systems operating at high energy levels less than 2 percent of the total
time are not included. These systems are classified moderate-enery systens, (i.e.,
HPCF, RCIC, SAM and SLCS).

Amendment 17 3.6-32
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Table 3,6-6

MODERATE ENERGY PIPING OUTSIDE CONTAINMENT

Residual Heat Removal System
(Piping beyond outermost isolation valve)

High Pressure Core Flooder System
(Piping beyond outerinost isolation valve)

Reactor Core Isolation Cooling System
(Suction line frem condensate storage pool beyond
secord shutofY vaw 4 cuum pump discharge line

.

frnm v;.cuum pump w -noment isolati .*:.ive)

Control Rod Drive System !:
(Piping up to pump suction)

Standby Liquid Cottrol System
(Piping beyond injection valves) .

Suppression Pool Cleanup System
(P.: yond contment isolation valve) 3.

i

Fuel Pool Cooling and Cleanup System

Radioactive Waste System c
(Beyoud isolation valve)

Instrument / Service Air Systen
(Beyond isolation valve)

HVAC Cooling Water Systemv

Makeup Water Sysr<m (Coadensate)

Reactor Building Cooling Water System
(

, Turbine Building Cooling Water Systeu

. Atmospheric Control System
(Beyond shutoff valve)

Amendment to 3.6 33.1

l
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Table 3.6 7

ADDITIONAL CPJTERIA FOR INTEGRATED LEAKAGE RATE TEST

(1) Those portions of fluids r.ystems that are part of the reactor coolant
pressure boundary, that are open directly to the primary reactor
containment atmosphere under post-accident conditions and become in
extension of the boundary of the primary reactor containment, shall
be oper vented to the containment atmosphere prior to or during
the Typ rest. Portions of closed systems inside containment that
penetratt <imary containment and are not relief upon for containment
isolation purposes following a LOCA shall 'u vented tc, the

'
containment atmosphere.

(2) All vented systems shall be drained of water to the extat necessasy
to ensure exposure of the system primary containment isolation valves g
to the containment air test pressure. j

(3) Those portions of fluid systems that penetrate primary containment,
that are external to :ontainment and are not designed to provide a
containment isolation barrier, shall be vented to the outside
atmosphere as applicable, to ar.,ure that full post-accident
differential pressure is maintained across the containment isolation -

barrier.

(4) Eystems that are required to maintain the plant in a saft. condition
during the Type A test shall oe operable in their normal mode and are
not vented.

| (5) Systems that are normally filled with water and operating under
post LOCA conditions need not be vented.

|

l'
!

i
i

(

|
l
t

3.6-33.2Amendment 10
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3.7 SEISMIC DESIGN that earthquake which produce vibratory ground
motion for which those features of the nuclear

All structures, systems, and equipment of the power plant necessary for continued operation
facility are defined as either Seismic Category I without undue risk to the health and safety of
or non. Seismic Category I. The requirements for the public are designed to remain functional.
Seismic Category I identification are given in During the OBE loading condition, the safety-
Section 3.2 along tvith a list of systems, compo- related systems are designed to be capable of
nents, and equipment which are so identified. continued safe operation. Therefore, for this

loading condition, safety-related siructures,
All structures, systems, components, and equip- and equipment are required to operate within

ment that are safety-related, as defined in Sec- design limits.
tion 3.2, are designed to withstand earthquakes
as defined herein and other dynamic loads includ- The seismic design for the SSE is intended to
ing those due to reactor building vibration (RBV) provide a margin in design that assures
caused by suppression pool dynamics. Although capability to shut down and maintain the nuclear
this section addresses seismic aspects of design f acility in a safe condition. In this case, it
and analysis in accordance with Regulatory Guide is only necessary to ensure that the required
1.70, the methods of this section are also systems and components do not lose their
applicable to other dynamic loading aspects, capability to perform their safety-related
except for the range of frequencies considered. function. This is referred to as the
The cutoff frequency for dynamic analysis is 33 no loss-of-function criterion and the loading

| Hz for seismic loads and 60 ZHz for suppression condition as the SSE loading condition.
pool dynamic loads. The definiticn of rigid
system used in this section is applicable to Not all safety-related components have the,
seismic design only. same functional requirements. For example, the

reactor containment must retain capability to
The safe shutdown earthquake (SSE) is that restrict leakage to an acceptable level.

carthquake which is based upon an evaluation of Therefore, based on present practice, clastic
the maximum earthquake potential considering the behavior of this structure under the SSE loading
rCgional and local geology, seismology, and condition is ensured. On the other hand, there
specific characteristics of local subsurface are certair. structures, components, and systems
material. It is that earthquake which produces that can suffer permanent deformation without
the maximum vibratory ground motion for which loss of function. Piping and vessels are
Seismic Category I systems and components are examples of the latter where the principal
designed to remain functional. These systems and requirement is that they retain contents and
components are those necessary to ensure: allow fluid flow.

(1) the integrity of the reactor coolant pressure Table 3.2-1 identifies the equipment in
boundary; various systems as Seismic Category I or non-

Seismic Category 1.
(2) the capability to shut down the reactor and

maintain it in a safe shutdown condition; and 3.7.1 Seismic Input

(3) the capability to prevent or mitigate the 3.7.1.1 Design Response Spectra
consequences of accidents that could result
in potential offsite exposures comparable to The design earthquake loading is specified in
th guideline exposures of 10CFR100. terms of a set of idealized, smooth curves

called the design response spectra in accordance
The operating basis earthquake (OBE) is that with Regulatory Guide 1.60.

cartnquake which, considering the regional and
local geology, seismology, ano specific charac- Figure 3.7-1 shows the standard ABWR design
teristics of local subsurface material, could values of the horizontal SSE spectra applied at
reasonably be expected to affect the plant site the ground surface in the free field for damping,

' during the operating life of the plant. It is ratios of 2.0, 5.0, 7.0 and 10.0% of critical
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values of the vertical SSE spectra applied at the The magnitude of the SSE design time history
ground surface in the free field for denping is equal to twice the magnitude of the design
ratios of 2.0, 5.0, 7.0, and 10.0% of litical OBE time history. The OBE time histories and
damping where the maximum vertical ground response spectra are used for dynamic analysis
acceleration is 0.30 g at 33Hz, same as the and evaluation of the structural Seismic System;
maximum horizontal ground acceleration. the OBE results are doubled for evaluating the

structural adequacy for SSE. For development of
The design values of the OBE response spectra floor response spectra for Seismic Subsystem

are one-half * of the spectra shown in Figures analysis and evaluation, see Subsection 3.7.2.5.
3.71 and 3.7 2. These spectra are shown in
Figures 3.7-3 through 3.7-20. The esponse spectra produced from the OBE

design tiene histories are shown in Figures 3.7 3
The design spectra are constructed in through 3.7 20 along with the design OBE

accordance with Regulatory Guide 1.60. The response spectra. The closeness of t two
normalization factors for the maximum values in spcctra in all cases indieates that the
two horizontal directions are 1.0 and 1.0 as synthetic time histories are acceptable. -

applied to Figure 3.7-1. For vertical direction,
the normalization factor is 1.0 as applied to The response spectra from the synthetic time
Figure 3.7-2. histories for the damping values of 1,2,3 and

4 percent conform to the requirement for an
3.7.1.2 Design Time illstory enveloping procedure provided in Item II.1.b of

Section 3.7.1 of NUREG-0800 (Standard Resiew
The design time histories are synthetic Plan, SRP). However, the response spectra lot

acceleration time histories generated to match the higher damping values of 7 and 10 percent
the design response spectra defined in Subsection show that there are some deviations from the SRP
3.7.1.1. requirement. This deviation is considered

inconsequential, because (1) generating an
The design time histories considered in GESSAR artificial time history whose response spectra

(Reference 1) are used. They are developed based would envelop design spectra for five different
on the method proposed by Vanmarcke and Cornell damping values would result in very conservative
(Reference 2) because of its intrinsic capability time histories for use as design basis input,
of imposing statistical independence among the and (2) the response spectra from the synthetic
synthesized acceleration time history time histories do envelop the design spectra for
components. The earthquake acceleration time the lower damping values. This is very
history components are identified as H1, H2, and important because the loads due to SSE on
V. The H1 and H2 are the two horizontal structures should use 7 percent damping for
components mutually perpendicular to each other. concrete components, but are obtained by
Both H1 and H2 are based on the design horizontal ratioing up the response from the OBE analysis
grcund spectra shown in Figure 3.71. The V ic, involving the lower damping. The OBE analysis
the vertical component and it is based on the uses only the lower damping values (up to 4%),
design vertical ground spectra shown in Figure which are consistent with the SRP requirements
3.7-2. (See Subsection 3.7.13).

* The OBE given in Chapter 2 is one third of
the SSE, i.e., 0.10 g, for the ABWR Standard
Nuclear Island design. However, as discussed
in Chapter 2, a more conservative value of
on e h alf of the SSE, i.e., 0.15 g, was
employed to evaluate the structural and
component response.
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LThe frequency _ range used in generating the -
response ' spectra from synthetic' histories is 0.2 -

;to 33 Hz.- The frequency-range intervals used in
; generating those spectra is the same as given in

~

,

Table 3.7.1 1 of SRP Section 3.7.1.'
4 .

The c_oherence function for the; three carthquake
acceleratiori time history components H1, H2, and V
are gener. *d_to check the statistical indepen-
dence amo ; . hem. . The coherence function for HI '

| and H2 is given in Figure 3.7-21; for H1 and V in
Figure 3.7 22; and_ for H2 and V in Figure 3.7 23.
All values within the frequency range between 0 to
50 Hz are calculated at a frequency increment of

L

-0.1 Hz. The small values of these coherence

'

' functions indicate that the three components are
: sufficiently statistically independent. 3.7.1.3 Critical Damping Values

To assess the energy content of the synthetic The damping values for OBE and SSE analyses
time history, the power spectral density' functions are presented in Table 3.71 for various
(PSDFs) are generated from the two horizoctal structures and components. They are 'n
components H1 and H2. The PSDFs are computed at a compliance with Regulatory Guides 1.61 and 1.84

c

frequency increment of 0.024 Hz, and are smoothed
using theLaverage method as recommended ir For seismic system evaluation of the SSE, the -
Revision 2 of Reference 3.

_

larger SSE damping values shown in Table 3.71
are not used. The SSE loads are obtained by

The stationary duration used in the calculation doubling the OBE loads that result from the OBE
is taken to be 22 seconds which is the total Seismic System analysis based on the lower OBE

- duration of the synthetic time history. The damping values (see Subsection 3.7.1.2).
calculated PSDFs for the H1 and H2 time histories
normalized to 0.15g peak ground acceleration are For analysis and evaluation of seismic
shown in Figures 3.7-24 and 3.7-25, respectively, subsystems (piping, components and equipment),
for frequencies ranging from 0.3 to 24 Hz. the floor response spectra are obtained from the

. OBE time history response of the seismic system,
The target PSDFs and 80% of target PSDFs that supports the subsystems. The floor

specified on revision 2 of Reference 3 are also response spectra are computed (see Subsection
o plotted on these figures for comparison, As -'3.7.2.5) for' daniping values that are applicable
E

shown, PSDF of H1 and H2 time histories envelope to the subsystems under OBE as well as SSE; and
the: target PSDF with a wide margin'in the further the OBE spectra are doubled to obtain
specified frequency range of 0.3 to 24 Hz. This the SSE floor response spectra for input to the
demonstrates that the two synthetic time kectonies SSE analysis in design of the subsystems.
have sufficient energy content.

3.7.1.4 Supporting Media for Seismic Category
I Structures

The following ABWR Standard Plant Seismic
Category I structures have concrete mat
foundations supported on soil, rock or compacted

- backfill. The maximum value of the embedment#
depth below plant grade to the bottom of the
base mat is given below for each structure.

[t

Amendment 16 3.73

|
|

l

[:
!'

- - - .,_- - , ,



. .. .. .. ____ - _ _ _ - _

| ABM 23^ aman
Standard Plant REV P

I (1) Reactor Building (including the enclosed mode shapes, and appropriate dai ping factors of
primary containment vessel and r. actor the particular system toward the solution of the
pedestal) - 25.7 m (84 ft, 4 in.). equations of dynamic equilibrium. The time-

history approach may alternately utilize the
(2) Control Building 12.2 m (40 ft). direct integration method of solution. When the

structural response is computed directly from
(3) Service Building- Surface founded. the coupled structure-soil system, the time-

iiistory approach solved in the frequency donain
All of the above buildings have independent is used. The frequency domain analysis method

foundations. In all cases the maximum value of is described in Appendix 3A.
embedment is used for the dynamic analysis to
determine seismic soil-structure interaction 3.7.2.1.1 The Equations of Dynamic Equilibrium
effects. The foundation support materials for Base Support Excitation
withstand the pressures imposed by appropriate
loading combinations without failure. The total Assuming velocity proportional damping, the
structural height of each building is described in dynamic equilibrium equations for a lumped-mass,
Subsection 3.8.2 through 3.8.4. For details of distributed stiffness system are expressed in a
the structural foundations refer to Subsectior matrix form as:
3.8.5. The ASWR Standard Plant is designed for a
range of soil conditions given in Appendix 3A. (3.7-2)

3.7.1.4.1 Soll Structure Interaction { P (t) }

When a structure is supported on a flexible where ~

foundation, the soil structure interaction is
taken into account by coupling the structural {u(t)} ~ time-dependent displacement
model with the soil medium. The finite-element vector of non-support points
representation is used for a broad range of relative to the supports
supporting medium conditions. A different (ut(t) = u(t) + u (t))s
representation based on the continuum impedance
approach is also used for selected site { u (t) } = time-dependent velocity vector
conditions. Detailed methodology and results of of non support points relative
the soil-structure interaction analysis are to the supports
provided in Appendices 3A and 3G, respectively.

{*u'(t)} = time-dependent acceleration
3.7.2 SeismicSystem Analysis vector of non-support points

relative to the supports
This subsection applies to the design of

Seismic Category I structures and the reactor [M] = mass matrix
pressure vessel (RPV). Subsection 3.7.3 applies
to all Seismic Category I piping systems and [C] = damping matrix
equipment.

[K] = stiffness matrix
3.7.2.1 Seismic Analysis Methods

{ P (t) } = time-dependent inertia force
Analysis of Seismic Category I stru:tures and vector (-[M] {u (t)} actings

the RPV is accomplished using the response at non-support points
spcctrur. or time history approach. The time-
history approach is made either in the time domain The manner in which a distributed-mass,
or in th: frequency domain. distributed-stiffness system is idealized into a

lumped-mass, distributed-stiffness system of
Either approach utilizes the natural period, Seismic Category I structures and the RPV is

Amendment 7 3.7-4
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shown in Figure 3.7-28 along with a schematic The mode shape vectors are also crthogonal
representation of relative acceleration; *d (t), with respect to the maas matrix [M).
support acceleration; us(t) and total
a c c e 1 e r a t i o n ; 'u*t ( t ) . The orthogonality of the mode shapes can be

used to effect a coordinate transformation of the
3.7.2.1.2 Solution of t!,e Equations of Motion displacements, velocities and accelerations such
by Modal Superposition that the response in each mode is independent of

the response of the system in any other mode
The technique used for the solation of the Thus, the problem becomes one of solving n

equations of motion is the method of modai independent differential equations rather than n
superposition. simultaneous differential equations; and, since

the syrem is linear, the principle of superposi-
The set of homogeneous equations represented by tion holds and the total response of the system

the undamped free vibration of the system is: oscillating simultaneously in a modes may be
determined by direct addition of the responses in

[M] {*u'(t)} + [K] (u (t)} = {0}. (3.7-3) the individual modes.

Since the free oscillations are assumed to be 3.7.2.1.3 Analysis by Response Spectrum Method
harmonic, the displacements can be written as:

,
The response spectrum method is based on the

{u (t)} = {4} eiwt. (3.7-4) fact that the modal response can be expressed as
a set of convolution integrals which satisfy the
governing differential equations. The advantage

where of this form of solution is that, for a given'
ground motion, the only variables under the in-

{p} = column matrix of the amplitude of tegral are the damping factor and the frequency.
displacements {u} Thus, for a specified damping factor it is possi-

ble to construct a curve which gives a maximum
= circular frequency of oscillation value of the integral as a function of frequency.o

t = time. Using the calculated natural frequencies of
vibration of the system, the maximum values of

Substituting Equation 3.7-4 and its d,erivatives the modal responses are determined directly from
in Equation 3.7-3 and noting that c wt is not the appropriate response spectrum. The modal
necessarily zero for all values of wt yields: maxima are then combined as discussed in

Subsection 3.7.2.7.
[w2 [M] + [K] j {p} = {0}. (3.7-5)

When the cquipment is supported at more t'an
Equation 3.7-5 is the classic dynamic two points located at different elevations in the

characteristic equation, with solution involving building, the response spectrum analysis is
the eigenvalues of the frequencies of vibrations performed using the envelope response spectrum of
w; and the eigenvalues mode shapes, {p);, all attachment points. Alternatively, the
(i = 1, 2, ., n). multiple support excitation analysis methods may

be used where acceleration time histories or
For each f requency w;, tbere is a response spectra are applied to all the equipment

corresponding solution "ector {&}; determined attachment points. In some cases, the worst
to within arbitrary scalar factor Y; known as single floor response spectrum selected from a
the normal coordirate, it can be shown that the set of floor response spectra obtained at various
mode shape vectors are orthogonal with respect to floors may be applied identically to all floors
the weighting matrix [K] in the n-dimensional provided there is no significant shift in fre-
vector space. quencies of the opectra peaks.
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3.7.2.1.4 Support Displacements in Multi-
Supported Structures Cas and Kas = damping and stiffness

matrices denoting the
In the preceding sections, analysis proce- coupling forces developed in

dures for forces and displacements induced by the actiye degrees oI
time-dependert support displacement were dis- freedom by the motion of the
cussed. In a multi-supported structure there supports and dce versa;
are, in addition, time-dependent support dis-

-Fplacements which produce additional displace. a = preseribed externa 1
ments at nonsupport points and pseudo-static time-dependent forces
forces at both support and nonsupport points, applied on the active

degrees of freedom; and
The governing equation of motion of a

structural system which is supported at more than F = reaction forces at thes

one point and has different excitations applied system support points.
at each may be expressed in the following concise
matrix form: Total differentiation with respect to time is

denoted by (q in Equation 3.7-6. Also, the. .. ..
. mao (V ] .C C jU } contributions of the fixed degrees of freedoma aa as a

pu J+ have been removed in the equation. The, .3_ 1

OM (U ? C C ,U ? procedure utilized to construct the damping, 3_ s as 33, s

K K .LU
_ matrix is discussed in Subsection 3.7.2.15. The
F

+ -- F [= 7}
na as a a mass and elastic stFuess matrices are

formulated by udc standard mocedures. -a

K E U? FJ (3.7-6), as ss, 6 s s

Equation 3.7-6 can be separated into two sets
where of equations. The first set of equations can be

written as:
Ua = displacement of the active

(unsupported) degrees of
2 _ (3.7-7a).

freedom; [M ] {U } + [C ] {U } + [Kss] {U }3 3 33 3 s

Us = Specified displacements of + [C sl {b l + [K ] {U } = {F };a a as a 3
support points;

and the second set as:
Ma and Ms = lumped diagonal mass (3.7-7b),, ,

matrices associated with the [M ] {U ) + [Caa] {Ual + [Kaa](U la a a
active degrees of freedom .

_ _

and the support points; + [C ] {U } + [K } {U } = {F l;as s as s a

Caa and Kaa = damping matrix and clastic The timewise solution of Equation 3.7 7b can
s tif f n ess matrix, be obtained easily by using the standard normal
respectively, expressing the mode solution technique. After obtaining thei

| forces developed in the displacement response of the active degrees of
; active degrees of freedom freedom (U ), Equation 3.7 7a can then be useda

due to the motion of the to solve the support point reaction forces
active degrees of freedom; (F )-s

Css and Ess = support forces due to unit Modal superposition is used to determine the
; velocities and displacement solutions of the uncoupled form of Equation

of the supports; 3.7 7a. The procedure is identical to thati

| described in Subsection 3.7.2.1.2.

|
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3.7.2.1.5 Dynamic Analysis of Buildings (a) the reinforced concrete containment vessel
(RC('V) that includes the reactor thield wall

The time-listory method either in the time (RSW), the reactor pedestal, and the reactor
domain or in the frequency domdn is used in the pressure vessel (RPV) and its internal
dynamic analysis of buildings. As for the components (b) the secondary containment zone
modeling, both finite-element and lumped mass having many equipruent cornpartments, and (c) the
methods are used. dean zone. The building basemat is assumed to

be rigid. Building elevations along the 0 -
3.7.2.1.5.1 Description of Mathematical Models 180 and 90 270 seetions are shown

in Figures 3.7-29 and 3.7-30, respectively. The
A mathematical model reflects the stiffness, mathematical model is shown in Figure 3.7-31.

mass, and damping characteristics of the actual Model elevations are with respect to the RPV
structural systems. One important consideration bottom head. The model X and Y aws correspond
is the infctmation required from the analysis. to tbe RB 0 -180 and 90 270
Consideration of maximum relative disphcements directicas, respectively. The Z axis is along
among supports of Seismic Category I structures, the vertical direction. The combined RB model
systcms, and components require that enough as shown in Figure 3.7-31 basically consists of
points on the structure be used. Locations of two uncoupled 2-D models in the X Z and Y-Z
Seismic Category I equipment are taicen into planes since the building is essentially of a
consideration. Buildings are mathematically symmetric design with respect to its two
modeled as a system of lumped masses located at principal directions in the horizental plane.
elevations of mass concentrations such as floors. The coupling effects of the lateral and

torsional motions on the building natural
In general three-dimensional models are used frequencies in the horizontal directions are ~

for seismic analysis, in all structures, six found to be negligible. Therefore, the
degrees of freedom exist for all mass points uncoupled 2-D models which omit the torsional
(i.e., t hree translational a nd t h r e e degrees of freedom are used for seismic dynamic
rotational). However, in most structures, some analysis. The methods used to account for
of the dynamie degrees of freedom can be torsional effects to define design ic-ds are
neglected or can be uncoupled form each other so given in Subsection 3.7.2.11.

|
that separate analyses can be performed for

' different types of motions. The model shown in Figure 3.7-31 corresponds
to the X-Z plane. The only differences in terms

Coupling between the two horizontal motions of schematic representation between the X-Z and
occurs when the center of mass, the centroid, and Y-Z plane models are that (1) the two building
the center of rigidity do not coincide. The walls represented above EL.18.5 m (60.7ft) in
degree of coupling depends on the amount of the X Z plane by two sticks combine into one
eccentricity and the ratio of the uncoupled stick in the Y-Z plane, and (2) the rotational
torsional frequency to the uncoupled lateral spring between the RCCV top slab (node 90) and
frequency. Since lateral / torsional coupling and the basemat top (node 88) is presented only in
torsional response can significantly influence the X Z plane.

| floor accelerations, structures are in general
designed to keep minimum eccentricities. Each structure in the reactor building
However, for analysis of structures that possess complex is idealized by a center-lined stick

| unusual eccentricitier. a model of the support model of a series of massless beam elements.
| building is developed to include the effect of Axial, flexural, and shear deformation effects
j lateral / torsional coupling. are included in formulating beam stiffness

terms. Coupling between individual structures'

3.7.2.1.5.1.1 Reactor Building and Reactor is modeled by linear spring elements. Masses
Pressure Vessel including dead weights of structural elements,

equipment weights and piping weights are lumped
The reactor building (RB) complex includes: to nodal points. The weights of water in the
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spent foci storage pool and the suppression pool reactor pedestri is a cylindrical structure of a
a:e also considered and lumped to appropriate composite steel-concrete design. The total
locations, stiffness of the pedes:al includes the full

strength of the concrete core. Mass points are
The portions of the reactor building outside selected at equipment interface locations and

the RCCV are box type shear wall systems of geometrical discontinuhies. In addition,
reinforced concrete construction. The mwor intermediate mass points are chosen to result in
walls between floor ehbs are represented by bt.am more uniform mass distribution. The pedestal
elements of a box cro s section. The shear supports the reactor pressure vessel and it also
rigidity in the direction of exci:ation is provides lateral restraint to the reactor
provided by the parallel walls. The bending control rod drive housings below the vessel.
rigidity includes the cross walls contribution. The top of the RSW is connected to the RPV by
The reactor building is fully integrated with the the RPV stabilizers which are modeled as spring
RCCV through floor slabs at various elevations. elements.
Spring elements are used to represent the slab
in-plane shear stiffness in the horizontal The model of the RPV and its internal
direction. The outer and inner walls between EL. components is described in Subsection
44.7 m (146.6ft) and 18.5 m (60.7ft) along the X 3.7.2.3.2. This model as shown in Figure 3.7-32
direction are also coupled rigidly in rotation is coupled with the above-described RB model for
about the Y axis at the connecting slab the seismic analysis.
locations. In the vertical direction a single
mass point is used for each slab and it is 3.7.2.1.5.1.2 Control Building
connected to the walls and RCCV by spring
elements. The spring stiffness is determined so The control building dynamic model is shown ~
that the fundamental frequency of the slab in the in Figure 3.7-33. The control building is box
vertical directior. is maintained, type shear wall system reinforced concreb.. The

major walls between floor slabs are represented
The RCCV is a cylindrical structure with a by beam elements of a box cross section. The

flat top slab with the drywell opening, which, shear rigidity in the direction of excitation is
along with upper pool girders and reactor provied by the parallel walls. The bending
building walls, form the upper pool. Mass points rigidity includes the cross walls contribution.
are selected at the RB floor slab locations. In the vertical direction a single mass point is
Stiffnesses are represented by a series of beam used for each slab and it is connected to the
elements. In the X-Z plane, a rotational spring walls by spring elements. The spring element
element connecting the top slab and the basemat stiffness is determined so that the fundamental
is used to account for the additional rotational frequency of the slab in the vertical direction
rigidity prc Eled by the integrated RCCV-pool is maintained.
girder-building walls system. The RCCV is also
coupled to the RPV through the refueling bellows, 3.7.2.1.5.1.3 Radraste Building
to the RSW through the RSW stabilizers, and to
the reactor pedestal through the diaphragm The radwaste building dynamic model is shown
floor. Spring elements are used to account for in Figure 3.7-34. The radwaste building is box
these interactions. The lower drywell access type shear wall system of reinforced concrete.
tunnels spanning between the RCCV and the reactor The major walls between floor slabs are
pedestal are not modeled since flexible rings are represented by beam eieraents of a box cross
provided which are designed to reduce the section. The shear rigidity in the direction of
coupling effects. excitation is provided by the parallel walls.

The bending rigidity includes the cross walls
The RSW consists of two steel ring plates with contribution. In the vertical direction a

concrete fill in between for shielding purposes, single mass point is used for each slab and it
Concrete in the RSW does not contribute to is connected to the walls by spring elements.
stiffness; but its weight is included, The The spring element stiffness is determined so
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| that the fundamental frequency of the slab in the
| vertical direction is maintained.

3.7.2.1.5.2 Rocking and Torsional Effects

Rocking effects due to horizontal ground
movement are considered in the soil-structure
in:eraction analysis as described in Appendix
3A. Whenever building response is calculated
from a second step structural analysis, rocking
etfects are included as input simultaneously
applied with the horizontal translational motion
at the basemat. The torsional effect considered
is described in Subsection 3.7.2.11.

3.7.2.1.53 liydrodynamic Effects

- For a dynamic system in which a liquid such as
water is involved, the hydrodynamic effects on
adjacent structures due to horizontal excita-
tion are taken into consideration by including
hydrodynamic mass coupling terms in the mas-
matrix. The basic formulas used for computing
these terms are in Reference 4. In the vertical -

excitation, the hydrodynamic couplins effecte

i

!

|
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R= Fundamental frequency of the supportedare assumed to be negligible and the water mass t
is lumped to appropriate structaral locations, subsystem / frequency of she dominant

support motion
3.7.2.2 Natural Frequencies and Response Loads

if the subsystem is comparatively rigid in
The natural frequencies up to 33 Hz for the relation to the supporting system, and also is

reactor-control buildings and radwaste are rigidly connected to the supporting system, it
presented in Tables 3.7-2 through 3.7-5 and is sufficient to include only the mass of the
3.7-10 for the fixed base condi ian. subsystem at the support point in the primary

system rnodel. On the other hand, in case of a
Enveloped response loads at key locations in subsystem supported by very flexible

the reactor building complex due to OBE for the connections, e.g., pipe supported by hangers,
range of site conditions considered in Appendix the subsystem need not be included in the
3A are presented in Appendix 3G . Response primary model. In most cases the equipment and
spectra at the major equipment elevations and components, which come under .he definition of
support points are also given in Appendix 3G. subsystems, are analyzed (or tested) as a

decoupled system from the primary structure and
The SSE loads are two times the OBE loads as the seismic input for the former is obtained by

explained in Subsection 3.7.1.2. the analysis of the latter. One important
exception to this procedure is the reactor

3.7.2.3 Procedure Used for Modeling coolant system, which is considered a subsystem
but is usually analyzed using a coupled model of

3.7.2.3.1 Modeling Techniques for Systems the reactor coolant system and primary ,
Other Than Reactor Pressure Vessel structure.

An important step in the seismic analysis of In the second method of modeling, the
systems otherinan the reactor pressure vessel is structure of the system is represented as a two-
the procedure used for modeling. The 'chniques or three-dimensional finite-element model using
center around two methods. The first method, the combinations of beam, plate, shell, and solid
system is represented by lumped masses and a set elements. The details of the mathematical
of spring dashpots idealizing both the inertial models are determined by the complexity of the
and stiffness properties of the system. The actual structures and the information required
details of the mathematical models are determined for the analysis,
oy the complexity of the actual structures and _

the information required for the analysis. For 3.7.2.3.2 Modeling of Reactor Pressure Vessel

the decoupling of the subsystem and the and lnternals
supporting system, the following criteria
equivalent to the SRP requirements are used: The seismic loads on the RPV and reactor

internals are based on coupled dynamic analysis
(1) If Rm s 0.01, decoupling can be dr. with the reactor building. The mathematical-

any R . model of the RPV and internals is shown int
"igure 3.7 32. This model is coupled with the

(2) If 0.011 Rm 10.1, decoupling can be done reactor building model for this analysis,
if R $ 0.8 or Rr 2,1.25.t

The RPV and internals mathematical model
(3)IfRm > 0.1, an approximate model of the consists of lumped masses connected by clastic

subsystem should be included in the primary beam element members. Using the clastic proper-
system model. ties of the structural components, th: stiffness

properties of the model are determined and the
and R are defined as: effects of axial bending and shear are included.Where R tm

Rm= Total mass of the supported system / Mass points are located at all points of
Mass that supports the subsystem critical interest such as anchors, supports,
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points of discontinuity, etc. In addition, mass then obtaining its natural frequencies and mode
points are chosen so that the mass distribution shapes. The dynamic response at the mass points
in various zones is uniform as practicable and is subsequently obtained by using a time history
the full range of frequency of response ef inte- approach,
rest is adequately represented. Further, in
order to facilitate hydrodynamic mass calcula- Using the acceleration time history response
tans, several mass points (fuel, shroud, vessel) of a particular mass point, a specttum response
are selected at the same elevation. The RPV and curve i< develeped and incorporated into a
internals are quite stiff in the vertical direc- design acceleration spectrum to be utilized for
ion. Vertical modes in the frequency range of the seismic analysis of equipment located at the

interest are adequately obtained with few dynamic mass point. Horizontal and vertical response
degrees of freedom. Therefore, vertical masses spectra are computed for various damping values
are distributed to a few key nodal points. The applicable for OBE and SSE evaluation of
various lergth of control rod drive housing are equipment. Two orthogonal horizontal and one
grouped in to the two representative lengths vertical earthquake cemponent are input
shown in Figure 3.7 32. These lengths represent separately. Response spectra at selected
the longest and shortest housing in order to locations are then generated for each carthquake
adequately represent the full range of frequency component separately. They are combined using
rmponse of the housings. the square-root of-the sum-of the. squares (SRSS)

method to predict the total co Jirectional floor
Not indoded in the mathematical model are the response spectrum for that particular

stiffness properties of light components, such as frequency. This procedure is carried out for
in core guide tubes and housings, sparger, and each site soil case used in the soil structure
their supply headers. This is done to reduce the interaction analysis. Response spectra for all ~

complexity of the dynamic model. For the seismic site soil cases are finally combined to arrive
responses of these components, floor response at one set of final response spectra,
spectra generated from system analysis is used.

An alternate approach to obtain co direc.
The presence of a fluid and other structural tional floor response spectra is to perform

compons ts (e.g., fuel within the RPV) introduces dyna nic analysis with simultaneous input of
a dynamic coupling effect. Dynamic effects of various earthquake components if those
water enclosed by the RPV are secounted for by components are statistically independent to each
intioduction of a hydr < dynamic mass matrix which other,
will serve to link tb acceleratinn terms of the
equations of motion of points at the same The SSE floor response spectra are obtained
clevation in concentric cylinders with a fluid by doubling the OBE response spectra as
entrapped in the annulus. The details of the explained in S ubsection 3.7.1.3.
hydrohnamic mass derivation are given in
Refen c: 4. The response spectra values are computed as a

minimum either at frequency intervals as
3.7.2..I Soil Structure lateraction specified in Table 3.7.1 1 of SRP 3.7.1 or at a

set of f.equencies in which each frequency is
The soil model and soil structure inte; action within 10% of the previous one,

analysis are aescribed in Appendix 3A.
3.7.2.6 Three Components of Earthquake Motion

A7.2 5 Development of Floor Response Spectra
The three components of eartFquake mot.on are

In order to predict the seismic effects on considered in the buiMng seismic analyses. To
equipment located at various elevations within a properly account for +he responses of systems !

structure, floor response spectra are developed subjected to the three-directional excitation, a '

using a time history analysis technique. s:ttistical combination is used to obtain the )
net response according to the SRSS criterion of ,

The procedure entails first developing e Regulatory Guide 1.92.14 SRSS method a. counts
mathematical model assuming a linear system and for the randomness of magnitude and direction of l

l
1
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earthquake motion. The SRSS criterion, applied the maximum acceleration iange having the
to the responses abociated witti the three same amplification f actor as the most
components of ground carthquake n , tion, is used strongly amplified.
for seismic stress computation for steel
structural design as well as for resultant (2) The time history used to calculate the floor
seismic member force computatio:ss for reinforced response spectra produces a 3round response
concrete structural design which enve. lopes the design ground response

spectra. In order to do this, it has
3.7.2.7 Combination of Modal Hsponse spectral peaks which are :ubstantially

higher than the design spectra.
Since only the time history method is used for

scismic system arealysis, the responte spectrum (3) The building and soil damping values used in
combination of modal responses is not applied. the analpis are near the lower bound of the

available damping data. The actual valu:s
3.7.2.8 Interaction of Non Category I of damping are expected to be much higher
Structures with Selsmic Category I Structures than the values used in the analysis.

The interfaces between Seismic Category I and (.1) The yield strengths used in the analysis are

g non Seismic Category I structures and plant based on the minimum values and are
equipment are designed for the dynamic loads and considerably lower than expected values,
displacements produced by both the Category I and
non Category I structures and plant equipment. (5) The additional strength and damping that is
All non-Category I structures will meet any one available when materials are stressed beyond
of the following requirements: yield are neglected when using linear ~

elastic analytical methods.
(1) The collapse of any non Category I structure

will not cause the non Categcry 1 structure (6) TM working stresses for most equipment are
to strike a Seismic Category I structure m t 'ly considerably below the yield
Component. W Cs.

(2) The collapse of any non-Category I structure ;S; calculated natural frequencies of
will not Unpair the integrity of Seismic .quipment are usually lower than actual
Category I structures or components because of conservative modeling

assumptions.
(3) The non Cater.ny I structures will be

analyzed and des!gned to prevent their These elements of conservatism are in series
failure under SSE conditions in manner such (i.e., they are compounded), which results in an
that the margin of safety of these structures extremely conservative design. The only reason
is equivalent to that of Seismic Category I for broadening the spectra at all is to account
structures. for the unlikely rossibility that a particular

piece of equipment might have a natural
3.7.2.9 Effects of Paramuter Variations ou frequency which as not on the calculated
Floor Response Spectra spectral peak but is on the real peak.

The followitig conservative assumptions are Since the peaks charScteristic of the low
included in the calculatiot M the floor response damping response are narrow, such an occurrence
spectra: is extremely improbable. Even if this

eventuality does occur, the extreme conservatism
(1) The expected actual carthquake time histories described above ensures seismic adequacy of

are etiveloped by a smooth ground response equipment design. Further, the floor response
spectrum for design use. The smooth curve spectra obtained from the time history analysis
leads to conservative effects on modal of the building are broadened plus and minus 10%
analysis because it treats all the modes in in frequency. Alternatively, peak shifting
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method of A5ME Code Case N-397, as permitted by 3.7.2.13 Methods for Seismic Analysis of
Regulatory Guide 1.84, Revision 24, is used. Category I Dams

The broadening method of accounting for The analysis of all Category I dams, if
variations causes modes having frequencies near app 1icable for t he sit c, t aking int o
the spectral peaks to be calculated as though consideration the dynamic nature of forces (due
they experience the peak acceleration. This is to both horizontal and vertical earthquake
quite conservative because the spectra for the loadings), the behavior of the dam material
actual structure have only one narrow peak under carthquake loadings, soil structure
somewhere in the 20% broadened range. interaction effects, and nonlinear stress strain

relations for the soil, will be used. Analysis
3.7.2.10 Use of Constant Ye-tical Static of carth filled dams, if applicable, includes an
l' actors evaluation of deformations.

Since all Seismic Category I structures and 3.7.1.14 Determination of Seismic Category I
the RPV are subjected to a vertical dynamic Structure Oserturning Moments
analysis with a time history defining the input,
no constant vertical static factors are utilized. Seismic loads are dynamic in naturt ~c

method of calculating seismic loads with dy. -

3.7.2.11 Methods Used to Account for Torsional analysis and then treating them as static iws
Effects to evaluate the overturning of structures and

foundation f ailures while treating the
Torsional effects for two dimensional analyt. foundation materials as linear clastic is

ical models are accounted for in the following conservative. Overturning of the structure,'
manner. The locations of the center of mass are assuming no soil slip failure occurs, can be
calculated for each fioor. The centers of rigid- caused only by the center of gravity of the
ity and rotational stiffness are determined for structure moving far enough horizontally to
each story. Torsion effects are introduced in cause instability,
each story by applying a rotational moment about
its center of ri idity. The rotational moment is Furthermore, when the combined effect ofE

calculated as the sum of the products of the in- carthquake ground motion and structural response
ertial force applied at the center of mass of is strong enough, the structure undergoes a
cach floor above and a moment arm equal to the rocking motion pivoting about either edge of the
distance from the center of mass of the floor to base. When the amplitude of rocking motion
the center o1 rigidity of the story plus five becomes so large that the center of structural
percent of the mammum building dimension at the mass reaches a position right above either edge
level under consideration. To be conservative, of the base, the structure becomes unstable and
the absolute values of the moments are used in may tip over. Tbc mechanism of the rocking
the sum. The torsional moment and story shear motion is like an inverted pendulum and its
are distributed to the u dsting structural ele- natural period is long compared with the linear,
ments in prcportion to each individual stiffness. elastic struc tural response. Thus with regard

to overturning, the structure is treated as a
The RPV modelis axisymirstric with no built in rigid body, b

eccentricity. Hence, the torsional effects for
the RPV are only those associated vith the The maximum kinetic energy can be conserva-
reactor building model, tivc!y estimated to be:

3.7.2.12 Comparison of Responses E=1 E mi '(vH) 2 + (vy) 2 '3
2 i t (3.74)

Since only the time history method is used for
structural analysis, the respontes obtained from where (vg:) and (vy)are the maximum values of
response spectrum and time-history methods are the total lateral velocity and total vertical
not compared. velocity, respectively, of mass m;.
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Vaiues f or (v11); and (vy)i are (2) An eigenvalue analysis of the linear system
com p ut e d a s f ollows: model is performed. This results in the

eigenvector matrices (di) wLich are
(vig) ;t = (v ) 2 + (vit) 2 normalized and satisfy the orthogonalityx

8 i B (3.7-9) co: ditions:
(3.7 12)

(vy) 2 = 'v ) 2 + (vy) 2 4 g g; . g , and 4T g4;T 2
y

I 8 ii i g (3.7 10) = 0 for i:;l:j

where (vy)E and (vy)g are the peak where
horizoatt.1 and vertical ground velocity,
respectively, and (v )i and (v ); are the K stiffness matrix;=x z
maximum values of the relative lateral and
vertical velocity of mass m;. wi circular natural frequency asso-=

ciated with mode i; and
Letting mo be total mass of the structure

Tnd base mat, the energy required to overturn the 4
transpose of ith mode eigen.8structure is equal io =

'

vector 4i
Eo=magh (3.7 11)

Matrix p contains all traaslational and
where h is the height to which the center of mass rotational coordinates.
of the structure must be lifted to reach the
overturning position. Because the structure may (3) Using the strain energy of the individual-
not be a symmetrical one, the value of h is components as a weighting function, the
computed with respect to the edge that is nearer following equation is derived to obtain a
to the center of mass. The structure is defined suitable damping ratio ($;) for mode i.
as stable against overturning when the ratio Eo
to E exceeds 1.5. N (3.7 13)3

Si = 4 E Cj([l K4;);
These calculations assume the sta :ure rests e

on the ground surface, hence, are conservative 8 j=1
because the structure is actually embedded to a
considerable depth. The embedded effect b where
considered only when the rptio E to Es i5o
less than 1.5. Si modal damping coefficient for=

th mode;
3.7.2.15 Analysis Procedure for Damping

N total number of structural=

in a linear dynamic analysis using a modal elements;
superposition approach, the procedure to be used 1

to properly account l'or damping in different gi component of th mode=

elements of a coupled system modelis as follows: eigenvector corresponding to jth
element;

(1) The structural percent critical damping of
T dthe various structural elements of the model 4 Transpose of di efined above;=

is first specified. Each value is referred I

to as the damping ratio (Cj)ibutes to the
of a partic-

ular component which contr Cj percent critical dam ping=

complete stiffness of the system. associated with element j;
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K = "ffness matrix of element j; and described in Subsection 3.7.2.1.1 generates
timchistories at various support elevations for

w; = circular natural frequency of mode use in the analysis of subsystems and
i. equipment. The structural response spectra

curves are subsequently generated from the time
3.7.3 Seismic Subsystem Analysis history accelerations.

3.7.3.1 Selm ic Analysis Methods At each level of the structure where vital
components are located, three orthogonal

This subsection discusses the methods by which components of floor response spectra, two |

St'smic Category I subsystems and components are horizontal and one vertical, are develop:d. The |

qualified to ensure the functional integrity of floor response spectrum is smoothed and I

the specific operating requirements which envelopes all calculated response spectra from
characterize their Seismic Category I different site soil conditions. The response
designation. spectra are peak broadened plus or minus 10%

When components are supported at two or more
In general, one of the following five methods cicvations, the response spectra of each

of seismically qualifying the equipment is chosen elevation are superimposed and the resulting
based upon the characteristics and complexities spectrum is th- upper bound envelope of all the
of the subsystem: individual spectrum curves considered.

(1) dynamic analysis; For vibrating systems and their supports,
multi degree of freedom models are used in

(2) testing procedures; accordance with the lumped parameter modeling -
techniques and normal mode theory described in

(3) equivalent static load meth od o. analysis: S u b s e c t i o n 3.7.2.1.1. Piping analysis is
described in Subsection 3.7.3.3.1.

(4) a combination of(1) and (2); or
when testing is used to qualify Seismic

(5) a combination of(2) and (3). Category I subsystems and components, all the
loads normally acting on the equipment are

Equivalent static load method of subsystem simulated during the test. The actual mounting
analysis is described in Subsection 3.7.3.5. of the equipment is also simulated or

duplicated. Tests are performed by supplying
Appropriate design response spectra (OBE and input accelerations to the shake table to such

S$E) are furnished to the manufacturer of the an extent that generated test response spectra
equipment for seismic qualification purposes. (TRS) envelope the required reiponse spectra.
Additional information such as input time history
is also supplied only when necessary. For certain Seismic Category I equipment and

components where dynamic testing is necessary to
When analysis it used to qualify Seismic ensure functional integrity, test performance

Category I subsystems and components, the data and results reflect the following:
analytical techniques must conservatively account
for the dynamic nature of the subsystems or (1) performance data of equipment which has been
components. Both the SSE and OBE, with their subjected to dynamic loads equal to or
difference in damping values, are considered in greater than those experienced under the
the dynamic analysis as explained in Subsection specified seismic conditions;
3.7.1.3.

(2) test data from previously tested comparable
The general approach employed in the dynamic equipment which has been snbjected under

analysis of Seismic Category I equipment and similar conditions to dynamic loads equal to
component design is based on the response or greater than those specified; and
spectrum technique. The time nistory technique
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(3) actual testing of equipment in accordance
with one of the methods described in (1) the fundamental frequency and peak seismic
Subsection 3.9.2.2 and Section 3.10. loads are found by a standard seismic

analysis (i.e., from eigen extraction and
3.73.2 Determination of Number of Earthquake forced respease analysis);
Cycles

(2) the number of cycles which the component
3.7.3.2.1 Piping experiences are found from Table 3.7 6

according to the frequency rangt within
Fifty (50) peak OBE cycles are postulated for which the fundamental frequency lies; and

fatigue evaluation.
(~s) for fatigue evaluation, one half percent

3.7.3.2.2 Other Equipment and Cornponents (0.005) of these cycles is conservatively
assumed to be at the peak load, and 4.5%

Criterion ll.2.b of SRP Section 3.7.3 recom- (0.045) at the three quarter peak. The
mends that at least one safe shutdown earthquake remainder of the cycles have negligible
(SSE) and five operating basis earthquakes (OBEs) contribution to f atigue usage.
should be assumed during the plant life. It also
iccommends that a miimum of 10 maximum stress The SSE has the highest level of response.
cycles per earthquak should be assumed (i.e.,10 However, the encounter probability of the SSE is
cycles for SSE and - veles for OBC). l'or so small that it is not necessary to postulate
equipment and compo- .s other than piping,10 the possibility of more than one SSE during the
peak OBE stress ^veles are postulated for fatigue 60 year life of a plant. Fatigue evaluation dut
evaluation based un the following justification. to the SSE is not necessary since it is a-

faulted condition and thus not required by ASME
To evaluate the number of cycles engendered by Code Section !!!.

a given earthquake, a typical Boiling Water Reac-
tor Building reactor dynamic model was excited by The OBE it. an upset condition and is ncluded
three different recorded time histories: May 18, in fatigue evaluations according to ASME Code
1940, El Centio NS component,29.4 sec; 1952, Section Ill. Investigation of seismic histeries
Taft N69* W component,30 see; and March for many plants show that during a 60 year life
1957, Golden Gates 89'E component,13.2 sec. it is probable that five earthquakes with
The modal response was trunested so that the inte:.sities one-tenth of the SSE intensity, and
response of three different frequency bandwidths one earthquake approximately 20% of the proposed

~

could be studied,0+ to-10 Hz,10 to 20 Hz, and SSE intensity, will occur. The 60-year life
20 to 50 Hz. This was done to give a good corresponds to 40 years of actual plant
approximation to the cyclic behavior expected operation divided by a 67% usage factor. To
from structures with different frequency cor. tent. cover the combined effects of these carthquakes

ard the cumulative effects of even lesser
Enveloping the results from the three earth- earthquakes,10 peak OBE stress cycles are

quakes and averaging the results from several postulated for fatigue evaluation.
different points of the dynamic model, the cyclic
behavior given in Table 3.7-6 was formed. 3.733 Procedure Used for Modeling

Independent of earthquake or component 3.733.1 Modeling of Piping Systems
frequency,99.5% of the stress reversals occur
belor 75% of the maximum stress lesel, and 95% of 3.7.33.1.1 Summary
the reversals lie below 50% of the maximum stress
level. To predict the dynamic response of a piping

system to the specified forcing function, the
in summary, the cyclic behavior number of dynamic model must adequately account for all

fatigue cycles of a component during a carthquake significant modes. Careful selection must be
is found in the following manner * ruade of the proper response spectrum curves and
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proper location of anchors in order to separate The stiffress matrix at the attachment loca- |
Seismic Category I from non-Category I piping

tion of the process pipe (i.e., main steam, |RilR supply and return, RCIC, etc.) headsyst e ms.

fitting is sufficiently high to decouple the
3.733.1.2 Selection of Mass Points penetration assembly from the process pipe.

Previous analysis indicates that a satis-
When performing a dynamic analysis, a piping factory minimum stiffness for this attachment

system is idealized either as a mathematical point is equal to the stiffness in bending
model consis;ing of lumped masses connceted by and torsion of a cantilevered pipe section of
weightless clastic members or as a consistent the same size as the process pipe and equal
mass model. The clastic members are given the in length to three times the process pipe
properties of the piping system being analyzed, outer diameter.
The mass points are carefully located to
a(cquately represent the dynamic properties of For a piping system supported at more than
the piping system. A mass point is located at two points located at different elevations in
the beginning and end of every cibow or valve, at the building, the response spectrum analysis is
the extended valve operator, and at the performed using the envelope response spectrum
intersection of every tee. On stiaight runs, cf all attachment points. Alternatively, the
mass points are located at spacings no greater multiple support excitation analysis methods may
than the span length corresponding to 33 Ilz. A be used where acceleration time histories or
mass point is located at every extended mass to response spectra are applied at all the piping
account for torsional effects on the piping attachment points. Finally, the worst single
system, in addition, the increased stiffness and floor response spectrum selected from a set of
mass of valves are considered in the modeling of floor response spectra obtained at various,
a piping system. floors may be applied identically to all floors

provided it envelops the other floor response
3.733.13 Selection of Spectrum Cur es spectra in the f.et.

In selecting the spectrum curve to be used for 3.73.3.2 Modeling of Equipment
dynamic analysis of a particular piping system, a
curve is chosen which most closely describes the For dynamic analysis, Seismic Catt. gory I
accelerations existing at the end points and equipment is represented by lumped. mass systems
restraints of the system. The procedure for de- which consist of discrete masses connected by
coupling small branch lines from the main run of weightless springs. The criteria used to lump
Seismic Category I piping systems when estab. masses are:
lishing the analytical models to perform seismic
analysis .are as follows: (1) The number of modes of a dynamic system is

controlled by the number of masses used;
(1) The small branch lines are decoupled from the therefore, the number of masses is chosen so

main runs if they have a diameter less than that all significant modes are included.
one-third the diameter of the main run. The modes are considered as significant if

the corresponding natural frequencies are
(2) The stiffness of all the anchors and its less than 33112 and the stresses alculated

supporting steel is large enough to from these modes sie greater than 10% of the
effectively decouple the piping on cither total stresses obtained from lower modes.
side of the anchor for analytic and code This approach is acceptable provided at
jurisdi:tional boundary purposes. The RPV is 1 east 90% of the 1oading/ inertia is
very stiff compared to the piping system and contaiced in the modes used. Alternately,
therefore, it is modeled as an anchor.

Penetration assemblies (head fittings and
penetration sleeve pipe) are very stiff
compared to the piping system and are m_feled
as anchors.
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the number of degrees of freedom are taken engineer. An additional exatnination of these
more than twice the nurnber of modes with supports and restraining devices is made to
frequencies less than 3311z. assure that their location and characteristics

are consistent with the dynamic and static
(2) Mass is lumped at any point where a analpes of the system.

significant concentrated weight is located
(e.g., the motor in the analysis of pump 2 73A Hasis of Selection of Frtquencies
motor stand, the impeller in the analysis of
pump shaft, etc). Where practical, in order to avoid adverse

resonance effects, eqt:pment and components are
(3) If the equipment has free end overhang span designed / selected such that their fundamental

with flexibility significant compared to the frequencies are outside the range of 1/2 to
center span, a mas. ~ ' umped at the overhang twice the dominant frequency of the associated t
span. support structures. Moreover, in any case, the $,

equipment is analyzed and/or tested to
(4) When a mass is lumped between two supports, demonstrate that it is adequately designed for

it is located at a point where the maximum the applicable loads considering both its
displacement is expected to occur. This fundamental frequency and the forcing frequency
tends to lower the natural frequencies of the of the applicable support structure,
euuspment because the equipment frequencies
are in the higher spectral range of the All frequencies i the range of 0.25 to 3311z
response spectra. Similarly, in the case of are considered in the analysis and testing of
live loads (mob"*) and a variable support structurcs, systems, and components. These
stiffness, the location of the load and the frequencies are excited under the scismic ~
magnitude of support stiffness are chosen to excitation.
yield the los est frequency content for the
syst e m. This ensures conservative dynamic if the fundamental frequency of a component
it, ads since the equipment frequencies are is greater than or equal to 33 liz, it is treated
suct. that the floor spectra peak is in the as scismically rigid vd analyzed accordingly.
lower frequency range. If not, the model is Frequen,ies less than 0.25 ilz are not considered
adjusted to give more conse'vative results. as they represent very flexible structures and

are not encountered in this plant.
3.7.333 Field Location of Supports and
Restraints The frequency range between 0.25 Hz and 33 Hz

covers the range of the broad band response
The field location of seismic supports and spectrum used in the design.

restraints for Seismic Category I pipir , snd
piping systems components is selected to satisfy 3.73.5 Use of Equivalent Static Load Methods
the following two conditions: of Analysis

(1) the location selected must furnish the 3.73.5.1 Subsystems Other Than NSSS
required response to control strain wit'%
allowable limits; and Sec Subsection 3.7.3.8.1.5 for equivalent

static load analysis method.
(2) adequate building strength and stiffness for

attach nent of the component supports must be 3.73.5.2 NSSS Subsystems.

available.
When the natural frequency of a structure of

The final location of seismic supports and re- component is unknown, it mey be analyzed by
straints for Seismic Category I piping, piping applying a static force at the center of mass.
system components, and equipment, including the in order to conservatively account int the
place...ent of snubbers, is checked against the possibility of more than one significant dynsmic
drawings and instructions issued by the mrde, the static force is calculated as 1.5
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times the mass times the maximum spectral
acecleration from the floor response spectra of
the point of attachments of multispan
structures. The factor of 1.5 is adequate for
simple beam type structures. For other more
complietted structures, the factor used is
j ustifie d.

3 '.3.6 nree Components of Earthquake Motion

|
The totsi seismic response is predicted by |

combining the response calculated from the two |

|

.

I
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horizontal and the vertical analysis. N = number of modes considered in the
analysis.

When the response spectrum method is used, the
method for combining the responses due to the Closely spaced modes are combined by taking
three orthogonal components of seismic excitation the absolute sum of the such modes.
is given as follows:

An alternate to the absolute sum method
~ ~

3 1/2 presented in Regulatory Guide 1.92 it the
,,

Rj = R!. following:
E 8J (3.7 14)
j=1 N 1/2

- - R= R2 + 2I | hl Rm!1 8
(3.7 16)where

.i= 1 -

R;j = maximum, coaxial seismic response
of interest (e.g., displacement, where the second summation is to be done on all
moment, shear, stress, strain) in f and m modes whose frequencies are closely
directions i due to earthquake spaced to each other.
excitation in direction j, (j = 1,
2, 3), 3.7.3.7.2 NSSS Subsystems

R = seismic response of interest in i In a response spectrum modal dynami:
direction for design (e.g., analysis, if the modes are not closely spaced
displar : ment, moment, shear, (i.e., if the frequeracies differ from each other -
stress, strain) obtained by the by more than 109 ' the lower frequency), the
SRSS rule to account for the modal respon are combined by the
nonsimultaneous occurrence of the square root-of the im-of- the squares (SRSS)
R j's. method as described in Subsection 3.7.3.7.1 andi

Regulatory Guide 1.92.
3.7.3.7 Combination of Modal Response

if same or all of the modes are closely
3.7.3.7.1 Subsystems Other Than NSSS spaced, a double sum method, as described in

Subsection 3.7.3.7.2.2, is used to evaluate the
When the response spectrum method of modal combined response, in a time-history method of

analysis is used, contributions from all modes, dynamic analysis, the vector sum c' eve y step
except the closely spaced modes (i.e., the is used to calculate the combined response. The

'

difference between any two natural frequencies is use of the time-history analysis method
equal to or less than 10%) are combined by the precludes the need to consider closely spaced
square-root of the sum of the squares (SRSS) modes.
combination of modal responses. This is defined
mathematically as: 3.7.3.7.2.1 Square Root.or.the-Sum-of the.

Squares Method

N
(R )2 Mathematically, this SRSS method is expressedR= i1 (3.7-15) as follows:

i=1

whcre g
( R;) 2)1/2R=

R = combined response; (3.7-17)j
Iei

R; = response to the ith mode; and
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where where uk and Bk are the modal frequency
and th. damping ratio in the kth mode,

R = . combined respons., respectively, and td s the duration of thei

R; = response to the ith mode; and
3.7.3J Anr.lytical Procedure for Piping

N = number of modes considered in the
analysis. 3.7.3.8.1 Piping Subsystems Other Than NSSS

3.7.3.7.2.2 Dout,ie Sum Method 3.7'3.8.1.1 Qualification by Analysis.

This method, as defined in Regulatory Guide The methods used in seismic analysis vary
1.92, is mathematically: accordisg to the type of subsystems and

supporting structure involved. The following
possible cases are defined along with the

1 /2 associated analytical methods used.1

|f N
N

3 3 |Rk R | 'ks /
R= i

s

4k=1 s=1 (3.7 18) 3.7.3.8.1.2 Rigid Subsystems with !11gid
Supports

where
If all natural freq'iencies of the subsystem*

R = representative maximum value of a are greater than 33 Hz, the subsystem is .

particular response of a given considered rigid and analyzed statically as
element to a given component of such. In the static analysis, the seismic
excitation; forces on each co nponent of the subsystem are

obtained by concentrating the mass at the center
Rk = peak value of the response of the of gravity and multiplying the mass by the

element due to the kth mode; appropriate maximum fic.or act.cleration.

N = number of significant modes 3.7.3.8.1.3 Rigid Subsystems with Flexible
considered in the modal response Supports
combination; and

if it can be shown that the subsystem itself
R = Peak value of the response of the is a rigid body (e.g., piping supported at only -s

clement attributed to sth mode two points) while its supports are flexible, the
overall subsystem is modeled as a single. degree.

where of. freedom subsystem consisting of an effective
mass and spring.

(uf - 4) t2 .1'
k

(ks'" l+ | The natural frequency of the subsystem is,

, (#k Wk + #s, W ), computed and the acceleration determined froms* "

(3.7 19) the floor response spectrum curve using the
appropriate damping value. A static analysis is

in which performed using 1.5 times the acceleration
value. In lieu of calculating the natural

~

1/2 frequency, the peak acceleration from the,

- wk " Wk 1*p2 spectrum curve may be used.

If the subsystem has no definite orientation,
4k"Ak+ the excitation along each of three mutually

td Wk perpendicular axes is aligned with respect to
the system to produce maximum loading. The

Arnendment 3.7 19
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excitation in each of the three axes is
considered to act simultaneously. The N 1/2
excitations are combined by the SRSS method. R= I R2 + 2I |Rf Rm3 8 (3.7-20)
3.7.3.8.1 A Flexible Subsystems (i=1 l

if the piping subsystem has more than two where the second summation is to be done on all
supports, it cannot be considered a rigid body 1 and m modes whose frequencies are closely
and must be modeled as a multi degree-of. freedom spaced to each other,
subsystem.

and where
The subsystem is modeled as discussed in

Subsection 3.7.3.3.1 in sufficient detail (;.e., R; = response to the ith mode
number of mass points) to ensure that the lowest
natui..I frequency between mass points is greater N = number of significant modes
than 33 Hz. The mathematical model is analyzed considered in the modal response
using > time history analysis technique or a combinations.
respotu .pectrum analysis approach. After the
natural frequencie:. of the subsystem are The excitation in each of the three major
obtained, a stress analysis is performed using orthogonal directions is considered to act
the inertia forces and equivalent static loads simultaneously with their effect combined by the
obtained from the dynamic analysis for each mode. SRSS method.

For a response spectrum analysis based on a 3.7.3.8.1.5 Static Analysis
~

mod ~ aperposition method, the modal response
acceleratior are taken directly from the A static analysis is performed in lieu of a
spectrum. Th. .otal seismic stress is normally dynamic analysis by applying the following
obtained by combining the modal stress using the forces at the concentrated mass locations
SRSS r ' od. The seismic stress of closely (nodes) of the analytical model of the piping
spaced modes (l.c., within 10% of the adjacent system:
mode) are combined by absolute summation. The

h = C W, in oneresulting total is treated as a pseudomode and is (1) horizontal static load, F h
then combined with the remaining modal stre:ses of the horizontal principal directions;
by the SRSS method.

ad, F , in the other(2) equal static 3 h
The approach is simple and straightforward in horizontal principal direction; and

all cases where the group of modes with closely
spaced frequencies is tightly bundled (i.e., the (T) vertical static load, Fy = CyW;
lowest and the highest modes of the group are
within 10% of each other). However, when the where
group of closely spaced modes is spaced wide!y

C , Cy = multipliers of the gravityover the frequency range of interest while the h
frequencies of the adjacent modes are closely acceleration, g, determined
spaced, the absolute sum method of combining from the horizontal and ver-
response tends to yield over conservative tical floor response spectrum
results. To prevent this problem, a general curves, respectively. (They
approach applicable to all modes is considered are functions of the period and
appropriate. The following equation is merely a the appropriate damping of the
mathematical representation of this approach. piping system); and

The most probable system respoose, R, is given W = weight at node poiats of the
by: analytical model.
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For special case analyses, Ch and Cy may N
be taken as: M;p;j
(1) 1.0 times the zero. period acceleration of the i=1

response spectrum of subsystems described in sj = ,
Subsection 3.7.3.8.1.2; N Mi 7. (3 7-21)

5J

(2) 1.5 times the value of the response spectrum b
at the determined frequency for subsystems i=1
described in Subsection 3.7.3.8.1.3 a n d
3.7.3.8.1.4; a n d

where
(3) 1.5 times the peak of the response spectrum

for subsystems described in Subsections M = ith mass
3.7.3.8.1.3 an d 3.7.3.8.1.4.

gij = component o f (p ij, in t h e
An alternate method of static analysis which earthquake directton

allows for simpler technique with added conserva.
ith characteristic displacementtism is acceptable . No determination of natural gij =

frequencies is made, but rather the response of in the jth mode
the subsystem is assumed to be the peak of the
appropriate response spectrum at a conservative sj modal participation factor for=

and justifiable value of damping. The response the jth mode
is tbrn multiplied by a static coefficient of 1.5 -

to titFe into account the effects of both N = number of masses.
multifrequency excitation and multimodal
response. (5) Using the appropriate response spectrum

curve the spectral acceleration, r , for
3.7.3.8.1.6 Dynamic Analysis the jth mode as a function of the jth

a

mode natural frequency and the damping of
The dynamic analysis procedure using the the system is determined.

response spectrum method is provided as follows:

(6) The maximum modal acceleration at each mass
(1) The number of node points and members is point, i, in the model is computed as

indicated. If a computer program is follows:
utilized, use the same order of number in the
computer program input. The mass at each ajj = sj r j$ij (3.7 22)a
node point, the length of each member,
elastic constants, and geometric properties
are determined. where

(2) The dynamic degrees of freedom according to a;j = acceleration of the ith mass
the boundary conditions are determined. point in the jth mode.

(3) The dynamic properties of the subsystem (7) The maximum modal inertia force at the ith
(i.e., natural frequencies and mode shapes) mass poin' for the jth mode is calculated
are computed. from the equation:

(.4) Using a given direction of earthquake motion, F j = M; a;j (3.7-23)i
the modal participation factors, sj, for
each mode are calculated: (8) For each mode, the maximum inertia forces
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are applied to the subsystem model, and the modal into the piping system. The stress thus pro-
f orces, shears, moments, stresses, and duced is a secondary stress. It is justifiable
deflections are determined, to place this stress, which results from

restraint of free end displacement of the piping
(9) The modal forces, shears, moments, stresses, system,in the secondary stress category because

and deflections for a given direction are the stresses are self hmiting and, when the
combined in accordance with Subsection stresses exceed yield strength, minor
3.7.3.8.1.4. distortions or deformations within the piping

system satisfy the condition which caused the
(10) Stat < (5) through (9) are performed for each stress to occur.

of the three earthquake directions.
The earthquake thus produces a stress-

(11) The seismic force, shear, moment, and stress exhibiting property much like a thermal
resulting from the simultaneous applicetion expansion stress and a static analysis can be
of the three components of earthquake used to obtain actual stresses. The
loading are obtained in the following differential displacements are obtained from the
manner: dynamic analysis of the building. The

displa:cments are applied to the piping anchors
R R2+R2+R2 (3.7-24) and restraints corresponding to the meximum

x y z differential displaccruents which could occur.
The static analysis is made three times: once

R = e q uivalent seismig for one of the horizontal differential
response quantity (force, displacements, once for the other horizontal
shear, moment, stress, differential displacement, and once for the -
etc.) vertical.

F R R = coIin e ar respoase 3.7.3.8.2 NSSS Piping Subsystemsx y z
quantities due to
earthquake motion in the 3.7.3.8.2.1 Dpamk Analysis
x, y, and z directions,
respectively. As described in Subsection 3.7.3.3.1, pipe

line is idealized as a mathematical model
3.7.3.8.1.7 Damping Ratio consisting of lumped masses connected by clastic

members. The stiffness matrix for the piping
The damping ratio percentage of critical damp. subsystem is determined using the clastic

ing of piping subsystems corresponds to Regula- properties of the pipe. This includes the
tory Guide 1.61 or 1.84 (ASME Code Case N-411-1). effects of torsional, bending, shear, and axial
The d.mping ratio is specified in Table 3.71. deformations as well as changes in stiffness due

to curved members.
3.7.3.8.1.8 Effect of Differential Building
Movements Next, the mode shapes and the undamped

natural frequencies are obtained. The dynamic
in most cases, piping subsystems are anchored response of the subsysteca is usually calculated

and restrained to floors and walls of buildings by using the response spectrum method of analy-
that may haie differential movements during a sis. When the connected equipment is supported
seismic etent, The movements may range from at more than two points located at different
insignificant differential displacements between elevations in the building, the response spec-
rigid walls of a common building at low eleva- trum analysis is performed using the envelope
tions to relatively large displacements between response spectrum of all attachment points.
separate buildings at a high seismicity site. Alternatively, the multiple excitation analysis

methods may be used where acceleration time
.

Differential endpoint or restraint deflec- histories or response spectra are applied at all
tions cause forces and moments to be induced the equipment and piping attachment points.
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3.73.8.2.2 Effect of Differentialilullding a:lequately accounted for in the analysis. In
Mosements case of buried systems sufficiently flex-

ible relative to the surrounding or under-
The relative displacement between anchors is lying soil, it is assumed that the systems

determined from the dynamic analysis of the will follow essentially the displacements and
structures. The results of the relative anchor- deformations that the soil would have if the
point displacement are used in a static analysis systems were absent. When applicable,
to determine the additional stresses due to procedures, which take into account the
relative anchor point displacements. Further phenomena of wave travel and wave reflectior
details are given in Subsection 3.7.3.8.1.8. in compacting soil displacements from the

ground displacements, are employed.
3.73.9 Multiple Supported Equipment Components
With Distinct Inputs (2) The effects of static resistance of the

surrounding soil on piping deformations or
The procedure and criteria for analysis are displacements, differential movements of

d e s cribe d in S u bs e e tio ns 3.7.2.1.3 a nd piping anchors, bent geometry and curvature
3.7.3.3.1.3. changes, etc., are considered. When

applicable, procedures utilizing the
3.7.3.10 Use of Constant Vertical Static princ'ples of the theory of st:uctures or:
Factors clastic foundations are used.

All Seismic Category I subsystems and compo- (3) When applicable, the effects due to local
nents are subjected to a vertical dynamie soil settlements, soil arching, etc., are

~

analysis with the vertical floor spectra or time also considered in the analysis.
histories defining the input. A static analysis
is performed in lieu of dynamic analysis if the 3.73.13 Inte. action of Other Piping with
peak value of the applicable floor spectra times Seismic Categoq I Piping
a factor of 1.5 is used in the analysis. A
frictor of 1.0 instead of 1.5 can be used if the In certain instances, non Seismic Category I
equipment is simple enough such that it behaves piping may be connected to Seismic Category I
essentially as a single degree of freedom p; ping at locations other than a piece of equip-

y system. If the fundamental frequency of a compo- ment which, for purposes of analysis, could be
;;; ent in the vertical direction is greater than or represented as an anchor. The transition points

equal to 33 Hz, it is treated as seismically typically occur at Seismic Category I valves
rigid and analyzed statically using the which may or may not be physically anchored.
zero pe-sponse spectrum. Since a dynamic analysis must be modeled from

pipe anchor point to anchor point, two options
3.73.11 Torsional EfTects of Eccentric Masses exis

Torsional effects of eccentric masses are (1) specify and design a structural anchor at
included for Seismic Category I subsystems the Seismic Category I valve and anslyze the
similar to that for the piping systems discussed Seismic Category I subsystem; or, if
in Subsection 3.7.3.3.1.2. impractical to design an anchor,

3.73.12 Iluried Seismic Category I Piping and (2) analyze the subsystem from the anc'ar point
Tunnels in the Seismic Category I subsystem through

the valve to either the first anchor point
For buried Category I buried piping systems in the non-Seismic Category I subsystem; or

,

! and tunnels the following items are considered in to sufficient distance in the non-Seismic
the analysis: Category I Subsystem so as not to

significantly degrade the accuracy of
(1) The it.crtial effects due to an earthquake analysis of the Seismic Category I piping.

upor buried systems and tunnels will be
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Where small, non-Seismic Category piping is 3.7.3.16.1 Lateral Forces
directly attached to Seismic Category I piping, its
effect on the Scismic Category I piping is Seismic loads are characterized as a force profile
accounted for by lumping a portion of its mass with that varies with the height of the structure. These
the Seismic Category I piping at the point of forces are applied at each floor of the structure and
attachment. the resulting forces and moments are calculated

from static eqt Srium.
Furthermore, non Scismic Category I piping

(particulari, ...g energy piping as defined in The buildings total base shcar is characterized by
Section 3.6)is designed to withstand the SSE to the following equation:
avoid jeopardizing adjacent Seismic Category I
giiping ifit is not feasible or practical to isolate V = Z'I'C'W/R,; where,
these two piping systems.

3.7.3.14 Seismic Analysis for Reactor V Total lateral force or shear at the=

Internals base.

The modeling of RPV internals is discussed in F,F,F Lateral force applied to leveli, n, or x=
n

Subsection 3.7.2.3.2. The damping values are given respectively.
in Table 3.71. The seismic model of the RPV and
internal in shown in Figure 3.7 32. F, That portion of V considered to be=

concentrated at the top of the
3.7.3.M Ana. lysis Procedures for Damping structure it. addition to Fn ,

The modeling of RPV internals is discussed in Z Seismic zone factor=

Subsection 3.7.2.3.2. The damping valces are given
in Table 3.71. The seismic model of the RPV and I Importance factor=

internals is shown in Figure 3.7 32.
Numerical CoefficientC =

3.7.3.16 Analysis Procedure for NonSeismic
Structures in Lieu of Dynamic Analysis R, Numerical Coefficient=

The method described here can be used for S Coefficient for site soil characteristics=

non seismic structures in lieu of a dynamic analysis.
T Fundamental period of vibration rf=

Structures designed to this method should be the structure in the direction under
able to do the following: consideration, as determined by using

the properties and deformation
(1) Resis' minor levels of earthquake ground characteristics of the resisting

motion without damage, elements in a properly substantiated
analysis.

(2) Resist moderate levels of earthquake ground
motion without structural damage, but possibly W Total dead load of building including=

| experience some nonstructural damage. the partition load where applicable.

(3) Resist my 3r levels of earthquake ground w;w, That portion of W which is located at=

motion having an intensity equal to the or is assigned to level i or x, respect-
strongest either experienced or forecast at the ively
building site, without collapse, but possibly with,

! some structural as well as nonstructural h h, Height in feet above the base to level i=
i

damage, or x, respectively

i
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The ABWR design will ftx Z and I and leave R 3.7.3.163 Accident Torsion
and C as variables for each building and site.

In addition, the vertical resisting elements
The value of I has been selected for power depend on diaphragm action for shear distribution at

generating facilities. any level, the shear resisting elements shall be
capable of resisting torsional moment assumed to be

1 - 1.0 equivalent to the story shear acting with an
eccentricity of not less than 5 percent of the

The site coefficient Z will be selected to maximum building dimension at that level.
provide enveloping coverage for most of the U.S.
east of rocky mountains. 3.7.3.16.4 Lateral Displacement Limits

Z = 0.15 Lateral deflections or drift of a story relative to
its adjacent stories shall not exceed 0.005 times the

The value of C is calculated based upon the story height nor 0.04/R for buildings less than 65
following formula: feet in height. For buildings greater in height, the

calculated story drift shall not exceed 0.004 times the2pCr 1.25'ST story height nor 0.04/R . These drift limits may be
exceeded when it is deInonstrated that greater drift

Where: C need not exceed 2.75 can be tolerated by both structural elements and
nonstructural elements that could effect life or

The value of 'lis dependent on the site soil safety. For designs using working stress methods,
characteristico the value of S shall be selected this %pacity may be determined using an allowable
from Table 3.711. ** ess increase of 1.7. The rigidity of other elements '..

shall also be considered.
The value of R,shs!! be selected from Table

3.712 according to the type of construction 3.7.3.16.5 Ductility Requirements
material and framing system under consideration.

All framing not required by design to be part of
3.7.3.16.2 Lateral Force Distribution the lateral force. resisting system shall be investigated

and shown to be adequata for verticalload-carrying
The concentrated force at the top of the capacity and induced moment due to 3R /8 times

structure shall be determined according 80 the the distortions resulting from the code * required
following formula: lateral forces.

F = 0.07'T*V where, Connections shall be designed to develop the full
capacity of the members or shall be based upon the

F need not exceed 0.25V and may be considered above forces without the one. third increase usually
as 0 where T is 0.7 seconds or less. The rema.ning permitted for stresses resulting from earthquake
portion of the total base shear V shall be forces.
distributed over the rest of the structure including
level n according to the following formula: 3.7.4 Seismic Instrumentation

3.7.4.1 Comparison with NRC Regulatory Guide
(V - F,) w h, 1.12

,

F=

{ w;h; The seismic instrumentation program is
consistent with Regulatory Guide 1.12.

At each level designated x, the force F shall be
applied over the area of the building in acEordance 3.7.4.2 Location and Description of
with the mass distribution on that level. Instrumentation

The following instrumentation and associated
equipment are used to measure plant response to

Amendment 20 17 24.1
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earthquake motion: Two seismic triggers, connected to form redun-
dant triggering, are provided to start the TilA

(1)three triaxial time history accelerographs recording system. They are located in the free field

(TilA); at the finished grade 160 M from the reactor
building. The trigger unit consists of or.

(2) three peak-recording accelerographs (PRA); thogonally mounted acceleration sensors that ac-
tuate relays whenever e threshnid acceleration is

(3) two triaxial seismic triggers; exceeded for any of the three axes. The trigger in
engineered to discriminate against false starts from

(4) one seismic switch (SS); other operating inputs such as traffic, elevators,
people, and rotating equipment.

(5) four response apectrum recorders;
<

(6) recording and playback equipment; and

(7) annuciators.

The location of seismic instrumentation is
outlined in Table 3.7 7.

3.7.4.2.1 Time litstory Accelerographs

Time. history accelerographs produce a record
of the time-varying acceleration at the sensor
location. This data is used directly for analy-
sis and comparison with reference information
and may be, by calculational methods, converted
to response spectra form for spectra comparisons
with design parameters.

Each triaxial acceleration sensor unit con-
tains three accelerometers mounted in an ortho-
gonal array (two horizontal and one vertical).
All acceler tion units have their principal axes
oriented identically. The mounted units are
oriented so that their axes are aligned with the
building major axes used in developmeat of the
mathematical models for seismic analysis.

One THA is located on the reactor building
(RB) foundation mat, El (-) 13.2 M, at the base
of an RB clean zone for the purpose of measuring
the input vibratory motion of the foundation mat.
A second THA is located in an RB clean zone at
El (+) 26.7 M on the sarne azimuth as the
foundation mat THA. They provide data on the
frequency, amplitude, and phase relationship of
the seismic response of the reactor building
structure. A third THA is located in the free field
at the finished grade approximately 160 M from
any station structures with axes oriented in the
same direction as the reactor building
accelerometers.

Amendment 20 3.7 24.2
l
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Magnetic tape recording and playback units are structures and equipment. Response spectra are
provided for multiple channel recording and play- recorded for tbree mutually orthogonal
back of the THA accelerometer signals. The data directions at the sensor localica by inscribing
recordings include an additional recorded channel steel reed deflections upon record pl tes. One
for the timing reference signal generated in the recorder is located on the reactor building
control unit. The recording and playback systems foundation in a clean zone. Another recorder is
have a special cabinet furnished for thor located on the control buildug foundation. If
instruments and devices necessary for system the OBE design response spectra values for
testing, anrtunciating, calibration, and control. specific frequencies are excecaed during an
This cabinet is located in the control equipment carthquake, specific switches mounted in the
room. recorders annunciate the specific frequencies in-

the control equipment room.
3.7.4.2.2 Peak Recording Accelerographs

Two other recc.rders do not contain alarm
Each sensor unit contains three peak recording contacts. One is mounted in the reactor

accelerographs mounted in a mutually orthogonal building pipe tunnel on a 20 inch RilR line and
array. The units are unpowered and record peak another is on a FMCRD control panel support.
accelerations triaxially by proportional
scratches on record plates. The PR As that are 3.7.4.2.5 Recording and Playback Equipment
mounted directly on equipment have one axis
coincident with the principal equipment axis. A cabinet located in the control equipment
All other PRAs have their principal axes oriented room houses the recording, playback, and
identically with one horizontal axis parallel to calibration units that are used in conjunction
the major horizontal axis assumed in the seismic with the THA sensors to produce a time history ~
analysis, record of the carthquake. It also contains

audible and visual annunciators wired to display
One PRA is located on a reactor water cleanup initiation of the THA recorder and the power

unit (RWCU) regenerative heat exchanger support. supply components for all equipment contained
A second PRA is located on an RHR pipe support, within the cabinet.
A third PRA is located on a diesel generator
support. 3.7.4.3 Control Room Operator Notification

Data from PRAs must be manually retrieved Activation of the seismic triggers causes an
following an earthquake and is used in the audible and visual annunciation in the main

_

detailed investigations f or particular control roc n to alert the plant operator that an
structures, systems, and equipment. earthquake has occurred. The annu.iciation is

set to occur at 0.01g vertical acceleration on
3.7.4.2.3 Seismic Switches the free field.

*
One triaxial seismic switch (SS) is installed The triggers cause initiation of the THA

on the reactor building foundation. This device recording system at horizontal or vertical
ac:uates a visual and audible annunciator in the acceleration levels slightly higher than the
main control room when the OBE acceleration on at expected background level including induced
least one of the axes has been exceeded. When vibrations from sources such as traffic,

the threshold acceleration is sensed, the relay elevators, people, a d machinery. The initial
closes aad remains closed for an adjustable set points may be changed once significant plant
period after the threshold is no longer exceeded. operating data have been obtained which indicate

that a different setpoint would provide better
3.7.4.2.4 Response Spectrum Recorders THA system operation.

The response spectrum recorders measure both Audi::e and visual annunciators are provided
horizontal and vertical peak acceleration for a in the rnain control room to indicate whether the
series of frequencies pertinent to specific OBE floor accelerations have been exceeded for

Arnendment 7 3 7-25
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the seismic switch location. 3.7.4.5 In Service Sur elliance

The peak acceleration level experienced by the Each of the seismic instruments will be
reactor building basemat is available immediately demonstrated operable by the performance of the
following the earthquake. This is obtained by channel check, channel calibration, and channel
playing back the recorded THA data from the functional test operations at the intervals
basemat location and reading the peak value from specified in Table 3.7 9.
a strip chart recorder.

3.7.5 COL License Information
Significant response spectra from the reactor

building basemat are available immediately 3.7.5.1 Seismic Parameters
following an earthquake for comparison with the
OBE and SSE response spectra. The design basis horizontal g value is 0.3g

for SSE and 0.15g for OBE. These are maximum
3.7.4.4 Comparison of Measured and Predicted free field ground accelerations at the site as
Responses measured at the existing grade level near the

ABWR. The response spectra are presented in
Initial determination of the earthquake level Subsection 3.7.1. The range of site parameters

is performed immediately after the earthquake by used to establish the design basis seismic
comparing the measured response spectra from the parameters is presented in Appendix 3A.
reactor building basemat with the OBE and SSE
respc ise spectra for the corresponding location. 3.7.6 References
if the measured spectra exceed the OBE response
spectra, the plant is shut down and a detailed 1. General Electric Company BWR/6-238 Standard.,
analysis of the earthquake motion is undertaken. Safety Analysis Report (GESSAR), Docket No.

STN 50-447, November 7,1975.
After any carthquake, the data from all

seismic recorders and recording instruments are 2. E. H. Vanmarcke and C. A. Cornell, Seismic
retrieved. When the OBE has been exceeded, the Risk and Design Response Spectra, ASCE
data from these instruments are analyzed to Specialty Conference on Safety and
obtain the seismic accelerations experienced at Reliability of Metal Structures, Pittsburgh,
the location of major Seismic Category i Pennsylvania, November 1972.
structures and equipmert. The measured response
from the time history accelerographs, peak- 3. NUREG 0800, Standard Review Plan, Section
recording accelerographs, and response spectrum 3.7.1.
recorders are used to determine the response
spectra at the location of each Seismic Category 4. L. K. Liu, Seismic Analysis of the Boiling
I structure and system. These spectra are Water Reactor, symposium on seismic analysis
compared with those used in the design to of pressure vessel and piping components,
determine whether the structere or system is First National Congress on Pressure Vessel
still adequate for future use. Peak-recording and Piping, San Francisco, California, May
accelerographs mounted on equipment are used to 1971.
determine whether the design limitation of that
specific equipment has been exceeded.

The theoretical structural response and mea-
sured structural responses are compared to assess
the degree of conservatism in the analytical pre-
dictions Seismic levels are established to de-
termn. ,. whether the plant can be brought back on
line. The criteria consider system design and

^ dynamic analysis in establishing the acceptable
levels foi continued operation.

Amendment 3_7 26
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Table 3.71

DAMPING FOR DIFFERENT MATERIALS

Percent Critical
Damtilng

lits DFl SSE

Reinforced concrete structures 4 7

Welded structural assemblics 2 4

Steel frame structures 2 4

Bolted or riveted structural assemblies 4 7
.

Equipment 2 3

piping systems
- diameter greater than 12 in. 2' 3

~

- clameter less than or equal to 12 in. l' 2

Reactor pressure vessel, support skirt,
shroud head and separator 2 4

Guide tubes and CRD housings 1 2

Fuel 6 6

Damping values of ASME Code Case N-4111, attemative damping Values for Response*

Spectra Analysis of Class 1, 2, and 3 Piping, Section 111, Division 1, may be
used as permitted by Regulatory Guide 1.84. These damping values are applicable
in analysing piping response for Seismic and other dynamic loads filtering
through building structures in high frequencies range beyond 33 Hz.

Amendment 7 3.7-27 |
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Table 3.7 2

NATURAL FREQUENCIlp OF THE REACTOR BUILDING COMPLEX IN0
X DIRECTION (0 -180 AXIS)- FIXED BASE CONDITION J

,

Mode No. Freauency (HZ) -

1 3.97
2 433
3 7.70
4 8.11

5 9.17
6 11.57

7 13.64 ;

8 13.89

9 15.02

10 15.31

11 15.79

12 16.26

13 - 16.82

14 18.00

15 19,73

16 20.42 -

17 21.08

18 22.05

19 23.11

20 24.61

21 26.27
22 - 27.29

23 28.17

24 28.51

25 29.38
26 31.10
27 32.04
28 32.22
29 32.58

<

Amendment 1 3.7-28
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Table 3.7 3

NATURAL FREQUENCIES OF THE REACTOR HUILDING COMPLEX IN |

Y DIRECTION (90" 270 AXIS)- FIXED HASE CONDITION

Mode No. Frrouency (IIZ)

1 3.81 |

2 4.52

3 7.03
4 7.65

5 7,73

6 8.65

7- 11.57

8- 13.02

9 13.67

10 14.17

11 1532
12 15.91

13 16.68 ,

14 16.82

15 18.00
~

16 19.25

17 19.74

18 2124
19 22.14

20 23.75

21 24.58

22 26.15

23 26.66

24 27.83

25 29.59

26 29.90

27 31.10

28 31.63

29 32.22

I-

_

Amendment 1 3729
p-
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Table 3.7 4

- NATURAL FREQUENCIES OF THE REACTOR BUILDING COMPLEX IN
Z DIRECTION (VERTICAL) . FIXED BASE CONDITION

'

' NA Freauency 01Q

5.07
2 5.176
3- 5.183
4 8.44
5 9.20
6 9.23
7 12.80
8 -1337
9 19.60
10 27.54
11 3136

.

Table 3.7 5

NATURAL FREQUENCIES OF THE CONTROL
BUILDING FIXTD BASE CONDITION

Mode No. Free sency (HZ) Direction

1 5.42 X HORIZ
2 6.72 Y HORIZ
3 1330 Z VERT
4 18.55 X IIORIZ
5 24.81 Y HORIZ '

6 31.59 Y HORIZ
7 3161 XIIORIZ

,

1

l

l

l

Amendment 18 1 7-30
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Table 3.7 6 j

NUMBER OF DYNAMIC RESPONSE CYCLES EXPEND
DURING A SEISMIC EVENT FOR SYSTEMS & COMPONENTS

FREOUENCY B ANDWIDTil (11r)

0 + .10 19-29 301D

Total number of seismic cycles 168 359 M3

No. of seismic cycles (0.5% of

total) between 75'o and 100% of
peak loads . 0.8 1.8 3.2

No. of seismic cycles (4.5% of

total) between 50% and 75% of
pcak loads 7.5 16.2 28.9

.

.

I

Amcodment 1 3731
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Table 3.7 7 ,

DESCRIPTION OF SEISMIC INSTRUMENTATION- '

Setpoint Operating .

Component Location Elevation * (g) }{an.gg

Time history accelerometer Free field,160 M from N/A - 0.01 to 1.0g
; sensor Reactor Building RB

Time history accelerometer Reactor building founda. (-) 13.2 M - 0.01 to 1.0g
sensor tion mat at base an RB

clean zone

Time-history accelerometer At RB clean zone (+) 26.7 M 0.01 to 1.0g-

sensor

. Seismic trigger Free field,160 M from N/A 0.01 0.005 to 0.02g
Reactor Building

-Seismic trigger Free fieId,160 M from N/A 0.01 0.005 to 0.02g
Reactor Bei' ding

Peak recording accelero- ; Reactor Building, RWCU (-) 6.7 M - 1 to 20 Hz
graph regenerative heat

exchanger support

Peak recording accelero. Reactor Building, RHR 1 to 20 Hz- -

graph- line -

Peak recording accelero. Reactor Building, Diesel ( + ) 7.3 M 1 to 20 Hz-

graph generator A support

Seismic switch. . Reactor Building founda- (-) 13.2 M 0.10. 0.1 to 30.0 Hz
tion

. Response spectrum recorder, Reactor Building founda- (-) 13.2 M Table Table 3.7-8
(active) tion mat at the base of an 3.7-8

RB clean zone

Response spectrum recorder, Control Building found- (-) . 3.5 M Table Table 3.7-8
- (active) tion mat 3.7-8

Response spectrum recorder, ' Reactor Building pipe 1.0 to 32 Hz- -

' (passive) .- - tunnel RHR hanger

: Response spectrum recorder, Reactor Building FMCRD (+) 18.7 M 1.0 to 32 Hz-

l' (passive) control panel support

Seismic event - recording Control equipment room - - - -

- alarm, playback panel

* Elevations are with respect to the RPVbottom head.

. Amendme.it t 3.7 32
|
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Tabk 3.7-8

SET POINTS FOR ACTIVE RESPONSE SPECTRUM RECORDERS
.|-

|
|

Setpoint (g) Operating ;,,

Range
Hochontal Vertical Freauen ,jj{rl

0.19 0.13 1.00

0.23 0.16 1.26

0.29 0.20 1.59

035 0.25 2.00
0.48 030 2.52
0.41 037 3.17
0.40 039 4.00

--039 038 5.04
037 037 635
036 036 8.00
032 032 10.01

0.26 0.26- 12.07

0.21 0.21 20.00
0.17 0.17 20:20'
O.13 0.13 24.40 -

0.10 0.10 32.00

1

h

Amendment 1 3.7-33
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TaLh A7 9

SEISMIC MONITORING INSTRUMENTATION SURVEILLANCE REQUIREMENTS

CilANNEL
CilANNEL CilANNEL FUNCTIONAL

- INSTRUMENT CllECKa - fAllBRATIONa TESTA

1. TriaxialTime History Accelerographs M R SA

2. Triaxial Peak Accelerographs NA R NA-

3. TriaxialSeismic Switches M R SA

4. Triaxid Response Spectrum Recorders M R SA

,

aM - - = Monthly
~

R = Refueling
.

SA = One per 18 months
NA = Not Applicable

,

P

-

' Amendmeni1 3.7-M
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Table 3.710

NATURAL FREQUENCIES OF THE RADWASTE
BUILDING - FIXED IlASE CONDITION

Mode No. Frecuency (HZ) Direction

1 4.66 Y HORIZ
2 5.61 X HORIZ
3 11.47 Z VERT
4 11.74 Y HORIZ
5 14.29 X HORIZ
6 18.42 Y HORIZ
7 2239 X HORIZ
8 23.01 Y HORIZ
9 28.13 X HORIZ
10 2&61 Z VERT

.

[

|

I

Amendment 18 3.7-34.1
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Table 3.711

SITE COEFFICIENTS

Type Description S Factor

S A soil profile with either; 1.0
3 (a) A rock like material characterized by

a shear wave velocity greater than 2,500
fps or by other suitable means of classifi-
cation.

or

(b) Stiff or dense soil condi6n where soil
depth is less than 200 f.

S As I nr file with dens - . .wil 1.2
2

conditium . o 4ec the soil depth exceeds
200 feet.

S A so ie ce or m te in epth 13
3

and contain'mg more than 20 feet of soft
~

to medium stiff clay but not more than 40
feet of soft clay,

S A soil profile containing more than 40 feet 2.0
4

of soft clay.

.

.

1

Y

I

.

?

Amendment 20 3.7 M.2
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Table 3.712

STRUCTURAL SYSTEMS

Basic Structural Lateral Load Resisting System Description R,

A Bearing wall 1. Shear walls - concrete 6

2a. Braced frames where bracing carries 6
grasityloads steel

2b. Braced frames where bracing carries 4

gravity loads - concrete

B Building frame 1. Steel ec--ntric braced frame 10

Shear walls - concrete 8

Concentric braced frames - steel 8

Concentric braced frames - concrete 8

s

C Moment resisting Special moment resisting space frames 12 ,

frame
Concrete intermediate moment resisting 7

,

space frames (OMRSF)
Ordinary moment resisting space 6

frames (OMRSF)- steel
Ordinary moment resisting space 5

frames (OMRSF) - concrete

D Dual
1. Shear walls a. Concrete with SMRSF 12

b. Concrete with concrete IMRSF 9

2. Steel EBF with 12

steel SMRSF ,.

3. Concentric a. Steelwith stcelSMREF 10

braced frames b Concrete with concrete SMRSF 9

c. Concrete with concrete IMRSF 6

Amendment 20 3.7-34.3
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Figure 3.7-1 HORIZONTAL SAFE SHUTDOWN EARTHQUAKE DESIGN SPECTRA
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Figure 3.7-2 VERTICAL SAFE SHUTDOWN EARTHQt' 4KE DESIGN SPECTRA

Amendment 1 3.7 36
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3.9 MECHANICALSYSTEMS AND indicate any additional programs used or t .ei

COMPONENTS later version of the described programs, and trie
,

method of their verification. ,

3.9.1 Special Topics for Mechanical
Components 3.9.13 Experimental Stress Analysis

' 3.9.1.1 Design Transients The following subsections list those NSSS
components for which experimental stress

The plant events affecting the mechanical analysis is performed in conjunction with
systems. components and equipment are summarized analytical evaluation. The experin ental stress

operat. analysis methods are used in compliance with thein Table 3.91 in two groups: (1)p a

ing events during which thermal.bydim.ic transi- provisions of Appendix II of the ASME Code,
ents occur,'and (2) dynamic loading events due to Section III.
accidents, earthquakes and curtain operating con-
ditions. The. number of cycles associated with 3.9.1.3.1 Piping Snubbers and Restraints
each event for the design of the reactor pressure
vessel (RPV) as an example are ilsted in Table The following components have been tested to
3.91. The. plant operating conditions are iden- verify their design adequacy:

~ ified as normal, upset, emergency, faulted, ort
testing as defined in Subsection 3.9.3.1.1. Ap- (1) piping seismic snubbers, and

.

. propriate Service Levels (A, B, C, D or testing)
as defined in ASME Code, Section III, are desig. (2) pipe whip restraints.
nated for design Smits. The elesign and analysis
of safety-relateo piping and equipment using spe. Descriptions of the snubber and whip ~
cific applicable thermal. hydraulic transients restraint tests are contained in Subsection
which are derive.1 from the system behavior during 3.9.3.4 and Section 3.6, respectively. '

the events listed in Table 3.91 are documented
.in the design specification and/or stress report 3.9.13.2 Fine Motion Control Rod Drive
of the respective equipment.~ Table 3.9 2 shows (FMCRD)
the loading combinations and the standard
acceptance criteria. Experimental data were used in developing the

h draulic analysis computer called the FMCRD01.3

3.9.1.2 Computer Programs Used in Analyses The output of FMCRD01 is used in the dynamic
analysis of both ASME Code and non-Code parts.

' The computer programs used in the analysis of Pressures used in the analysis of these parts
the a sjor safety related components are described are also determined during actual testing of
in Appendix 3D. prototype control rod drives.

The computer programs used in the analyses of 3.9.1A Considerations for the Evaluation
Seismic Category I components are maintaiced of Faulted Condition
either by General Electric or by outside computer
program developers. -In either case, the quality All Seismic Category I equipment are..

of the programs and the computed results are evaluated for the faulted (Service Level D)
controlled. The programs are verified for their loading conditions identified in Tables 3.91
application by appropriate methods, such as hand and 3.9 2. In all cases, the calculated actual
calculations, or - amparison with results from strasses are within the allowable Service Level
similar prcgrains,' experimental tests, or D limits. The following subsections address the
published literature including analytical results evaluation methods and stress limits used for
or numerical results to the benchmark problems. the equipment and identify the major components

evaluated for faulted cone.uions. Additional
The updates to Appendix 3D will be provided to discussion of faulted analysis can be found in

r Amendment 1 3Al
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Subsections 3.9.2.5,3.93, and 3.9.5. 3.9.1.4.3 Core Support Structures and Other
Safet.s Reactor Internal Components

Deformations under faulted conditions are
evaluated in critical areas and the necessary The core support structures and other safety
design deformation limits, such as clearance class reactor internal components are evaluated
limits, are sati:fied, for faulted conditions. The basis for deter-

mining the faulted loads for seismic events and I
3.9.1.4.1 Control Rod Drise System Components other dynamic events is given in Section 3.7 and i

Subsection 3.9.5, respectively. The allowable
3.9.1.4.1.1 Fine Motion Control Rod Drive Service Leve.1 D limits for evaluation of these

structures are provided in Subsection 3.9.5.
The fine motion control rod drive (FMCRD)

major components that are part of the reactor 3.9.1.4.4 RPV Stabilizer and FMCRD and
coolant pressure boundary are analyzed and in Core flousing Restraints (Supports)
evaluated for the faulted conditions in
accordance with the ASME Code, Section III, The calculated maximum stresses meet the
Appendix F. allowable stress limits stated in Table 3.91 R

and 3.9 2 under faulted conditions for the RPV E
3.9.1.4.1.2 liydraulle Control Unit stabilizer and supports for the fine rnotion

control rod drive housing and in core housing
The hydraulic control unit (HCU) is analyzed for faulted conditions. These supports restrain

and tested for withstanding the faulted condition the components during earthquake, pipe rupture
loads. Dynamic tests establish tbc *g* loads in or other reactor building vibration events.
horizontal and vertical directions as the HCU '

capability for the frequency range that is likely 3.9.LJ,5 Main Sicam Isolation Valve,
to be experienced in the plant. These tests also Safety / Relief Valse and Other ASME Class 1
insure that the scram function of the HCU can be Valses.
perfor ned under these loads. Dynamic analysis of
the HCU with the mounting beams is performed to Elastic analysis methods and standard design
assure that the maximum faulted condition loads rules, as defined in ASME Code Section III, are
remain below the HCU capability. utilized in the aralysis of the pressure boun-

dary, Seismic Category I, ASME Class 1 valses.
3.9.1.4.2 Reactor Pressure Vessel Assembly The Code. allowable stresses are applied to as-

sure integrity under applicable loading condi.
| The reactor pressure vessel assembly tions including faulted condition. Subsection

includes: (1) the reactor pressure vessel 3.9.3.2.4 discusses the operability qualifica-
boundary ut to and including the nozzles and tion of the major active valves including main

| housings nur FMCRD, internal pump and in core steam isolation valve and the main steam
instrumentation; (2) support skirt; and (3) the safety / relief valve for seismic and other
shroud support, including legs, cylinder, and dynamic conditions. The allowable stresses for
plate. The design and analysis of these three various operating conditions, including faulted,
parts comply ,vith subsections NB, NF, and NG, for active ASME Class 1 valves are provided in a

i respectively, of the ASME Code, Section III. For footnote to Table 3.9 2.
|

f aulted conditions, the reactor vessel is
I evaluated using clastic analysis. For the 3.9.1.4.6 ECCS and SLC Pumps, RRS and RilR IIcat
' support skirt and shroud support, an clastic Exchangers RCIC Turbine,and RRS Motor
| analysis is performed, and buckling is evaluated
| for compressive load cases for certain locations The ECCS (RHR, RCIC and HPCF) pumps, SLC

in the assembly, pumps, RHR heat exchangers, and RCIC turbine are
|

!

|
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analyzed for the faulted loading conditions. The 3.9.1.4.10 ASME Class 2 and 3 Pumps
ECCS and SLC pumps are active ASME Class 2 compo-
nents. The allowable stresses for active pumps Elastic analpis methods are used for evaluat-
are provided in a footnote to Table 3.9 2. ing faulted loading conditions for Class 2 and 3

pumps. The equivalent allowable stresses for
The reactor coolant pressure boundary compo- nonactive pumps using classic techniques are ob-

nents of the reactor tecirculation system (RRS) tained from NC/ND-3400 of the ASME Code Section
pump motor assembly, and recirculation motor cool- 111. These allowables are above clastic lim.
ing (RMC) subsystem heat exchanger are ASME Class its. The allowables for active pumps are pco-
1 and Class 3, respectively, and are analyzed for vided in a footnote to Table 3.9 2.
the faulted loading conditions. All equipment l

stresses are within the elastic limits. 3.9.1.4.11 ASME Class 2 and 3 Valves |
1

3.9.1.4.7 Fuel Storage and Refueling Equipment Elastic analysis methods and standard design !
rules are used for evaluating faulted loading |

Storage, refueling, and servicing equipment conditions for Class 2, and 3 valves. The i

which is irnportant to safety is classified as es- equivalent allowable stresses for nonactive
sential components per the requirements of valves using clastic techniques are obtained
100.#R50 Appendix A. This equipment and other from NC/ND 3500 of ASME Code, Section Ill.
equipment which in case of a failure would de- These allowables are above clastic limits. The
grade an essential component is defined in Sec- allowables for active valves are provided in a
tion 9.1 and is classified as Seismic Category footnote to Table 3.9 2.
I. These components are subjected to an clastic
dynamic finite-element analysis to generate lead- 3.9.1.4.12 ASME Class 1,2 and 3 Piping

~

ings. This analysis utilizes appropriate floor
response spectra and combines loads at frequen- Elastic analysis methods are used for evaluat-
cies up to 33 Hz for seismic loads and up to 60 ing faulted loading conditions for Class 1, 2,
Hz for other dynamic loads in three directions. and 3 piping. The equivalent allowable stresses
imposed stresses are generated and combined for using clastic techniques are obtained from Appen-
normal, upset, and faulted conditions. Stresses dix F (for Class 1) and NC/ND-3600 (for Class 2
are compared, depending on the specific safety and 3 piping) of the ASME Code Section III.
class of the equipment, to Industrial Codes, These allowables are above elastic 'imits. The
ASME, ANSI or Industrial Standards, AISC, allowables for functional capability of the es-
allowables. sential piping are provided in a footnote to

Table 3.9-2.
3.9.1.4.8 Fuel Assembly (Including Channel)

3.9.1.5 Inelastic Analysis Methods
GE BWR fuel assembly (including channel) de-

sign bases, and analytical and evaluation methods Inelastic analysis is only applied to ABWR
including : hose applicable to the faulted condi- components to den onstrate the acceptability of
tions are the same as those contained in Refer- three types of postulated events. Each event is
ences 1 and 2. an extermly low-probability occurence and the

equipment affected by these events would not be
3.9.1.4.9 ASME Class 2 and 3 Vessels reused. These three events are:

Elastic analysis methods are used for evaluat. (1) Postulated gross piping failure.
ing faulted Icading conditions for Class 2 and 3
vessels. The equivalent allowable stresses using (2) Postulated blowout of a reactor internal
clastic techniques are obtained from NC/ND 3300 recirculation (RIP) motor casing due to a
and NC-3200 of the ASME Code Section III. These weld failure.
allowables are above elastic limits.

(3) Postulated blowout of a control rod drive
(CRD) bousing due to a wdd failure.

Amendment 11 30-3
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The loading combinations and design criteria 3.9.2.1 Piping Vibration. Thermal Expansion,
fe; pipe whip restraints utilized to mitigate the and Dynamic Effects
effects of postulated piping f ailures are
provided in Subsection 3.6.2.3.3. The overall test program is divided into

two phases; the preoperational test phase and
in the case of the RIP motor casing failure the initial startup test phase. Piping vibra- zevent, there are specific restraints applied to tion, thermal expansion and dynamic effects test- si

mitigate the effects of the failure. The ing will be performed during both of these "

mitigation arrangement consists of lugs on the phases as described in Chapter 14 Subsections
RPV bottom head to which are attached two long 14.2.12.1.51,14.2.12.2.10 and 14.2.12.2.11 re-
rods for each RIP. The lower end of each rod late the specific role of this testing to the ov.
engages two lugs on the RIP motor / cover. The use crall test program. Discussed below are the gen-
of inelastic analysis methods is limited to the eral requirements for this testing. It
middle slender body of the rod itself. The
attachment lugs, bolts and clevises are shown to
be adequate by clastic analysis. The selection
of stainless steel for the rod is based on its
high ductility assumed for energy absorption
during inelastic deformation.

The mitigation for the CRD housing
attachment weld failure is by somewhat different
means than are those of the RIP in that the
components with regular functions also function ~

to mitigate the weld failure effect. The

components are specifically:

(1) Core support plate

(2) Control rod guide tube

(3) Control rod drive housing

(4) Control rod drive outer tube -

(5) Bayonet Gngers

Only the cylindrical bodies of the control
red guide tube, control rod drive housing and
control rod drive outer tube are saalyzed for
energy absorption by inelastic dclormation.

Inelastic analysis for there latter two
events together with the criteria used for
evaluation are consistent with the procedures
described in Subsection 3.6.2.3.5 * r the
different components of a pipe whip restraint.
Figure 3.9 6 shows the stress-strain curve used
for the blowout restraints.

3.9.2 Dynamic Testing and Analysis

Amendment 11 3931
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should be noted that because one goal of the dy- to more rigorous testing and precise instrumenta-
namic effects testing is to verify the adequacy tion requirements and, therefore, will require
of the piping support system, such cc uponents are remote monitoring techniques. Local measurement
addressed in the subsections that follow. How. techniques, such as the use of a hand held

| ever, the more specific requirements for the de- vibrometer, are more appropriate in cases where
I sign and testing of the piping support system are it is expected th t the vibration will be less
! described in Subsection 3.9.3.4.1. complex and of lessor magnitude. Many systems

| that are assestable during the preoperational
3.9.2.1.1 Vibration and Dynamic Effects Testing :est phase and that do not show significant'

intersystem interactions will fall into this cat. _

The purpose of these tests is to confirm enory. Visual observations are utilized where g
that the piping, components, restraints and sup. vibration is expected to be minimal and the need a

pewts of specifbd high- and moderate energy sys- for e time history record of traulent behavior
tems have been designed to withstand the dynam' is not anticipated. However, unexpected visual
effects of steady state flow induced vibration observations or local indications may requ'.re
and anticipated operational transient condi- that a more sophisticated technique be used.
tions. The g-neral requirements for vibration Also, the issue of assessability shouad be con-
and dynamic effects testing of piping systems are sidered. Application of these measurement tech-
specified in Regulatory Guide 1.68, niques is detailed in the appropriate testing
"Preoperational and Initial Startup Test Programs specificatbn consittent with the guidelines con.

.

|

for Water-Cooled Power Reactors *. More specific tained in ANSI /ASME OM3.
vibration testing requirements are defined in 1

ANSI /ASME OM3, * Requirements for Preoperational 3.9.2.1.1.2 Monitoring Requinments i.

and Initial Startup Vibration Testing of Nuclear i

Power Plant Piping Systems'. Preparation of As described in Subsection 14.2.1'.1.51,
detailed test specifications will be in full 14.2.12.2.10 and 14.2.12.2.11 all safety related |

recordance with this standard and will address piping systems will be subjected to steady state f
such issues as prerequisites, test conditions, and transient vibration measurements. The scope

;; precautions, measurement techniques, monitoring of such testing shall include safety related in- q

$ requirements, test hold poirts and acceptance strumentation piping and attached small bore pip- $
criteria. The development and specification of ing (branch piping). Special attention should
the types of measurements required, the systems be given to piping attached to pumps, compres-

|
and locations to be monitored, _the test sors, and other rotating or reciprocating equip-
acceptance criteria, and the corrective actions ment. Monitorieg location selection consider-i

that may be necessary are discussed in more ations should include the proximity of isolation
detail below. valves, pressurr or flow control valves, flow

orifices, distribution headers, pumps and other ;;
3.9.2.1.1.1 Measurement Techniques elements where shock or high turbulence may be $

| of concern Location and orientation of instru-
!- There are essentially three methods avail- mentation and/or measurements will be detailed
i able fcr determining the acceptability of steady in the appropriate test specification.
' state and transient vibration for the affected Monitored data should include actual deflections

systems. These three measurement techniques are and frequencies as well as related syst> m operat-
visual observation, local measurements, or re- ing conditions. Time duration of data recording
motely monitored / recorded measwnents. The tech. should be sufficien' to indicate whether the vi-
nique used in each case will, y nd on such fac- bration is cont 8 dous or transient. Steady
tors as the safety significar ~f the particular. state monitoring should be performed at critical
system, the expected mode ansor magnitude of the conditions such as minincum or maximum flow, or
vibration, the assessability of the system during abnormal combinations or configurations of
designated testing conditions, or the need for a system pumps or valves, Transient monitoring
time history recording of the vibratory behav. should include anticipated system and total
lor. Typically, the systems where vibration has plant operational transients where critical
the greatest safety implication will be subject piping or components are expected to show

Amendment 11 394
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significant response. Steady state conditlons ' During the course of the tests, the remote
and transient events to be monitored will be measurements will be regularly checked to verify

i detailed in the ~ appropriate testing specification; compliance with acceptance criteria. If trends
consistent with OM3 guidelines. - indicate that_ criteria may be violated, the mer;-.

.
. surements 'should be monitored at more frequent ~

3.9 2.1.1.3 Test Evaluation and Acceptance Crite . intervals.. The test will be held or terminated
.

'
.

ria as'soon'as criteria are' violated. - As soon as.

possible after the test hold or termination sp-,

The piping response to test conditioas propriate investigative and corrective actions
,

shall be considered acceptable if the review'of _ will be taken.11f practicable, a walkdown of
the piping and suspension system should be made

'

the test results indicater that the piping re .. in an attempt to identify potential obstructionssponds in a manner consistent with predictions of
the stress report.and/or that piping stresses are or improperly operating suspension components,
within ASME Code Section III (NB 36000) limits. Hangers and snubbers should be positioned such.
Acceptable limits am determined after the comple that they can accommodate the expected deflec-
tion of piping syu ems _ stress analysis and are ' tions without bottoming out or extending fully,

~

provided in the piping test specifications. .All signs of damage to piping supports pr. an-
chors shall be investigated.

To ensure test date integrity and test
_ _

. ,

safety, criteria have been established to fa- . Instrumentation indicating criteria failure t

cilitate assessment of the test while it is inD Eshall be checked for_ proper operation!and
progress. For steady' state and transient vibra- calibration including comparison with other in-
tion the pertinent acceptacce criteria are usus .strumentation located in the proximity of the ex- .

ally expressed in terms of maximum allowable dis- cessive vibration. .The assumptions use~d in the
placement / deflection. Visual observation should calculations that generated the applicable lim. @ ,

only be used to ' confirm the absence of sig i its should be verified against actual conditions M

nificant levels of vibration and not to determine and discrepancies noted should be accounted for
acceptability of any potentially excessive vibra in the' criteria limits. This may require a

- @ tion. Therefore, in some cases other measurement -reanalysis st actual system conditions.
techniques will be required with appropriate quan-

.

- "

titative acceptance criteria.
'

'Should the investigation of instrumentation
_

and calculations fail to reconcile the criteria-"
-

There are typically two levels of acceptance : violations, then physical corrective actions may
criteria for allowable vibration displacci- be' required.t This might include identification
ments/ deflections. Level I criteria' are bounding . Land reduction or elimination of offending forc-
type criteria associated with safety limits whileL ing functions,' detuning of resonant piping spans

~

. Level.2 criteria 'are stricter criteria asscciated! ~ by appropriate modifiutions,' addition of bru
with system or component expectations.' For .ing, or changes in operating procedures to avoiu
-steady state vibration the Level 1 criteria are - troublesome conditions.L Any such modifications
based on the endurance limit (10,000 psi) to as- : will require retest to verify vibrations have
sure no failure from fatigue over the life of the'. -been sufficiently reduced.

_

plant.: The corresponding Leve8 2 criteria are :
based on one half the er. Lance limit-(5,000.13.9.2.1.2 Dernsal Espansion Tesths
psi). For _transientLvibration the Level l eriten

~

ria are based 'on either the ASME III code upseti ~ A thermal expansion } reoperational and startup
primary stress' limit or.the applicable snubber - testing program perfor'ned through the use of vi-
load capacityt : Level 2 criteria are based on a sual observation and_ remote sensors has been
'given tolerance'about the expected deflection. established to verify thit normal unrestrained+

value.
'

thermal movement:occuns in specified safety-
:related high- and moderate energy piping sys-

'3.9.2.1.1.4 Reconcillation and Corrective. Ac- tems.iThe purpose of this program is to ensure
tionsi

~

the following:2 '

L .Anwadment 3 - 3.95
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(1) the piping system durihg system heatup and measurements, using a hand held scale or ruler,
cooldown is free to expand and move without against a fixed reference or by recording the
unplanned obstruction or restraint in the x, position of a snubber or spring can. A more
y, and z directions; precise method would be using permanent or

temporary instrumentation that directly measures
(2) the piping system does shakedown after a few displacement, such as a lanyard potentiometer,

thermal expansion cycles; that can bc nonitored via a remote indicator or
recording device. The technique to be used will

(3) the piping system is working in a manner con- depend on such factors as the amount of movemen'
sisteat with the assumption of ti.e stress predicted and the assessability of the piping.
analysis;

Licasurement of piping temperature is also of
(4) there is adequate agreement between calcu. importance when evaluating thermal expansion.

lated values and measured values of displace- This may be accomplished either indirectly via
ments; and the temperature of the process fluid or by

dir,:ct measurement of the piping wall tem-
(5) there is consistency and repeatability in perature and such measurements may be obtained

thermal displacements during heatup and either locally or remotely. Ti,e choice of tech-
cooldown of the systems. nique used shall depend on such considerations

as the accuracy required and the assessability
The general requirements for thermal expan- of the piping. |

sion testing of piping systems are specified in
Regulatory Guide 1.63, "Preoperational and Ini- 3.9.2.1.2.2. Monitoring Requirements ;;;.

y tial Startup Testing Programs for Water-Cooled $
;; Power Reactors.* More specific requirements are As described in Subsections 14.2.12.1.51

defined in ANSI /ASME OM7 ' Requirements for and 14.2.12.2.10 all sifety-related piping shall
Thermal Expansion Testing of Nuclear Power Plant be included in the thermal expansion testing pro-
Piping Systems." Detailed test specifications gram. Thermal expansion of specified piping sys-
will be prepared in full accordance with this tems shculd S measured at both the cold and hot
standard and will address such issues as extremes of their expected operating condi-
prerequisites, test conditions, precautions, tions. Physical walkdowns and recording of
measuren'ert techniques, monitoring requirements, hanger and snubber positions should also be con-
test hold points and acceptance criteria. The ducted where possible considering assessability
development and specification of the types of and local environmental and radiological condi,
measurements required, the systems and locatior.s tions in the hot end cold states. Displacements
to be monitored, the test acceptance criteria, and appropriate piping / process temperatures
and the corrective actions that may be necessary shall be recorded for those systems and condi-
are discussed in more detail below. tions specified. Sufficient time shall have

passed before taking such measurements to ensure
3.9.2.1.2.1 Measurement Techniques the piping system is at a steady state condi-

tion. In selecting locations for monitoring pip-
Verification of acceptable thermal expan- ing response, consideration shall be given to

sion of.specified piping systems can be accom- the maximum responses predicted by the piping
plished by several methods. One method is to analysis. Specific consideration should also be
physically walkdown the piping system and verify given to the first run of pipe attached to
by visual observation that free thermal movement component nozzles and pipe adjacent to
is unrestrained. This migh* inwde verification structures requiring a controlled gap.
that piping supports such at nubbers and spring
hangers are not fully extended or bottomed out 3 3 2.1.2.3 Test Euluation and Acceptance Crl-,

! nd that the piping (including branch lines and teria1

| utrument |ines) and its insulationis not in
j. hard contact with other piping or support To ensure test data integrity and test
'

structures. Another method would involve local safety, criteria have been established to fa.

Amendment 11 3.9-6

|



ABM 23462004e

Standard Plant REV.B

cilitate assessment of the test while it is in noted should be accounted for in the criteria
progress. Limits of thermal expansion displace. limits iacluding possible reanalysis.
ments are established prior to start of piping
testing to which the actual measured displace- Should the investigation of instrumentation
ments are compared to determine acceptability of and calculations fail to reconclic rhe criteria
the actual motion. If the measured displacement violations or should the visual inspection re-
does not vary from the acceptance limits values veal an unintended restraint, then physical cor-
by more than the specified tolerance, the piping rective actions may be required. This might in-
system is responding in a manner consistent with clude complete or partial removal of an interfer-
the predictions and is therefore acceptable. The ing structure; replacing, readjusting or reposi-
piping response to test conditions shall be con- tioning piping system supports; modifying the
sidered acceptable if the review of the test re- pipe routing; or, modifying system operating pro-

;;; sults indicates that the piping responds in a man- cedures to avoid she temperature conditions that

f ner consistent with the predictions of the stress - resulted in the unacceptable thermal expansion."

report and/or that piping stresses are within
ASME Code Section III (NB-3600) limits. Accept-
able thermal expansion limits are determined
after the completion of piping systems stress
analysis and are provided in the piping test
specifications. Level I criteria are bounding
criteria based on ASME-III Code stress limits.
Level 2 criteria are stricter riteria based the
predicted movements using the calculated deflec-
tions plus a selected tolerance.

~

3.9.2.1.2.4 Reconcillation and Corrective Ac-
tions E

n

During the course of the tests, the remote'

measurements will be regularly checked to verify
compliance with acceptance criteria. If trends
indicate that criteria may be violated, the mea-
surements should be monitored at more frequent in-
tervals. The test will be held or terminated as
soon as criteria are violated. As soon as pos-
sible after the test hold or termination appropri-
ate investigative and corrective actions will be
takea. If practicable, a walkdown of the af-

;:; fected piping and suspension system should be
$ made in an attempt to identify potential obstruc-

tion to free piping movement. Hangers and snub-
bers should be positioned within their expected

| cold and hot settings. All signs of damage to
j piping or supports shall be investigated.

, Instrumentation indicating criteria failure
j shall be checked for proper operstion and calibra-
j tion including comparison with other instrumenta-
| tion located in the proximity of the

out-of-bounds movement. Assumptions, such as pip-
ing temperature, used in the calculations that
generated the applicable limits should be com-
pared with actual test conditions. Discrepancies

1
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3.9.2.2 Seismic Qualification of
Safety Related Mechanical Equipment
(Including Other RBV Induced Loads)

This subsection describes th; criteria for

dynamic qualification of safety-related
mechanical equipment and associated supports,
and also describes the qualification testing
and/or analysis applicable to the major
components on a component by component basis.
Seismic and other events that may induce
reactor building vibration (RBV)-(see Appendix
3B) are considered. In some cases, a module
or assembly consisting of m.,chanical and

._

electrical equipment is qualified as a unit
(e.g., ECCS pumps). These modules are
generally discussed in this subsection and
Subsection 3.9.3.2 rather than providing
discussion of the separate electrical parts in
Section 3.10. Electrical supporting equipment
such as control consoles, cabinets, and panels

@ are discussed in Section 3.10.
~

~

3.9.2.2.1 Tests and An"" sis Criteria and
Methods

The ability of equipment to perform its
safety function during and after the
application of a dynamic load is demonstrated
by tests and/o. analysis. The analysis is
performed in accordance with Section 3.7.
Selection of Testing, analysis or a
combination of the two is determined by the
type, size, shape, and complexity of the
equipment being considered. When practical,
the equipment operability is demonstrated by
testing. Otherwise, operability is
demonstrated by mathematical analysis.

Equipment which is large, simple, and/or
consumes large amounts of power is .usually
qualified by analysis or static bend test to
show that the loads, stresses and deflections
are less than the allowable maximum. Analysis
and/or static bend testing is also used to
show there are no natural ne:;uencies below 33
Hz for seismic loads and 60 Hz for other RBV

* The 60 H frequency cutoff for dynamic loads'. If a natural frequency lower than 33
analysL: of suppression pool dynamic loads is the Hz in the case of seismic loads and 60 Hz in
minimum requirsment based on a generic Reference
8, using the missing strain energy method,

| performed for representative BWR equipment under
high-frequency input loadings.
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the case of other RBV induced loads is (3) the input has sufficient intensity and
discovered, dynamic tasts and/or mathematical duration to excite all modes to the
analyses may be und to verify operability and required magnitude so that the testing
structural integrity at the required dynamic response spectra will envelop the
input conditions, corresponding response spectra of the

individual modes.
When the equipment is qualified by dynamic

test, the response spectrum or time history of 3.9.2.2.1.2 Application of input Modes
the attachment point is used in determining input
motion. When dynamic tests are performed, the

input motion is applied to one vertical and
Natural frequency may be determined by running one horizontal axis simultaneously. However,

a continuous sweep frequency search using a. if the equipment response along the vertical
sinusoidal steady state input of low magnitude, direction is not sensitive to the vibratory
Dynamic load conditions are simulated by testing motion along the horizontal direction and vice
using random vibration input or single frequency versa, then the input motion is applied to one
input (within equipment capability) over the direction at a time. In the crse of single
frequency range of interest. Whichver method is frequency input, the time t.sasing of the

.

used, the input amplitude during testing inputs in the vertical and horizontal |

covelopes the actual input amplitude expected directions are such that a purely rectilinear i
during the dynamic loading condition. resultant input is avoided. |

|

The equipment being dynamically tested is 3.9.2.2.1.3 Fixture Design
,

mounted on a fixture which simulates the intended
service mounting and causes to dynamic coupling The fixture design simulates the actual
to the equipment. . service, mounting and causes no dynamic

coupling to the equipment.
Equipment having an extended structure, such

as a valve operator, is analyzed by applying 3.9.2.2.1A Prototype Testing
static equivalent dynamic loads at the center of
gravity of the extended structure. In cases Equipment testing is conducted on
where the equipment structural complexity makes. prototypes of the equipment to be installed in
mathematical analysis itnpractical, a static bend the plant.
test is used to determine spring constant and
operational capability at maximum equivalent 3.9.2.2.2 Qualification of Safety-Related
dynamic load conditions. Mechanical Equipment

3.9.2.2.1.1 Random Vibration input The following subsections discuss the
testing or analytical qualification of the

When random vibration input is used, the safety related major mechanical equipment, and
actual input motion envelopes the appropriate other ASME III equipment, including equipment
floor input motion at the individual modes. supports.
However, single frequency input such as sine
beats can be use providt;d one of the following 3.9.2.2.2.1 CRD and CRD Housing
conditions are met:

The qualification of the CRD housing (with
(1) the characteristics )f the required input enclosed CRD) is done analytically, and the

motion is dominated by one frequency; stress results of their analysis establish the
structural integrity of these components.

(2) the anticipated response of the equipment is Preliminary dynamic tests are conducted to
adequately represented by one mode; or verify the-operability of the control rod
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drive during a dynamic event. A simulated test, 3.9.2.2.2.4 Fuel Assembly (Including
imposing dynamic deflection in the fuel channels Channel)
up to values greater than the expected seismic
response, is performed with the CRD demonstrated GE BWR fuel channel design bases, analyti-
functioning satisfactorily. cal methods, and seismic considerations are

similar to those contained in aeferences 1 and
The test was conducted in two phases due to 2. The resulting combined acceleration pro-

facility limitations. The seismic test facility files, including fuel lift for all normal / i

cannot be pressurized while shaking therefore the upset and faulted events are to be shown less
charging pressure of the hydraulic control unit than the respective design basis acceleration
is reduced to simulate the back pressure that is profiles.
applied in the reactor. The appropriate
adjustment was determined by first running scram 3.9.2.2.2.5 Reactor Internal Pump and Motor
tests with the full reactor pressure and with Assembly
peak transient pressure. Then with the test
vessel at atmospheric pressure, the scram tests The reactor internal pump (RIP) and motor

g were repeated with reduced charging pressures assembly, including its appurtenances and '

si until the scram perforn ance matched that of the support, is classified as Seismic Category 1,"
pressurized tests. This was repeated for the but not active, and is designed to withstand
peak pressure also. The seismic tests were then the seismic forces, including o aer RBV
performed with the appropriate pressure loads. The qualification of the assembly is
adjustments for the conditions being tested. The done analytically, and with a dynamic tret.
tests were run for various vibration levels with -

fuel channel deflections being the independent 3.9.2.2.2.6 ECCS Pump and Motor Assembly
variable. The test facility was driven to
vibration levels that produced various channel A prototype ECCS (RHR and HPCF) pump motor
deflections up to 1.6 inches and the scram curves assembly is qualified for seismic and other
recorded. The 1.6 inch channel deflection is RBV loads via a combination of dynami: .
several times the channel deflection calculated analysis and dynamic testing. The complete
for the actual seismic condition. The ' motor assembly is qualified via dynamic
correlation of the test with analysis is via the testing in accord ance with IEEE 344. The
channel deflection not the housing structural qualification test program includes
analysis since scramability is controlled by demonstration of startup capability as well as
channel deflection not housing deflection. operability during dynamic loading

conditions. This is discussed in more detail
3.9.2.2.2.2 Core Support (Fuel Support and in Subsection 3.9.3.2.1.4.

)
CR Guide Tube)

The pum.p and motor assemblies, as units
A detailed analysis imposing dynamic effects operating under seismic and other RBV load

due to seismic and other RBV events is performed conditions, are qualified by dynamic analy-
to show that the maximum stresses developed sis and results of the analysis indicate that
during these events are much lower than the the pump and motor are capable of sustaining
maximum allowed for the component material. the above loadings without exceeding the

allowable stresses. This is discussed in more
3.9.2.2.2.3 Hydraulic Control Uelt (11CU) detail in Subsectioas 3.9.3.2.1.1 a n d

3.9.3.2.1.2.
The HCU is analyzed for the seismic and other

RBV loads faulted condition and the maximum 3.9.2.2.2.7 RCIC Pump and Turbine Assembl:
stress on the HCU frame is calculated to be below
the maximum allowable for the faulted condition. The RCIC pump construction is a horizontal,
As discussed in Subsection 3.9.1.4.1.2, t h e multistage type and is supported on a
faulted condition loads are calculated to be pedestal. The RCIC pump assembly is qualified
below the HCU maximum capability.
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analytically by static analysis for seismic and
other RBV loadings as well as the design
operating loads of pressure, temperature, and
external piping loads. The results of this
analysis confirm that the stresses are less than
t he allowable. Thi is also discussed in
S ubse ct ion 3.9.3.2.2.

The RCIC turbine is qualified for scismic and |
other RBV loads via a combination of static j
analytis and dynamic testing. This is also j
discussed in Subsection 3.9.3.2.1.5. The turbine I

assembly consists of rigid masses (wherein static
analysis is utilized) interconnected with control
levers and elec- tronic control systems, necessi- |
tating final qualification via dynamic testing. j
Static loading analyses are employed to verify j
the structural integrity of the turbine assembly
and the adequacy of bolting under operating,
seismic, and other RBV loading conditions. The
complete turbine assembly is qualified via dy-
namic testing in accordance with IEEE 344. The
qualification test program includes demonstration
of startup capability as well as operability -

during dynamic loading conditions. Operability
under normal load conditions is assured by com- -

parison to the operability of similar turbines in
operating plants.

|
|
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3.9.2.2.2.8 Standby Lquid Control Pump and The results of this analysis confirm'that
Motor Assembly the. calculated stresses at all investigated

locations are less than their corresponding
The SLC positive displacement pump and motor - allowable values.

assembly which is mounted on a common base plate
. _

is qualified analytically by static analysis _ of 3.9.2.2.2.11 Main Steam isolation Valves
seismic and other RBV loadings as well as the
design operating loads of pressure, temperature,_ The main' steam isolation valves'(MSIV) are

[ and external piping loads. ' The results of this qualified for seismic and other RBV-loads.
I analysis confirm that the stresses are less than The fundamental requirement of the MSIV

.

the allowables. This is also discussed in following an SSE or other faulted RBV loadings
Subsection 3.9.3.2.2. is to close and remain' closed after the

event. This capability is demonstrated by the
3.9.2.2.2.9 RMC and RIIR lleat Exchangers test and analysis as outlined in Subsection

3.9.3.2.4.1.
A three dimensional finite element model is

developed for each of the recirculation motor 3.9.2.2.2.12 Standby Liquid Control Valve
cooling (RMC) and residual heat removal (RHR)_ (Injection Valve)
system heat exchangers and supports. The model

.

is used to dynamically analyze the heat exchanger The motor operated standby liquid control '

and its supports using the response spectrum: valve is qualified by type test to IEEE 34_4
_

analysis method, and to verify that the heat 4 for seismic and other RBV loads. The
exchanger and supports can withstand seismic and qualificaison test as discussed in Subsection
other RBV-loads. The same model is used to 3.9.3.2.4.3 demonstrates the ability to remain ;

'

statically analyze and evaluate the nozzles due - operable after the application;of horizontal I

to the effect of the externa: pipi_ag loads and and vertical dynamic loading in excess'of the
dead weight in order to ensure that nozzle load required response spectra. . The valve and- l

criteria and limits are met. Critical location motor assemblies are qualified by dynamic
stresses are evaluated and compared with the, analysis and-the resulta of the analysis
allowable stress criteria. The results of the -- ludicate the valve is capable of sustaining.
analysis demonstrate that the stresses at all the dynamic lcads without overstressing the
investigated-locations are less than their ! pressure retaining components.
corresponding allowable values.

3.9.2.2.2.13 Main Steam Safety / Relief Valves
3.9.2.2.2.10 Standby Liquid ControlTank

Due to the complexity of the structure and
The standby liquid control storage tank is a the performance requirements of the valve, the

cylindrical tank, with apprnximate dimensions of total assembly of the(SRV (including
ten feet diameter and sixteen feet height, bolted electrical and pressure devices ) is' tested at
to the concrete floor. The standby liquid dynamic accelerations equal to or greater than,

control ta.ak is qualified for seismic and other the combined SSE and other RBV_ loadings
RBV loads by a.talysis for: - determined for the plant. Tests and analysis ;

as discussed in > Subsection 3.9.3.2.4.2 |

(1) stresses in the tank bearing tank plate; demonstrate the satisfactory operation of the
valves during and after the test.

(2) bolt stresses;

i 3.9.2.2.2.14 Fuel Pool Cooling and Cleanup
(3) sloshing loads imposed at the sloshing _ System Pamp and Motor Assembly .

natural frequency;
A static analysis is performed on the pump

(4) minimum wall thickness;and and motor assembly of the fuel pool _ cooling
and cleanup system. This-analysis shows that

(5) buckling. the pump and metor will continue to operate'if
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subjected to a combination of SSE, other RBV, and damping value. A static analyah is then
normal operating loads. Analysis also ensures performed using this acceleration vann. In
that pump running clearances, which include lieu of calculating the natural frequency, the
deflection of the pump shaft and pump pedestal, peak acceleration from the spectrum curve is
are met during seismic and other RBV loadings. used. The critical damping values for welded

steel structures from Table 3.7-1 are
3.9.2.2.2.t5 Other ASME Ill Equipment employed.

Other equipment including associated supports la case the equipment cannot be considered
is qualified for seismic and other RBV loads to as a' rigid body, it can be modeled as a
ensure its functional integrity during and after multi-degree-of-fre: dom system. It is divided
the dynamic event. The equipment is tested, if into a sufficient number of mass points to
necessary, to ensure its ability to perform its ensure adequ.te representation. The
specified function before, during, and following mathematical model can be analyzed using modal
a test. analysis technique or direct integration of

the equations of motion. _ Specified structural
Dynamic load qualification is done by a damping is used in the analysis unless

combination of test and/or analysis as described justification for other values can be
in Subsection 3.9.2.2.1. Natural frequency when provided. A stress analysis is performed
determined by an exploratory test is in the form using the appropriate inertial forces or
of a single axis continuous sweep frequency equivalent static loads obtained from the
search using a sinusoidal steady-state input at dynamic analysis of each mode.
the lowest possible amplitude which is capable of
determining resonance. The search is conducted For a multiple degree of freedom modal '

on each principal axis with a minimum of two analysis, the modal response accelerations can
continuous sweeps over the frequency range of be taken directly from the applicable floor
interest at e rate no greater than one octave per response spectrum. The maximum spectral
minute. If ne resonances are located, then the valties within f10% band of the calculated
equipment is considered as rigid and single frequencies of the equipment are used for
frequency tests at every 1/3 octave frequency computation of modal dynamic response inertial
interval are acceptable. Also, if all natural loading. The total dynamic strer.s is obtained
frequencies of the equipment are greater than 33 by combining the modal stresses. The dynamic
Hz for seismic loads and 60 Hz for other RBV stresses are added to the operating stresses
loads, the equipment may be considered rigid and using the loading combinations stipulated in
analyzed statically as such, in this static the specific equipment specification and then
analysis, the dynamic forces on each component compared with the allowable stress levels.
are obtained by concentrating the mass at the
center of gravity and multiplying the mass by the If the equipment being analyzed has no
appropriate floor acceleration. The dynamic definite orientation, the worst possible
stresses are then added to the operating stresses orientrtion is considered. Furthermore,
and a determination made of the adequacy of the equipment is considered to be in its
strength of the equipment. The search for the operational configuration (i.e., filled with
natural frequency is done analytically if the the appropriate fluid and/or solid). The
equipment shape can be defioed mathematically investigation ensures that the point of
and/or by prototype testing. maximum strest is considered. Lastly a check

is made to ensure that partially filled or
If the equipment is a rigid body while its empty equipment do not result in higher

support is flexible, the overall system can be response than the operating condition. The
modeled as a single degree-of freedom system analysis includes evaluation of the effects of
consisting of a mass and a spring. The natural the calculated stresses on mechanical
frequency of the system is computed; then the strength, alignment, electrical performance
acceleration is determined from the floor (microphonics, contact bounce, etc.) and
response spectrum curve using the appropriate noninterruption of function. Maximum
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displacements are computed and interference pressure boundary integrity is demonstrated.
effects determined and justified. With a few exceptions, simplified analytical

techniques are adequate.
Indi,idual devices are tested separately, when

necessary, in their operating condition. Then Historically, it has been shown that the
the component to which the device is assembled is main cause for equipment damage during a
tested with a similar but inoperative device dynamic excitation has been the failure of its
installed upon it. anchorage. Stationary equipment is designed

with anchor bolts or other suitable fastening
The equipment, component, or device to be strong enough to prevent overturning or

tested is mounted on the vibration generator in a sliding. The effects of friction on the
manner that simulates the final service ability to resist sliding is neglected. The
mounting. If the equipment is too large, other effect of upward dynamic loads on overturning
means of simulating the service mounting are forces and moments is considered. Unless
used. Support structures such as air specifically specified otherwise, anchorage
conditioning units, consoles, racks, etc., could devices are designed in accordance with the
be vibration tested without the equipment and/or requirements of ASME Code Section III,
devices being in operation provided they are Division 1, Subsection NF, or the AISC Manual
performance tested after the vibration test. of Steel Construction and ACl 318.
However, the components are in their operational
configuration during the vibration test. The Dynamic des,gn data are provided in the
goal is to determine that, at the specified form of acceleration response spectra for each
vibratory accelerations, the support structure floor area of the equipment. Dynamic data for
does not amplify the forces beyond that level to the ground or building floor to which the -

which the devices have been qualified. equipment is attached is used. For the case
of equipment ha.ing supports with different

Equipment could alternatively be qualified by dynamic motions, the most severe floor
presenting historical parformance data which response spectrum is applied to all of the
demonstrates that the equipment satisfactorily supports,
sustains dynamic loads which are equal to greater
than those specified for the equipment and that Refer to Subsections 3.9.3.2.3.1.4 a n d
the equipment performs a function equal to or 3.9.3.2.5.1.2 for additional information on
better than that specified for it, the dynamic qualification of active pumps and

valves, respectively.
Equipment for which continued function is not

required after a seismic and other RBV loads 3.9.2.2.2.16 Supports
event, but its postulated failure could produce
an unacceptable influence on the performance of Subsections 3.9.3.4 and 3.9.3.5 address
systems having a primary safety function, are analyses or tests that are performed for
evaluated. Such equipment is qualified to the component supports to assure their structural
extent required to ensure that an SSE including capability to withstand the seismic and other
other RBV loads, in combination with normal dynamic excitations.
operating conditions, would not cause
unacceptable failure. Qualification requirements 3.9.2.3 Dynamic Response of Reactor
are satisfied by ensuring that the equipment in Internals Under Operational Flow Transients
its functional configuration, complete with and Steady. State Conditions

i attached appurtenances, remains structurally
intact and affixed to the interface. The The t .sjor reactor internal components
structural integrity of internal components is within the vessel are subjected to extensive
not required; however, the enclosure of such testing coupled with dynamic system analys0s
components is required to be adequate to ensure to properly evaluate the resulting
their confinement. Where applicable, fluid or flow. induced vibration phenomena during normal
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reactor operation and from anticipated (5) Predicted vibration amplitudes for
operational transients. components of the prototype plant are

obtained from these correlation functions
In general, the vibration forcing functions based on applicable values of the

for operational flow transients a id ''eady state parameters for the prototype plant. The
conditions are not predetermit. * i y detailed predicted amplitude for each dominant
analysis. Special analysis of tim response response mode is stated in terrns of a
signals measured for reactor internals of many range taking into account the degree of
similar designs are performed to obtain the statistical variability in each of the
parameters which determine the amplitude and _ correlations. The predicted mode and
model contributions in the vibration responses, frequency are obtained from the dynamic

! These studies provide useful predictive analyses of item (1).

| information for extrapolating the results from
| tests of components with similar designs to The dynamic modal analysis forms the basis

components of different designs. This vibration for interpretation of the preoperational and
prediction method is appropriate where standa:d initial startup test results (Subsection
hydrodynamic theory cannot be applied due to 3.9.2.4). Modal stresses are calculated and
complexity of the structure and flow conditions. relationships are obtained between sensor
Elements of the vibration prediction rnethod are response amplitudes and peak component
outlined as follows: stresses for each if the lower normal modes.

The allowable ai lude in each mode is that
(1) Dynamic analysis of major components and which produces a peak stress amplitude of i

subassemblics is performed to identify 10,000 psi.
,

vibration modes and frequencies. The
analysis models used for Seismic Category I Vibratory loads are continuously applied

,

: structures are similar to those outlined in during normal operation and the stresses are
! Subsection 3.7.2. limited to .t.10,000 psi io prevent fatigue
I failure. Prediction of vibration amplitudes,

(2) Data from previous plant vibration mode shapes, and frequencies of normal reactor
measurements are assembled and examined to operations are based on statistical
identify predominant vibration response extrapolation.of actual measured results on
modes of major components. In general, the same or similar components in reactors now

,

| response modes are similar but response in operation
'

amplitudes vary among BWRs of differing size
and design. The dynamic loads due to flow-induced

vibration from the feedwr.ter jet impingement
(3) Parameters are identified which are expected have no significant effect on the steam

to influence vibration response amplitudes separator assembly. Analysis is performed to
among the several reference. plants. These show that the impingement feedwater jet
include hydraulic parameters such as velocity is_ below the critical velocity.
velocity and steam flow rates and structural Also, it can be shown that the excitation
parameters such as natural frequency and frequency of the steam separator skirt is very -
significant dimensions. - different from the natural frequency of the

skirt.
(4) Correlation functions of the variable

parameters are developed which, multiplied The calculated stresses due to hydrodynamic
by response amplitudes, tend to minimize the forces during core flooding operation are |
statistical variability between plants. A small and considered negligible when compared -|

correlation function is obtained for each to the design allowable stresses. Locations
major component and response mode. .for which calculations were made include the

weld joints, cibows, and rings.
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3.9.2A Preoperational Flow Induced have shown that the effect of the two phase
Vibratiou Testing of Reactor internals flow is to broaden tbe frequency response

spectrum and diminish the maximum response
Reactor int:rnals vibration measurement and amplitude of the shroud and core support

inspection programs is conducted during structures,
preoperational and initial startup testing in
accordance with guidelines of Regulatory Guide Vibration sensor types may include strain
1.20 for prototype reactor internals. These gages, displacement sensors (linear variable
programs are conducted in the three phases transformers), and accelerometers.
described as follows:

Accelerometers are provided with double
(1) Preonerational tests orior to fuel loadinc. integration signal conditioning to give a

Steady-state test conditions include displacement output. Sensor locations include
balanced recirculation system operation and the following:
unbalanced operation over the full range of
flow rates up to rated flow. Transient flow (1) top of shroud head, lateral acceleration
conditions include single- and multiple pu p (displacement);
trips from rated flow. This subjects major
components to a minimum of 106 cycles of (2) top of shroud, lateral displacement; i

vibration at the anticipated dominant
response frequency and at the maximum (3) control rod drive housings, bending
response amplitudes. Vibration measurements strain;
are obtained during this test and a close

. ,

visual inspection of internals is conducted (4) incore housings. bending strain; and
before and after the test.

(5) core flooder internal piping, bending
(2) Precritical testine with fuel. This strain,

vibration measurement series is conducted
with the reactor assembly complete but prior in addition to these components, vibration
to reactor criticality. Flow conditions of the core spray sparger is measured during
include balanced, unbalanced, and transient preoperational testing of that system at the
conditions as for the first test series, designated prototype.
Tbc purpose of this series is to verify the
anticipated effects of the fuel on the In all prototype plant vibration
vibration response of internals. Previous measurements, only the dynamic component of
vibration measurements in BWRs (Reference 3) strain or displacement is recorded. Data are
have shown that the fuel adds damping and recorded on magnetic tape and provision is
reduces vibrations amplitudes of major made for selective online analysis to verify
internal structures; thus, the first test the overall quality and level of the data,
serie* (without fuel) is a conservative laterpretation of the data requires
evaluation of the vibration levels of these identification of the dominant vibration modes
structures of each component by the test engineer using

frequency, phase, and amplitude information
(3) Initial Startun testine. Vibretion for the component dynamic analyses.

measurements are made during reactor stetup Comparison of rneasured vibration amplitudes to
at conditions up to 100% rated flow and predicted and allowable amplitudes is then to
power. Balance, unbalanced, and transient be made on the basis of the analytically
conditions of recirculation system operation obtained normal mode which best approximates
will be evaluated. The primary purpose of the observed mode.
this test series is to verify the
anticipated effect of two-phase flow en the The visual inspections conducted prior to
vibration response of internals. Previous and following preoperational testing are for
Mbration measurernents in BWRs (Reference 3) vibration, wear, or loose parts. At the com-

2
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pletion of preoperational testing, the reactor 3.9.2.5 Dynamic System Analysis of Reactor
vessel head and the shroud head are removed, the Internals Under Faulted Conditions
vessel is drained, and major components are
inspected on a selected basis. The inspections The faultes events that are evaluated are
cover the shroud, shroud head, core support defined in Subsection 3.9.5.2.1. The loads
structures, recirculation internal pumps, the that occur as a result of these events and the
peripheral control rad drive, and incore guide analysis performed to determine the response of
tubes. Access is provided to the reactor lower the reactor internals are as follows:
plenum for these inspections.

(1) Reactor Internal Pressures The reactor
The analysis, design end/or equipment that are internal pressure differentials (Figure -

to be utilized in a facility will comply with 3.9 la) due to assurned break of main steam
Regulatory Guide 1.20 as explained below, or feedwater line are determined by

analysis as described in Subsection
Regulatory Guide 1.20 d e scribe s a 3.9.5.2.2. In order to assure that no

comprehensive vibration essessment program for significant dynamic amplification of load
reactor internals during preoperational and occurs as a result of the oscillatory
initial startup testing. Tr.e vibration nature of the blowdown forces during an
assessment program meets the requirements of accident, a comparison is made of the
Criterion 1, Quality Standards and Record, periods of the applied forces and the
Appendix A to 10CFR50 and Section 50.34, Contents natural periods of the core support
of Applications; Technical Information, of structures being acted upon by the applied
10CFR50. This Regulatory Guide is applicable to forces. These periods are determined
the core support structures and o.her reactor from a comprehensive vertical dynamic
internals. model of the RPV and internals with 12

degrees of freedom. Besides the real ;;;
Vibration testing of reactor internals is masses of the RPV and core support $performed on all GE-BWR plants. At the time of structures, account is made for the water

original issue of Regulatory Guide 1.20, test inside the RPV.
programs for compliance were instituted for the
then designed reactors. The first ABWR plant is (2) External Pressure and Forces on the
considered a prototype and is instrumented and Reactor Vessel Au .nssumed break of the
subjected to preoperation and startup flow main steam line, the feedwater line or the
testing to demonstrate that flow induced RHR line at the reactor vessel nozzle
vibrations similar to those expected during results in jet reaction and impingement
operation will not cause damage. Subsequent forces on the vessel and asymmetrical
plants which have internals similar to those of pressurization of the annulus between the
the prototypes are also tered in compliance with reactor vessel and the shield wall,
the requirements of Regulatory Guide 1.20. GE is These time-varying pressures are applied
committed to confirm satisfactory vibration to the dynamic model of the reactor vessel
performance of internals in these plants through system. Except for the nature and
preoperational flow testing followed by locations of the forcing functions, the
inspection for evidence of excessive vibration. dynamic model and the dynamic analysis
Extensive vibration measurements in prototype method are identical to those for seismic
plants together with satisfactory operating analysis as described below. The
experience in all BWR plants have established the resulting loads on the reactor internals,
adequacy of reactor internal designs. GE defined as LOCA loads, are considered as
continues these test programs for the generic shown in Table 3.9.2.
plants to verify structural integrity and to
establish the margin of safety. (3) Safety / Relief Valve Loads (SRV Loads)-The

discharge of the SRVs reruit in reactor
See Subsection 3.9.7.1 for COL license building vibration (RBV) due to

information pertaining to the reactor internals suppression pool dynamics as described ina

vibration testing program. Appendix 3B. The response of f e reactor

Arnendrnent 3.9 17

- _ - - _ - _ _ - - - _ - - _ _ - _ - __



. _ _ _ _ _ _ _ _ _ _ _ _ _ _

,

i ABV
Standaid Plant 23^eioorn

REV H

internals to the RBV is also determined with the reactor and internals are performed. The
dynamic model and dynamic analysis method results of these analyses are used to generate
descrr>ed below for seismic analysis. the allowable vibration levels during the

vibration test. The vibration data obtained
(4) LOCA leads-Thc Assumed LOCA also results in during the test will be analyzed in detail.

RBV due to suppression pool dynamics as
described in Appendix 3B and the response of
the reactor internals are again determined
with the dynamic model and dynamic analysis
method used for seismic analysis. Various
types of LOCA loads are identified on Table
3.9-2.

(5) Seismie Loads The theory, methods, and
computer codes used for dynamic analysis of
the reactor vessel, internals, attached
piping and adjoining structures are
described in Section 3.7 and Subsection
3.9.1.2. Dynamic analysis is performed by
coupling the lumped n sss model of the
reactor vessel and internals with the
building model to determine the system
natural frequencies and mode shapes. Them

2 relative displacement, acceleration, and .

; load response is then determined by either
the time history method or the
resonse spectrum method. The load on the
reactor internals due to faulted event SSE
are obtained from this analysis.

The above loads are considered in combination
as defined in Table 3.9 2. The SRV. LOCA (SBI,
IBL or LBL) and SSE loads as defined in Table
3.9-2 are all assumed to eet in the same
direction. The peak colinear responses of the
reactor internals to each of these loads are
added by the square root of the sum of the
squares (SRSS) method. The resultant stresses
in the reactor internal structures are directly
added with stress resulting from the static and
steady state loads in the faulted load
combination, including the stress due to peak
reactor internal pressure differential during the
LOCA. The reactor internals satisfy the stress
deformation and fatigue limits as defined in
Subsection 3.9.5.3.

3.9.2 6 Correlations of Reactor laternals
Vibration Tests With the Analyticallesults

Prior to initiation of tbc instrumented
vibration measurement program for the
prototype plant, extensive dynarrt anrlyses of
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The results of the data analyses, vibration 3.9 2 and are contained in the design
amplitudes, natural frequencies, and mode shapes specifications and/or design reports of the
are then compared to those obtained from the respective equipment. (See Subsection 3.9.7.4
tbcoretical analysis, for COL license information)

Such comparisons provide the analysts with Tabic 3.9-2 also presents the evaluation
added insight into the dynamic behavior of the models and criteria. The predicted loads or
reactor internals. The additional knowledge stresses and the design or allowable values for
gained from previous vibration tests has been the most critical arcas of each component are
utilized in the generation of the dynamic models compared in accordance with the applicable code
for seismic and loss of coolant accident (LOCA) criteria or other limiting criteria. The
analyses for this plant. The models used for calculated results meet the limits.this plant are similar to those used for the
vibration analysis of earlier prototype BWR The design life for the ABWR Standard Plant
plants, is 60 years. A 60 year design life is a

requ;rement for all major plant components with
3.9.3 ASME Code Class 1,2, and 3 reasonable expection of meeting this design
Components, Component Supports, and life. However, all plant operational components
Core Support Structures and equipment except the reactor vessel are

designed to be replaceable, design life not ,

3.93.1 Loading Combinations, Design withstanding. The design life requirement
Trandents, and Stress Limits allows for refurbishment and repair, as

appropriate, to assure the design life of the
This section delineates the criteria for overall plant is achieved. In effect,

selection and definition of design limits and essentially all piping systems, components and
loading combination associated with normal equ@ ment are designed for a 60 year design
operation, postulated accidents, and specified life. Many of these components are classified
seismic and other reactor building vibration as ASME Class 2 or 3 or Quality Group D.
(RBV) events for the design of safety-related Applicants referencing the ABWR design will
ASME Code components (except containment identify these' ASME Class 2,3 amd Quality Group
components which are discussed in Section 3.8). D components and provide the analyses required

by the ASME Code, Subsection NB. These analysis
This section discusses the ASME Class 1,2, will include the appropriate operating vibration

and 3 equipment and associated pressure retaining loads and for the effects of mixing hot and cold
parts and identifies the applicable loadings, fluids,
calculation methods, calculated stresses, and
allowable stresses. A discussion of major 3.93.1.1 Plant Comittions
equipment is included on a component-by-component
basis to previde examples. Design transients and All events that the plant will or might
dynamic loading for ASME Class 1,2, and 3 credibly experience during a reactor year are
equipment are covered in Subsection 3.9.1.1. evaluated to establish design basis for plant
Seismic-related loads and dynan:ic analyses are equipment. These events are divided into four
discussed in Section 3.7. The suppression plant conditions. The plant conditions
pool related RBV loads are described in Appendix described in the following paragraphs are based
3B. Table 3.9 2 presents the cambinations of on event probability (i.e., frequency of
dynamic events to be considereu for the design occurrence as discus, sed in Subsection
and analysis of all ABWR ASME Code Class 1,2, 3,9.3.1.1.5) and correlated to service levels
and 3 components, component supports, core for design limits defined in the ASME Boiler ard
support structures and equipment. Specific Pressure Vessel Code Section III as shown in
loading combinations considered for evaluation of Tables 3.9-1 and 3.9-2.
each specific equipment are derived from Table
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3.93.1.1.1 Normal Condition

Normal conditions are any conditions in the
course of system startup, operation in the design
power range, normal hot standby (with condenser
available), and system shutdown other than upset,
emergency, faulted, or testing.

3.93.1.1.2 Upset Condition

An upset condition is any deviation from
'

normal conditions anticipated to occur often
enough that design should include a capability to *

withstand the conditions without operational
impairment. The upset conditions include system

ioperational transients (SOT) which result from
any single operator error or control malfunction,
from a fault in a system component requiring its
isolation from the system, from a loss of load or
power, or from an operating basis earthquake.
Hot standby with the main condenser isolated is
an upset condition.

.
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3.9.3.1.13 Emergency Condition
The IBL classification covers those breaks

for which the ECCS system operation will occur
An emergency condition includes deviations during the blowdown, and which results in

from normal conditions which require shutdown for reactor depressurization. The LBL classifica-
correction of the condition (s) or repair of tion covers the sudden, double ended severance
damage in the reactor coolant pressure boundary of a main steam line inside or outside the con-
(RCPB). Such conditions have a low probability tainment that results in transient reactor de-of occurrence but are included to provide assu- pressurization, or any pipe rupture of equiv-
rance that no gross loss of structural integrity alent flow cross sectional area with similar
will result as a concomitant effect of any damage effects.
developed in the system. Emergency condition
events include but are not limited to infrequent 3.93.1.13 Correlation of Plaut Condition
operational transients (IOT) caused by one of the with Event Probability
following: (a) a multiple valve blowdown of the
reactor vessel; (b) LOCA from a small break or The probability of an event occurring per
crack (SBL) wh:ch does not depressurize the reac- reactor year associated with the plant condi-
tor systems, does not actuate automatically the tions is listed below. This correlation identi-ECCS operation, nor results in leakage beyond fies the appropriate plant conditions and as-
normal makeup system capacity, but which requires signs the appropriate ASME Section 111 service
the safety functions of isolation of containment levels for any hypothesized event or sequence of
and shutdown and may involve inadvertent actua- events.
tion of automatic depressurization system (ADS);
(c) improper assembly of the core during refuel- Event Encountering; or (d) improper or sudden start of one Plant ASME Code Probability per

'

recirculation pump. Anticipated transient Condition Service Level Reactor Year
without scram (ATWS) or reactor overpressure with
delayed scam (see Tables 3.9-1 and 3.9-2) is an Normal A LO
IOT classified as an emergency condition. (planned)

Upset B 1.0 > P210 23.93.1.1.4 Faulted Condition (moderate probability)
.

A faulted condition is any of those Emergency C 10 ' > P110"combinations of conditions associated with (low pr'obabil:ty)
extremely low-probability postulated events whose
consequences are such that the integrity and Faulted D 10" > P > 10 *
operability of the system may be impaired to the (extremelylow probability)
extent that considerations of public nealth and
safety are involved. Faulted conditions en- 3.93.1.1.6 Safety Class Functional Criteria
compass eveats, such as LOCA, that are postulated
because their consequences would include the For any normal or upset design condition
potential far the release of significant amounts event Safety Class 1,2, and 3 equipment and
of radioactive material. These events are the piping (see Subsection 3.2.3) sball be capable
most drastic that must he considered in the de- of accomplishing its safety functions as re-
sign and thus reprenk limiting design bases, quired by the event and shall incur no permanent
Faulted condition events include but are not changes that could deteriorate its ability to
limited to one of the following: (a) a control accomplish its safety functions as required by
rod drop accident; (b) a fuel. handling accident; any subsequent design condition event.
(c) a main steam line or feedwater line break;
(d) the combination of any small/ intermediate For any emergency or faulted design condition
break LOCA (SBL or IBL) with the safe shutdown event, Safety Class 1,2, and 3 equipment and
earthquake, and a loss of offsite power; or (e) piping shall be capable of accomplishing its
the safe shutdown earthquake plus large break safety functions as required by the event but
LOCA (LBL) plus a loss of offsite power. repairs could be required to ensure its ability
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to accomplish its safety functions as required
The MS system piping extending from the out- |by any subsequent design condition event.

board main steam isolation valve to the turbine
stop valve is constructed in accordance with the ss

,

Specific stress criteria to meet the func-
ASME Boiler and Pressure Vessel Code Section

"

tional requirements are identified in a footnote III, Class 2 Criteria. +

to Table 3.9-2.

3.93.1.4 Recirculation Motor Cooling (RMC)
3.93.1.2 Reactor Pressure Vessel Assembly Subsystem '

The reactor vessel assembly consists of the The RMC system piping loop between the recir-
reactor pressure vessel, vessel support skirt, culation motor casing and the heat exchanger is '

and throud support.
constructed in accordance with the ASME Boiler
and Pressure Vessel Code Section 111, Subsection $gThe reactor pressure vessel, vessel support ND-3600. The rules contained in Appendix F of

skirt, and shroua support are constructed in ASME Code Section III are used in evaluating
accordance with the ASME Boiler and Pressure faulted loading conditions independently of all
Vessel Code Section III. The shroud support other design and operating conditions. Stresses
consists of the shr ud support plate and the calculated on an clastic basis are evaluated in
shroud support cylinder and its legs. The accordance with F-1360.
reactor pressure vessel assembly components are
classified as an ASME Class 1. Complete stress 3.93.1.5 Recirculation Pump Motor Pressure
repcris on these components are prepared in Boundary
accordance with ASME Code requirements.
NUREG-0619 (Reference 5) is also considered for The motor casing of the recirculation inter. .
feedwater nozzle and other such RPV inlet nozzle nal pump is a part of and welded into an RPVdesign.

nozzle and is constructed in accordance with the grequirements of an ASME Boiler and Pressure MThe stress analysis is performed on the
Vessel Code Section ill, Class 1 component. The $ b

*

reactor pressure vessel, vessel. Support skirt,
motor cover is a part of the pump / motor assembly

and shroud support for various plar.t operating and is constructed as an ASME Class I compon-
conditions (including raulted conditions) by nent. These pumps are not required to operate
using the clastic methods except as noted in during the safe shutdown carthquake or after an
Subsection 3.9.1.4.2. Loading conditions, design accident,
stress limits, and methods of stress analysis for
the core support structures and other reactor 3.93.1.6 Standby Liquid Control (SLC) Tank
irdernals are discussed in Subsection 3.9.5.

The standby liquid control tank is con.
3.93.1.3 Main Steam (MS) System Piping structed in accordance with the requirements of g

an ASME Boiler and Pressure Vessel Code Section $| The piping systems citending from the reactor III, Class 2 component.;o,
A pressure vessel to and including the outboard

| main steam isolation valve are constructed in ac- 3.9.3.1.7 RRS and RHR Heat Exchangers
cordance with the ASME Boiler and Pressure Vessely$ | Code Section III, Class 1 criteria. The rules The primary and secondary sides of the RRSNM contained in Appendix F of ASME Code Section Ill (reactor recirculation system) are constructed
are used in evalunting faulted loading cond'tions in accordance with the requirements of an ASME

| inde: pendently of other design and' operating Boiler and Pressure Vessel Code Section III,@conditions. Stresses calculated on an clastic Class 1 and Class 2 component, respectively. M
basis are evaluated in accordance with F-1360. The primary and secondary side of the RHR system

heat exchanger is constructed as an ASME class 2
and class 3 component respectively.
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3.93.1.8 RCIC Turbine equipment. ASME Boiler and Pressnre Vessel Code
Section ill fnr Class 3 components is used as a

Although not under the jurisdiction of the guide in constructing the RWCU System pum,. and dASME Code, the RCIC turbine is designed and beat exchanger components. A
s evaluated and fabricated follotving the basic

guidelines of ASME Code Section Ill for Class 2 3.9.3.1.15 Fuel Pool Cooling and Cleanup
components. System Pumps and lleat Exchangers

3.9.3 (.9 ECCS Pumps The pumps and heat exchangers are .onstructed I $ i
in accordance with the requirements for ASME $

' {
{ The RHR, RCIC, and HPCF pumps are constructed Boiler and Pressure Vessel Code Sectioc lit,A in accordance with the requirements of an ASME Class 3 component.

Code Section III, Class 2 component.

3.93.1.16 ASME Class 2 and 3 Vessels
3.93.1.10 Standby Liquid Control (SLC) Pump

g The Class 2 and 3 vessels (all vessels not gs The SLC system pump is constructed in previously discussed) are constructed in
R*

accordance with the requirements for ASME Code
accordance with the ASME Boiler and PressureSection Ill, Class 2 component. Vessel Code Section III. The stress analysis
of these vessels is performed using clastic

3.9 3.1.11 Standby Liquid Control (SLC) Valve methods.
(Injection Yahe)

g
3.93.1.17 ASME Class 2 and 3 Pumpss The SLC system injection valve is constructed

" in accordance with the requirements for ASME Code The Class 2 and 3 pumps (cli pumps not .d
Section 111, Class 1 component. previously discussed) are designed and eval- A

uated in accordance with the ASME Boiler and; 3.9 3.1.12 Main Steam Isolation and Pressure Vessel Code Section III. The stress1 ' Safety /ReliefValves
analysis of these pumps is performed using
clastic methods. See Subsection 3.9.3.2 fors The maic steam isolation valves and SRVs are additional information en pump operability."

constructed in accordance with ASME Boiler and
Pressure Vessel Code Section Ill, Subsection 3.9.3.1.18 ASME Class 1,2 and 1 Valves
NP-3500, requirements for Class 1 component.

The Class 1, 2, and 3 valves (all v1'"es not 83.9 3.1.13 Safety / Relief Valve Piping previously discussed) are constr .ted in $
accordance with the ASME Boiler and Pressure

The relief valve discharge piping extending Vessel Code Section III.
from the relief valve discharge flange to the

| diaphram floor penetration is constructed in
All valves and their extended structures are

accordance with ASME Boiler and Pressure Vessel designed to withstand the accelerations due to
Code Section Ill, requirements for Class 3 seismic and other RBV loads. The attached
components. The relief valve discharge piping piping is supported so that these acceleretions
extending from the diaphram floor penetration to are not exceeded. The stress analysis of theseC
the quenchers is constructed in accordance with valves is performed using clastic methods. See
ASME Boiler and r'ressure Vessel Code, Section

Subsection 3.9.3.2 for additional information on
111, requirements for Class 2 components. valve operability.

3.93.1.14 Reactor Water Cleanup (RWCU) 3.93.1.19 ASME Class 1,2 and 3 Piping
System Pump med Heat Exchangers

The Class 1,2 and 3 piping (all piping not gThe RWCU pump and heat exchangers previously discussed) is constructed in accord- $(regenerative and nonregenerative) are not part
of a safety system and are non Seismic Category I
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ance with the ASME Boiler and Pressure Vessel 3.9.3.2.1.1 Consideration of t.oading,
Code Section 111. For Class 1 piping, for the Stress, and Acceleratian Conditions in the
faulted plant condition, stresses are calculated Analysis
on an clastic basis and evaluated in accordance
with Appendix F of the Code. For Class 2 and 3

In order to avoid damage to the ECCS pumpspiping, stresses are calculated on an clastic during the faulted plant condition, the stres-
basis and evaluated in accordance with NC/ND-3600
of the Cod.. ses caused by the combination of normal ope-

rating loads, SSE, other RBV loads, and dyna-
mic system loads are limited to the material

3.9.3.2 Pump and Valve Operability Assurunce clastic limit. A three dimensional finite-
element model of the pump and associated motor

Active mechanical (with or without electrical (see Subsections 3.9.3.2.2 and 3.9.3.2.1.5 for
operation) equipment are Seismic Category I and RCIC pump and turbine, respectively) and its
each is designed to perform a mechanical motion support is developeo and analyzed using the
for its safety-related function during the life response spectrum and the dynamic analysis me-
of the plant under postulated plant conditions. thod. The same is analyzed due to static noz-
Equipment with faulted cor dition functional zie loads, pump thrust loads, and dead
requirements include active pumps and salves in weight. Critical location stresses are con
fluid systems such as the residual heat removal pared with the allowable stresses and the cri-
system, emergency core cooling system, and main tical location deflections with the allow-steam system. ables; and accelerations are checked to eval-

uate operability. The average membrane stressi

This Subsection discusses operability om for the faulted condition loads is '

assurance of active ASME Code Section III pumps limited to 1.2S or approximately 0.75 a
and valves, including motor, turbine or operator (ay = yield stress), and the maximumy

that 's a part of the pump or valve (See stress in local fibers (am + bending stressi

Subsection 3.9.2.2). ob) is limited to 1.8S or approximately 1.1
The max imum faulted event nozzleo.

Safety related valves and pumps are qualified loads are also con sidered in an analysis of
by testing and analysis and by satisfying the the pump supports to assure that a systs.m
stress and deformation criteria at the critical misalignment cannot occur.
locations within the pumps and valves.
Operability is assured by meeting the Performing these analyses with therequirements of the programs defined in cons:rvative loads stated and with theSubsection 3.9.2.2, Section 3.10, Section 3.11 restrictive stress limits as allowablesand the following subsections.

assures that critical parts of the pump and
associated motor or turbine will not be

Section 4.4 of GE's Enviroameata1 damaged during the faulted condition and that
Qualification Program (Reference 6) applies to the operability of the pump for post faulted
this subsection, and tbc seismic qualification condition operation will not be impaired.
methodology presented therein is applicable to
mechanical as well as electrical equipment. 3.9.3.2.1.2 Purnp/ Motor Operation During and

Following Dynamic Loading
3.9.3.2.1 ECCS Pumps, Motors a id Turbine

Active ECCS pump / motor rotor combinations
Dynamic qntlification of the ECCS (RHR, RCIC are designed to rotate at a constant speed

and HPCF) pumps with motor or turbine assembly is under all conditions. Motors ate designed to
also described in Subsections 3.9.2.2.2.6 and withstand short periods of severe overload.
3.9.2.2.2.7.

The high rotary inertia in the operating pump
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rotor and the nature of the random short duratior These tests demonstrate reliabliity of the
loading characteristics of the dynamic tvent pur.p for the design life of the plant,
prevents the rotor from becoming seized. The
seismic and other RBV loadings can be predicted in addition to these tests, these pumps are
to require only a slight increase, if any, in the analyzed for operability during a faulted
torque (i.e., motor current) necessary to drive condition by assuring that (1) the pump will
the pump at the constant design s; ced; therefore, not be damaged during the dynamic (SSE and
the pump is expected to operate at the design LOCA) event, and (2) the pump will continue
speed during the faulted event loads, operating despite the dynamic loads.

The functional ability of the active pumps 3.93.2.1A ECCS Motors
after a faulted condition is assured since only
normal operating loads and steady state nozzle Qualification of the Class 1E motors used
loads exist. For the active pumps, the faulted for the ECCS motors complies with IEEE 323.
conditior loads are greater than the normal The qualification of all motor sizes is based
condition loads only due to the SSE and other RBV on completion of a type test, followed up with
transitory loads. These faulted events are review and comparison of design and material
infrequent and of relatively short duration details, and seismic and other RBV loads
compared to the design life of the equipment. analyses of production units, ranging from 600
Since it is demonst.ated that the pumps would not to 3500 Bbp. with the motor used in the type
be damaged during the faulted condition, the test. All manufacturing, inspection, and
post-faulted condition operating loads will be no - routine tests by motor manufacturer on
worse than the normal plant operating limits, production units are performed on the test
This is assured by requiring that the imposed motor. -

nozzle loads (steady-state loads) for normal
conditions and post-faulted conditions be limited The type test is performed on a 1250 hp
to the magnitudes of the normal condition nozzle vertical motor in accordance with IEEE 323,
loads. The post faulted condition ability of the first simulating a normal operation d'ing the
pumps to function under these applied loads is design life, then subjecting the motor to a !
proven during the normal operating plant number of vibratory tests, and then to the
conditions for active pumps. abnormal environmental condition possible

during and after a LOCA, The test plans for
3.93.2.13 ECCS Pumps the type test is as follows:

All active ECCS (RHR, RCIC and HPCF) pumps are (1) Thermal aging of the motor electrical
qualified for operability by first being insulation system (which is a part of ti e
subjected to rigid tests both prior to stator only) is based on extrapolation in
installation in the plant and after installation accordance with the temperature life
in the plant. The in shop tests include: (1) characteristic curve from IEEE 275 for the
hydrostatic tests of pressure-retaining parts of insulation type used on the ECCS motors.
125% of the design pressure; (2) seal leakage The amount of aging equals the total
tests; and (3) performance tests while the pump estimated operation days at maximum
is operated with flow to determine total insulation surface temperature,
developed head, minimum and maximum head and net

positive suction head (NPSH) requirements. Also (2) Radiation aging of the motor electrical
monitored during these operating tests are insulation equals the maximum estimated
bearing temperatures (except water cooled integrated dose of gamma during normal and
bearings) and vibration levels. Both are shown abnormal conditions.
to be below specified limits. After the pump is
installed in the plant, it undergoes the cold (3) The normal operational induced current
hydro tests, functional tests, and the required vibration effect on the insulation system
periodi': inservice inspection and operation. is simulated by 1.5g horizontal vibration

Amen tt 3SU

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



_ _ - _ _ _ _ _

!

ABWR
Standard Plant 23A6100AE

REV.B

acceleration at current frequency for one hour
duration. operability during dynamic loading

conditions. Operability under normal load
conditions is assured by comparison to

(4) The dynamic load deflection analysis on the operability of similar turbines in operating
rotor shaft is performed to ensure adequate plants,
rotation clearance, and is verified by
static loading and deflection of the rotor 3.93.2.2 SLC Pump and Motor Assembly andfor the type test motor. RCIC Pump Assembly

(5) Dynamic load aging and testing is performed These equipme'.t assemblies are small,
on a biaxial test table in accordance with compact, rigid assemblies with natural
IEEE 344. During this test, the shake table frequencies well above 33 liz. With this fact
is activated to simulate the maximum design verified, each equipment assembly is qualified
limit for the safe shutdown earthquake and by the static analysis for seismic and other
other RBV loads with as many motor starts R B V loads. This qualification assures
and operation corabinations consistent with structural loading stresses within Code
the plant events of Ta' ole 3.91 and the ECCS limitations, and verifies operability under
inadvertent injections and tests planned seismic and other RBV locds. This is alsoover the life of the plant.

discussed in Subsections 3.9.2.2.2.8 a n d
3.9.2.2.2.7.

(6) An environmental test simulating a LOCA
condition with a duration of 100 days is 3.9.3.23 Other Active 1% imps
performed with the test motor fully loaded,
simulating pump operation. The test The actice r ms not previously discussed

.,

consists of startup and six hours operation are ASME C' r 3 and Seismic Category 1.at 2120F ambient terr.perature and 100% They are di,. to perform their function
steam environment. 4 aother startup and including all r. ared mechanical motionsoperation of the test motor after one hour during and after a dynamic (seisnaic and other
standstill in the same environment is RBV) loads e 't and to remain operative
followed by sufficient operation at high during the l' .; ot' the plant.humid' y and temperature based on
extrapolation in accordance with the The program for the qualification oftemperature life characteristic curve from

Seismic Category I components conservatively
IEEE 275 for the insulation type used on the demonstrates that no loss of function results
ECCS motors. either before, during, or after the occurrence

of the combination of events for which3.93.2.1.5 RCIC Turbine operability must be assured. No loss of

The RCIC turbine is qualified by a combination function implies that the pressure boundary
integrity will be maintained, that the

of static analysis and dynamic testing as component will not be caused to operate
described in Subsection 3.9.2.2.2.7. The turbine improperly, and that components required to
assembly :onsists of rigid masses (wherein static
analysis is utilized) interconnected with control respond actively will respond properly as

levers and electronic control _ systems, appropriate to the specific equipment. Ingeneral, operability assurance is established
necessitating final qualification by dynamic _ during and after the dynamic loads event for
testing. Static loading analysis has been auive components,
employed to verify the structural integrity of
the turbine assembly, and the adequacy of bolting- 3.9.3.23.1 Procedures
under operating and dynamic conditions. The
complete turbine assembly is qualified via Procedures have been established fordynamic testing, in accordance with IEEE 344. qualifying the mechanical portions of SeismicThe qualification test program includes Category I pumps such as the body which forms
demonstration of startup capability, as well as

*. .mendmCnt 7
3.9-24

.
_

_ _ _ .__ - - _-_ - --------



._ . _____ - - - -

ABWR
23^6iooreStandard Plant

REV D.

a fluid pressure boundary including the suction 3.93.2J.1 A Dynamic Qualification
and discharge nozzles, the shaft and seal
retainers, the impeller assembly including the The safety-related active pumps are
blading, shaft, and bearings for active pumps, analyzed for operability during dynamic
and integral supports, locding event by assuring that the pump is not

damaged during the seismic event and the pump
All active pumps are qualified for operability centinues operating despite the dynamic loads.

by first being subjected to rigid tests both
prior to installation and after installation in A test or dynamic analysis is pctformed for
the plant. Electric motors for active pumps and a pemp to determine the dynamic seismic and
instrumentation, including electrical devices other RBV load from the applicable floor
which must function to cause the pump to response spectra.
accomplish its intended function, are discussed
separately in Subsection 3.9.3.2.5.1.3. Response spectra for the horizontal

vibration are used in two orthogonal3.93.23.1.1 ilydrostatic Test horizontal directions simultaneously with the
response spectra for the vertical vibration.

All seismic active pumps shall meet the The effects from the three simultaneoushydrostatic test requirements of ASME Code accelerations are combined by the square root
Section III according to the class rating of the of the sum of the squares method. The pump isgiven pump. demonstrated by test or analysis that the

faulted condition nozzle loads do not impair3.93.23.1.2 Leakage Test the operability of the pumps during or '

following the faulted condition. Components
The fluid pressure boundary is examined for of the pump are considered essentially rigid

leairs at all joints, connections, and regions of when having a natural frequency above 33 Hz.'

high stress such as around openings or thickness A static shaft deflection analysis of the'

transition sections while the pump is undergoing motor rotor is performed with the conservative
a hydrostatic test or during performance SSE accelerstions acting in horizontal and
testing. Leakage ratos that exceed the rates vertical direction simultaneously,
permitted in the design specification are
eliminated and the component retested to

The deflections determined from the static
establish an observed leakage rate. The actual shaft analysis are compared to the allowable
observed leakage rate, if less than permitted, is rotor clearances. The allowable rotor
documented and made a part af the acceptable clearances are limited by the deflection which
documentation package for the component. would cause the rotor to just make contact

with the stator. In order to avoid damage
3.93.2.3.13 Performance Test during the faulted plant condition, the

stresses caused by ;he combination of normal
The pump is demonstrated capable of meeting operating loads, SSE and dynamic system loads

all hydraulic requirements while operating with are limited to the material clastic limit.
flow at the total developed head, minimum and
maximum head, NPSH, and other parameters as The average membrane stress (om) for
specified in the equipment specification.

the faulted conditions loads is limited to |
1.2S or approximately 0.75 oy (a-. =

Bearing temperature (except water cooled yield stress), and the maximum stress in l'ocal |
bearings) and vibration levels are also monitored fibers (om + bending stress ob) is limited
during these operating tests. Both are shown to to 1.8S or approximately 1.1 a . The
be below specified levels. maximum dynamic nozzle loads are also

y
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considered in an analysis of the pump supports to An analysis or test is accomplished wbich
assure that a system raisalignment cannot occur. conservatively dernonstrates structural

integrity and/or functionality of theIf the natural frequency is found to be below equipment supports.
33 Hz, an analysis is performed to determine the
amplified input accelerations necessary to The impeller, shaft, and bearings forperform the static analysis, active purnps are analyzed to determine

adequacy while operating with the seismic and
in completing the seismic qualification other RBV loading effects applied in addition

procedures, the pump motor and all components to the applicable operating loads includingvital to the operation of the pump are nozzle loads. Functional requirements are
independently qualified for operation during the partially demonstrated by a suitable analysismaximum seismic event by IEEE 344.

which conservatively shows the following:

If the testing option is chosen, sine-beat
(1) The stresses in the shaft do not exceedtesting for electrical equipment is performed by the minimum yield strength of the material

satisfying one or more of the following used for its construction.
requirements to demonstrate multi-frequency
response is negligible or the sine-beat input is
of sufficient magnitude to conservatively account (2) The deflections of the shaft and/or
for this effect. impeller blades do not cause the impeller -

assembly to seize.

(1) The equipment response is basically due to (3) The bearing temperature does not attainone mode,
limits which may allow stresses in the
bearing or bearing support to exceed -

(2) The sine beat response spectra envelope the minimum yield strength levels or
floor response spectra in the region of jeopardize lubrication,
sig-ificant response.

3.9.3.23.2 Documentation'

(3) The floor response spectra consist of one
dominant mode and has a peak at this All of the preceding requirementsfreq uency.

(Subsection 3.9.3.2.3.1) are satisfied to
demonstrate that function;.lity is assured for

The degrees of cross coupling in t!4e equipment
shall determine if a single or multi axis test is active pumps. The documentation is prepared

in a format that clearly shows that each
required. Multi-axis testing is required if consideration has been properly evaluated and
there is considerable cross coupling. If tests have been validated by a designated
coupling is very light, then single axis testing quality assurance representative. The
is justified. Or, if the degree of couping can analysis is included as a part of the
be determined, then single-axis testing can be certified stress report for the assembly.used with input sufficiently increased to include
the effect of coupling on the response of the 3.93.2.4 Major Active Valves
equipment.

Some of the major safety related active
The combined stresses of the suppor: valves (see Table 6.2-2, 6.2-3 and 3.2-1)structures are designed to be within the limits

discussed in this subsection for illustrationof ASME Code Section III, Subsection NF, are the main stcact line isolation valves and
component Support Structures and/or other safety / relief valves, and standby liquid con-
comparable limits of industry standards such as trol valves and high pressure core flooder
the AISC Specification for Buildings, plus valves (motor-operated). These valves are de-
Addenda for building support structures. signed to meet the ASME Code Section III re-
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quirements and perform their mechanical motion in thermal expansion of the connecting pipe, and
conjunction with a dynamic (SSE and other RBV) reaction forces from valve discharge.
Ioad event. These valves are supported entirely
by the pipinF. i. c., the valve operators are not (2) A production SRV is demonstrated for
used as attachment pointsifor piping supports operability during a dynamic qualification
(See Subsection 3.9.3.4.1). The dynamic (shake tablv) type test w;th moment and
qualification for operability is unique for each "g* loads applied greater than the
valve type; therefore, each method of required equipment's design limit loads
qualification is detailed individually below, and conditions.

3.93.2.4.1 Main Steam Isolation Valve A mathematical model of this valve is
included in the main steam line system

The typical Y pattern MSIVs described in analysis, as with the MSIVs. Thi. analysis
Subsection 5.4.5.2 are evaluated by analysis and assures the equipment design limits are not
test for capability to operate under the design exceeded.
loads that envelop the predicted loads during a
design basis accident and safe shutdown 3.93.2.43 Standby Liquid Control Valve
earthquake. (lgjection Valve)

|

The valve body is designed, analyzed and The typical SLC Injection-Valve design.is
tested in accordance with the ASME Code Section qualified by type test to IEEE 344. The valve

i

111, Class 1 requirements. The MSIVs are modeled body is designed, analyzed and tested per the |
mathematically in the main steam line system ASME Code, Section III.- Class 1. The |
analysis. The loads, amplified accelerations and qualification test demonstrates the ability to I

'

resonance frequencies of the valves are remain operable after the application of the
determined from the overall steamline analysis, horizontal and vertical dynamic loading
The piping supports (snubbers, rigid restraints, exceeding the predicted dynamic loading,
etc.) are located and designed to limit amplified
accelerations of and piping loads in the valves 3.93.2.4.4 High Pressure Core Flooder Valve
to the design limits. (Motor-Operated)

As described in Subsection 5.4.5.3, the MSIV The typical HPCF valve body design,
and associated electrical equipment (wiring, analysis and testing is in acccrdance with the
solenoid valves, and position switches) are requirements of the ASME * a Section III,
dynamically qualified to operate during an - Class 1 or 2 components: Clasr 1E
accident condition. electrical motor actuator is q e < 1 by type

test in accordance with IEEE 382, . .liscussed
3.93.2.4.2 Main Steam Safety / Relief Valve in Subsection 3.11.2. A mathematical model of |

this valve is included in the HPCF piping
The typical SRV design described in Subsection system analysis. The analysis results are

5.2.2.4.1 is qualified by type test to IEEE 344 assured not to exceed the horizontal and
for operability during a dynamic event, vertical dynamic acceleration limits acting
Structural integrity of the configuration during simultaneously for a dynamic (SSE and other
a dynamic event is demonstrated by both Code RBV) event, which is treated as an emergency
(ASME Class 1) analysis and test. condition.

(1) Valve is designed for maximum moments on 3.93.2.5 Other Active Valves -
inlet and outlet which may be imposed when
insta!!cd in service. These moments are Other safety-related active valves are ASME
resultants due to dead weight plus dynamic Class 1,2 or 3 and are designed to perform
loading of both valve and connecting pipe, their mechanical motion during dynamic loading
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conditions. The operability assurance program particular ASME Class of valve analyzed.
enstres that these valves will operate during a Additional detail on stress limits fordynamic seismic and other RBV event.

operability is provided in a focinote to Table
3.92.

3.93.2.5.1 Procedures

Dynamic load qualification is accomplished
Qualification tests accompanied by analyses in the following way:

are conducted for all active valves. Procedures
for qualifying electrical and instrumentation

(1) All the active valves are designed to have
components which are depended upon to cause the a fundamentel frequency which is greatervalve to accomplish its intended function are

than the high frequency asymptote (ZPA) of
described in Subsection 3.9.3.2.5.1.3. the dynamic event. This is shown by

suitable test or analysis.
3.93.2.5.1.1 Tests

(2) The actuator and yoke of the valve systemPrior to installation of the safety-related
valves, the following tests are performed: (1) is statically loaded to an amount greater

than that due to a dynamic event. The
shell hydrostatic test to ASME Code Section 111

load is applied at the ceuter to gravity
requirements; (2) back seat and main seat leakage of the actuator alone in the direction oftests; (3) disc hydrostatic test; (4) functional the weakest axis of the yoke. The
tests to verify that ths valve will open and simulated operationai differentialclose within the specified time limits when
subject to the design differential pressure; and pressure is simultaneously applied to the

(5) operability qualification of valve actuators valve during the static deflection tests.

for the environmental conditions over the (3) The valve is then opercted while in the
-

installed life. Environmental qualification deflected position (i.e., from the normal
procedures for operatio, follow those specified operating position to the safe position),in Section 3.11. The results of all required The valve is verified to perform itstests are properly documented and included as a safesy-related function within thepart of the operability acceptance documentation
packas;e. specified operating time limits,

(4) Motor operators and other electrical3.9.3.2.5.1.2 Dpamic Load Qualification
appurtenances necessary for operation are
qualified as operable during a dynamicThe functionality of an active valve during event by appropriate qualification tests

and after a seismic and other RBV event may be prior to installation on the valve. These
demonstrated by an analysis or by a combination motor operators then have individualof analysis and test. The qualification of Seismic Category I supports attached toelectrical and instrumentation components
controlling valve actuation is discussed in decouple the dynamic loads between the

operators and valves themselves,Subsection 3.9.3.2.5.1.3. The valves are
designed using either stress analyses or the The piping, stress analysis, and pipepressure temperature rating requirements based support design maintain the motor operatorupon design conditions.- An analysis of the accelerations below the qualification levelsextended structure is performed for static with adequate margin of safety,equivalent dynamic loads applied at the center of
gravity of the extended structure. See

if the fundamental frequency of the valve,Subsection 3.9.2.2 for further details. by test or analysis, is less than that for the

The maximum stress limits allowed in these ZPA, a dynamic analysis of the valve performed
to determi~: 6 equivalent acceleration to be

analyses confirm structural integrity and are the applied curF ve static test. The analysislimits developed and accepted by the ASME for the provides tLe e"plification of the input

.
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acceleratLa considering the natural frequency of of the loads. The tests include pressurizing
the valve and the frequency content of the the valve inlet with nitrogen and subjecting
applicable plant floor response spectra. The the valve to accelerations cqual to or greater
adjusted accelerations have been determined using than the dynamic event (SSE plus other RBV)
the same conservatism contained in the horizontal loads.
and vertical accelerations used for rigid
valves. The adjusted acceleration is then used 3.9.3.2.5.13 Qualification of Electrical
in the static analysis and the valve operability and Instrumentation Components Controlling
is assured by the methods outlined in Steps (2) Valve Actuation \
through (4), using the modified acceleration
inrut. Alternatively, the velve including the A practical problem arises in attempting to
a c t u a t t" . nd all other accessories is qualified describe tests for devices (relays, motors,
by shak, 14ble test, sensors, etc.) as well as for complex

assemblics such as control panels. Itis
Valves which aw safety related but can be reasonable to assume that a device, as an

classified as not having an overhanging integral part of an assembly, can be subjected
structure, such as check valves and to dynamic loads tests while in an operatingpressure rellef valves, are eonsidered as condition and its performance monitored duringfollows: the test. However, in the case of complex

panels, such a test is not always practical.
3.9.3.2.5.1.2.1 Active Check Valves In such a situation, the following alternate "

approach is recommended.
Due to the particular simple characteristics

<

of the check valves, the active check valves are The individual devices are tested *

qualified by a combination of the following tests separately in an operating condition and the
and analysis: test levels recorded as the qualification

levels of the devices. The panel, with
1(1) Stress analysi including the dynamic loads similar devices installed but inoperative, is

where applicablet vibration tested to determint if the panel
response accelerations as measured by(2) in-shop hydrostatic lests; accelerometers installed at the device
attachment locations are less than the levels

(3) in shop seat leakage test; and at which the devices were qualified. Note
that the purpose of installing the <(4) periodic in-situ valve exercising and nonoperating devices is to assure that the

inspection to assure the functional ' panel has the str.uctaral characteristics it
capability of the valve. will have when in use. if the acceleration

levels at the device locations are found ,o be
3.93.2.5.1.2.2 Active PressurwRelief Valves less than the levels to which the device is

qualified, ther .he total assembly is
The active pressure relief valves (RVs) are considered qualifico. Otherwise, either the

qtalified by the following procedures. These panel!s red .*gned to reduce the acceleration
vaWes are subjected to test and analysis similar level to the 'evice locations and retested, or
to check valves, stress analyses including the the devices is requalified to the higher
dy2amic loads, in shop hydrostatic seat leakage, .evels.
and performance tests. In addition to these
tests, periodic in situ valve inspection, as 3.93.2 5.2 Documentation
applict.ble, and periodic valve removal,
refurbishment, performance testing, and Aih of the pre,:cding requirc.ments
reinstallation are performed to assure the (Subsection I 9.3.2.5.1) are satisfied to
fenetional capability of the valve. Tests of the demorc.; rate that functionality is assured for
RV under dynamic loading c%tions demonstrate active vahes. The documentation is prepare,.
that valve actuation can ocr- during application in a format that clearly shows that each
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consideration has been properly evaluated and
tests have been validated by a designated quality flow changes direction thus causing momentaryreactions. The resulting loads on the SRV, the
assurance representative. The analysis is main steamline, and the discharge piping are
included as a part of the certified stress report combined with loads due to other effects as
for the assembly. specified in Subsection 3.".3.1. In accordance

with Tables 3.91 and 3.9 2, the Code stress3.9.3.3 Design and installation of Pressure
Relief Devices limits for service levels corre sponding to

load combination classification as normal,
upset, emergency, and faulted are applied to the

3.9.3.3.1 Main Steam Safety / Relief Valves main steam and discharge pipe.

SRV lift in a main steam (MS) piping system 3.9.3.3.2 Other Safety / Relief Valves
results in a transient that produces momentary
unbalanced forces acting on the MS and SRV An SRV is identified as a pressure relief
discharge piping system for the period from

valve or vacuum breaker. SRVs in the reactor
opening of the SRV until a steady discharge flow components and subsystems are described andfrom the reactor pressure vessel to the identified in Subsection 5.4.13.
suppression pool is established. This period
includes clearing of the water slug from the end The operability assurance program discussedof the discharge piping submerged in the in Subsection 3.9.3.2.5 applies to safety / relief
suppression pool. Pressure waves traveling valves. The qualification of active relief
through the main steam and discharge piping valves is specifically outlined in Subsection
following the relatively rapid opening of the SRV 3.9.3.2.5.1.2.2.
cause this piping to vibrate.

-

ABWR safety / relief valves (safety valves with
The analysis of the MS and discharge piping auxiliary actuating devices and pilot operated

transient due to SRV discharge consists of a valves) are designed and manufactured in
stepwise time history solution of the fluid flow accord.ince with the ASME Code, Section lit,
equation to generate a time history of the fluid Divicion 1 requirements. Specific rules for
properties at numerous locations along the pipe. pressure relieving devices are as specified in
The fluid transient properties are calculated Article NB 7000, and NB 3500 (pilot operated and
based on the maximum set pressure specified in
the steam system specification and the value of power actuated pressure relief valves).
ASME Code flow rating increased by a factor to The design of ABWR SRVs incorporates SRV
account for the conservative method of opening and pipe reaction load considerations
esta'ullshing the rating. Simultaneous discharge
of all valves in a MS line is assumed in the

required by ASME III, Appendix O, and including
the additional criteria of SRP, Section 3.9.3, !analysis because simultaneous discharge is Paragraph 11.2 and those identified under "

considered to ir. duce maximum stress in the Subsection NB 3658 for pressues and structural
piptag, Reaction loads on the pipe are lategrity. Safety / relief valve operability is
determined at each location corresponding to the demonstrated either by dynamic testing or
position of an elbow. These loads are composed analysis of similarly tested valves or a
of pressure times area, momentum change, and combination of both in compliance with thefluid friction terms. requirements of SRP Subsection 3.9.3.

The method of analysis applied to determine 3 9.3.3.3 Rapture Disks
response of the MS piping system including the
SRV discharge line, to relief valve operation is There are no rupture disks in the ABWR plant
time-history integration. The forces are applied design, that must function during and after a
at locations on the piping system where fluid dynamic event (SSE including other RBV loads).
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3.93.4 Cornponent Supports correspond to those used for design of the sup-
ported pipe. The component loading

Ti.* design of bolts for component supports combinations are discussed in Subsection
is specia:cd in the ASME Code Section Ill, 3.9.3.1. The stress limits are per ASME III,
Subsection NF. Stress limits for bolts are given Subsection NF and Appendix F. Supports are
in NF 3225 The ruws and stress limits which generally designed either by load rating
must be N.sfied are those given in NF 3324.6 method per patograph NF-3260 or by the stress
multiplied by the appropriate stress limit factor limits for linear supports per paragraph gfor the particular service loading level and NF 3231. The critical buckling loads for the
stress category specified in Table NF 3225.21. Class 1 piping supports subjected to faulted

loads that are snore severe than normal, upset
Moreover, on equipment which is to be, or and emergency loads, are determined by using

may be, mounted on a concrete support, sufficient the methods diset,ssed in Appendices F and XVII
holes for anchor bolts are provided to limit the of the Code. To avoid buckling in the piping
anchor bolt stress to less than 10,000 psi on the supports, the allowable loads are limited to
nominai bolt area m shear or tension. two thirds of the determined critical buckling

loads.
Concrete anchor bolts which are used for

pipe support base plates will be designed to tb The design of all sunports for non nuclear
applicable factors of safety which are defined in piping satisfies the requirements of ANSI
I&E Bulletin 79 02, " Pipe Support Base Plate B31.1, Paragraphs 120 and 121.
Designs Using Concrete Expansion Anchor Bolts,'
Resision 2 dated June 21,1979. For the major active valves identified. In

Subsection 3.9.3.2.4, the valve operators are .
3.9.3.4.1 Piping not used as attachment points for piping

supports.
Supports and their attachments for essential

ASME Codt scetion III, Class 1,2, and 3 piping The design criteria and dynamic testing re-
are designed in accordance with Subsection NF' up quirema.nts for the ASME 111 piping supports
to the interfare of the boilding structure. The are as follows:
building structure component supports are de-
signed in accordance with ANSI /AISC N690, Nuclear (1) Piping Supports All piping supports are
Facilities Steel Safety Related Structures for designed, fabricated, and assembled so
Design, Fabrication and Erection or AISC that they cannot become disengaged oy the
specification for the Design, Fabrication, and movement of the supported pipe of
Erection of Structural Steel for buildings, equipment after they have been installed.

All piping supports are designed in
accordance with the rules of Subsection NF
of the ASME Code up to the building
structure interface as defined in the
project design specifications.

* Augmented by the following: (1) application of
;

Code Case N 476, Supplement 89.1 which governs (2) Spring IIangers - The operating load on
the design of single angle members of ASME Class spring hangers is the load caused by dead
1,2,3 and MC linear component supports; and (2) weight. The hangers are calibrated to en-
when eccentric loads or other torsionalloads are sure that they support the operating load
not accommodated by designing the load to act at both their hot and cold load settings.
through the shear center or meet " Standard for Spring hangers provide a specified down
Steel Support Design *, analyses will be performed travel and up travel in excess of the
in accordance with torsional analysis methods specified thermal movement.
such as: " Torsional Analysis of Steel Members,
USS Steel Manual", Publication T114 2/83.
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(3) Snubbers . The operating loads on snubbers

are the loads caused by dynamic events
(e.g., seismic, RDV due to LOCA and ERV dis.
charge, discharge through a relief valve
line or valve closure) during various
operating conditions. Snubbers restrain '

piping against response to the vibratory
excitation and to the associated differen-
tial movement of the piping system support
anchor points. The criteria for locating
snubbers and ensuring adequate load
capacity, the strv:tural and mechanical
performance parameters used for snubbers and
the installation and inspection consider.
at ans for ths, snubbers are as follows:

Required lead Capacity and Snubber Loca-
tion

The entire piping system including i

valves and support system between an-
chor points is mathematically modeled
for complete piping structural
n7alysis. In the dynamic analysis,
the snubbers are modeled as a spring ,

with a given spring stiffness depending
on the snubber size. The analysis
determines the forces and mreents acting
on each piping components and the forces
acting on the snubbers due to all
dynamic loading and operating conditions
defined in the piping design
specification. The forces on snub-
bers are operating loads for various
operating conditions. The calculated .

loads cannot exceed the snubber design
!oad capacity for various operating
conditions, i.e., design, normal, upset,
emergency and faulted.
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Snubbers are generally used in agreement, they are brought insituations where dynamic support is
required because thermal growth of the agreement, and the system analpis

is redone to confirm the snubberpiping prohibits the use of rigid
loads. This iteration is continuedsupports. The snubber locations and until all snubber load capacities

support directions are first decided by and spring constants ateestimation so that the stresses in the r e c o n cile d.
piping system will have acceptable
values. The snubber locations and (c) Snubber Design and Testing
support directions are refined by
performing the dynamic analysis on the To assure that the requiredpiping and support system as described strueturaI and mechanicalabove in order that the piping stresses performance characteristics andand support loads meet the Code product quality are achieved, therequirements,

following requirements for design
and testing are imposed by theThe pipe support design specification design specification:

requires that snubbers be provided with
position indicators to identify the rod (i) The snubbers are required byposition. This indicator facilitates the pipe support design
the checking of hot and cold settings of specification to be designedthe snubber, as specified in the

in accordance with all of theinstallation manual, during plant rules and regulations of the
preoperational and startup testing. ASME Code Section !!!,,

(b) Inspection, Testing, Repair and/or Subsection NF. This design

Replacement of Snubbers requirement includes analysis
for the nor mal, u pse t,
emergency, and faulted

The pipe support design specification loads. These calculatedrequires that the snubber supplier loads are then comparedprepare an installation instruction against the allowable loads
manual. This manual is required to to make sure that thecontain complete instructions for the

stresses are 'clow the codetesting, maintenance, and repair of the allowable limit.snubber, it also contains inspection
points and the period of inspection. (ii) The snubbers are tested to

Yhe pipe support design specification insure that they can perform

requires that hydraulic snubbers be as required during the
seismic and other RBV events.equipped with a fluid level indicator so

that the level of fluid in the snubber
and under antieipated
operational transient loads

can be ascertained easily.
or other mechanical loads
associated with the d . signThe spring constant achieved by the requirements for the plant,snubber supplier for a given load The f o11 o wI n g test

capacity snubber is compared against the requirements are included:
spring constant used in the piping
system model, if the spring constants
are the same, then the sr ubber location Snubbers are subjected too

force or displacement versus
and support direction become confirmed.
if the spring constants are not in time loading at frequencies

wit hin the range of
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egnificant modes of the piping (i) There are no visible signs of
y : m :. damage or impaired

operability as a result ofDis pl .cea ses are measured toe
s t or ag e, ha ndling, orde[crunin- 'he perIormance in s t alla tion,

beta at astic. specified;
(ii) The snubber location,

A ts are conducted at various orientation, position* aperatures to ensure operability setting, and configuration
uver the specified range; (attachments, extensions,

etc.) are according to design
o Peak test loads in both tension and drawings and specifications.

compression are required to be equal
to or higher than the rated load (iii) Snubbers are not seized,
requirements; and frozen or jammed.

o The snubbers are tested for various (iv) Adequate swing clearance is
abnormal environmental conditions. provided to allow snubber
Upon completion of the abnormal movements,
environmental transient test, the
snubber is tested dynamically at a (v) If applicable, fluid is to be
frequeacy within a specified recommended level and not befrequency range. The snubber must leaking from the inubber
operate normally during the dynamic system,

,,

test.

(si) Structural connections such(d) hubber lastallation Requirements as pins, fasteners and other
connecting hardware such as

An installation instruction manual is lock nuts, tabs, wire, cotter
required by the pipe support design pins are installed correctly.
specification. This manual is required
to contain instructions for storage, if the period between the
1:andling, erection, and adjustments (if initiai pre-service
necessary) of snubbers. Each snubber examination and initial
has an installation location drawing system pre operational tests
which contains the installation location exceeds 6 months because ofof the snubber on the pipe and unexpected situations,
structure, the hot and cold set'ings, reexamination of Items 1,4,
and additional information needed to and 5 will be perforraed.install the particular snubber.

Snubbers which are installed
incorrectly or otherwise fail

(e) Snubber Pre-seriet Fumination to meei the aboye
requirements will be repaired

The pre service examination plan of all or replaced and re examined
snubbers covered by the Chapter 16 tech- in accordance with the above
nical specifications will be prepared. criteria.
This examination will be made after
snubber installation but not more than 6 (4) Struts - The design load on struts
months prior to initial system pre-oper- includes those loads caused by dead
stional testing. The pre-service weight, thermal expansion, seismic forces
examination will verify the following: (i.e., OBE and SSE), other RBV loads,
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system anchor displacements, and reaction (P/Perit) + (4/9 erit) + (f /ferit)
forces caused by relief .alve discharge or
valve closure, etc. < (1/S.F.)

Struts are designed in accordance with ASME where:
Code Section Ill, Subsection NF 3000 to be
capable of carrying the design loads for q longitudinalload=

various operating conditions. As in case of P external pressure=

snubbers, the forces on struts are obtained transverse shear stressr =

from an analysis, which are assured not to S.F. = safety factor
exceed the design loads for various 3.0 for design, testing, service=

operating conditions. levels A & B
2.0 for Service Level C=

3.93A.2 Reactor Pressure Vessel Support Skirt 1.5 for Service Ixvel D.=

The ABWR RPV support skitt is designed as an 3.93AJ Reactor Pressure Vessel Stabilizer
ASME Code Class 1 component per the requirements
of ASME Code Section Ill, Subsection NF'. The The RPV stabilizer is designed as a Safety
loading conditions and stress criteria are given Class I linear type component support in
in Tables 3.91 and 3.9 2, and the calculated accordance with the requirements of ASME
stresses meet the Code allowable stressus in the Boiler and Pressure Vessel Code Section III,
critical support areas for various plant Subsection NF. The stabilize provides a
operating conditions. The stress level margins reaction point near the upper end of the RPV
assure the adequacy of the RPV support skirt. An to resist horizontal loads due to effects such

,

analysis for buckling shows that the support as earthquake, pipe rupture and RBV. The
skirt complies with Subparapaph F 1332.5 of ASME desigt loading conditions, and stress criteria
III, Appendix F, and the loads do not exceed two are given in Tables 3.91 and 3.9 2, and the
thirds of the critical buckling strength of the calculated stresses meet the Code allowable
skirt. The permissible skirt loads at any siresses in the critical support areas for
elevation, when simultaneously applied, are various plant operating conditions.
limited by the following interaction equation:

3.9JAA Floor Mounted Major Equipment
(Pumps Heat Exchangers, and RCIC Turblue).

Since the major active valves are supported
by piping and not tied to building structures,
valve " supports * do not exist (See Subsection
3.9.3.4.1). '

The HPCF, RHR, RCIC, SLC, FPCCU,
' Augmented by the following: (1) application of SPCU, and CUW pumps; RMC, RHR,
Code Case N 476, Supplement 89.1 which governs RWCU, and FPCCU l. cat exchangers; and RCIC
the design of single angle members of ASME Class turbine are all analyzed to verify the
1,2,3 and MC linear component supports; and (2) adequacy of their support structure under
when eccentric loads or other torsional loads are various plant operating conditions. In all
not accommodated by designing the load to act cases, the load stresses in the critical
through the shear center or meet * Standard for support areas are within ASME Code allowables.
Steel Support Design *, analyses will be performed
in accordance with torsional analysis methods Seismic Category I active pump supports are
such as: 'Tersional Analysis of Steel Members, qualified for dynamic (seismic and other RBV)
USS Steel Manual", Publication T114 2/83. loads by testing when the pump supports
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together with the pump meet the following test
conditions:

(1) simulate actual mounting conditions;

(2) simulate all static and dynamic loadings
on the pump;

(3) monitor pump operability during testing;
'

(4) the normal operation of the pump during
and ' Iter the test indicates that the
supports are adequate (any deflection or
deformation of the pump supports which
precludes the operability of the pump is
not accepted); and

(5) supports are inspected for structural in.
tegrity after the test. Any cracking or
permanent deformation is not accepted.

Dynamic qualification of component supports
by analysis is generally accomplished as fol-
lows:

-

,

$
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l(1) Stresses at all support elements and parts i

such as pump holddown and baseplate holddown |
bolts, pump support pads pump medestal, and ;

foundation are checked to be within the al- !
lowable limits as specified in the ASME Code i
Section 111, Subsection NF. I

(2) For normal and upset conditions, the
i >

deflections and deformations of the supports
a.c assured to be within the clastic limits,
and to not exceed the values permitted by the
designer based on design verification tests.
This ensures the operability of the pump.

(3) For emergency and faulted plant conditions,
the deformations do not exceed the values a
permitted by the designer to ensure the $operability of the pump. Elastic /piastic
analysis are performed if the deflect'ons are
above the clastic limits.

3.9.3J Other ASME III Component Supports

The ASME 111 component sup,) orts and their at. '

tachments (other than those discussed in preced-
ing subsection) are designed in accordance with
Subsection NF of the ASME Code Section 111' up to

R the interface with the building structure. The
$ building structure component supports are de-

signed in accordance with the AISC Specification
for % Design, Fabrication, and Erection of
Struciural Steel for Buildings. The loading
combinations for the various operating conditions 3.9.4 Contrul Rod Drive Synem (CRDS)
correspond to those used to design the supported

,

component. The component loading combinations ontrol rod drive system CRDS)in an ABWR3

are discussed in Subsection 3.9.3.1. Active is equipped with an electro hydraulic fine
component supports are discussed in Subsection m' odon control rod drive (FMCRD) system, which
3.9.3.2. The stress limits are per ASME 111, includes the control rod drive (CRD) mechanism,
Subsection NF and Appendix F. The supports are the hydrau!ic control unit (HCU), the condensate
evaluated for buckling in accordance with ASME supply system, and power for FMCRD motor, and
III. extends inside RPV to the coupling interface

v'ith the control rod blades.
' Augmented by the following: (1) application of
Code Case N-476, Supplement 89.1 which governs the 3.9A.1 Descriptive Informatlos on CRDS
design of single angle members of ASME Class 1,2,3
and MC linear component sunports; and (2) when Descriptive inform on the CRDs as well
eccentric loads or other torazonal loads are not as the entire controi , drive system is con-
acco.nmodated by designing the load to act through tained in Section 4.6.
the shear center or meet * Standard for Steel
Support Design", analyses will be performed in ' 3.9A.2 Appilcable CRDS Design Specincation -
accordance with torsional analysis methods such
as: " Torsional Analysis of Steel Members, USS CRDS is designed to meet the fu'nctional de.
Steel Manual", Publication T114 2/83. sign criteria outlined in Section 4.6 and con.
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sists of the following: (2) factory quality cu'rol tests;

(1) fm' e motion control rod drive; (3) Five-year maintenance life tests;

(2) bydraulic control unit; (4) 1.!X design life tests;

(3) bydraulic power supply (pumps); (5) operationaltests;

(4) electric power supply (for FMCRD motors) (6) acceptance tests; and

(5) interconnecting piping; (7) surveillance tests.

(6) flow and pressure and isolation valves; and All of the tests except (3) and (4) are dis-
cussed in Section 4.6. A discussion of tests

(7) instrumentation and electrical controls. (3) and (4) follows:

Those components of the CRD:, forming part of (3) Five Year Maintenance Life Te.its Fourthe primary pressur: boundary are designed control rod drives are normally picked at
according to ASME Code Section 111, Class I random from the production stock each yearrequirements. acd subjected to various tests under simu.

lated reactor conditions and 1/6th of theThe quality group classification of the service life cycles.
components of the CRDS is ou: lined in Table 3.21
and they are designed to the coder, and standards, Upon completion of the test program,*per Table 3.2 2, in accordance with their

control rod drives must meet or surpassindividual quality groups. the minimum specified performance
requirements.

Pertinent aspects of the design and qualifica-
tion of the CRDS components are discussed in the (4) 1.5X Design Life Tests When a signifi-following locations: transients ir Subsection icent design change is made to the com.3.9.1.1, f aulted conditions in Subsection ponents of the drive, the drive is sub-
3.9.1.4, seismic testing in Subsection 3.9.2.2. jected to a series of tests equivalent to

1.5 times the service life cycles.
3.9A.3 Design Loads, Stress Limits, and
Allonble Deformation 2

3.9.5 Reactor Pressure Vessel Internals
i The ASME Ill Code components of the CRDS have

This subtsction identifies and discusses Ihel
been evaluated analytically and the design load. structural and functionalintegrity of the major
ing conditions, and stress criteria are as given reactor pressure vessel (RPV) internals, includ-in Tables 3.91 and 3.9 2, and the calculated ing core support structures,
stresses meet the Cede allowable stresses. For
the non-Code components, the ASME Ill Code re- 3.9.5.1 Design Arrangements
quirements are used as guidelines and experimen-
tal testing is used to determine the CRD perfor- The core support structures and reactor
mance under all possible conditions as described vessel internals (exclusive of fuel, control
in Subsection 3.9.4.4

rods, and incore nucle.ar instrumentation) are:

| 3.9.4.4 CRD Performance Assarance Program (1) Care Suppc,rt Structures

The CRD test program consists of these tests: Shroud;
.

(1) development tests;
Shroud support (including the internal pump
deck);

Amer.dment 3
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Core plate (and core plate hardware);

Top guide;

ruel supports (orificed fuel supports and
peripheral fuel supports);

Control rod guide tubes; and

(2) Reactor Internals

* Shroud head and * steam separators assembly;

* Steam dryers assembl-A

Feedwater spargers;

RHR/ECCS low pressure flooder spargers;

ECCS high pressure core flooder spargers
and piping; ,

RPV vent and head spray assembly;

Core and * internal pump differential
pressure lines;

in-core guide tubes and stabilizers;

* Surveillance sample holders;

A general assembly drawing of the important

I -

1

These are non nuclear safety (or "other")*

category components as defined in Subsection
3.2.5.1. In Subsection 3.9.5, such compo-
ents are celled non safety class ccmpo-
enti, and the safet related internals
(Safety Class 3) are called safety class
compon ents.

!
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| reactor components is r.hown in Figurc $3-2, 3.93.1.1.2 Shroud Support

The floodable inner volume of the reactor The RPV shroud support is designed to sup-
pressure vessel can be seen in Figure 3.9-2. It port the shroud, and includes the internal pump
is the volume up to the level of the core floodct deck that locates and supports the pumps. The
sparger, pump discharge diffusers penetrate the deck to

introduce the coolant to the inlet plenum below
The design arrangement of the reactor the core. The RPV shroud support is a horizon

internals, such as the shroud, steam separators tal structure welded to the vessel wall to pro-
and guide tubes, is such that one end is vide support to the shroud, pump diffusers, and
unrestricted and thus free to expand. core and pump deck differential pressure lines

The structure is a ring plate welded to the
The ECCS core flooder couplings incorporate vessel wall and to a vertical cylinder supported

vertically oriented slip fit joints to allow free by vertical stilt legs from the bottom head.
thermal expansion.

3.93.1.1J Core Plate
3.93.1.1 Core Support Structures

(The core plate consists af a circular (The core support structures consist of those stainless steel plate with round openings and is
items listed in Subsection 3.9.5.1(1) and are stiffened with a rim and beam structure. TheSafety Class 3 as defined in Section 3.2. These core plate provices lateral support and guidance
structures form partitions within the reactor for the control rod guide tubes, in core flux
vessel to sustain pressure differentials across monitor guide tubes, peripheral fuel supports,
the partitions, direct the flow of the coolant and startup neutron sources. The last two items ~

water, and laterally locate and support the fuel are also supported vertically by the core plate,
assemblics. Figures 3.9 2 and 3.9 3 show the
reactor vessel internal flow paths. The entire assembly is bolted to a support

ledge in the lower portion of the shroud.
3.93.1.1.1 Shroud

3.93.1.1.4 Top Golde
The shroud support, shroud, and top guide make

up a stainless steel cylindrical assembly that The top guide consists of a circular plate
provides a partition to separate the upward flow with square openings for fuel with a cylindrical
of coolant through the core from the downward side forming an upper shroud extension and
recirculation flow. This partition separates the having a top flange for attaching the shroud
core region from the downcomer annulus. The head. Each opening p.ovides lateral support and
volume enclosed by this assembly is characterized guidance for four fuel assemblies or, in the
by three regions. The upper portion surrounds case of peripheral fuel, lest than four fuel
the core discharge plenum which is bounded by the assemblies. Holes are provided in the bottom of
shroud head on top and the top guide plate the support intersections to anchor the in-core
below. The central portion of the shroud flux monitors and startup neutron sources. The
surrounds the active fuel and forms the longest top guide is mechanically attached to the top of
section of the assembly. the shroud.

This section is bounded at the top by the top 3.9.5.1.1.5 Fuel Supports
guide plate and at the bottom by the core plate.
The lower portion, surrounding part of the lower The fuel supports (Figure 3.9 4) are of two
pienem, is welded to the reactor pressure vessel basic types: peripheral supports and orificed
shroud support. The shroud provides the fuel supports. The peripheral fuel supports are
horizontal support for the core by supporting the located at the outer edge of the active core and
core plate and top guide. are not a6]acent to control rods. Each periph.
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cral fuel support supports one fuel assembly and discharge trixture plenum together with the
contains an orifice designed to assure proper
coolant flow to the peripheral fuel assembly. separators end their connecting standpipes. The

discharge plenum provides a mixing chamber for
Each orificed fuel support st'pports four fuel

the steam / water mixture before it enters theassemblies vertically upward and horizontally and steam separators. Individual stainless steci
is provided with orifice plat to assure proper axial flow steam separators are supported on and
coolant flow distribution to ec h rod controlled attached to the top of standpipes that are
fuel assembly. The orificed fuel supports rest welded into the shroud head. The steamon the top of the control rod guide tubes which separators have no moving parts, in each
are supported laterally by the core plate. The separator, the steam / water mixture rising
control rods pass through cruciform openings in through the standpipe passes vanes that impart athe center of the orificed fuel support. A spin to establish a vortex separating the water
contrcl rod and the four adjacent fuel assemblies from the steam. The separated water flows from
represent a core cell (Section 4.4). the lower portion of the steam separator into

the downcomer annulus. The assembly is
3.9.51.1.6 Control Rod Guide Tubes removable from the reactor pressure vessel as a

single unit on 3 routine basis.
The control rod guide tubes located inside

the vessel extend from the top of the control rod 3.9.5.1.2.2 Reactor laternal Pumpdrive housings up through holes in the core (RIP)/ Diffusers
plate. Each guide tube is designed as the guide
for the lower end of a control rod and as the The pump assemblies are non safety classsupport for an orificed fuel support. This cornponents and are discussed here to describe
locates the four fuel assemblics surrounding the coolant flow paths (Figure 3.9 3) in the ves 'control rod. The bottom of the guide tube is sel. The pump provides a means for forced cir-
supported by the control rod drive housing, which culation of the reactor coolant through thein turn transmits the weight of the guide tube, core, including the mixing of feedwater and an-
fuel support, and fuel assemblies to the reactor nulus water from the steam separators and dis-
vessel bottom head. The control rod guide tubes tribution of this fluid to the vessel loweralso contain holes, hear the top of the control
rod guide tube and below the core plate, for plenum and up through the lower grid to the

core.
coolant flow to the orificed fuel supports.

3.9.5.1.2 Reactor laternals The pump assemblies are mounted vertically
into pump no:zles arranged in an equally spaced
ring pattern on the bottom head of the RPV and

The reactor internals consist of those items are located inside the downcomer annulus between
listed in Subssetion 3.9.5.1(2), and are Safety the core shroud and the reactor vessel wall.
Class 3 or no n safety class as noted. These com.
ponents direct and control coolant flow through

The design and performance of the pump
assemblies is covered in detail in Subscetionthe core or support safety related and ncasafety 5.4.1. Each pump consists of three majorrelated funct'on.
hardware sections: an internal pump (IP)
section; a recirculation motor (RM) section; and

3.9.5.1.2.1 Shroud liend and Stear Separators a stretch tube section (Figure 5.41).Assembly

The IP section of the RIP is located insideThe shroud head and standpipes / steam tLe RPV, in an opening through the RPV pumpseparators are non-safety class internal deck- the latter being the horizontal ring plate
components. The assembly is discussed here to enclosing the bottom of the downcomer annetus
describe the coolact flow paths in the reactor and thus separating the lower pressure annulus
pressure vessel. The shroud head and steam region from the higher-pressure lower plenum
separators assembly includes the upper flanges region. The IP, in turn, is comprised of aand bolts, and forms the top of the core vertical axis single-stage, mixed flow impeller
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driven from underneath by a pump shaft, with the 3.9.5.1.2.4 Feedwater Spar 1ters
impe:ler being encircled by a diffuser shroud
assembled into the pump deck opening. These are Safety Class 2 components. They |

are discussed here to describe coolant flow
The RM section of tne RIP is located paths in the vessel and their safety

underneath, and at the pen:phecy of, the RPV function. Each of two feedwater lines is
bottom head inside a pressner retaining housing connected to three spargers via three RPV
termed the motor casing. The retor casing itself nozzles. One line is utilized by the RCIC (

is not part of the RM, but is instead a part of system; the other by the RHR shutdown cc;oling
and welded into an RPV nozzle (pump nozzle). The system. During the ECCS mode, the two groups
motor casing thus ccmprises part of the reactor of spargers support diverse type of flooding
coolant pressure boundary and ie a Safety Class 1 of the vessel. The RCIC system side supports
component, high pressure flooding and the RHR system side

supports low pressure flooding, as required
The principal element of the stretch tube. during the ECCS operation,

section is a thin walled tube configured as a
hollow bolt fitting around the pump shaft and The feedwater spargers are stainless steel.

within the pump nozzle. It has an externallip headers located in the mixing plenum above the
(bolt head) at its upper end and an external downcomer annulus. A separate sparger in two
threaded section at this lower end. The stretch halves is fitted to each feedwater nozzle via
tube function is to achieve tight clamping of the a tee and is shaped to conform to the curve of
IP diffuser to the gasketed, internal.rnount end - the vessel wall. The sparger tee inlet is
of the RPV pump nozzle, at all extremes of connected to the RPV nozzle safe end by a
thermal transients and pump eperating conditions. double thermal sleeve arrangement, with all

,

connections made by full penetration welds.
3.9.5.1.1.3 Steam Dryer Assembly Sparger end brackets are pinned to vessel

brackets to support the spargers. Feedwater
The steam dryer assembly is a non safety class flow enters the center of the spargers and is

component. It is discussed here to describe discharged radially inward to mix the cooler
coolant flow paths in the vessel. The steam feedwater with the downcomer flow from the
dryer removes moisture from the wet steam leaving steam separators and steam dryer before it
the steam separators. The extracted mrasture contacts the vessel wall. The feed. wate'r
flows down the dryer vanes to the colh:cting also serves to condense steam in the region
troughs, then flows through tubes into the above the downcomer annulus and to subcool
downcomer annulus. water flowing to the recirculation internal.

pumps.
The steam dryer assembly consists of multiple

banks of dryer units mounted on a common
3.9.5.1.2.5 RHR/ECCS Low Pressure Flooder

structure which is removable from the reactor Swrsers
pressure vessel as an integral unit. The
assembly includes the dryer banks, dryer supply

These are Safety Class ? components. The |
and discharge ducting, drain collecting trough, design features of these two spargers of the
drain piping, and a skirt which forms a water RHR shutdown cooling system are similar to
seal extending below the se;,arator reference zero those of the six feedwater spargers, three of
elevation. Upward and radial movement of the which belonging to one feedwater line support.

dryer assembly under the action of blowdown and additionally the same RHR (and ECCS)
seismic loads are limited by reactor vessel- function. 'During the ECCS mode, these
internal stops which are arranged to permit dif. spargers support low pressure flooding of the
ferential expansion growth of the dryer asser'bly vessel The feedwater spargers are described
with respect to the reactor pressure vessel. The in Subsection 3.9.5.1.2.4.'
assembly is arranged for removal from the vessel
as an integral unit on a routine basis. Two lines of RHR shutdown cooling system

enter the' reactor vessel through the two
>

diagonally opposite nozzles and connect to the
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spergers. The sparger tee inlet is connected to connection to the steamline is blocked. Whenthe RPV nozzle safe end by a thermal sleeve draining the vessel during shutdown, air enters
arrangement with all connections made by full the vessel through the vent,
penetration welds.

3.9.5.1.2.8 Core and Internal Pump
3.9.5.1.2.6 ECCS liigh Pressure Core F!ooder Differratial Pressure Lines
Spargers and Piping

These lines comprise the core flow measure-
3

| Safety Class 2. The spargers and piping are the
The core flooder spargers and piping are rnent subsystem of the recirculation flow control

A
system (RFCS) and provide two methods of measur-

means for directing high pressure ECCS flow to inn the ABWR core flow rates. The core DP lines
the upper end of the core during accident (Safety Class 3) and internal pump DP lines
conditions. (non safety class) enter the reactor vessel se-

parately through reactor bottom head penetra-
Each of two high pressure core flooder (HPCF) tiocs. Four pairs of the core DP lines enter

system lines enters the reactor vessel through a the Lead in four quadrants through four penetra-
diagonally opposite nozzle in the same manner as tions and terminate immediately above and below
an RilR low pressure flooder line, except that the the core plate to sense the pressure in the re-
curved sparger including the connecting tee is gion outside the bottom of the fuel assemblies
routed around the inside of and is supported by and below the core plate during normal
the cylindrical portion of the top guide. A operation.
flexible coupling is interposed between the
sparger tee inlet and the sleeved inlet connector Similarly, four pairs of the internal pump DP
inside the nozzle. The two spargers are lines terminate above and below the pump deck ,
supported so as to accommodate thermal expansion. and are used to sense the pressure across the

pump during normal pump operation. Each pair is
3.9.5.1.2.7 RPVVent and llead Spray Assu bly routed concentrically through a penetration and

upward along a shroud support leg in the lower
This is designed as a Safety Class 1 plenum.

component. However, only the nozzle portion of
the assembly is a reactor coolant pressure 3.9.5.1.2.9 In-Core Guide Tubes and

] boundary, and the assembly function is not a Stabilizers
, safety related operation. The reactor water
I

cleanup return flow to the reactor vessel, via These are Safety Class 3 components. The
feedwater lines, can be diverted partly to a guide tubes protect the in-core instrumentation
spray nozzle in the reactor head in preparation from flow of water in the bottom head plenum and
for refueling cooldown. The spray maintains provide a means of positioning fixed detectors
saturated conditions in the reactor vessel head in the core as well as a path for insertion and
volume by condensing stream being generated by withdrswal of the calibration monitors (ATIP,

| the hot reactor vessel walls and internals. The automated traversing incore probe subsystem).j head spray subsystem is designed to rapidly The in core flux monitor guide tubes extend from
cooldown the reactor vessel head flange region the top of the in core flux monitor housing to
for refueling and to allow installation of steam the top of the core plate. The power range de-
line plugs before vessel floodup for refueling. tectors for the power range monitoring units and

the dry tubes for the startup range neutron
The head vent side of the assembly passes monitoring and average power rante monitoring

! steam and noncondensable gases from the reactor (SRNM/APRM) detectors are inserted through the
head to the steamlines during startup and opera- guide tubes.
tion. During shutdown and filling for hydro-
testing, steam and noncondensable gases may be . Two levels of stainless steel stabilizer
vented to the drywell equipment sump while the latticework af clamps, tie bars, 'and spacers

give lateral support and rigidity to the guide
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tubes. The stabilizers are connected to the normal operation, abnormal operational transi-
shroud and shroud support. The bolts are ents, and accidents show that the loads affect.
tack welded after assembly to prevent loosening ing core support structures and other safety-
during reactor operation. related reactor internals are less severe than

those affected by the four postulated events.
3.9.5.1.2.10 Surveillance Sample lloiders

The faulted conditions for the reactor
This a non safety class component. The pressure vessel internals are discussed in

surveillance sample holders are welded baskets Subsection 3.9.1.4 Loading combinadon and
containing impact and tensile specimen capsules. analysis for safety-related reactor internals
The baskets hang from the bracket- ist are at- including core support structures are discussed
tached to the inside of the reactor vessel wall in Subsections 3.9.3.1, 3.9.5.3.5, a n d
and extend to mid height of the active core. The 3.9.5.3.6.
radial positions are chosen to expose the speci.
mens to the same en ironment and maximum neutron 3.9.5.2.2 Pressure Differential During Rapid
fluxes experienced by the reactor vessel itse.lf. Depressurization

3.9.5.2 Leading Conditions A digital computer code is used to analyze
the transient conditions within the reactor

3.9.5.2.1 Events to be Evaluated vessel following the main steam line break
between the vessel nozzle and main steam

Examination of the spectrum of conditions for isolation valve. The analytical model of the
which the sefety design bases (Subsection vessel consists of nine nodes which are
3.9.5.3.1) must be satisfied by core support connected to the necessary adjoining nodes by-
structures and ssfety related internal components flow paths having the required resistance and
reveals four significant faulted events: inertial characteristics. Tae program solves

the energy and mass conservation equations for
(1) Feedwater Line Break A break in a cach node to give the depressurization rates and

feedwater line between the reactor vessel pressures in the various regions of the
and the primary containment penetration; reactor. Figure 3.9 5 shows the nine reactor
(the accident results in significant annulus nodes. The computer code used is the General
pressurization and reactor building Electric Short-Term Thermal Hydraulic Model
vibration due to suppression pool dynamics); described in Reference 4. This model has been

approved for use in ECCS conformance evaluation
_

(2) Steam Line Break Accident A break in one under 10CFR50 Appendix K. In order to
main steam line between the reactor vessel adequately describe the blowdown pressure
nozzle and the main steam isolation valve; effect on the individual assembly components,
(the accident results in significant three features are included in the model that
pressure differentials across some of the are not applicable to the ECCS analysis and are

l

structures within the reactor and reactor therefore not described in Reference 4. These
building vibration due to suppression pool additional features are as follows:
dynamics);

(1) The liquid level in the steam separator
. (3) Earthquake - subjects the core support region and in the annulus between the dryer
| structures and reactor internals to skirt and the pressure vessel is tracked to'

significant forces as a results of ground more accurately determine the flow and
motion at.d consequent RBV; and mixture quality in the steam dryer and in

1 the steamline.
| (4) Safety / relief valve discharge - RBV due to

suppression pool dynamics and structural (2) The flow path between the bypass region and
| feedback the shroud head is more accurately modeled

since the fuel assembly pressure differ-
Analysis of other conditions existing during ential is influenced by flashing in the
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guide tubes and bypass region for a steam- considered to be composed of two parts: steady-
line break, in the ECCS analysis. the momen- state and transients pressure differentials,
tum equation is solved in this flow path but For a given plart, the core flow and power are
its irreversible loss coefficient is conser- the two major factors wtich influence the
vatively set at an arbitrary low value. reactor internal pressure differentials.i "o-

,

core flow essentially affects only the steady-| (3) The enthalpies in the guide tubes and the state part. For a fixed power, the greater thel
bypass are calculated separately since the core flow, the larger will be the steady statefuel assembly pressure differential is pressure differentials. On the other hand, the
influenced by flashing in these regions, la core power affects both the steady-state and the
the ECCS analysis, these regions are lumped. transient parts. As the power is decreased,!

! there is less voiding in the core and conse.
3.9.5.23 Feedwater Line and Main Steam Line quently the steady-state core pressure differen.
Break

tial is less. However, less voiding in the core
also means that less steam is generated in the

3.9.5.23.1 Accident Definition reactor pressure vessel and thus the depressuri.
zation rate and the transient part of the maxi-

Both a feedwater line break (the largest
liquid line break) and a main steam line break mum pressure load is increased. As a result,

the total loads on some components are higher et
(the largest steam line break) upstream of the low power.
rnain steam isolation valve are considered in
determining the design basis accident for the To ensure that calculated pressure differ.
safety related reactor internals including the ences bound those which could be expected if acore support structures.

steam line break should occur, an analysis is '
conducted at a low power high recirculation flow

The feedwater line break is the same as the condition in addition to the standard safetydesign basis loss of coolant accident described analysis condition at high power, rated recircu-,

'

in Subsection 6.2.1.1.3.3.1. A sudden, complete lation flow. The power chosen for analysis is
,

circumferential break is assumed to occur in one the minimum value permitted by the recirculationl feedwater line. The pressure differentials on system controls at rated recirculation drive
the reactor internals and core support structures flow (i.e., the drive flow necessary to achieve
are in all cases lower than those for the main rated core flow at rated power).steam line break.

This condition maximiacs those loads which
'

The analysis for the main steam line break are inversely proportiona. to power. It must
assumes a sudden, complete circumferential break

of one main steam line at the reactor vessel
be noted that this condition, while possible, is
unlikely; first, because the reactor will

nozzle, downstream of the limiting flow area. generally operate at or near full power; second,
This is described in Subsection 6.2.1.1.3.3.2. because high core liow is neither required nor

desirable at such a reduced power coniition.
The steam line break accident produces

significantly higher pressure d'ecential across
Table 3.9 3 summarizes the maximum pressure

the reactor internal structure s m does the differentials. Case 1 is the safety analysis
feedwater line break. This rod.is from the condition; Case 2 is the low power high flow
higher reactor depressurization rate associated condition,
with the steam line break. Therefore, the steam
line break is the design basis accident for
internal pressure differentials. 3.9.5.2A Scismic and other Reactor Building

Vibration Events

3.9.5.23.2 Effects ofInitial Reactor Pour The loads due to earthquake and other reactor
and Core Flow buik ing vibration (RBV) acting on the structure

within the reactor vessel are based on a dynamic
The maximum internal pressure loads can be analysis described in Sections 3.7, 3.8, and

Amendmcat 7
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Subsection 3.9.2.5. Dynamic analysis is per. 3.9.5.33 Design leading Categories
formed by coupling the lumped. mass model of the
reactor vessel and .nternals with the building The basis for determining faulted dynamic
model to determine the system natural frequencies event loads on the reactor internals is shown in i
and node shapes. The relative displacement, Sections 3.7, 3.8 and Subsections 3.9.2.5, 1acceleration, and load response is then deter. 3.9.5.2.3 and 3.9.5.2.4. Table 3.9 2 shows the
mined by either the time history method or the load combinations used in the analysis.
response-spectrum method.

Core support structures and safety class
3.9.53 Design Bases internals stres limits are consistent with

ASME Code Section III, Subsection NG. For
3.9.5.3.1 Safety Design Bases these components, Level A, B, C, and D senice

limits are applied to the normal, upset,
The reactor internals including core support emergency. and faulted loading conditions,.

structures shall meet the following safety design respectively, as defined in the design
bases: specification. Stress intensity and other

design limits are discussed in Subsections
(1) The reactor vessel nozzles and internals 3.9.5.3.5 a nd 3.9.5.3.6

shall be so arranged as to provide a
floodable volume in which the core can be 3.9.5.3.4 Response oflaternals Due to Steam
adequately cooled in the event of a breach Une Break Accident
in the nuclear system process barrier
external to the reactor vessel; As described in Subsection 3.9.5.2.3.2, the ,

maximum pressure loads acting on the reactor
(2) Deformation of internals shall be limited to internal components result from steam line break

assure that the control rods and core upstream of the main steam isolation valve and,
standby cooling systems csn perform their on some components, the loads are greatest with
safety relat-d functions; and operation at the minimum power associated with

the maximum core flow (Table 3.94, Case 2).
(3) Mechanical design of applicable structures This has been substantiated by the analytical

shall assure that safety design bases (1) comparison of liquid versus steam line breaks
and (2) are satisfied so that the safe and by the investigation of the effects of core
shutdown of the plant and removal of decay power and core flow.
heat are not impaired.

It has also been pointed out that, although
3.9.53.1 Power Generation Design Bases possible, it is not probable that the reactor

would be operating at the rather abnormal
The reactor internals including core support condition of minimum power and maximum core

structures shall be designed to the following flow. More realistically, the reactor would be
power generation design bases: at or near a full power condition and thus the

maximum pressure loads acting on the internal
(1) The internals shall provide the proper components would be as listed under Case 1 in

coolant distribution during all anticipated Table 3.9 3.
normal operating conditions to full power
operation of the core without fuel damage; 3.9.5.33 Stress and Fatigue Um!ts for Core

Support Structures
(2) The internals shall be arranged to

facili; ate refueling cperations; and The design and construction of the core
support structures are in accordance with ASME

(3) The internals shall be designed to Code Section III, Subsection NG.
f acilitate inspection.

Amendment 7
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3.9.5.34 Stress, Deformation,and Fatigue 3.9.6 Inservice Testing of Pumps and Valves
IJmits for Safety Clann and Other Reactor

) Internals (Except Core Support StructureO inservice testing of safety-related pumps and j
valves will be performed in accordance with the AFor safety class reactor internals, the stress requirements of Section XI, Subsection IWP and

deformation and fatigue criteria listed in Tables IWV, of the ASME Code. Table 3.9-8 lists the
3.9 4 through 3.9 7 are based on the criteria inservice testing parameters and frequencies for
established in applicable codes and standards for the safety related pumps and valves. Valves
similar equipment, by manufacturers standards, or having a containment isolation function are also
by empirical methods based on field experience noted in the listing. Code testing flexibility
and testing. For the quantity SF,;, tables, thein the ASME/ ANSI O&M Part 6 for pumps and Part(rninimum
safety factor) appearing in those 10 for valves produced no need for relief
following values are used: requests. A review of field experience for

typical BWR testing problems also showed the
Senice Service Code encompassed common relief requests.SF
IdJul Condition min Inservice inspection is discussed in Subsection

5.2.4 and Section 6.6.
A Normal 2.25
B Upset 2.25 Details of the inservice testing prograta,
C Ernergency 1.5 including test schedules and frequencies will be
D Faulted 1.125 reported in the inservice inspection and testing

plan which will be provided by the applicant
Components inside the reactor pressure vessel referencing the ABWR design. Tbc plan will

such as control rods which must move during integrate the applicable test requirernents for -
accident condition have been examined to safety related pumps and valves including those
deterrnine if adequate clearances exist during listed in the technical specifications, Chapter
emergney and fauhed conditions. No mechanical 16, and the containment isolation valves,
clearance problems have been identi: '. The Subsection 6.2.4. An example is the periodic
forcing functions applicable to the reactor leak testing c# the reactor coolant pressure
internals are discussed in Subsection 3.9.2.5. isolation vuves in Table 3.9 9 will be 3@

performed in accordance with Chapter 16 AA
The design criteria, loading conditions, and Surveillance Requirement 3.6.1.5.10. *his plan

analyses that provide the basis for the design of will include baseline pre service testing to
the safety class reactor internals other than the support the periodic in. service testing of the
core suppc,rt structures meet the guidelines of- components. Depending on the test results, the
NG 3000 and are constructed so as not to plan will provide a commitment to disassemble
adversely affect the integrity of the core and inspect the safety related pumps and valves
support structures (NG-1122). when limits of Subsection IWP or IWV are

exceeded,as described in the following '.

The design requirements for equipment paragraphs. The primary elements of this plan,,

classified as nomsafety (other) class internals including the requirements of Generic Letter
(e.g., steam dryers and shroud heads) are 8910 for motor operated valves, are delineated
specified eth appropriate consideration of the in the subsections to follow. (See Subsection
intended service of the equipmed and expected 3.9.7.3 f or COL license inform ation
plant and environmental conditions under which 't requirements).
will operrte. Where Code design requirements are
not applicab!c, accepted industry or engineering 3.9.6.1 Inservice Testlag of Safety Relat-d
practices are used. Pumps

The ABWR safety related pumps and piping 3
configurations accommodate inservice testing at A
a flow rate at least as large as the maximum
design flow for the pump. In addition, the

!Amendment
3.9-44
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sizing of each :nicimum recirculation flow pith is experience. (See Cubsection 3.9.7.3(1) for COL
evatusted to assure that its use under al! license information requirements.)
analyzed conditions will not result in
degradation of the pump. ' he flow rate through 3.9.6.2.2 Motor Operated Valves.

minimum recirculation !!ow paths can also be
periodically cicasured to verify that flow is in The motor operated valve (MOV) equipment
accordance with trie design specihcation. specifications require the incorporation of the

results of either in situ or prototype testing
The safety relcted pu ps are provided with with full flow and pressure or full difft iential

instrumentation to verify that the net positive pressure to verify the proper sizing and correct
suction head (NPS11) is grester than or equal to switch settings of the valves. Guidelines to
the NPSH required during all modes of pump justify prototype testing are contained in
operation. These pumps can be disasnmbled for Generic Letter 9810, Supplement 1, Question: 22
evaluation when the Code hection XI testing and 24 through 28. The applicant referencing
results in a deviation which falls within the the ABWR design will provide a study to
" required action range? The Code provides determine the optimal frequency for valve

,

crit eria limit s f or t h;; t e s t par a re e tc rc - stroking during in service testing such that
indentified ic Table 3.9 8. A program will be unnecessary testing and damage is not done to
developed by the applicant referencing the ABWR the valve as a result of the testing. (See
design to establish the freguesy and the exu.nt Subsecticn 3.9.7.3 for COL license information
of disassembly and inspection bned na su*pected requirements).
degradation of all safety related pecips,
including the basis for the frequency and the The concerns and issues identified in
extent of each disassembly. The program raay be Generic Letter 8910 for MOVs will be addressed -
revised throughout the plant life to minimize prior to plant startup. The method of assessing
disassembly based on past disassembly the loads, the method of sizing the actuators,
experience. (See Subsection 3.9.7.3(1) for COL and the setting of the torque and limit switches
license information requirements.) will be specifically addressed. (See Subsection ,

3.9.7.3 f or COL licen se in f orm a tion <

3.9.6.2 Inservice Testing of Safey Related requirements).
Valves y

The in service testing of MOVs will rely on
3.9.6.2.1 Chetk Vahes diagnostic tecniques that are consistent with

the state of the art and which will permit an
All ABWR asfety related piping systerns assessment of the performance of the valve under

incorporate provisions for testing to demonstrate actual loading. Periodic testing will be
the operability of the check valves under design conducted under adequate differential pressure
conditions, in-service testing will incorporate and flow conditions that allow a justifiable
the ute of advance non intrusive techniques to demonstration of continuing MOV capability for
periodict.lly assess degradation and the design basis conditions, including recovery from
performance characteristics of the check valves. inadvertent valve positioning. MOVs that fail
The Code Section XI tests will be performed, and the acceptance criteria, and are * declared
check valves that fail to exhibit the required inoperable," for stroke tests and leakage rate
perfo mance can be disassembled for evaluation. can be disassembled for evaluation. The Code
The Code provides criteria limits for the test provides criteria limits for the test parameters
parameters identified in Table 3.9-8. A program identified in Table 3.9 8. A program will be
will be developed by the applicant referencing developed by the apllicant referencing the ABWR
the ABWR design to establish the frequency and design to establish the frequency and the extent
the extent of disassembly and inspectioc based on of disassembly and inspection based on suspected
suspected degradation of all safety related degradation of all safety related 'MOV's",
pumps, including the basis for the frequency and including the basis for the frequency anif the
the extent of each disassembly. The program may extent of each disassembly. The p;ogram may be
be revised throughout the plant life to minimize revised throughout the plant life to minimize
disassembly I r sed ou past dicassembly disassembly based on past disassembly exper-

,

Amendment 39-441
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lence. (See Subsection 3.9.7.3(1) for COL
license information requirements.)

3.9.6 2.3 Isolatla Valve leak Tests

The leak tight integrity will be verified
for each valve relied upon to provide a
leak tight function. These valves include:

(1) pressure isolation valves valves that
provide isolation of pressure differential
from one part of a system from another or
between systems;

(2) temperature isolation valves valves whose
leakage may cause unacceptable thermal
loading on supports or stratification in the
piping and thermal loading on supports or
whose leakage may cause steam binding of
pumps; end

(3) contairmstet er la tia*: valves . valves that
perform a containment is91stio: function in
accordance with the Evaluation A;; air.st
Crit e rion 54, Subse ction 3.1.2.5.$.2, '

including valves that may be exempted from
Appendix J, Type C testing but whose
leakage may cause loss of suppression pool
water inventory.

Leakage rate testing of valves will be in
accordance with the Code Section XI. An example
is the fusible plug valves that provide e lower
drywell flood for severe accidents described in
Subsection 9.5.12. The valves are safety related
due to the function of retaining suppression pool
water as shown in Figure 9.5-3. These special
valves are noted here and not in Table 3.9 8.
The fusible plug valve is a nonreclosing pressure
relief device and the Code requires replacement
of cacia at a maximum of 5 year Ntervals.

Amendment 3.944.2
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3.9.7 COL License Inforrnation 3.9.7.3 Pump and Yalve Inservice Testing
Program

3.9.7.1 Reactor laternals Vibration Analysis,
Measurement and Inspection Program COL applicants referncing the ABWR design |

will provide a plan for the detailed pump and

| design will provide, at the time of application,The first COL applicant referencing the ABWR valve inservice testing and inspection program.
This plan will

the results of the vibration assessment program
for the ABWR prototype internals. These results (1) Include baseline pre service testing to
will include the following information specified support the periodic is service testing of
in Regulatory Guide 1.20. the components required by technical

specifications. Provisions are included to
R.G.L20 Subject disassemble and inspect the pump, check

valves, and MOVs within the Code and
C.2.1 Vibration Analysis safety related classification as necessary,

Program
. depending on test results. (See Subsections

C.2.2 Vibtation Measutement 3.9.6, 3.9.6.1, 3.9.6.2.1 and 3.9.6.2.2)
Program

C.2.3 Inspection Program (2) Provide a ciudy to determine the optimal
C.2.4 Documentation of frequency for valve stroking during

Results inservice testing. (See Subsection
3.9.6.2.2)

NRC review and approval of the above
information on the first applicants docket will (3) / ddrest ,e concerns and issues identified.
complete the vibration assessment program in Gene,ic Letter 8910; specifically the
requirements for prototype reactor internals, method of assessment of the loads, the

method of siring the actuators, and the
in addition to the information tabulated setting of the torque and limit switches,

above, the fi st applicant referencing the ABWR
(See Subsection 3.9.6.2.2) -design will provide the information on the

schedules in accordance with the applicable 3.9.7A Audit of Design Specification and
portions of position C 3 of Regulatory Guide 1.20 Design Reports
for non prototype internals.

will make available to the NRC staff design |
COL applicants referencing the ABWR design

| he information on the schedules in accordance
Subsequent COL applicants need only provide

t
specificttion and design reports required by

with the applicable portions of position.C.3 of ASME Code for vessels, pumps, valves and piping
Regulatory Guide 1.20 for non. prototype systems for the. purpose of audit. (See
internals. (See Subsection 3.9.23 for interface Subsection 3.9.3.1)requirements).

3.9.8 References
3.9.7.2 ASME Class 2 or 3 or Quality Groep
Components with 60 Year Design Ute 1. BWR Fuel Channel Mechanical Design and

Deficetion, NEDE 21354 P, September 1976.

| ill identify ASME Class 2 or 3 or Quality GroupCOL applicants referencing the ABWR design !

w 2. BWR/6 Fuel Assembly Evaluation of Combined -
D components that are subjected to loadings which Safe Shutdowa Earthquake (SSE) and
could result in thermal or dynamic fatigue and Loss of Coolant Accident (LOCA) Loadings,
provide the analyses requi cd by the ASME Code,- NEDE 21175 P, November 1976.
Subsection'NB. These analyses will include the
appropriate operating vibration loads and for the 3. NEDE 24057 P (Class Ill) and NEDE 24057effects of mixing hot and cold fluid.. (See (Class I) Assessment of Reactor Internals.
Subsection 3.9.3.1. Vibration in BWR/4 and BWR/S Plants,

Amendment
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November 1977. Also NEDO-24057-P, Amendment
1, December 1978, and NEDE 2 P 24057
Amendment 2, June 1979.

4. General Electric Company, Analytical Model
for Loss of Coolant Analysis in Accordance
with 10CFRSO, Appendix K, NEDE 20566P,
Proprietary Document, November 1975.

5. BWR Feedwater Noule and ControlRod Drive
Return Line Nonle Cracking, NUREG-0619.

6. Gen eral Electric En vironm ental
Qualification Program, NEDE 243261.Y,
Proprietary Document, January 1983.

7. Functional Capability Criteria for
Essential Mark H Piping, NEDO 21985,
September 1978, prepared by Battelle
Columbus Laboratories for General Electric
Company.

8. Generic Criteria for High Frequency Cutoff
of BWR Equipment, NEDO-25250, Proprietary '

Document, Januasy 1980.

Ameadment 16
3.945.1
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Table 3.91

PLAST EVENTS

A. Plant Operating Events

ASME Code

SenigI No. of
Limil Events

1. Boltup (l) A 68

2. Hydrostatic Test (two test cycles for each
boltup cycle) Testing . 135-

3. Startup (100 F/hr Heatup Rate)(2) A 390

4. Daily and Weekly Reduction to 50% Power (1) A 18,000

5. Control Rod Pattern Change (1) A 600

6. Loss of Feedwater Heaters B 120

7. Scram:

Turbine Generator Trip, Feedwater On, B 188.a.

and Other Scrams

b. loss of Feedwater Flow, B 209
Loss of Auxiliary Power

P

c. Turbine Bypass, Single Safety or Relief B 12
Valve Blowdown

'
8. Reduction to 0% Power, Hot Sta'dby, Shutdown A- 378

(100 F/hr Cooldown Rate)(2)

. 9. Refueling Shutdown with Head Spray and Unbolt (1) - A- 68

10. Scram:

. a. Reactor Overpressure with Delayed Scram .C 1(3)
(Anticipated Transient Without Scram,
ATWS) .

b. Automatic Blowdown C 1(3)

11. Improper or Sudden Start of Recirculation C 1(3)
Pump with Cold Bottom Head or Hot Standby -
Drain Shut Off- Pump Restart

Amendment 3.9-46 -
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Table 3.91

PIAhT EVENTS

B. Dynamic Loading EventsIO)

ASME Code No. of

Servig Cyclesg
umit rarnts

12. Operating Basis Earthquake (OBE) Event at B 10 Cydes (4)
Rated Power Operating Conditions

13. Safe Shutdown Earthquake (SSE) (5) at Rated D(9) 1(3) Cyde
Power Operating Conditions

14 Turbine Stop Valve Full Closure (TSVC)(6) B 990 |During Event 7a and Testing Cycles

15. Safety Relief Valve (SRV) Actuation (One, B 3%
|Two Adjacent, All or Automatic Depressuri.

Events (7)
zation System) Dming Event 7a and 7b

16. Loss of Coolant Accident (LOCA)
~

Small Break LOCA (SBL) D(9) 1(3)

Intermediate Break LOCA (IBL) D(9) 1(3)

Large Break LOCA (LBL) D(9) 1(3)

NOTES:

(1) Some events apply to reactor pressure vessel (RPV) only. .he number of events / cycles
applies to RPV as an example.

(2) Bulk average vessel coolant temperature change in ahf one hour period.

(3) The ynnual encounter probability of a single event is <10'* for a Level C event and
<10' for a Level D event. See Subsection 3.9.3.1.1.5.

(4) 50 peak OBE cycles for piping,10 peak OBE cycles for other equipment and components.

(5) One stress or load reversal cycle of maximum amplitude.

Amendment
3.9-47
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Table 3.91

PLANT EVENTS

B. Dynamic Imading Events

(Continued)

NOTES
{

(6) Applicable to main steam piping system only.

(7) The number of reactor building vibratory load cycles on the reactor vessel and internal components
is 29,400 cycles of varying ampr . ie during the 3% events oi safety / relief valve actuation.

|
(8) Table 3.9 2 shows the evaluation basis combination of these dynamic loadings.

(9) Appendix F or other appropriate requirements of the ASME Code are used to deter-.ine the service
level D limits, as described in Subsection 3.9.1.4.

(10) These ASME Code Service Limits apply to ASME Code Class 1,2 and 3 components, component supports
and Class CS structures. Different limits apply to Class MC and CC containment vessels and
components, as discussed in Section 3.8.

,

.

/

Amendment
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Table 3.9 2

LOAD COMBINATIONS AND ACCEPTANCE CRITERIA FOR SAFET%RELATED,
ASME CODE CIASS 1,2 AND 3 COMPONENTS, COMPONENT

SUPPORTS, AND CIASS CS STRUCTURES

Service 14sding ASME
Plant Event Combination (1)J8)38) Service level (2)

'

1. Normal Operation (NO) N A

2. Plant /Sptem Operating (a) N + TSVC B(5)
Transients (SOT) (b) N + SRV(s) B(5)

D
n

1. NO + OBE N + OBE B(5)

4. SOT + OBE (a) N + TSVC + OBE B(s)
(b) N + SRV(s) + OBE B(5).

5. Infrequent Operating N(10) + SRV(s) C(5),(8),(8 0)
Transient (LOT), ATWS ,

6. 03L
N + SRV(s) + SBL(11) C(5),(s)

7. SBL or IBL + SSE N + SBL(orIBL)(11) D(s),(s),(7)
+ SSE + SRV(*)

8. LBL + SSE N + LBL (1 +) + SSE D(5),(8),(?)

9. NLF
N + SRV(s) + TSVC(18) D(5)

NOTES: A

(1) See Legend on the following pages for definition of terms. See Table 3.91 for plant events
and cycles information. I

4

The service loading combination also applies to Seismic Category 1 Instrumentation and .
electrical equipment (See Section 3.10). !

(2) He service levels are as defined in appropriate subsection of ASME Section III, Division 1.
4

(3)' For vessels and pumps, loads induced by the attached piping are included as identified in
their design specification.-

For piping systems, water (steam) hammer loads are included as identified in their design
specification.

(4) The method of combination of the loads is in ac:ordance with NUREG 0484, Revision' L-

(5) For active Class 1,2 or 3 valves, the' design pressure is specified equal to o,' greater than
the pressure for which the valve must operate (open or close). .

A * *9-
3.9 49 --
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Table 3.9 2

LOAD COMBINATIONS AND ACCEPTANCE CRITERIA FOR SAFET%RELATED,
ASME CODE CLASS 1,2 AND 3 COMPONENTS, COMPONENT -

SUPPORTS, AND CLASS CS STRUCTURES (Continued)

NOTES

(6) All ASME Code Class 1,2 and 3 Piping Systems which are essectial for safe shutdown under the
postulated events are designed to meet the requirements of NEDO.21985 (Reference 7) and N?C's
" Evaluation of Topical Report . Piping Functional Capability Criter's,* by MEB dated July 17,1980.

(7) For active Class 2 and 3 valves and pumps, the stresses are limited by criteria: om 11.25, and
(am or oL) + ab 11.8S, where the notations are as defined in the ASME C ide, Section Ill,
subsections NC or ND, respectively.

(8) ~ The most limiting load combination case among SkV(1), SRV(2) and SRV (ALL). For main steam and
branch piping evaluation, additionalloads associated with relief line clearing and blowdown into
the suppression pool are included.

(9) The most limiting load combination case among SRV(1), SRV(2) and SRV (ADS). See Note @) for main
steam and branch piping.

(10) The reactor coolant pressure bc 2ndary is evaluated using in the load combination the maximuin
pressure expected to occur during ATWS.

(11) The piping systems that are qualiued to the leak before break criteria of Subsection 3.6.3 are
excluded from the pipe break events tu be postulated for design against LOCA dynamic effects, viz.,
SBL, IBL and LBL.

(12) This applies only to the main steam lines and components mounted on it. The low probability that y
the TSVC and SRV loads can exist at the same time results in this combination being considered d'
under service level D.

.

~ '

LOAD DEFINITION LFfditQ.

| Normal (N). Normal and/or abnormal loads associated with the system operating conditions,
j including thermal loads,' depending on acceptance criteria.

SOT- System Operational Transient (see Subsection 3.93.1).

IOT Infrequent Operational Transient (see Subsection 3.93.1).

ATWS '

Anticipated Transient Without Scram.-

TSVC Turbine stop valve closure induced loads in the main steam' piping and components-

integral to or mounted thereon,

!

RBV Loads - Dynamic loads in structures, systems and components because of reactor building
,

vibration ~(RBV) induced by a dynamle event.-
|

(. OBE RBV loads induced by operational basis earthquake,.

Non LOCA Fault )NLF -

;;
Amendment 7 3.9-50
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Table 3.9 2

LOAD COMBINATIONS AND ACCEPTANCE CRITERIA FOR SAFETY-RELATED,
ASME CODE CLASS 1,2 AND 3 COMPONENTS, COMPOhTNT

SUPPORTS, AND CLASS CS STRUCTURES
(Continued)

LOAD DEFINITION LEGEND: '

SSE RBV loads induced by safe shutdown earthquake.-

(
SRV(1), RBV loads induced by safety / relief valve (SRV) discharge of one or-

SRV7) two adjacent valves, respectively.

SRV(ALL) - RBV loads induced by actuation of all safer; Selief valves which activate within

-[milliseconds of each other (e.g., turbine trip operational transient).

SRV(ADS) - RBV loads induced by the actuatica of safety / relief valves associated with automatic
depressurization system which actuate within milliseconds of each other during the
postulated small or intermedLte break LOCA, or SSE.

LOCA
The less of coolant accident-associated with the postulated pipe failure of .i high-

-

.

energy reactor coolant line. The load effects are defined by LOCA1through (LOCA . LOCA cuents are grouped in three categories, SBL,IBL'or LBL, as defined7
.

here.
;

LOCA Pool swell (PS) drag / fallback loads on essential piping an.a components located'1
-

between the main vent discharge outlet and the suppression pool water upper surface.
.

i

LOCA2 Pool swell (PS) impact loads acting on essential piping and components located above
-

the suppression pool water upper surface.

LOCA3 (a) Oscillating pressure induced loads on submerged essential piping and components
-

during main vent clearing (VLC), condensation oscillations (CO), or chugging (CHUG),
or

(b) Jet impingement (JI) load on essential piping and components as a result of a
postulated IBL or LBL' event.

Piping and components are defined essential,if they are required for shutdown of the
reactor or to mitigate consequences of the postulated pipe failure without offsite !
power (see introduction to Subsection 3.6).

LOCA4 RBV load from main vent clearmg (VLC).- ,
,

LOCAS RBV loads from condensation oscillations (CO).
-

LOCA6 RBVloads from chugging (CHUG).-

(

i

Amendment 1 -
3.9-51

_ . . . . . .
. . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ l



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

-ABWR
i2346imre .

Standard Plant arv n

Table 2.9 2
4

LOAD COMBINATIONS AND ACCEPTANCE CRITERIA FOR SAFETY RELATED,
ASME CODE CLASS 1,2 AND 3 COMPONENTS, COMPONENT

SUPPORTS, AND CLASS CS STRUCTURES
(Continued)

LOAD DEFINITION LEGEND:
i

LOCA - Annulus pressurization (AP) loads due to a postulated line break in the annulus
|7

region between the RPV and shieldwall. Vessel _depressurization loads on reactor
internals (see Subsection 3.9.2.5) and other loads due to reactor blowdown reaction
and jet impingement and pipe whip restraint reaction from the broken pipe are
included with the AP loads.

SBL Loads induced by small break LOCA (see Subsections 3.9.3.1.1.3 and 3.9.3.1.1.4); the I
-

loads are: LOCA (a), LOG and LOCA . See N te (11).
3 4 6

IBL Loads induced by intermediate break LOCa (see Subsection 3.9.3.1.1.4); the loads are:-

LOCA (a) or LOCA (b),10CA , LOG and LOG ' See N te (11).3 3 4 5 5-

LBL - Loads induced by large break LOCA (see Subsection 3.9.3.1.L4); the loads are:
LOCA through LOCA . See Note (11).

3 7
.

i

i

Amendment 3.9-52
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Table 3.9-3

PRESSURE DIFFERENTIALS ACROSS REACTOR VESSEliINTERNALS

Maximum Pressure
Differences' Occurring
During a Steam -

Reactor Comnonent(3) Line Break (nsid)

Castift) Case 2(2) .

1. Core plate and guide tube 26.7- 23.5

2. $hroud support ring and lower shroud 35.1 37.8
(beneath the core plate)

3. Shroud head (at marked elevation) 113 21.7

4. Upper shroud (just below top guide) 13.1 - 22.1

5. Core averaged power fuel bundle (bulge 14.2 13.0
. at bottom of bundle)

5. Core averaged power fuel bundle (collapse 11.8 11.5
' '

at bottom of top gui.le)
i

6. Maximum power fuel bundle (bulge at bottom of bundle) 16.2 - 14.0

7. Top guide
6.2 9.4 4

8. Steam Dryer 6.9- 10.8 i

-

Shioud head to water level,-

13.4- 23.2
) from points (a) to (b), irreversible
4 pressure drop

Shroud head to water level, . 1.5 12.2 ~
-

from points (a) toIo), elevation
pressure drop

-

NOTES:

(1) Instantaneous break initiated at 102% rated core power,
' 102.4% rated steam flow, and 111.1% rated recirculation flow.

(2) Instantaneous break initiated at 54.5% rated core power,49.8% rated
steam flow, and 114.8% rated recirculation' flow.

(3) Item numbers in this column correspond to the locetion (node)
numbers identified in Figure 3.9-5.

Amendm:nt 1
' 3.9-53

#

- |C .
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Table 3.9_4 _

DEFORMATION LIMIT -
FOR SAFETY CLASS REACTOR INTERNAL STRI'CTURES ONLY:1

_ _

Either One of (Not Both) General Limit

a. Permissible Deformation. DP -1 09#

Analyzed Deformation
SFmin

Causing Loss of Function, DL

b. Permissible Deformation. DP 1 _LQ -)Experiment Deformation :
SFmin

'(page1) ,

Causing Loss of Function, DE o
"

1

Where:
;

DP
= Permissible deformation under stated conditions of Service levels A,' B, C or D'(normal.1-

upset, emergency or fault)

DL Analyzed deformatian which could cause a system loss of functions (*)=

.

DE Experimentally determined deformation which could cause a system loss of function :
=

SFmin Minimum safety factor (see Subsectisa 3.9.5.3.6)-=

.;

e (1) Equation b will not be used unless supporting data are provided to the NRC by General Electric.' .
'

e

(2) " Loss of Function" can only be defined quite generally until attention is focused on the component
~

!
,

of interest. In cases of interest, where deformation limits can affect the function of equipment
and. components,-_they will be specifically delineated. i From a practical viewpoint, it-is -
convenient to interchange some deformation condition at which function is assured with the' loss of, l

function condition if the ecquired safety margins.from't_he-functioning conditions _can be-
achieved, Therefere, it is often unnecessary to determine the actual loss of function condition
because this interchange procedure produces conservative and safe designs.l Examples where .

- deformation limits' apply are: --control rod drive' alignment and clearances for proper insertion, _-
r: actor internal pump wear, or excess leakage of any component.

!
4,

!

,

4

Amendment 6
3 9-54 -

l
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Table 3i9 5

PRIMARY STRESS LIMIT
_ FOR SAFETY CLASS REACTOR INTERNAL STRUCTURES ONLY
Any One Of (No More Than O..e Reauired) General Limit -

Elastic evaluated orimary stresses. PEa.
1MPermissible primary stresses, PN ;

SFmin i

b. Permissible load. LP 1_L5_, -
Largest lower bound limit load, CL

SFmin !

c. Elastic evaluated
primary stress. PE

1_Q2,5 '
Conventional ultimate strength

SFminat temperature, US

d. Elastic plastic evaluated
nominal crimary stress. EP

- 1 QC__Conventional ultimate strength
SFminat temperature, US -

e. Permissible load. LP
Plastic instability load, PL 1.Q9_ _ (Note 1)'

SFmin
;

!

f. Permissible load. LP - - - 4 i

Ultimate load from fracture 1_Q9 (Note 1) E
'

.

-SFmin
"

analpis, UF

g. Permissible load. LP

Ultimate load orloss of function
1 _LQ_,. (Note 1)

SFminload from test, LE
-

where

PE
= Primary stresses evaluated on an clastic basis. The effective membrane stresses are to

be averaged through the load carrying section of interest. The simplest average~
j

bending, shear or torsion stress distribution which will support the externalloading
'

will be added to the membrane stresses at the section of interest.
PN-

= Permissible primary stress levels under service level A or B (normal or upset)
conditions under ASME Boiler and Pressure Vessel Code, Section !!!.

LP-
= Permissible load under stated conditions of service level As B, C or D (normal | upset,

emergency or faulted).
I

i

<

Amen 1 ment 3
3.9,55

- -

.__=_a__
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Table 3.9 5.

PRIMARY STRESS LIMIT
FOR SAFETY CLASS REACTOR INTERNAL STRUCTURES ONLY

(Continued)
where
CL = Lower bound limit load with yield , oint equal to 1.5 Sm where Sm is the'. tabulated value

of allowable stress at temperature of the ASME 111 code or its equivalent. The * lower
bound limit load" is here defined as that produced from the analysis of an ideally
plastic (non strain hardening) material where deformations' increase with no further
increase in applied load. The lower bound load is one in which the material everywhere
satisfies equilibrium and nowhere exceeds the' defined material yield strength using
either a shear theory or a strain energy of distortion theory to relate multiaxial yield
to the uniaxial case.

US = Conventional ultimate strength at temperature or loading which would cause a system
malfunction, whichever is more limiting.

EP = Elastic plastic evaluated nominal primary stress. Strain hardening ~of the material'may
be used for the actual monotonic stress strain curve at the temperature of loading' or
any approximation to the actual stress curve which everywhere has a lower stress for the
same strain as the actual monotonic curve may be used. Either the shear or strain -
energy of distortion flow rule may be used.

~

PL = Plastic instability loads. | The * Plastic Instability Load * is defined here as the load
at which any load bearing section begins to diminish its cross sectional area at a
faster rate than the strain hardening can accommodate the loss in area. This type
analysis requires a true stress true strain curve or a close approximation based on
monotonic loading at the temperature of loading.

UF = Ultimate load from fracture analyses. For components which involve sharp
discontinuities (local theoretical stress concentration) the use of a * Fracture
Mechanics * analysis where applicable utilizing measurements of plane strain fracture
toughness may be applied to compute fracture loads. Correction for finite plastic zones
and thickness effects as well as gross yielding may be necessary. The methods of linear
clastic stress analysis may be ased in the fracture analysis where its use is clearly
conservative or supported by experimental evidence. Examples where ' Fracture Mechanics'
may be applied are for fillet welds or end of fatigue life crack propagation.,

LE = Ultimate lord or loss of function load as determined from e.periment. In using this
method, account shall be taken of the dimensional tolerances which may exist between the
actual part and the tested part or parts as well as differences which may exist in the
ultimate tensile strength of the actual part and the tested parts. The guide to be used
in each of these areas is that the' experimentally determined load shall be adjusted to.
account for material property and dimension variations, each of which has no greater
probability than 0.1 of being exceeded in the actual part.

SFmin = Minimum safety factor (see Subsection 3.9.53.6).
!

(1) Do not use unless supporting data are provided to the NRC by General Electric. -

Amendment 3
3.9-56
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Table 3.9-6,

BUCKLING STABILITY LIMIT
FOR SAFETY CLASS REACTOR INTERNAL STRUCTURES ONLY

Any One er(No More Than one Reavired) General Limit

a. Permissible load. LP <M
Senice level A (normal) permissible load, PN

SFmin
e

.b. Permissible load. LP 1 0.o
Stability analysis load, SL

.SFmin

c. Permissible load. LP s 10 (Note 1) fUltimate buckling collapse load from test, SET
SFmin "

where

LP
= Permissible load under stated conditions of service levels A, B, C or D (normal, upset,

emergency or faulted).

PN = Applicable senice level A (normal) event permissive load. '

SL = Stability analysis load. The ideal buckling analysis is often sensitive to otherwise
minor deviations from ideal geometry and boundary conditions. These effects shall be
accounted for in the analysis of the buckling stability loads, Examples of this are
ovality in externally pressurized shells or eccentricity on column members.

SET
= Ultimate buckling collapse load as determined from experiment. In using this method,

account shall be taken of the dimensional tolerances which may exist between the actual
part and the tested part. The guide to be used in each of these areas is that the
experimentally determined load shall be adjusted to account for material property and
dimension variations, each of which has no greater probability than 0.1 of being
exceeded in the actual part.

SFmin = Minimum safety factor (see Subsection 3.9.5.3.6)

(1) Equation C will not be used unless supporting data are provided to the NRC by General Electric. 3
F.

Amendment 3
3.9-57

!
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Table 3.9-7
,-

FATIGUE LIMIT .
FOR SAFETY CLASS REACTOR INTERNAL STRUCTURES ONLY-

Summation of fatigue damage usage following Minor hypotheses ('):

1

Limit for Senice
Levels A&B (Normal

Cumulative Damane in Fatics and Unset Conditions)

Design fatigue cycle usage from analysis 5 1.0 -
using the method of the ASME Code

!

NOTE
(1) Miner, M.A., Cumulative Damage in fatigue, journal of Annlied Mechanics. Vol.

12, ASME, Vol. 67, pp A159-A164, September 1945, *

.

Amendment 1
3.9-58 ,-
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Table 3.9-8

!. INSERVICE TESTING SAFETY.RELATED PUMPS AND VALVES
[

This table responds to NRC Ouestions 210.47,210.48 and 210.49 regrading provisions for inservice testing4

i of safety related p;mps and valves within the scope of the ABWR Standard Plant in accordance with the
[ ASME Code. The information is presented separately for each system for the MPL numbers given below,'

PUMP VALVE
hill SYSTEM PAGE PAGE

B21 - Nuclear Boiler 3.9-58.4.
i

! B31 Reactor Ilecirculation 39-583 3.9-58.6
|
f C12 Control Rod Drive 3.9-58.6
{

! C41 Standby Liquid Control 3.9-58 3 3 9-58.7
1

C51 Neutron Monitoring (ATIP) 3.9 58.7i

; D23 Containment Atmosphere Monitoring ' 3.9-58.7

.

E11 Residual Heat Removal 3.9-58 3 3.9-58.9.

)
.

E22 High Pressure Core Flooder 3.9-583 ' 3 S 58.12
:

E31 leak Detection & Isolation 3.9-58.13
;

,
E51 Reactor Ccre Isolation Cooling 3.9583 3.9-58.13

?
i G31 Reactor Water Cleanup :3.9-58.17'

| G41 Fuel Pool Cooling & Cleanup . 3.9-58.18 -

j G51 Suppression Pool Cleanup '3S$8.19
i
4 K17 Radwaste
i

- 3 S 58.19

; P11 Makeup Water (Purified) 3 S 58.19
s

"a P21 Reactor Building CooliAg Water '3.9 583 3.9-58.19-

P24 HVAC Normal Cooling Water 3S$8.23

4

.P25 HVAC Emergency Cooling Water 3 S 533 3.9-58.23

P41 Reactor Service Water 3.9-583 3.9 58.24
.

; P51 Service Air 3.9-58.25
: .

Amendment 14
194.&.I

-
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Table 3.9 8 (Continued) .

INSERVICE TESTING SAFETY RELATED PUMPS AND VAINES

PUMP VALVE
MEL SYfTEM PAGE PAGE

PS2 Instrument Air 3.9-58.25
,

P54 High Pressure Nitrogen Gas Supply 3.9-53.25

T22 Standby Gas Treatment 3.9-58.26 -

T31 Atmospheric Control 3.9-58.27.-:
'

-T49 Flammability Control ' 3.9-58.29

U41 Heating, Ventilating and Air Conditioning ' 3.9 58.30
.

* See end of table for notes.
.

|
Amendment 14 3.9-58.2 --:

I;
,

!

i-
|
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- . . . -

ABM usacornStandard P.jant amn

Table 3.9-8 (Continued)

INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES

System Pumps

Safety Test Test 'SSAR
~

Class Param Freq. Fig.
No. Qty. Description (a) (b) (f)

B31 C001_10 Reactor Recire Sys (RPS) Reactor Intern:a Pump 1 E10 5.4-4a
C41-C001 2 Standby Liquid Control System purap 2 P,Vv 3 mo 93-1

O. 2 yrs
E11 C001 3 Residua! Heat Removal System Pump 2 DP,0,Vv 3 mo 5.4-10c.? f
E11-C002 3 Residual Heat Pemoval System fill pump 2 E10 5.4-10c,d,f -
E22-C001 2 High Pressure Core Flooder pump 2~ DP,0,Vv 3 mo 63 7b
E51 C001 1 Reactor Core Isolauca Cooling pump 2 0,N,DP, 3 mo 5.4-8a

Vd,Vv -
P21-C001 6 Reactor Building Cooling Water pump 3 E10- 9.2 la,d,g' t
P25-C001 4 HVAC Emergency Cooling Water Sys pump 3 E10 9.2-3a,b ---
P41-C1)01 6 Reactor Service Water System pump 3 E10 -

.

,

..|

I
i

..

,-

Amendment 14 3.9 58.3. )
|

. - ,



. _ _ _ - _ _ _ _ _ -

ABWR '

naamanStandard Plant un

Table 3.9 8 (Continued)

INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES

B21 Nuclear Boller System Valves

Safety Code Valve Test Test SSAR
Class Cat. . Func. Para Freq Fig.

No. Qty Description (a) (c) (d) (c) (f)

F001 2 Feedwater line Motor-Operated Valve (MOV) 2 A I,A L,P,S 2 yrs 5.1-3dF002 2 Uptream (First) FW line check valve 2 C A S 2 yrs 5.13dF(*3 2 FW line outboard check valve Air. 1 C I,A L,P,S 2 yrs 5.1 3d
Operated (AO)

F004 2 FWline inboard check valve 1 C 1,A L,S 2 yrs 5.13dF005 2 FW line inboard maintenance valve 1 B P P 2 yrs 5.13dF006 2 RWCU (or CUW) System i .jection line 2 C A S 2 yrs 5.13d +
,

check valve
F007 2 RWCU (or CUW) System injection line MOV 2 A 1,A L,P 2 yrs 5.1 3d

S 3 mo
F008 4 Inboard Main Steam Iso. Viv. (MSIV) 1 A I,A L,P 2 yrs 5.13c

S 3 mo
F009 4 Outboard Main Steam Iso. Viv (MSIV) 1 A I,A L,P 2 yrs 5.13c

.
)

S 3mo
F010 18 Safety / Relief Valve (SRV) 1 C A L 5 yrs 5.1-3b

S(ADS) 2 yrs
F011 1 MSL bypass / drain line inb. iso. vlv 1 A I,A L,P 2 yrs 5.1 3c

S 3moF012 1 MSL bypass / drain line outb. iso. viv 1 A IA L,P 2 yrs 5.13c
S 3moF018 1 RPV non-condensible gas removal line 1 B P 5.1 3bF019 1 RPV head vent inboard shutoff valve 1 A P L, P 2 yrs 5.1 3b

'j
F020 1 RPV head vent outboard shutoff valve 1 A P L, P 2 yrs 5.13b
F021 18 SRV discharge line vacuum breaker 3 C A S . 2 yrs 5.1-3b
F022 18 SRV discharge line vacuum breaker 3 C A S 2 yrs 5.13bF024 4 Inboard MSIV air supplyline check valve 3 C A L, S 2 yrs 5.1-3cF025 4 Outboard MSIV air supply line check valve 3 C A L, S 2 yrs 5.1-3c
F026 8 SRV ADS pnuematic supply line check valve 3 C A L, S 2 yrs 5.1-3b
F031 2 Inboard valve on the outb. FW line check 2 B I,P El 5.13d

valve test liue
F033 4 Inboard shutoff valve on the outboard 2 B I,P El 5.1-3c

MSIV test line
F035 1 Inboard test line valve for the MSL bypass / 2 B I,P E1. . 5.1-3c

drain valve
F039 2 Inboard test line valve for the inboard FW 2 B P El 5.3-3c

line check valve
FIMO 2 Outboard test line valve for the FW line 2 B P El 5.1-3d

check valve
F500 2 Inboard drainline test valve for the 2 B P El 5.1-3d

first FWline check vaht
F503 2 Outboard drain line valve for the 2 B P El 5.10d

FW line check valve

Amendment 14
3.9-58.4

.. . .. .. .
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Table 3.9-8 (Continued)

INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES i

B21 Nuclear Boiler System Valves (Continued)

- Safety Code Valve Test - Test SSAR
Class Cat. Func. Para Freq Fig.

No. Qty - Description (a) (c) (d) (e) (f)
1

F508 4 Inboard MSIV accumulator vent line valve 3 B P . El 5.13c.

F509 4 Outboard MSIV accumulator vent line valve 3 B P~ El 5.13cF510 8 SRV ADS accumulator vent line valve 3 B P El 5.13b -F700 4 Root valve RPV reference leg water 2 B P El 5.13c,f
leve! instrument line

.

F701 4 . Isolation valve - RPV reference leg water 2 C I,A L,S 2 yrs 5.13c,f
levelinstrument line

F702 4 Root valve - RPV narrow range water 2 B P El 5.13e,f
levelinstrument line

F703 4 Isolation valve RPV narrow range water 2 C I,A L,S 2 yrs 5.1 3e,f.
levelinstrument line -

F704 4 Root valve RPV wide range water 2 B P El 5.13e,f
levelinstrument line

F705 4 Isolation valve - RPV wide range water 2- C I,A L,S 2 yrs 5.13c,f
levelinstrument line

F706 1 Root valve - Reactor well water level 2 B P El 5.13e
instrument line

F709 1 Root valve - RPV head vent line 2 B P -E1 5.13b
instrument line

F710 1 Isolation va've - RPV head vent line 2 C I,A L,S 2 yrs 5.13b
instrument line '

F711 1 Root valve - RPV head sealleakage 2 B. P El - 5.13h
instrumentline

F712 1 Isolation vsive to RPV head seal leakage 2 C I,A . L,S - 2 yrs 5.13h
instrument line --

F713 4 Root valve- RPV above pump deck 2. .B P. El 5.13g
in:trumentline

F714 4 Isolation valve - RPV above pump deck 2- C- I,A . L,S ' . 2 yrs 5.13g
mstrutneat line

F715 4 Root valve - RPV below pump deck ' 2 B. P' El
,

' .13g5
instrumentline

F716 4 Isolatio s valve - RPV below pump deck 2 C: I,A ' L,S :2 yrs 5.1-3g-
instrument line -

F717 4 Root valve - RPV above core plate 2~ B P El 5.1-3g .
instrument line

F718 4 Isolation valve - RPV above core plate 2 - C I,A L,S 2 yrs 5.13g -
instrumentline

F719 4 Root valve - RPV below core plate 2 B P El 5.13g .
instrument line

F720 4 Isolation valve RPV below core plate 2 C . I,A L,S 2 yrs 5.13g
instrument line

Amendment 14
3S$83 -
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Table 3.9-8 (Continued)
!

INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES

B21 Nuclear Boiler System Valves (Continued):
,

. Safety Code Valve 1 Test - Test - SSAR
. .. Class Cat. Func. ' Pars - Freq. Fig.-

-

No. Qty Description (a). _(c)- (d) - (e) . . (f)

F723 4 Root valve - MSL flow restrictor 2 -B - P .z -E1; 5.13b
instrument line - ,

F724 .4 isoaltion valve MSL flow restrictor 2 .C- I,A . L,S 2 yrs - 5.1-3b--
instrument line

~

F725 4 Root valve - MSL flow restrictor 2 .B- P E1 - 5.1-3b E

instrument line
F726 4 Isolation valve MSL flow restrictor ' 2 C- I,A . L,S 2 yrs 5.1 3b ~

instrument line

B31 Reactor Recirculation Internal Pump Valvesi

F008 10 RIP pump motor purge water line outboard 2 A. I,A .L .2 yrs 5.4-4b
isoaltion valve

F009 10 RIP pump motor purge water line inboard 2 A= I,A - L. =2 yrs 5.4-4b -
isolation valve -

F010 10- RIP pump motor purge water supply line valve 3- B P . El- 5.4-4a
.

F011 10 RIP inflatable pressurized water line 3 B P :El ' 5.4-4a ;
inboard valve

F013 10 RIP seal equahring line valve _ 3 -B' P - El' - 5.4-4a
F500 10 _ RIP cooling water HX vent line inboard valve 3 B P. El 5.4-4a a *

F502 10 - RIP drain line inboard valve - 3 B P. El- 5.4-4a .
F505 10 RIP cooling water HX shell drain line 3- .B. -P. Ele 5.4-4a

inboard valve .
1
o

C12 Contist Rod Drive System Valves

- F719 4 Root valve charging line header pressure 2 B P. -El x 4.6 8b
instrument line

'
F720 4 Root valve charging line header pressure . 2 B. P E1- 4.6 8b

instrument line

Amendment 14 3.9 58.6
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Table 3.9 8 (Continued)
-

INSERVICE TESTING SAFETY-RE1ATED PUMPS AND VALVES '
'

C41 Standby Liquid Control System Valves:

Safety Code Valve Test Test SSAR-
,

_

Class Cat. Func.' Para ' Freq. Fig.
No. Qty Description (a) (c) (d) (c) (f)

$ F001 2 SLCS storage rank outlet line MOV 2 B A S 3 mo. ' 93-1
P 2 yrs

F002 2 SLCS pump suction line maintenance valve 2 B P E1 93-1
,

j F003 2 SLCS pumi, discharge line relief valve 2 - C P ~P,S Syrs 93-1
i F004 2 SLCS pump discharge line check valve ~2' C A -S 3 mo. 93-1:
: F005 2 SLCS pump discharge line maintenance valve 2 B P E1 93-1'

F006 2 SLCS pump dischargeline MOV 2 .A I,A L, P 2 yrs 93-1-
'

S 3 mo
i F007 1~ SLCS injection line outboard check valve 2 A,C I,A - L,S 2 yrs 93-1-

F008 1 SLCS injection line inboard check valve 2 A,C - I,A _ L,S 2 yrs 93-1-'
F010 1 SLCS test tank return line inboard 2 B P-- E1 93-1

! shutoff valve
F012 ' 1 SLCS test tank outlet line shutoff valve 2 B P- El 93 1

.
-

'
F014 1 SLCS pump suct line demin water supply line 2 B P El- 93-1

q F018 1 SLCS storage tank sample line inboard 2 B P El 93-1~

shutoff valve'
F020 1 SLCS pump suction line demin water supply 2 B P: E1- 9.3-1

line bypass line
FD25 1 SLCS injection line test / vent line inb viv 2 B P 'E1 93-1
F026 1 SLCS pump suction line relief valve - 2 C P .L,P 5 yrs :93-1
F500 1 SLCS pump suction line drain line ' 2- B P E1 93-1

,

F501 2 SLCS pump discharge line drain line valve 2 B -P El 93-1
F700 2 SLCS test tak retum line instr line valve 2 B P: E1 93 1-'

.

i

CSI Neutron Monitoring (ATIP) System Valves
.

J004 3 Isolation valve asse'nbly .2 A,C,D P: L,P -2 yrs - 7.6-ic
-J011'3' Purge isolation valve 2 A,C . P- L,P 2 yrs 7.6-Ic
J012 3 Manualgate vale 2 A P El 7.6-Ic

D23 Containment Atmosphere Monitoring System Valves,

s,

t F001 2 CAMS drywell pressure instrument line 2 A I,A L - 3 mo 7.6 7c'

outboard isolation valve
F004 2 CAMS drywell sample line outboard contain- 2- A I,A L,P 3 mo 7.6-7c,

ment isolation valve
F005 2 CAMS drywell return line outboard contain- -2 A I,A . ' L,P 3mo 7.6-7c

!- mentisolation valve

Amendment 14
1 9-58.7

-- . . . -. - -



ABWR
DA6100AEStandard Plant Rev. n

Table 3.9-8 (Continued)

INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES

D23 Containment Atmosphere Monitoring System Valves (Continued)

Safety Code Valve Test Test . SSAR
Class Cat. Func. Para Freq. Fig.

No. Qty Description (a) (c) (d) (e) (f)

FD06 2 CAMS wetwell sample line outboard contain- 2 A I.A 1,P 3mo 7.6-7c
ment isolation vaht

R 37 2 CAMS wetwell return line outboard contain- 2 A I,A 1,P 3mo 7.6-7c
ment isolation valve

F008 2 CAMS rack drain line outboard contain- 2 A I,A 1,P 3 mo - 7.6 7c
ment isolation valve

F009 2 CAMS drywell pressure instrument line 2 A I,P S 3mo 7.6-7c
outboard isolation valve

F010 2 CAMS drywell sample lir : outboard contain- 2 A I,P S 3mo 7.6-7c
ment isolation valve

F011 2 CAMS drywell return line outboard contain- 2 A- I,P S 3 mo 7.6-7c
ment isolation valve

F012 2 CAMS wetwell sample line outboard contain- 2 A I,P S 3 mo 7.6-7c -

ment isolation valve
F013 2 CAMS wetwell return line outboard contain. 2 A I,P S 3 mo 7.6-7c

ment isolation valve
FD14 2 CAMS rack drain line outboard contain- 2 A LP S 3 mo 7.6-7c -

ment isoaltion valve
F100 2 CAMS rack drywell sample line maint. valve 3 B P E2 7.6-7d
F101 2 CAMS rack wetwell sample line maint. valve 3 B P E2 7.6-7d
F102 2 CAMS rack accident sample booster 3 B P E2 7.6-7d

pumpinlet valve
F103 2 CAMS rack accident sample booster 3 B P E2 7.6-7d

pump outlet valve
F1(M 2 CAMS rack accident sample booster 3 C A E2 7.6-7d

pump bypass line check valve
F105 2 CAMS rack accident sample booster 3 B A E2 7.6-7d

pump line solenoid valve
F106 2 - CAMS rack booster pumps discharge line 3 B A E2 7.6-7d

pressure control valve
F107 2 CAMS rack sample pumps inlet press cont. viv 3 B A E2 7.6-7d
F108 2 CAMS rack sample pump bypass line sol. viv 3 B P E2 7.6-7d
F112 2 CAMS rack sample return line to drywell - 3 B P E2 7.6-7d

(DW)/wetwell(WW)
F116 2 CAMS rack sample return line to drywell 3 B P E2 7.6-7d

(DW)/wetwell(WW)
F117 2 CAMS rack sample return line to drywell 3 C A E2 7.6-7d

(DW)/wetwell(WW)
F118 2 CAMS rack steam separator condensate line 3 B P E2 7.6-7d

to DW/WW drain line
F121 2 CAMS rack steam separator condensate line 3 B P E2 7.6-7d

to DW/WW

t

! Arpendment 14
3.9-58J
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Table 3.9-8 (Continued)s_
3
4

; INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES -

D23 Containment Atmosphere Monitoring System Valves (Continued)

Safety Code Valve Test Test SSAR
Class Cat. Func. Para Freq. Fig.'

No. Qty Description _ a) (c) .(d) (e) (f)(

F128 2 CAMS rack line form the CAMS Gas Cali- 3 C A E2 7.6-7d
bration Rack check valve

F190 2 - CAMS rack normal sample pump inlet _3 B A E2~ 7.6-d
.

'

solenoid valve
| F191 2 CAMS rack normal sample pump discharge 3 B A E2- 7.6-7d
4

solenoid valve
F193 2 . CAMS rack accident sunpie pump discharge 3 B A E2 7.6-7d

line solenoid valve.

F195 2 CAMS rack normal sample booster pump 3_ B A E2 7.6-7d
outlet line solenoid valve -4

F197 2 CAMA rack normal sample booster pump- 3 B- 'A- E2 7.6-7d
i outlet lue solenoid valve
: F201 2 CAMS rack drywell sample line admis, valve 3- B A E2 7.6-7d -

F202 2 CAMS rack drywell sample line admis. valve 3 B A E2 7.6-7d,

F510 2 CAMS rack steam separator condensate line 3 'B- A E2 7.6-7d
exit AO valve

F512 2 CAMS rack drain line needle valve 3 B P C-;2 7.6-7di F513 2 CAMS rack drain line Air-Operated Valve 3 B .A 6.2 7.6-7d
; F515 2 CAMS rack dehumidifier condensate line 3 B A E2 7.6-7d

Air-Operated Valve
F520 2 . CAMS rack drain line maintenance valve 3- B P E2 7.6-7d

|

| E11 Residual Heat Removal System Valves

FU01.3 Suppression poolsuction valve 2 A I,A - P 2 yrs - 5.4-10c,d,f
|

. -S 3 mo~

F002 3 RHR pump discharge line check valve 2- C
_ ~

S. 3 mo 5,4-10c,d,fA'
F003 -3 RHR pump disharge line maintainence valve 2- B P _ E1 -. 5.4-10c,d,f '
FOM 3 Heat Fw hanger flow control valve 2 B A P _ 2 yrs . 5.4-10c,d,f ~

-S 3 mo -
F005 1 RPVinjection valve 2 B A P 2 yrt 5.4-10e

,

S CS'

F005 2 RPVinjection valve 1 A' I,A 1,P 2 yrs 5.4-10e,g
S CS

F006 1 - RPVinjection line check valve 2 B A P 2 yrs 5.5-10c
S CS

F006 2 RPVinjectionline check valve ! A I,A 1,P 2 yrs. 5.4-10e,g .
S CS jF007 2 RPV injection line inboard maint. valve 1 B P El 5.4-10e,g -I

! |
!

Amendment 14
19-53.9 )
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Table 3.9-8 (Continued)

INSERVICE TESTING SAiTTY.RELATED PUMPS AND VALVES -

".11 Residual Heat Removal System Va ves (Continued) -

Safety Code - Valve; Test Test - SSAR
Class Cat. _ Func. Para Freq.| Fig.

No. Quan Description (a) _(c)- ; .L - (e) ! (f) ;

F008 3 Suppression pool return line MOV : 2 .B " I.A -- P 2 yrs ' H5.4-10c,d,f:
S 3mo

FD09 3 Shutdown Cooling suct liae maint, viv 1- :B P- = E3 ' 5.4-10b"
F010 3 Shutdown Cooling svet. line inb. iso. viv 1- -A _ I,A L,P - _2 yrs 1 5.410b

.S ' CS
F011- 3 Shuidown Cooling suct line outb iso. viv - 1 A- 1,A L,P j 2 yre SA1'06

F012 3 Shuthyn Cooling suction line adm. viv -
_ 'S-- CS1

,
_

2 B i A -- P 2 yrs - |5.4-10c,d,f s
S- 3mo

F013 3 - Heat exchanger bypass flow control viv; _2-- B. A- P- -2 yrs 5A10c,d,f a
S~ 3 mo',) F014 2 Fuel Pool Cooling return line inb MOV - -2 B -P: :P_' :- 2 yrs _ 5.4-1De,g : -

F015_ 2 Fuel Pool Cooling return line outb MOV . 2 :B P ' P_ _ 2 yrs _ 5.4-10e,g ;F016 2 Gate viv line from Fuel Pool Clg (FPC) - 2_- B -- Pi PL _ 2 yrs . 5.4-10b_ 4

_

t F017 2 Drywell spray Tne inboard valve .2 B I,A 1,Pf 2 yrs : 5.4-10e,g :(_
S-- RO

F018 2 Drywell sprayline outboard valve 2L B I,A : L,P c 2 yrs . L 5.4-10e,g1.

S' RO-
F019 2 -.Wetwell spray line MOV 2 B I,A . ; L,P - 2 yrs 5.4-10e,g j

. ,

'S .RO
F020 3 RHR pump min flow bypass line check viv 1 2. B,C _P : ;P 2 yrs - 5.4-10c,d,f -F021 3 RHR pump min flow bypassline MOV .2- B I,A L P ~ 2 yrs 5.4-10c,d,f i

_ 'S: 3mo'
F022 3 Discharge line fill pump suction line valve - ;2- :B P -P - .2 yrs 5.410c,d,f

.

F023 3 Fill pump discharge line check valve _ _ _ 2 -- B, C A* S. CS~ l 5.4-10c,d,f .
F024 3 - - Fill pump discharge line stop check valve - 2- B, C : A- ;S, ; CS :- 15.4-10c,d,f --

- F025 3 - Fill pump minimum flow line globe valve ! -2 B P- P -_ - 2 yrs 5.410c,d,f -
F026 -- 3 RHR pump suction to High Conductmty 2 B :P: E11

' ~

t 5.410c,d,f '
Waste (HCW) ~ _ _ ___ __

_

. F027 . 3 : Bypassline around the check valve ~ -2- .B< P- { El ~.S.4 10c,d,f
-{

.

MPL E11 F002 -
~

!- F028 3 . Heat ~k-~e outlet line relief valve -- .2 B,C _A 5.410c,d,f _ jF029 3 Inboard reactor well drain line valve 2' B- .P- Eln : 5.410c,d,f. {F030 3 - Drain to radwaste valve - 2 E- 'P1 . El ' - 5.4 10c,d,f -
F031 - 3 Outb reactor well drain line valve (to SP) 2- B- I,P! .El 5.4-10c,d,f .-
F032 3 : Shutoff valve -line from MUWC - 2 B 'P E1 3.410c,f,g
F033 3 -- Check valve in theline from MUWC 2 B,C : W LEl 5.410c,f,g LF034 2 RPV injection line vent / test liac outb viv ~ 2 B P- El~ 5.410e,g
F036 - 1 Press equal valve around chk viv E11 F006 2- A -F' : El '5.4-10c - '

,

F036 ' 2 Press equal valve around etk viv E11 F006 '1 A P E1: 5.4-10e,g

Amendment 14
3.9-58.10 - d
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3 Table 3.9-8 (Coninued)
i
i INSERVICE TESTING SAFETY RELATED PUMPS AND VALVES

E11 Residual Heat Removal System Valves (Continued) ;
i
t.

\ Safety Code Valve. Test E ' Test : SSAR
j

. Description (a) - (c) - - -(d) - (e) - (f) :

Class ' Cat. - Func. Pera Freq. : Fig?
No. Qty.

<
.

! F037 3 - Shutdown cooling suction line test line 1 -A. P E1: ' 5.410b '

{ ' F039 3 - Relief viv around the MOV MPL E11 F011 -1 A,C A E1 - 5.410b
>

'

j

_ FD41- 3 : Check valve - line from Make-Up Water 2 B,C P El 5.410h

F040 3 Shutoff valve-line from MUWC 2- B P' El 5.410bij

; Condenser (MUWC)-
F042 3 Shutdown Cooling Mode suction Une 2 B,C .A__ .! El

_

. ;;*

5.410c.d,f . ;i relief valve -
!. F043 3 HX outlet to the Sampling System (SS) 2 B: P- E1 5.4 10c,f,g -
{ test inboard valve ;

.

2 B -~A-- P- 2 yrs - 5.410c 'i
' F045 1 - HX outlet to the PASS -inboard valve 7f;

-

.
B~ .S. 3mo

FD49 2 Drywellsprayline wat & test une . 1 B. P- E1- . 5.4-10e,g -

<

; inboard valve
! F051 3 Fdi pump discharge lins relief valve 2- B ~A ' E1 - ' 5 410c,d,f -

-

F052 1 Drain line for the suppression pool 2- :B F :- E1
.

5.4-10d
[ F102 1 AC independent water addition inp * "lv 2 :B A' S _3 mo - 5.4-10g .j F500 3 Heat ex: bang:r inlet drain line - ~ -2^ ;B P - El 5.4-10c,d,f '
i inboard vahe '
*

F502 3 - HX outlet line drain 11ne inboard viv 2: B' P '. . E1 - 5.410c,d,f : '

: F5G4 3 RPV injectionline vent line inb viv 2 ~ Bi P- E1- 5.4-10c,f,gL F506 1 - RPV injection line drain line inb viv - 2 'B P 1El 5.4-10c-F F506 2 - RPV injection line drain line inb viv -1 - B' P- : E1 .5.4-10e,r
[ F.*06, 3 Shutdown Cooling suct line vent line viv = -2- _B- : P- ~ El' 5.4-10b
i F511) Drywell spray line inboard drain line viv :2' - B .: :- P E1 5.410e,g (

'

F513 2 Drywell spray line inboard drain line viv '2 -B- .P- -E1 5.4-10e,g - e

.

| F515 2 Wetwell spray line inboard drain line viv ' 2 !B- P; - El ; 5.410e,g ;|; F517 : 3 : RHR pump min flow line'dra line inb viv - :2- 'B P: :E1 5.410c,d,f :
J . F700 - 3 -. RHR pump suction line pressure instr line' 2 .~ B : 'P-'~ "E1. 5.4-10c,d,fJ
|_ F701 L3 RHR pump suction line pressure instr line 2 'B P ~El 5.410c,d,f L'

F702 3 RHR pttup discharge line press. instr line . /2; _B> P- E1- 3 5.4-10c,d,f =
: F704 3.. RHR pump discharge line press, instr line - 2_ -B',LP1 i E11 5.4-10c,d,f

,

| F706 : 3 RHR pump discharge line press. instr line 2. B ~P : El J " 5.4-10- d,f 3
F707 3. .RHR pump A<rharge line press. instr line : 2- B; - P. ' .- El ' 15.4-10c,d,f,
F708 3 FT MPL E11 FIV08 instr line inb root viv - -2 'B' LP E1': L 5.4-10c,d,f
F709 3 FT MPL E11 FTV08 instr line outb root viv . :2. B. .P E11 5.4-10c,d,f

,

-F710 - 3 ~ FT MPL E11 FT008 instr line inb root viv 21 :B- P= Eli c 5.410c,d,f D
F711 ' 3 | FT MPL E11 FIV08 instr line outb root viv - 2- 'B: - PJ |El 5.410c,d,f ;

1 F712 3I : Shutdown Cooling Mode suction line pressure ' 2 B P; El~ 5.410c,d,f :
., instrument line '4

_

F713< 3 - Fill pump suction line instrument line vahs = 2' B: ,P .Eli : 5.410c,d,f!
F714E1"x Discharge to radwaste Dowinstrlini 2 Bv P Elf 5.4-10d-

F716 : 1 ' Discharge to radwaste flowinstr line .- 2' B- P -E1 5.4-10d

- Amendment 14
4 9-58.11 1<

- uu ~ ..;, - - - , . - . - . - . . - . . . . . . - .- . . . ~ . . . c



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

L i
;,

ABWR naameStandard Plant Revn

Table 3.9-8 (Continued)

INSERVICE TESTING SAFETY RELATED PUMPS AND VALVES

E22 High Pressure Core Flooder System Valves --

Safety Code Valve Test ~ Test SSAR-
Class Cat. Func. Para Freq. Fig.

No. Qty Description (a) (c) (d) (e) O

F001 2 Cordensate Storage Pool (CSP) suction -2- B A= P '2 yrs 63 7b
line MOV S . 3 me-

F002 2 CSP suction line check valw: -2 B,C - A S 3mo - 63-7b
FD03 2 HPCF System injection vahe 1 A 1,A L,P- 2 yrs 63-7a

S CS
F004 2 HPCF System inboard check valve 1 A,C I,A . L,P. 2 yrs 6 3-73

S 3 mo
F005 2 Pump discharge line inboard maint valve 1 B P E1- 63-7a .
F006 2 Suppression pool suction line MOV 2 A I,A P '2 yrs-- 63-7b

-S .3mo; FD07 2 ~ Suppression pool suction line check valve 2 ' P,C f A S. 3 mo 63-7b
F008 2 Test return line inboard valve 2 B A P 2 yrs 63-7b .

S 3mo
..

FUO9 2 - Test return line outboard valve 2 .A I,A P 2 yrs . 6307b #

S 3 mo
FD10 2 Pump minimum flow bypass line MOV 2- A I.A P- ' 2 yrs - 63 7b -

S' 3 mo
Full L 2 Bypass line shutoff valve around check - 2. B P El 53-7b

valve E22 For.
F012 2 HPCI pump suction line drain line to HCW 2 B P - El 63-7b -1FU15 2 Pump discharge line fillline check viv 2 B,C .A S- RO 63-7a i
FD17 2 Pump dischargeline test nd vent line 1 A. P. .El 63-7a

inboard valve 1

FD19 2 Pressure egn=Wrt' valve around check 1 -A P El 63-7a
valve E22 FUO4

FD20 2 Suppression pool suction line relief valve - 2 IB,C .- A 63-7b'F500 2 Pump discharge line high point vent 2 B P El 63-7a_

inboard valve .
F700 2 . Pump suction line pressure instrument 2 B :P E1 - 63-7b

lbse root valve
F701 2 Pump suction line pressure instrument 2 B P- El 63-7b

line root valve
F702 2 Pump discharge line pressure instrument 2 B P El 63-7b

lineinboard valve
F704 2 Pump dacharge line pressure instrument 2 B P El 63-7b ' |

line inboard valve
F705 2 Pump discharge line pressure instrument 2 B P El 63-7b

line outboard valve
F705 2 Pump discharge line flow instrument line 2 B P El- 63-7a

inboard valve

Amendment 14
' 3.9 58.12
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Table 33-8 (Continued)

INSERVICE TESTING SAFETY.REIATED PUMPS AND VALVES ,

E22 High Pressure Core Flooder System Valves (Continued) . '

;

Safety Code Valve' Test -- Test . SSAR,

Class Cat ' Func. Pam Freq. Fig.
.

No. Qty Desciiption - (a) -(c): -(d). (e),- : (f) _ . [
'

,

F707 2 Pump discharge line flow instrument line - 2 B 'P El ; 6.3 7a t
-

'

outboard velve '
-

DOS 2 Pump discharge line flow instrrment line 2 B P~ F.1 - 6.3-7a -
inboard valve

F709 2 . Pump discharge line flow instrument line . -2^ B P E1- 6.3 7a -
outboard valve.

E31 Leak Detection and Isolation System Valves -
:

F001 1 Drywell fission product monitoring line 2- B P- S' - 3 mo 52 8i _- - amaintenance valve *

F002 I Drywell fission product monitoring line - 2- A I,A i L,P 3 mo .5.2-8i
inboard isolation valve

F003 1 Drywell fission product monitoring line 2- -A'- I,AT ' L,P ' 3 mo 5 2-81 -
outboard isola 6on valve

'
- < ,

'

F004 1 Drywell fission product monitoring line 2 -- JA . I,A _ _ L,P ' '3 mo ' 5.2-8i
outboard isolation valve .

F005 1- Drywell fission product monitoring line 2 A : I,A ' - S . 3 mo 2 5.2-81 ;
inboard isolation valve -

F006 1 Drywell fission product monitoring the | 2 B' 1PJ S. ; 3 mo 5.2 81 -
maintenance valve . '

F009 1 Drywell cooler condensate sampling line viv - 2- - A3 * I,P 4 .L- - 3 mo . - 5.2-8h
.

: F010 1 _ Drywell cooler condcasate sampling line viv 2 . 'A | - I,P - :L 3mo: 5.2-8h t
,

F?01 4 RCIC instrement liac isolation valve . 2' - A- I,P -- S_ 3 mo : 5.2-8f .- -

>

1F702 4 RCICinstrument line isola &n valve. 2 -A2 ' I,P . S .. 3 mo _ 5.2-8f J
g- F703 - 4 RCIC instrument line isolation valve 2-. ; A I,P.- - S. 3 mo 5.2-8f2 ' F704 4 RCIC instrument line isolatica valve - 2- A1 I,P ' ~ S J 3 mo ' 5.2-8f

E51 Reactor Core Isolation System Valves
,

F001 1 Condens Oc Storage Pool (CSP) suction ' 2- B A. . P,S : :3 mo - 5.4 8a
. line MOV

| FD02 - 1 CSP suctionline check valve . 2L C? 'A- P,S ' . 3 mo . 5.4-8a '-

! - F003 1 RCIC pump shduge line check valve. - 2 C A. ' P,S : 3mo- 5.4-8a ;
F004 1 - RCIC System injection valve 2~ A A IL- 2 yrs - . 5.4 8a -

.,

:D|
-

P,S ; 3mo
F005 1 RCIC System discharge line testable - 2- C :A LL 2 )Ts 5.4-8a -

,

' check valvi P.S 3mo
|

1 Amendment 14 19-58.D -,
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Table 3.9 8 (Continued)

INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES

E51 Peactor Core Isolation Cooling System (Continued)

Safety Code Valve Test Test SSAR
Class Cat. Func, Para Freq. Fig.

No. Qty Description (a) (c) (d) (e) (f)

F006 1 Suppression Pool (CSP) suction line MOV 2 A I,A L 2 yrs 5.4-8a
P,S 3 mo

F007 1 Suppression Pool (CSP) suction line check viv 2 C A P,S 3mo 5.4-8a
F008 1 RCIC Sys supp pool test return line MOV 2 B A P,5 3 mo 5.4-8a
F009 1 RCIC Sys suppr pool test return line MOV 2 B I.A L 2 yrs 5.4-8a

P,S 3 rno
F010 1 RCIC Sys minimum flow bypass line check viv 2 C A P,S 3 mo 5.4-8a
F011 1 RCIC Sys minimum flow bypass line MOV 2 B I,A L 2 yrs 5.4-8a

P,S 3mo
F012 1 RCIC turbine accessories cooling water 2 B A P,S 3 mo 5.4-8e

line MOV
F013 1 RCIC turbine accessories cooling water 2 B A El 5.4-8c -

line PCV
F015 1 Barometric condenser condensate pump 2 B P El- 5.4-8c

discharge line valve
F016 1 Barometric condenser condensate pump 2 C P P,S 3 mo 5.4-8c

discharge line check valve ;
F017 1 RCIC pump suction line relief valve 2 C A L,S 2 yrs 5.4-8a
F018 1 Valve in the bypass line around check 2 B P El 5.4-8a

valve E51.FD03
F019 1 Pump discharge line test line valve 2 B P El 5.4-8a
F020 1 Pump discharge line test line valve 2 B P El 5.4 8a
F021 1 Pump discharge line fillline shutoff valve 2 B P El 5.4-8a
F022 1 Pump discharge line fillline check valw 2 C A P,S 3 mo 5.4-8a
F023 1 Pump discharge line fillline check valve 2 C A P,S 3 mo 5.18a
F024 1 Pmnp discharge line test line valve 2 B P El 5.4 8a
FU25 1 Pump discharge line test line valw 2 B P El 5.4-8a
F026 1 Valve in pressure equalmng line 2 B P El 5.4-8a

around E51-F005
F027 1 Seppressiaa Pool (S/P) suction line 2 B P El 5.4-8a

ter.t line valve
F028 1 Minimum flow bypass line test line ulve 2 B P El 5.4-8a
F029 1 Minimum flow bypass line test line valve 2 B P El 5.4-8a
F030 1 Turbine accessories coolirg water line 2 C A L,S 2 yrs 5. L8c

reliefvalve
F031 1 Barometric condenser condensate discharge 2 B_ P El 5.4-8c

line AOV to HCW
F032 1 Barmetric condenser condeesne discharge 2 B P El 5.4-8c

line AOV to HCW
F033 1 Discharge line fillline M~ line 2 B P El 5.4-8a

shutoff vahe

Amendment 14 3.9-58.14

_ _ _ _ _ _ _ - _ _



_ - _ _ -

ABWR 23mmie
Standard Plant wn

Table 3.9-8 (Continued)

INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES

E51 Reactor Core Isolation Cooling System (Continued)

Safety Code Valve Test Test SSAR
Class Cat. Func. Para Freq. Fig.

No. Qty Description (a) (c) (d) (e) (f)

F034 1 Barometric condenser condensate pump 2 B P El 5.44c
discharge line test line valve

F035 1 Steam supplyline isolation valve 1 A I,A L 2 yrs 5.4-8b
P,S 3 mo

F036 1 Steam supply line isolation valve 1 A I,A L 2 yrs 5.4-8b
P,S 3 mo

i0?7 1 S.* am admission valve 2 B / P,S 3mo 5.4-8a
F0~l 1 Turbine exhaust line check valve 2 C I,A L 2 yrs 5.4-8a

P,S 3 mo
F039 1 Turbine exhaust line MOV 2 A I,A L 2 yrs 5.4-8a

P,S 3uo
FG40 1 Steam supply line drain pot drain line AOV 2 B P 5.4-8b
F041 1 Steam suppyline drain pot drain line AOV 2 B P 5.4-8b

'

FG44 1 Steam admission valve bypass line maint- 2 B P 5.4 8b
tenance valve

F045 1 Steam admission valve bypass line MOV 2 .B A P,S 3 mo 5.4-8b
F046 1 Barometric condenser vacuum pump discharge 2 C A L 2 yrs 5.4-8a

line check valve P,S 3 mo
F047 1 Barometric condenser vacuum pump discharge 2- A I,A L 2 yrs 5.4-8a

line MOV P,S 3 mo
FG48 1 Steam supply line warm-up line valve 1 A I,A L -2 yrs 5.4-8b

P,S 3 mo
F049 1 Steam supply line test line valve 2 B P El 5.4-8ti
F050 1 Steam supplyline test line valve 2 B _P El 5.4-8b
F051 1 Turbine exhaust line drain line valve 2 B P El 5.4-Sc
F052 1 Turbine exhaust line drain line valve 2 B P El 5.4-8c
F053 1 Turbine exhaust line test line valve 2 B P El 5.4-8a
F054 1 Turbine exhaust line vacuum breaker 2 C A P,S 3 mo 5.4-8a
F055 1 Turbine exhaust line vacuuum breaker 2 C A P,S 3 mo 5.4-8a
F056 1 Steam supply line drain pot drain line 2 B P El 5.4-8b |

test line valve
F057 1 Steam supply line drain pot drain line 2 B P .El 5.4-8b

test drain line
F059 1 Baromemtric condener vacuum pump dis, 2 B P- El 5.4-8a

ch:.rge line test line valve
F500 1 Pump discharge line vent line valve 2 B P El 5.44a
F501 1 Pump discharge line vent line valve 2 B P El 5.4-8a
F502 1 Pump discharge line drain line valve' 2 B P El 5.4-8a
F503 1 Pump discharge line drainline valve 2 B P El 5.4-8a
F700 1 Pump suction line pressure instru- 2 B P El 5.4-8a

mentation instrument root valve

Amendment 20 3.9-58.15
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3D.4 PIPING 1,2 and 3 piping components in accordance with
articles NB, NC and ND.3650 of the ASME Code,

3D.4.1 Piping Analysis Program -PISYS Section III. ANSI 7 is also used to combine
loads and calculate combined service level A, B,

PISYS is a computer code for analyzing piping C and D loads on piping supports and pipe
systems subjected to both static and dynamic mounted equipment.
piping loads. Stiffness matrices representing
standard piping components are assembled by the 3D.4.3 Area Reinforcerrent-NOZAR
program to form a finite element model of a
piping system. The piping elements are connected The computer program NOZAR (Nozzle Area
to each other via nodes called pipe joints. It reinforcement Program) performs an analysis of
is through these joints that the modelinteracts the required reinforcement area for openings.
with the environment, and loading of the piping The calculations performed by NOZAR are in
system becomes possible. PISYS is based on the accordance with the rules of the ASME Code,
linear clastic analysis in which the resultant Section 111, 1974 edition,
deformations, forces, moments and accelerations
at each join: are proportional to the loading and 3D.4.4 Dynamic Forcing Functions
the superposition of loading is valid.

3DAA.1 Relief Valve Discharge Pipe Forces
PISYS has a full range of static dynamic load Computer Program-RVFOR

analysis options. Static analysis includes dead
weight, uaiformly-distributed weight, thermal The relief valve discharge pipe connects the
expansion, externally applied forces, moments, pressure relief valve to the suppression pool.
imposed displacements and differential support When the valve is opened, the transient fluid,
movement (pseudo-static load case). Dynamic ana- flow causes time dependent forces to develop on
lysis includes mode shape extraction, response the pipe wall. This computer program computes
spectrum analysis, and time history analysis by the transients fluid mechanics and the resultant
modal combination or direct integration. In the pipe forces using the method of characteristics,
response spectrum analysis, i.e. uniform support
motion response spectrum analysis (USMA) or inde. 3DAA.2 Turbine Stop Valve Closure-TSFOR
pendent support motion response spectrum analysis
(ISMA), the user may request modal response cons- TSFOR program computes the time-history
bination in accordance with NRC Regulatory Guide forcing function in the main steam piping due to
1.92. In the ground motion (uniform motion) or turbine stop valve closure. The program
independent support time-history analysis, the utilizes the method of characteristics to
normal mode solution procedure is selected. In compute fluid momentum and pressure loads at
analysis involving time varying nodal loads, the each change in pipe section or direction.
step by step direct integration method is used.

3D.4.5 Response Spectra Generation
The PISYS program has been benchmarked against

Nuclear Regulatory Commission piping models. The 3DA.S.1 ERSfN Computer Program
results are doeuraented in a report to the
Commission, *PISYS Analysis of NRC Benchmark ERSIN is a computer code used to generate

; Problems", NEDO 24210, August 1979. for mode response spectra for pipe mounted equipment and
shapes and USMA options. The ISMA option has . for floor mounted equipment. ERSIN provides
been validated against NUREG/CR-1677," Piping direct generation of local or global ccel-
Benchmark Problems Dynamic Analysis Independent ' eration response spectra.
Suppen Motion Response Spectrum Method,"
published in August 1985. 3DA.S.2 RINEX Computer Program

3D.4.2 Component Analysis--ANSI 7 RINEX is a computer code used to interpolate
| and extrapolate amplified response spectra used

| ANSI 7 is a computer code for calculating in the response spectrum method of dynamic
'

stresses and cumulative usage factors for Class analysis. RINEX is also used to generate

Amendment 3D.41
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response spectra with nonconstant model damping. 3D.4.8 Thermal Transient Program--
The nonconstant model damping analysis option can LION
calculate spectral acceleration at the discrete
eigenvalues of a dynamic system using either the The LION program is used to compute radial
strain energy weighted modal dan. ing or the ASME- and axial thermal gradients in piping. The
Code Class N-4111 damping values. program calculates a time history of VT ,

3VT,, Ta, and Tb (defined in the ASME Code,
3D.4.6 Piping Dynamic Analysis Section III, Subsection NB) for uniform and
Program -PDA tapered pipe wall thickness.

The pipe whip dynamic analysis is performed 3D.4.9 Deleted
using the PDA computer program, as described in
Subsection 3.6.2.2.2. PDA is a computer program
used to determine the response of a pipe
subjected to the shrust force occurring after a
pipe break. It also is used to determine the 3D.4.10 Engineering Analysis System -ANSYS
pipe whip restraint design and capacity.

The ANSYS computer program is a large scale
The program treats the situation in terms of general purpose prograrn for the solution of

generic pipe break configuration, which involves several classes of Engineering Analysis
,

a straight, uniform pipe fixed at one end and problems. Analysis capabilities include static
subjected to a time-dependent thrust force at the and dynamic; plastic, creep and swelling; small
other end. A typical restraint used to reduce and large deflections; and other applications.
the resulting deformation is also included at a
location between the two ends. Nonlinear and This program will accommodate a complete '
time-independent stress strain relations are used model and an enhanced capacities in input,
to model the pipe and the restraint. Using a output and graphic interface. Locations of
plastic hinge concept, bending of the pipe is interest for stresses and displacements can be
assumed to occur only at the fixed end and at the obtained by this nonlinear analysis. It is
location supported by the restraint. served as a verification work for the PDA

program.
Effects of pipe shear deflection are consi-

dered negligible. The pipe bending moment- O*ber program of the same capacities with
deflection (or rotation) relation used for these pe rit. ; cal improvement is also applicable to
locations is obtained from a static nonlinear this analysis,
cantilever beam analysis. Using moment angular
rotation relations, nonlinear equations of motion4

are formulated using energy considerations and
.

the equations are numerically integrated in small
time steps to yield the time-history of the pipe
motioc.

1

3D.4.7 Deleted
,

Amendment
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3D.5 PUMPS AND MOTORS

Following are the computer programs used in
the dynamic analysis to assure the structural andi
functional integrity of the pump and motor
assemblies, such as those used in the ABWR ECCS .
systems.

3D.5.1 Structural Analysis
!Program-SAP 4G07

SAP 4G07 is used to analyze the structural and
functional integrity of the pump / motor systems.
This program is also identified in Subsections-
4.1.4.1.2 , 3D.3 and 3D.6. This is a general
structural analysis program _for static-and
dynamic analysis of linear clastic complex
structures. The finite element displacement
method is used to solve the displacement and'
stresses of each element of the structure. The-
structure can be compo.ted of ut. limited number of
three-dimensional truss, beam,' plate, shell,-
solid, plane strain plane-stress and rgring -
elements that are axisymmetric. The program can _

treat thermal and various forms of mechanical
loading. The dynamic analysis includes mode
superposition, time history,~.and response
spectrum analysis. Seismic loading and
time-dependent pressure can be treated. Trie
program is versatile and efficient in analyzing
large and complex structural systems. The output
contain: displacement of each nodal point as well
as stresses at the surface of each element.

3D.5.2 Effects of Flange Joint -
Connections-FTFLG01

The flange joints connecting the pump bowl
casings are analyzed using the FTFLG01 program.

- This program uses the local forces and moments
determined by SAP 4G07 to perform flat flange
calculations in accordance with the rules set

-

;

I

forth in the ASME Code, Section III, Apoendices -
XI and L. ;
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3D.6 HEATEXCHANGERS
-

The following computer programs are used in
dynamic and static analysis to determine
structural and functional integrity of the heat
exchangers, such as those used in the ABWR RIIR.,

'

I
sy& lcm,

*

3D.6.1 Structural Analysis
Program SAP 4G07

| The structural integrity of the helt
'

exchanger is evaluated using SAP 4007. This
program is described in Subsection 3D.5.1. ~

,

?D.6.2 Calculation of Shell Attachment
Parameters and Coefficients..BILDROI

,

BILDR01 is used'to calculate the shell
attachment parameters and coefficients used in
the saress analysis of the support to shell:
Junction. The method per Welding Research-
Couucil Bulletin 107 is implemented in BILDR01

..- 1

to calculate local membrane stress due to the .

support reaction loads on the heat exchanger
shell.

k

I

e

E

|

1

i
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3D.7 SOll STRUCTUREINTERACTION dimensional soil structure interaction response
of urface founded structures using a frequency.

3D,7.1 A Sys:em For Analysis of - dependent cantinuum impedance approach. The
Soll Structure Interaction-SASS 101S basic version of the CLASSI family of computer

programs was developed by Professor J.E. Luco of
This program consists of a number of the University of California at San Diego, and

interrelated computer program modules v.hich can Profeuor H.L. Wong of the University of
be used to solve a wide range of (jua:. sic southern California. _ Additional development
soil structure interaction (SSI) problems in two effort was contributed by Dr. R.J. Apsel of the
or three dimensions. This program is used to University of California at San Diego.
obtain enveloped seismic design loads based on
the finite element method using substructuring In the CLASSI methodology, the continuum me-
technique, as described in Section 3A.5 of chanics approach is used to characterize the-
Appendix 3A of this document. A description of site foundation system and the incident seismic -
this program is included in Subsection 4.1.4.1.9. waves in tern s of complex, frequency dependent

impedance matrices and driving force vectors.
The computer program SASSI was developed by The superstructure is represented in terms of

the University of California, Berkeley, under the its fixed force vectors. The superstructure is
technical direction of Prof. John Lysmer. The represented in terms of its fixed. base mass ma-
Bechtel version of the program was obtained from trix, mode _ shapes, and frequencies, and its mo-
the University of California, Berkeley, under a dal damping coefficients. These structural dy.
license agreement with the University. During namic properties can be calculated using any
the cou.se of installation, testing, and valida- standard finite element formulation. Compatibi-
tion of the Bechtel version of the program on the lity and dynamic equilibrium requirements at the *
CDC CRAY System, some modifications and enhanec- superstructure foundation laterface are then -
ments were made to the program to improve the used to determine the three dimensional response
performance. These include ccrrecting the motion of the complete superstructure foundation
phases in Rayleigh wave calculation, replacing system.
the plate element, modifying the spring element
to incir . , damping capability, and providing the = The program CLASSI/ASD is an improved version
option for local end release condition in beam of the CLASSI family of computer codes, which is
element. The CRAY version provided to GE,iden- developed by ASD_ international, Inc. This
tified as GE ECP SASS 101S, contains the same mo-

version is verified in accordance with'the ASD's
difications and enhancements made to the Bechtel Quality Assurance Program and requiremerits of
CRAY version to date. The program was verified 10CFR50, Appendix B.' .Results from the program

)against benchmark results reported by various are verified by benchmark results obtained by
investigators in the technical literature, various investigators and published in the

technical literature.
3D.7.2 Continuum Linear Analysis
of Soll Structure Interaction- 3D.7.3 Free-Fleid Response Analysis -
CLASSI/ASD - SHAKE

This computer program is used in analyzing This program is used to perform the'
1

limited comparative cases to comply with the dual free field site response analysis required in-
(finite element and half space) soil structure the seismic SSI analysis (see Subsection 3A.6).
analysis requirements, as described in Attachment
A to Appendix 3A of t'Js document. The program SHAKE is r computer program developed at the
is a linear analysis program using the - University of California, Berkeley, by Schnable,
substructure approach based upon continuu,n - Lysmer and Sced. (See Reference 5 of Subsection -
mechanics for half space. 3A.10).The program uses the principle of one-

_

dimensional propagation of shear waves in the
The program CLASSI is :omprised of a series of vertical direction for a system of horizontal,

computer codes developed to calculate the three. visco elastic soll layers to compute soil

Amendment 1
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responses in the free field. The nonlinearities
in soil shear modulus and damping are accounted
for by the use of equivalent linear soil pro-
perties using an iterative procedure to obtain )
values for modulus and damping compatible with
the effective shear strains in each layer. The
final iterated, strain compatible properties are
used as equivalent linear soil properties in
seismic SSI analysis.

-

|
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APPENDIX 3E

GUIDELINES FOR LBB APPLICATION

3E.1 INTRODUrrlON following criteria: (1) low probability of
failure from the effects of corrosion (e.g.,As discussed in Subsection 3.6.3, this intergrannular stress corrosion cracking) and

appendix provides detailed guidellaes for the COL (2) adequate margin before susceptibility to
applicant's use in applying for NRC's approval of cleavage type fracture over the full range of
LBB for specific piping systems. Also included consequences,
in this appendix are the fracture mechanics
propct'ies of ABWR piping traterials and analysis The ABWR plant design specifies use of
methods, including the leak rate cr.lculation austenitic stainless steel piping made of
methods. Table 3E.11 gives a litt of piping material (e.g., nuc! car grade or low carbon
systems inside and outside the containment that type) that is recognized as resistant to IGSCC.
are preliminary candidates for LBB application. The carbon steel or ferritic steels specified
As noted on Table 3E.11, innst candidate piping for the reactor pressure boundary are described
systems are carbon steel piping. Therefore, this in 3E.2.2. These steels are assured to have
appendix deals extensively with the evaluation of adequate toughness to preclude a fracture at
carbon steel piping. operating temperatures. A COL applicant is

expected to supply a detailed justification in
Piping qualified by LBB would be excluded from the LBB evaluation report considering systern

the non mechanistic postulation requirements of temperature, fluid velocity and environmental.
double-ended guillotine break (DEGB) specified in conditions.
Subsection 3.6.3. The LCD qualification means
tia.t the through wall flaw lengths that are 3E.1.2 Deterrninistic Evaluation Procedure
detectable by leakage monitoring systems (see
Subsection 5.2.5) are significantly smaller than The following deterministic analysis and
the flaw lengths that could lead to pipe rupture evaluation are performed as an NRC approvedor instability. method to justify applicability of the LBB,

concept.
Section 3E.2 addresses the fracture mechanics

properties aspects required for evaluation in (1) Use the fracture mechanics and the leak rate
accordance vith Subsection 3.6.3. Section 3E.3 computational methods that are accepted by
describes the fracture mechanics techniques and the NRC staff, or are demonstrated accurate'

methods for the determination of critical flaw with respect to other acceptable computa-
lengths and evaluation of flaw stability. tional procedures or with experimental data.
Explained in Section 3E.4 is the determination of
flaw lengths for detectable leakages with (2) Identify the types of materials and
margin. A brief discussion on the leak detection enaterials specifications used for base,

capabilities is presented in Section 3E.5. metal, weldments and safe ends, and provide
Finally, Section 3E.6 provides general guidelines the materials properties including toughness
for the preparation of LDB justification reports and tensile data, long term effects such as
by providireg two examples. thermal aging, and other limitations.

Material selection and the deterministic LBB (3) Specify the type and magnitude of the loads
evcluation procedure are discussed in this applied (forces, bending and torsional
section. moments), their source (s) and method of

combination. For each pipe size in the
3E.1.1 Material Selection Guidelines functional system, identify the location (s)

which have the least favorable combination
The LBB approach is applicable to piping of stress and material properties for base

systems for which the materials meet the metal, weldments and safe ends.

Amendmea:
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(4) Pestulate a throughwali flaw at the obtain the desired amount M experimental
location (s) specified in (3) above. The crack extension may be restricted. In this

j sire of the flaw should be large enough so case, extrapelation techniques is used as
| that the leakage is assured detection with described in NUREG 1601, Volume 3, or in

sufficient margin using the installed leak NUREG/CR 4575. Other techniques can be
deteetion capability when pipes are used if adequately justified.
subjected to normal operating loads. If
auxiliary leak detection systems are relied (8) The stress strain curves are obtained overon, they should be described. For the the range from the preoperational limit to
estimation of leakage, the normal operating meximum load.
loads (i.c., deadweight, thermal expansion,
and pressure) are to be combined based on (9) Preferably, the materials tests should be
the algebraic sum of individual values. conducted using archiva! materials for the

pipe being evaluated.11 archival material
Using fracture mechanics stability snalysis is not availabic, pisnt specific or
or limit load analysis based on (11) below, industry wide generic material data bases
and normal plus SSE loads, determine the are assembled and used to define thecritical crack size for the postulated required material tensile and toughness
throughwall crack. Determine crack site properties. Test material includes base
margin by comparing the selccted leakage and weld metals.
size crack to the critical crack size.
Demonstrate that there is a margin of 2 (10) To provide an acceptable level of reli-
between the leakage and critical track ability, generic data bases are reasonable
sires. The same load combination method lower bounds for compatible sets of mater--
selected io (5) below is used to determine ial tensile and toughness properties
the critical crack size. associated with materials at the plant. To

assnre that the plant specific generic data
(5) Determine margin in terms of applied loads base is adequate, a deterraination is made

by a crack stability an11ysis. Demonstrate to demonstrate that the generic data base
that the leakage size cracks will not expe- rt; presents the range of plant materials to
tience unstable crack growth !f 1.4 times be evaluated. This determination is based
the normal plus SSE loads are applied. De- on a comparison of the plant material
moastrate thtt crack growth is stable and propertires identified in (2) above with
the final crack is limited such that a those of the materials used to develop the
double-ended pipe break will not occur. The generic data base. The number of material
dead weight, thermsl expansion, pressure, heats and weld procedures tested are ade.
SSE (inertial), and seisrnic anchor motion quate to cover the strength and toughness
(SAM) loads are combined based on the same renge of the actual plant mrteiials. Rea-
method used for the primary stress evolu- sonable lower bound tensue asd toughness
ation by the ASME Code. The SSE (inertial) properties from the plant specific generic
and SAM loads are combined by square root- datt oese are to be used for the stability
of-the sum of the-squares (SkSS) method, analysis of individual materials, unless

otherwise justified.
(6) The piping material toughness rJ R curves)

and tennile (stress strain curves) proper- Industry generic data bases are reviewed to
ties are determined at temperatures near the provide a reasonable lower bound for the
upper range of normal plant operation. population of material tensile and tough-

ness properties associated with any indivi-
(7) The specimen used to generate J R curves is dual specification (e.g., A106, Grade B),

assured large enough to provide crack exten- material type (e.g., austenitic ster.1) or
sions up to an amount consistent with J/T welding procedures.
condition determined by analysis for the
application. Because practical specimen The number of materiel heats and weld
size limitations exist, the ability to procedures tested should be ahquate to

Amendment
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cover the range of the strength and tensile
properties expected for specific material
specifications or types. Reasonable lower
bound tensile and toughness properties from
the industry generic data base are used fro -
the stability analysis of individual mater.
lais. '

If the data are being ' developed from an |

archival heat of material three stress-
strain curves and three J. resistance curves
from that one heat of material is suffi.
cient. The tests should be conducted at
temperatures near the upper range of normal

l
plant operation. Tests should also be !

conducted at a lower temperature, which may i

represent a plant condition (e.g., hot
.

standby) where pipe break would present
safety concerns similar to normal opera.
tion. These tests are intended only to
determine if there is' any significant .

dependence of toughness on temperature over
'

the temperature range of interest. 'The
lower toughness should be'used in the.

_

.

fracture mechanics evaluation. One J R
curve and one stress. strain curve for one .
base metal and weld metal are considered
adequate to determine temperature
dependence.

(11) There are certain limitations that curret.tly
preclude generic use of limit load analyses
to evaluate lea'e before-break conditions
deterministically. However, a modified
limit. load analysis can be used for
austenitic stainless steel piping to
demonstrate acceptable margins as described
in Subsection 3EJ3.

-
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Table 3E.1-1

LEAK BEFORE BREAK CANDIDATE PIPING SYSTEM

System location Description Diameter
(mm)

Main Steam PC RPV to RCCV JZ
(4 lines)

Feedwater PC RPV to RCCV 550/300
(2 lines /6 risers)

RCIC Steam PC MS line to RCCV 150

HPCF PC RPV to first check valve 200

RHR/LPFL PC RPV to first check valve 250

RHR/ Suction PC RPV to first closed gate valve 350

CUW PC RHR suction to RCCV 200
.

Main Steam Steam Tunnel RCCV to turbine building 700
l

(4 lines)

Feedwater Steam Tunnel RCCV to turbine bulding 550
(2 lines)

RHR Div. A Steam Tunnel FW line A to check valve 250
Suction

RCIC Steam SC RCCV to turbine shutoff valve 150

RCIC Sunnly SC FW line to first check valve 200

CUW Suction SC RCCV to bt exchanger discharge 200

CUW Discharge SC Heat enhanger discharge to 200/150
FW suction

.

Note: All piping in primary and secondary containment (including steam tunnel)
are carbon steel piping, except the in-containment CUW piping which is
stainless steel.

Legend: PC: PrimaryContainment
SC: Secondary Containment
FW: Feedwater
MS: Main Steam
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3E.2 MATERIAL FRACTURE TOUGH- The crack growth invariably involves some
NESS CilARACTERIZATION elastic unloadng and distinctly nonproportional

plastic deformation near the crack tip. J.
This subsection describes the fracture integral is based on the deformation theory of

toughness properties and flow stress evaluation plasticity [4,5] which inadequately models both
for the ferritic and austenitic steel materials of these aspects of plastic behavior. In order
used in ABWR plant piping, as required for to use J integral to characterize crack growth

| evaluation according to Section 3E.1.2. (i.e. to assure J controlled crack growth), the
following sufficiency condition in terms of a

3E.2.1 FractureToughness nondimensional parameter proposed by Hutchinson
Characterization and Paris [6), is used:

When the clastic plastic fracture mechanics b . # "I (E.2 2)(EPFM) methodology or the J.T methodology is used J da
W"

to evaluate the leak before break conditions with
postulated through wall flaws, the material Where b is the remaining ligament. Reference
toughness property is characterized in the form 7 suggests that w > 10 would satisfy the
of J integral resistance curve (or J.R curve) [1, J controlled growth requirements. However. If
2,3}. The J R curve, schematically shown in the requirements of this criteria are strictlyFigure 3E.2 la, represents the material's followed, the amount of crack growth allowed
resistance to crack extension. The onset of would be very small in most test specimen,

crack extension is assumed to occur at a critical geometries. Use of such a material J.R curve in
value of J. Where the plane strain conditions J/T evaluation would result in grossly
are satisfied, initiation J is denoted by J underpredicting the instability loads for large-.

Plane strain crack conditions, achieved in Ickt diameter pipes where considerable stable crack
I

specimen by side grooving, generally provide a growth is expected to occur before reaching the
lower bound behavior for material resistance to instability point. To overcome this difficulty,stable crack grow h. Ernst [8] proposed a modified J integral,f

J which was shown to be effective evenOnce the crack begins to extend, the increase WEN, limits on 1 were grossly violated. The
of J with crack growth is measured in terms of Ernst correction essentially factors in the
slope or the nondimensional tearing modulus, T, effect of crack extension in the calculatedexpressed as:

value of J. This correction can be determined
experimentally by measuring the usual

T = f. . # (E.2-1) parameters: load, displacement and crack length,2 daog

The definition of J is
The flow stress, o , is a function of the md:

g
yield and ultimate strength, and E is the clastic

Jmod = J - f j _J.G d da
h

modulus. Generally, o is assumed as the 3, i
average of the yield and ul$imate stren6th. The 5pl>

slope $2 of the material J.R curve is a function (E.2 3)

of crai$ extension a. Generally,y decreases Where
with crack extension thereby giving a convex J is based on deformation theory of
upward apnearance to the material J.R curve in plasticity
Figure 3E.2 la.

G is the linear clastic GriffithTo evaluate the stability of crack growth, it energy release rate or clastic J,
is convenient to represent the material J.R curve J
in the J T space as shown in Figure 3E.2-1b. The "I.
resulting curve is labeled as J-T material.

61 is the nonlinear part of the
Crack instability is predicted at the intersec. p

load point displacements (or-
tion point of the J/T material and J/T applied simply the total minus the cla: tic
curves.
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displacement). forgings are equivalent to the piping
specifications,

a ,a are the initial and current crack
lengths respectively. While the chemical composition requirements

fer a pipe per SA 106 Gr. B and SA 333 Gr. 6 are
For the particular case of the compact tension identical, the latter is subjected to two

specimen geometry, the preceding Equation and the additional requirements: (1) a normalizing heat
corresponding rate take the form treatment which refines the grain' structure and,

(2) a charpy test at -50"F with a specified
= J + ["7.Jpl.da minimum absorbed energy of 13 ft Ibs. TheJ md

, (E.2 4) electrodes and filler metal requirements foro b
welding carbon steel to carbon or low alloy-

where J is the nonlinear part of the steel are as specified in Table 3E.21.
deformati8n theory J, b is the remaining ligament
and is A comprehensive test program was undertaken

at GE to characterize the carbon steel base and
(1 + 0.76 b/W) (E.2 5) weld material tougheness properties. _ The next=

section describes the scope and the results of
Consequently the modified material tearing this program. The purpose of the test program.

modulus T can be defined as: was two generate the necessary data for appli-med
cetion in Section 3E.6 and to illustrate a

Tmd=T +E .7 . J general procedure of conducting the tests permat
o2b (. ) requiremuts of item 00) in Sutton 3E.1.2.g

The extent of the test program for NRC's-
Since in most of the test J.R curves the approvsl of an application will depend upon the

(0>10 limit was violated, all of the material J T identified requirements,
ldata were recalculated in the J ,T

calevial":oits w"c'i!' 3E.2.2.1 Fracture Toughrts= Test Prograanformat. Tbe J T
performed up toTEac,k e'Ed'ension . a = 10% of

d

the original ligament in the test s,- imen. The The test program consisted of generating true
J T curves were then extrapolated to !arger J stress true strain curves, J Resistance curves
values using the method recommended in NUREG and the charpy V notch tests. Two materials
1061, Vol. 3 [9). were selected : (1) SA333 Gr. 6,- 16 inch -

diameter, Schedule 80 pipe and (2) SA516, Gr.
The J -T approach is used in -70,1-inch thick plate. Table 3E.2-2 shows the

this appe"'Yx for"'fliustrative purposes. It chemical composition and mechanical propertya

should be adopted if justified based on its test information provided by the material
acceptability by the technical literature. A supplier. The materials * vere purchased to the
J approach is another more justifiable .same specifications as those to be used in the-g
approach. ABWR applications.

3E.2.2 Carbon Steels and Fisociated ' To produce a circumferential butt weld, the
Welds pipe was cut in two pieces along .a

circumferential plane and welded back using the.

The carbon steels used in the ABWR reactor shielded _ metal are procese. The weld prep was
coolant pressure boundary piping are: SA 106 Gr of single V design with a backing ring. The

_

B, SA 333 Gr. 6 and SA 672, Gr. C70. The first preheat temperature was 200 F.
specification covers sesentess pipe and the second
one pertains to both seamless and seam-welded The plate material was cut along the-.
pipe The last one pertains to seam welded pipe longitudinal axis and. welded back using the SAW-
for which plate stock is specified as SA 516, Gr. process.- The weld prep was of a single V type
70. The corresponding material specifications with one side as vertical and the other side at

[ used for carbon steel flanges, fittings and 45 . A backing plate _was used during the
welding with a clearance of 1/4 inch at the

Amendeent 20 3E2-2
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bottom of the V. The interrwss temperature was with axial flaw extension (orientation A in
maintained at less than 500"F. Figure 3E.2 3) is considerably lower than that

for the circumferential crack extension.
Both the plau and the pipe weldt were X rayed

according to Code [11] requirements and were A similar trend in the base metal charpy
found to be satisfactory, energies was also noted in this test program.

Figures 3E.2 4a and b show the pipe and plate
it is well known that carbon steel base material Charpy energies for the two orien-

materials show considerable anisotropy in tations as a function of ternperature. The tests
fracture toughness properties. The toughness were conducted at six temperatures ranging from
depends on the orientation and direction of room ternperature to 550 F. From the trend of9

propagation of the crack in relation to the the Charpy energies as a function of temperature
principal direction of mecht.nical working or gain in Figures 3E.2 4a and b it is clear that even
flow. Thus, the selection of proper orien- at room temperature the upper shelf conditions
tation of charpy and J.R curve test specimen is have been reached for both the materials.
important. Figure 3E.2 2 shows the orientation
code for rolled plate and pipe specimen as given No such anisotropy is expected in the weld
in ASTM Standard E399 [12]. Since a through-wall metal since it does not undergo any mc.chanical
circumferential crack configuration is of most working after its deposition. This conclusion
interest from the DEGB point of view, the L T is also supported by the available data in the
specimen in a plate and the L C specimen in a technical literature. The weld metal charpy
pipe provide the appropriate tovghness properties specimen in this test program were oriented the
for that case. On the other nand, T-L and C.L same way as the LC or LT orientations in Figure
specimen are appropriate for the axial flaw case. 3E.2 2. The HAZ charpy specimens were also ,

oriented similarly.
Charpy test data are reviewed first since they

provide a qualitative measure of the fracture Figure 3E.2 5 shows a comparison of the
toughness. charpy energies from the 333 Gr. 6 base metal,

the weld metal and the HAZ. In most cases two
3E.2.2.1.1 Charpy Tes*a specimens were used. Considerable scatter in

the weld and HAZ charpy energy values is seen.
The absorbed ene gy or its complement, the Nevertheless, the average energies fro the weld

lateral expansion measured during a Charpy V. metal and the HAZ seem to fall at or above the
notch test provides a qualitative measure of the average base metal values. This indicates.that,
material toughncts. For example, in the case of unlike the stainless s:ect flux weldments, the
austenitic stainless stect flux weldments, the fracture toughness of carbon steel weld and HAZ,
observed lower Chairy energy relative to the base as measured by the charpy tests,is at least
metal was consistent with the similar trend equal to the carbon steel base metal.
observed in the J. Resistance curves. The Charpy
tests in this program were used as preliminary The preceding results and the results of the
indicators of relative toughness of welds. HAZs stress-strain tests discussed in the next
and the base metal. section or other similar data are used as a

basis to choose between the base and the weld
The carbon steel base materials exhibit metal properties for use in the J T methodology

considerable anisotropy in the Charpy energy as evaluation.
illustrated by Figure 3E.2-3 from Reference 13.
This anisotropy is associated with development of 3E.2.2.1.2 Stress Strain Tests
Srain flow due to mechanical working. The Charpy
orientatV C in Figure 3E.2 3 (orientations LC The stress strain tests were performed at
and LT u Figure 3E.2-2) is the approp&:e ene three temperatures: Room temperature,350"F
for evaluating the fracture resistance to the and 550 F. Base and weld metal from both the
extension of a through-wall circumferential pipt, and the plate were tested. The weld
flaw. The upper shelf Charpy energy associated
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specimens were in the as-welded condition. The the carbon steel piping in the reactor coolant
standard test data obtained from these tests are pressure boundary in the ABWR generally fall
summarized in Table 3E.2 3. into two categories: 528 550 F and 420 F.

The latter temperature corresponds to the
An examination cf Table 3E.2 3 shows that the operating temperature of the feedwater piping

meisured yield strength of the weld metal, as system. The selections of the appropriate
expected, is considerably higher than that of the material (J/T) curves for these two categories
base metal. For example, the 550 F yield are discussed next,
strength of the weld metalin Table 3E.2 3 rarges
from 53 to 59 kai, whereas the base metal yield 3E.2.2.2.1 Material J/T Curve for 550'F
strength is only 34 ksi. The impact of this
observation in the selection of appropriate A review shows that 5 tests were conducted
rnaterial (J/T) curve is discussed in later at 550 F. Two tests were on the weld metal,
sections. two were on the base metal and one was on the

heat affected zanc. Figure 3E.2-8 shows the
Figures 3E.2 6 a through d show the plots of plot of matcrial J T values

the 550 F and 350 F stress strain curves for calculated from the J. 4 a Eaiu,es o"bia#ined from*

both the pipe and the plate used in the test. As the 550 F tests. The value of flow stress,
expened, the weld metal stress strain curve in 0, used in the tearing modulus calculation
every case is higher than the corresponding base (Equation E.2-1) was 52.0 ksi based on data
metal curve. The Ramburg Osgood format shown in Table 3E.2 3. To convert the

ddeformation J and l. values obtained from thecharacterization of these stress strain curves is
d'given in Section 3E.3.2 where appropriate values J R into J,,,, T d' ha&ns E.N andof and is also provided. E.2 6 were used. Unly the data from the pipe-

weld (Specimen ID OWLC A) and the plate base
3E.2.2.1.3 J.R Curve Tests metal (Specimen ID BMLI 12) are shown in Figure

3E.2 8. A few unreliable data points were l
The test temperatures selected for the J R obtained in the pipe base metal (Specimen ID ,

curve tests were: room temperature,350 F and OBLC-2) J R curve test due to a malfunction in
'

550 F. Both the weld and the base metal were the instrumentation. Therefore, the data from
included. Due to the curvature, only the IT plan this test were not included in the evaluation.
compact tension (CT) specimens were obtained from The J R curves from the other two 550 F tests
the 16 inch diameter test pipe. Both IT and 2T were evaluated as described in the next
plan test specimens were prepared from the test paragraph. For comparison purposes, Figure
plate. All of the CT specimens were side grooved 3E.2 8 also shows the SA106 carbon steel J T
to produce plane strain conditions. data obtained from the J R curve reported by

G udas [14]. The curve also includes
Table 3E.2 4 shows some details of the J R extrapolation to higher J values based on the

curve tests performed in this test program. The method recommended in NUREG 1061, Vol. 3{9).
J R curve in the LC orient ' ion of the pipe base
meta' a: d in the LT orientation of the plate base The J -T data for the plate weld
metas represent the material's resistance to metal an2 t$e p* late HAZ were evaluated. A
crack extension in the circumferential comparison shows that these data fall slightly
direction. Thus, the test results of these below those for the plate base metal shown in
orientations were used in the LBB cvaluations. Figure 3E.2 8. On the other hand, as noted in
The orientation effects are not present in the Subsection 3E.2.2.1.2, the yield strength of the
weld metal. As an example of the J R curve weld metal and the HAZ is considerably higher
obtained in the test program, Figure 3E.2 7 shows than that of the base metal. The material
tLe plot of J R curve obtained from specimen stress strain and J-T curves are the two key
OWLC-A. inputs in determining the instability load and

flaw values by the (J/T) methodology.
3E.2.2.2 Material (J/T) Curve Sclection Calculations performed for representuive

through wall flaw sizes showed that the higher
The normal operating temperatures for most of yield strength of the weld metal more than com-
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pensates for the slightly lower J R curve and, 3E.2.4 References |
! consequently, the instability load and flaw

predictions based on base metal properties are 1. Paris, P.C., Tada,11., Zahoor, A., and i

smalle r (i.e., conservative). Accordir. gly, it Ernst, H., The Theory of instability of
was coaciuded that the material (J T) curve shown the Tearing Afode of Elastic Plastic Crack

,

'

in Figure 3E.2-8 is the appropriate one to use in Growth, Elastic Plastic Fracture, ASTM
the LDB cvaluations for carbon steel piping at STP 668, J.D Landes, J.A. Begley, and G.A
550 F. Clarke, Eds., American Society for Testing

3E.2.2.2.2 Material J/T Curse For 420*F
2. Resolution of the Task A 11 Reactor

Since the test temperature of 350*F can bc Vessel biaserials Toughness Safety issue,oconsidered reasonably close to the 420 F, the NUREG 0744, Rev.1 October 1982.
test J R curves for 350"F were used in this
case. A review of the test matrix in Table 3. Paris, P.C., and Johnson, R.E., A Method
3E.2 4 shows that three tests were conducted at of Application of Elastic Plastic Fracture
350*F. The J .T data for all Afechanics to Nuclear Vessel Analysis,
three tests were reTiewed. "IYe flow stress value Elastic Plastic Fracture, Second
used in the tearing modulus calculation was 54 Symposium, Volume II. Fracture Resistance
kai based on Table 3E.2-3. Also reviewed were Curves and Engineering Application, ASTM
the data on SA106 carbon steel at 300 F STP 803, C.F Shih and J.P. Gudas, Eds.,
reported by Gudas [14). Arnerican Society for Testing and

M ate rials,1983, pp.11 5-11 40.
Consistent with the trend of the $50,F data,

the 350 F weld metal (J.T) data fell below the 4. Rice, J.k., A Fath Independent Integral'
plate and plpe base metal data. This probably and the Approximate Analysis of Strain
reflects the slightly lower toughness of th,: SAW Concentration by Notches and Cracks,J.
weld in the plate. The (J/T) data for the pipe Appl. Mech., 35, 379-386 (1968).
base metal fell between the plate base metal and
the plate weld metal. Based on the 5. Begley, J.A., and Landeu, J.D., The /
considerations similar to those presented in the Integraf as a fracture Criterion,
previous section, the pipe base metal J T data, Fractur.: Toughness, Proceedings of the
although they may lie above the weld J T data, 1971 Nt;tional Syrnposium on Fracture
were used for selecting the appropriate (J T) Med anics, Part II, ASTM STP 514, American
curve. Accordingly, the curve shown in Figure Society for Testing M-terials, pp.120
3E.2 9 was developed for using the (J T) (1972).methodology in evaluations at 420 F.

6. Hutchinson, J.W., and Paris, P.C.,
3E.2.3 Stalnless Steels and Associated Welds Stability Analysis of J. Controlled Crack

Growth, Elastic Plastic Fracture, ATSM
The stainless steels used in the ABWR reactor STP 668, J.D Landes, J.A. Begley, and G.A.

coolant pressure boundary piping are either Clarke, Eds., American Society for Testing
Nuclear grade or low carbon Type 304 or 316. and Materials,1979, pp. 37-64.
These materials and the associated welds are
highly ductile and therefore, undergo consi- 7. Kumar, V., German, M.D., and Shih, C.F.,
derable plastic deformation before failure can An Engineering Approach for Elastic-
occur. Toughness properties of Type 304 and 316 Plastic Fracture Analysis, EPRI Topeal
stainless steels have been extensively reported Report NP 1831, Electric Pov,er Research
in the open technical literature and are, thus, Institute, Palo Alto, CA July 1981.
not discussed in detail in this section. Due to
high ductility and toughness, modified limit lead 8. Ernst, H.A., A(aterial Resistance and
methods c.,n be used to determine critical crack Instability Beyond J Controlled Crack
lengths and instability loads (see Subsection Growth, Elastic Plastic Fracture: Second '

3E.3.3). Symposium, Volume I -Inlastic Crack
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Analysis, ASTM STP 803, C.P. Shih and J.P.
Gudas. Eds., American Society for Testing and
Materials,1983, pp.1191 1213,

9. Report of the U.S.' Nuclear Regulatory
Commission Piping Review Committee,
NUREG 1061, Vol.3, November 1934.

10. Deleted

11. ASME Boiler & Pressure Vessel Code, Section
ill, Division 1, Nuclear Power Plant
Components. American Society of Mechanical
Engineers,1980.

12. ASTM Standard E399, Plane Strain Fracture
]

Toughness of Metallic Materials.

13. Reynolds, M.B., Failure Behavior in ASTM .
A106B Pipe: Containing Axial Through Wall .
Flows, General Electric Report.No.
GEAP 5620, April 1968,

14. Gudas, J.P., and Anderson, D.R.,11 R Curve -
.

Charateristics of Piping Material and Welds,
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TABLE 3E.21

ELECTRODES AND FILLER METAL REQUIREMENTS
FOR CARHON STEEL WELDS -

- Electrode or . Filler Metal
Base Material P No. Process Specification Classi!! cation

,

Carbon Steel to P 1to SMAW SFA 5.1 E7018 - -,

Carbon Steel or P 1, P-3

Low Alloy Steel P-4 or GTAW - SFA 5.18 E70S 2, E70S 3
P5 PAW '

GMAW SFA 5.18 E70S 2,E70S 3,E70S 6
- SFA 5.20 E70T.1 *

(
. SAW. SFA 5.17 F72EM12Y., F72EL12

1
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TABLE 3E.2 2

SUPPLIER PROVIDED CHEMICAL COMPOSITION AND MECHANICAL PROPERTIES
INFORMATION

Material Product Chemical Composition Mech. Property
Form

C Mn P S SI Sy(ksi) Su(ksi) Elongation
('7c)

SA 333 Gr.6 16 In. 0.12 1.18 .01 - .026 0.27 44.0 67.5' 42.0
Heat #52339 Sch.80

Pipe

SA 516 Gr.70 1.0in. 0.18 0.98 0.017 0.0022 0.25 46.5 70.5 31.0 '
Heat #E18767 P! . :

.-

Note: (1) Pipe was normalized at 16500F. Held for 2 hrs, and air cooled.

(2) Plate was normalized at 17000F for one hour and still air cooled.

|

4

.
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TABLE 3E.2 3

STANDARD TENSION TEST DATA AT TEMPERATURE
~

SPEC. MATERIAL TEST 0.2% YS LTIS Eleng. RA
NO. TEMP ikal} Ihall 1$.1 2 '

iOW1 PIl5 WELD RT 66.1 8L6 32 77.' |

OW2 PIPE WELD 550F 59.0 93.9 24 56.7

' ITWL2 PLATE WELD 550F $3.0 91.4 34 513

IBL1 PLATE BASE RT 44.9 73.7. 38 513 |IBL2 PLATE BASE 350F 37.9 64.2 34 68.9 !

IBL3 - PLATE BASE 550F - 34.1 - 69.9 29 $9.4 )
OB1 PIPE BASE . RT 43.6 68.6 41 67.8
082 PIPE BASE 350F - 42.2 74.9 ' 21 55.4
0B3 - PIPE BASE 550F 34.6 78.2 31 55.4

,

o

. ?

&

' !
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TABLE 3E.2 4

SUMMARY OF CARBON STFJL
J.R CURVE TESTS

b'q, Snecimeu ID SJn Descrintion Temp, '

(1) OWLC-A IT Pipe Weld - 5500F

(2) OBCL 1 1T Pipe Base C.L Orientation RT

(3) OBLC2 IT Pipe Base L C Orientation 5500F

(4) OBLC3-B 1T Pipe Base 7<C Orientation 3500P

(5) BML-4 1T Plate Base Metal, L-T Orientation RT

(6) BML414 2T Plate Base Metal, L T Orientation-- RT

(7) BML2-6 2T Plate Base Metal, L T Orientation 3500F
'

(8) BML112 2T Plate Base Metal, L T Orientation - 5500F

(9) WM3-9 2T Plate Weld Metal RTi

(10) XWM111 2T Plate Weld Meta! 3500F

(11) WM2 5 2T Plate Weld Metal 5500F

(12) HAZ (Non- H:at Affected Zone, Plate RT
'

standard)
.

Width = 2.793*

",
(13) O'a' C 7 IT Pipe Weld RT

Notes:
1. Pipe base metal, SA333 Gr.6

2. Plate base metal, SA516 Gr.70

3. Pipe weld made by shielded metal are welding. -

4. Plate weld made by submerged are welding.

Amendment 1
7E.2 iO -
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3E.3 FRACTURE MECHANICS METHODS Intersection point of the material and
applied (J/T) curves denotes the instability

This subsection deals with the fracture point. This is mathematically stated as
mechanics techniques and methods for the follows:
determination of critical flaw lengths and
instability loads for materials used in ABWR. Japplied (a,P) = Jmat (a) (3E.3-2)
These techniques and methods comply with Criteria
(5) through (11) described in Section 3E.1.2. Tapplied <Tmat (stable) (3E.3-3)

3E.3.1 Elastic Plastic Facture Tapplied >Tmat (unstable)
Mechanics or (J/T) Methodology

The load at instability is determined from
Tailure in ductile materials such as highly the J versus load plot also shown schematically

tough ferritic materials is characterized by in Eigure 3E.31. Thus, the three key curves in
considerable plastic deformation and significant the tearing stability evaluation are: Japplied
amount of stable crack growth. The EPFM approach versus Ta p plie di Jmat versus Tmat and
outlined in this cubsection considers these Japplied versus load. The determination of
aspects. Two key concepts in this approach are: appropriate Jmat versus Tmat or the material
(1) J-integral [1,2) which characterizes the (J/T) curve has been already discussed in
intensity of the plastic stress strain field subsection 3E.2.1. The Japplied -Tapplied
surrounding the crack tip and (2) the tearing or the (J/T) applied curve can be casily
instability theory [3, 4] which examines the generated through perturbation in the crack
stability of ductile crack growth. A key length once the Ja tied versus load,
advantage of this approach is that the material information is availabN for different crack
fracture toughness characteristic is explicitly lengths. Therefore, only the methodology for
factored into the evaluation, the generation of Japplied versus load

information is discussed in detail
3E.3.1.1 Basic (J/T) Methodology

3E.3.1.2 J Estimation Scheme Procedure
Figure 3E.31 schematically illustrates the

J/T methodology for stability evaluation. The The J lied or J as a function of load was
material (J/T) curve in Figure 3E.31 repre- calculateding the GE/EPRI estimation scheme

a

sents the material's resistance to ductile crack procedure [5,6]. The J in this scheme is
extension. Any salue of J falling on the mate- obtained as sum of the clastic ard fully plastic
rial R-curve is denoted as Jmat and is a func. contributions:
tion solely of the increase in crack lengthaa.
Also defined in Figure 3E.31 is the ' applied' J, J=J+J (3E.3-4)e p
which for given stress strain properties and
overall component geometry, is a function of the The material true stress strain eurve in the
applied load P and the current crack length, a. estimation scheme is assumed to be in the
Hutchinson and Paris [4] also define the Ramberg Osgood format:
following two nondimensional parameters:

.n (3E.3-5)
applied A \= @ I +'a !E \E aJ

T
j applied *a]2 7a k'o[ #k k#o[

(3E.31) where,'o is the materias yield stress,
.E, . $ mat by fittin{g the preceding equation to the

80 = o , and a and n are obtained
Tmat " a r,2 da

material true stress-strain curve.
where E is Young' modulus and a { is an
appropriate flow stre:,s. The estimation scheme formulas to evaluate

Amendmr 3E.31
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the J-integral fu a pipe with a through wall This aspect is addiessed nen.
[circumferential flaw subjected to pure tension or

pure bending are as follows !
3E.3.1.3 Ycarir.g instability Evaluation

Tension Considering Both the Membrane and Bending
Streases

(3E.3-6)
I = f (a , E) E Based on the estimation scheme formulas and

E2 +t e
t c+1

the teartug instability methodology just
^

n < a c (a) h (A, n, E)'E ' outlined, !be instability bending and tension
aa t

b b t P,o stresses can be calcule.ted for various
through wall cincutaferential flaw lengths,where,
Figure :E.3 2 shows a schecaatic plot of the
instability stcesses as a function of flaw

f (A, n, E) . a F2 a, n, E) length. For the same stress level, thei

b t t
allowable flaw length for the benditig is

*w R* 12 expected to be larger than the tension case.

Po=2ao Rt [x . y 2 are sin Whun the s.pplied stress is a combination of "

(1 sin d ) the Ltusion and bending, a linear interact,oni
2 rule is used to determine the instability stress

or conversely the critical flaw length. The
Bendmg EPP icatior of linear interaction rule isl

(3E.3-7) certaicly conservative when the instability load
J . f (a , E)EM2 is close to the limit load. The applicability1 +

t n+1 of this proposed rule should be justified by
a 'o 'o c (A) h (b , E) 'M P'oviding a comparision of the predict; .as byi A. n

b t , M ,' tLe proposed approach (or an alternate approach)
with those available for cases where the

where, e mbination is treated together,

f (a, n, E) . na (E)* F The interaction formulas are following: (See
2

i
b t 1 Figure 3E.3 2)

(A,n,E)
b t Critical Flaw 12nath

(3E.3-8) sM, M [cos (2) '. sin (y)) a = ( .',,( ) a ,t + ( "b.) a , b
|

a c c c2 8 + #b 8 + #bt t

The nondimensicca! functions F and h are given where:
in Reference 6

og = applied membrane stress
While the calculation of J for given a, n,

3 o and load type is reasonably straight. *b = applied bending stress
forward, one issue that needs to be addressed is
the tearing ins: ability evaluation when the a ,t = critical flaw length for a tensione
loading includes both the membrane and the. stress of ('t + 8b)
bending stresses. The estimation scheme is
capable of evaluating only one type of stress at a ,b = critical flaw length for a bendingc'
a time. stress of (8 +#b)t

,

instability Ben +ne Strer.s

. (3E.3-9a)Sb = (1 -ft),e,

a[ b

Amendment
3E.3 2
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where: that a limit load approach is feasible.
However, test data at high temperatures

S = instability bending stress for flaw specially involving large diameter pipes areb
length, a, in the presence of membrane currently not available. Therefore, a (J/T)
stress,'i. based app.oach is used in the evaluation.

,t
= applied mernbrane stress 3E.3.2.1 Determination of Raraberg-Osgood

Parameters for 550*F Evaluation

| ,I
= instability tension stress for flaw

length, a. Figure 3E.2-6a shows the true stress true
strain curves for the carbon steels at 550 F.

| ag = instability bending stress for flaw The same data is plotted here iu Figu e 3E.3-3
length, a. in the Rambe g-Osgood format. It is seen that,

unlike the stainless steel case, each set for
Once the instability bending stress, S , in stress-strain data (i.e. data derived from onebthe presence of membranc stress, is stress-strain curve) follow approximately a

determined, the instability load mar,,in single slope line. Based on the visualg
corresponding to the detectable leak size crack observation, a line representing a = 2, n = 5
(as required by LBB criterion in Section 3.6.3) in Figure 3E.'t 3 was drawn as representing a
can be calculated as follows: reasonable upper bcund to the data shown.

.

Instability Load Margin a, + Sb The third parameter in the Ramberg-Osgood
(3E.3-9b) format stress-stain surve is a ,the

| # +#b yield stress. Based on the several internal GE-t

data on carbon steels such as SA 333 Gr 6, and
It is assumed in the preceding equation that SA 106 Gr.B, a reasonable value of 550 F yield

the uncertainty in the calculated applied stress
strength was judged as 34600 psi. To summarize, |is essentially associated with the stress _ue to the following values are used in this appendix

applied bending loads and that the membrane _ for the (J/Tg methodology evaluation of carbon
stress, which is generally due to the pressure stects as 550 F:
loading, is known with greater certainty. This
method of calculating the margiu against loads is a = 2.0
also consistent with the definition of load
margin employed in Paragraph IWB-3M0 of Section n =5.0
XI 171-

,O = 34600 psi
3E.3.2 Application of(J/T)

6Methodology to Carbon Steel Piping E = 26x10 psi

From Figure 3E.2 3, it is evident that carbon 3E.3.2.2 Determination of Ramberg Osgood
steels exhibit transition temperature behavior Parameters for 420"F Evaluation
marked by three distinct stages: lower shelf,
transition and upper shelf. The carbon steele Figure 3E.3-4 shows the Ramberg-Osgood (R-0)
generally exhibit ductile failure mode at or format plot of the 350 F true stress stain
abose upper shelf temperatures. This would data on the carbon steel base metal. Also shown
suggest that a net section collapse approach may in Figure 3E.3-4 are the CE data a SA 106 Grade
be feasible for the evaluation of postulated B at 400 F. Since the difference between the
flaws in carbon steel piping. Such a suggestion ASME Code Specified minimum yield strength at
was also made in a review report prepared by the 350 F and 420 F is small, the' 350 F
Naval Research Lab [8]. Low temperature (i.e. stress-strain data were considered applicable in
less than 125 F) pipe tests conducted by GE [9] the determination of R O parameters for
and by Vassilaros [10] which involved evaluation at 420 F.
circumferentially cracked pipes subjected to
bending and/or pressure loading, also indicate

Amendment 3F.3-3
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A review of Figure 3E.3-4 indicates that the 3E.3.5 References
|majority of the data associated with any one test

can be approximated by one straight line. 1. Rice, J.R., A Path Independent Integral and
th e Approxim ate A nalysis of Strain

it is seca that some of the data points Concentration by Notches c nd Cracks,
associated with the yield point behavior fall J. Appl. Mech., 35, 3 9 386 (1968).
along the y-axis. However, these data points at
low stain level were not considered significant 2. Begley, J.A., and Landes, J.D., The /
and, therefore, were not included in the R-O fit. Integral as a Fracture Criterion, Fracture

Toughness, Proceedings of the 1971 National
The 350 F yield stress for the base material Symposium on Fracture Mechanics, Pact II,

is given in Table 3E.2 3 as 37.9 ksi. Since the
ASTM STP $14, American Society for Testing

difference between the ASME Code specified Materials, pp. 1 20 (1972).
minimum yield strengths of pipe and plate carbon
steels at 420 F a id 350 F is roughly 0.9 ksi, 3 Paris, P.C., Tada, H., Zahoor, A., and
the o value for use at 420 F are chosen as Ernst, H., The Theory of Instability of the(37.9*- 0.9) or 37 k si. In summary, the Tearing Mode of Elastic-Plastic Crack
following values of R-O parameters are used for Growth, Elastic-Plastic Fracture, ASTM STP
evaluatic,e of 420 F: 668, J.D Landes, J.A. Begley, and G.A

Clarke, Eds., American Society for Testing
a = 3',000 psi Materials,1979, pp.5 36.o

a - 5.0 4. H utchinson, J.W., a nd Pa ris, P.C.,
Stability Analysis of J-Controlled Crack

n = 4.0 Growth, Elastic Plastic Fracture, ATSM STP'
668, J.D Landes, J. A. Begley, and

3E.3.3 Modified Lirnit IAad Methodology for G.A. Clarke, Eds., American Society for
Austenitic Stainless Steel Piping Testing and Materials,1979, pp. 37 64,

Reference 16 describes a modified limit load 5. Kumar, V., German, M.D., and Shih, C.F.,
methodology that may be used to calculate the An Engineering Approach for Elastic-Plastic
criticel flaw lengths and instability loads for Fracture Analysis, EPRI Topeal Report
austenitic stainless steel piping and associated NP-1831, Electric Power Research Institute,
welds. If appropriate, this or an equivalent Palo Alto, CA July 198L
rnethodology may be use i in lieu of the (J/T)
methodology described in 3E.3.1. 6. Advances in Elastic-Plastic Fracture
3E.3.4 Bimetallic Welds

Analysis, EPRI Report No. NP-3607, August
1984.

For joining austenitic steel to ferritic 7. ASME Boiler and Pressure Vessel Code,
steel, the Ni-Cr Fe Alloys 82 or 182 are Section X1, Rules for In service Inspection
generally used for weld metals. The procedures of Nuclear Power Plant Components ASME,
recommended in Section 3E.3.3 for tne austenitie 1986 Edition,
welds are applicable to these weld metals. This
is justified based on the common procedures 8. Chang, C.I.,et al, Piping Inelastic
adopted for flaw acceptance in the ASME Code Fracture Mechanics Analysst, NUREG/CR 1119,
Section XI, Article IWB-3600 and Appendix C, for June 1980.
both types of the welds. If other types of
bimetallic weld metals are used, proper 9. Reactor Primary Coolant System Rupture
procedures should be used with generally Study Quarterly Progress Report No.14,

[ acceptable justification. July-September,1968, GEAP-5716, AEC
Research and Development Report, December
1968.
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3E.4 LEAK RATE CALCULATION against test data.
METHODS

For given stagnation conditions and crack.

Leak rates of high pressure fluids through geometries, the leak rate and exit pressure are
cracks in pipes are a complex function of crack calculated using an iterative search for the
geometry, crack surface roughness, applied exit pressure starting f rom the saturation
stresses, and inlet fluid thermodynamic state. pressure corresponding to the upstream
Analytical predictions of leak rates essentially temperature and nilowing for friction,
consist of two separate tasks: calculation of the gravitational, acceleration and area change
crack opening area, and the estimation of the pressure drops. The initial flow calculation is

performed when the critical pressure is lowered |fluid flow rate per unit area. The first task
requires the fracture mechanics evaluations based to the back pressure without finding a solution
on the piping system stress state. The second for the critical mass flux.
task involves the fluid mechanics considerations
in addition to the crack geometry and its surface A conservative methodology was developed to
roughness information. Each of these tasks are handle the phase transformation into a two-
now discussed separately considering the type of phase mixture or superheated steam through a
fluid state in BWR piping, crack. To make the model continuous, a

correction factor was applied to adjust the mass
3E.4.1 Leak Rate Estimation for flow rate of a saturated mixture to be equal to
Pipes Carrying Water that of a slightly subcooled liquid. Similarly,

a correction factor was developed to ensure
| EPRI developed cenputer code PICEP [1] may be continuity as the steam became superheated. The

used in the leak rate calculations. The basis superheated model was developed by applying.,
for this code and comparison of its leak rate thermodynamic principles to an isentropic
predictions with the experimental data is expansion of the single phase steam,
described in References 2 and 3. This code was

| LBB to primary piping system of a PWR. The basishas been used in the successful application of The code can calculate flow rates through
fatigue or IGSCC cracks and has been verified

for flow rate and crack opening area calculations against data from both types. The crack surface
in PICEP is briefly described first. A compar- roughness and the number of Sends account for
ison with experimental data is shown next. the difference in geometry of the two. types of

cracks. The guideline for predicting leak rates
Other methods (e.g., Reference 4) may be used through IGSCCs when using this model was based

for leak rate estimation at the descretion of the on obtaining the number of turns that give the
applicant, best agreement for Battelle Phase 'I test data

_

of Collier et al. [5]. For fatigue cracks, it |
3EA.1.1 Description of Basis for Flow Rate is assumed that the crack path has no bends.
Calculation

3E.4.1.2 Basis for Crack Opening Area
The thermodynamic model implemr.nted in PICEP Calculation

computer program assumes the leakage flow through
pipe cracks to be isenthalpic and homogeneous, The crack opening area in PICEP code is
but it accounts for non-equilibriura " flashing * calculated using the estimation scheme
transfer process between the liquid and vapor formulas. The plastic contribution to the
phases. displacent is computed by summing the

contributions of bending and tension alone, a
Fluid friction due to surface roughness of the procedure that underestimates the displacent .

walls and curved flow paths has been incorporated from combined tension and bending. However, the
in the model. Flows through both parallel and plastic contribution is expected to be
convergent cracks can be treated. Due to the. insignificant because the applied stresses at
complicated geometry within the flow path, the normal operation are generally such that they do
model uses some approximations and empirical not produce significant plasticity at the
factors which were confirmed by comparison cracked location.

Amendment 3E 41
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3E.4.13 Comparison Verification with Typical relationships between Reynolds'
Experimental Data Number and relative roughress e/D , theb

ratio of effective surface protrusion height to
Figure 3E.41 from Reference 3 shows a hydraulic diameter, were relied upon in this

comparison PICEP prediction with measured leak :ase. Figure 3E.4 4, from Reference 7,
rate data. It is seen that PICEP predictions are graphically shows such a relationship for
virtually .always conservative (i.e., the leak pipes. The e /Dh ratio for pipes generally
flow rate is underpredicted). ranges from 0 to 0.50. However, for a fatigue

crack consisting of rough fracture surfaces
3E.4.2 Flow Rate Estimation for represented by a few mils, the roughness height
Saturated Steam e at some location may be almost as much as

6. In such cases, c /Dh would seem to
3E.4.2.1 Evaluation Method approach 1/2. There are no data or any

.

analytical model for such cases, but a crude
The calculations for this case were based on estimate based on the extrapolation of the

the maximum two-phase flow model developed by results in Figure 3E.4 4 would indicate that i
Moody [ Reference 6]. However, in an LBB-report, may be of the order of 0.1 to 0.2. For this
a justification should he provided by comparing evaluation an average value of 0.15 was used
the predictions of this method with the available with the modification as discussed next.
experimental data, or a generally accepted
method, if available, should be used. For blowdows of saturated vapor, with no

liquid present, Moody states that the friction,|
The Moody predicts the flow rate of Uctor should be modified according to

steam water mixtures in vessel blowdown from ~

pipes (see Figure 3E.4-2). A key parameter that (3E.41)
cht.;acterized the flow passage in the Moody

.d
1/3analysis is fL/D , waere, f is the coefficient f=fGSPh g

of friction, L, the length of the flow passage "8
and D , the hydraulic diameter. The hydraulic where -h
diameter for the ene of flow through a crack is f = modified friction fadorg
26 where 6 is the crack opening displacement
and the length of the flow passage is t, the fogp = factor for single phase
thickness of the pipe. Thus, the parameter
fL/Db n the Moody analysis was interpreted as I'd = liquid /vayr specifie vohimei
ft/26 for the purpose of this evaluation. "8 ratio evaluated at an average

static pressure in the flow path
Figure 3E.4-3 shows the predicted mass flow

rates by Moody for fL/Dh of 0 and 1. Similar This correction is necessary because the
plots are given i'i Reference 6 for additional absence of a liquid film on the walls of tne
fL/Db values of 2 through 100. Since the steam flow channel at high qdty makes the two-phase
in the ABWR main steam lines would be essentishy flow model invalid as it stands. The average
saturated, the mass flow rate corresponding to static pressure in the flow path is going to be
the upper saturation envelope line is the something in excess of 500 psia if the initial
appropriate one to use. Table 3E.4-1 shows the pressure is 1000 psial this depends on the
mass flow rates for a range of fL/Dh values for amount of flow choking and can be determined
a stagnation pressure of 1000 psi which is from Reference 6. However, a fair estimate of
roughly equal to the pressure in an ABWR piping (vf/vg) 1/3 is 0.3, so the friction factor
system carrying steam. for saturated steam blowdown may be taken as 03

of that for mixed flow.
A major uncertainty in calculating the leakage

rate is the value of f. This is discussed next. Based on this discussion, a coefficient of
friction of 0.15 x 0.3 = 0.045 was used in the

3E.4.2.2 Selection of Appropriate Friction flow rate estimation. Currently experimental
Factor data are unavailable to validate this assumed

value of coefficient of friction.
Amemiment
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3E.4.2.3 Crack Opening Area Formulation

| The crack opening areas were calculated using (3E.4-4)
b = ab n . R . (3 + cosR)l (e)2A'

LEFM procedures with the customary plastic zone E 4
t

| correction. The loadings included in the crack
| opening area calculations were: pressure, weight where,

and thermal expansion.
!

ob = bending stress due to weight and
The mathematical expressions given by Paris

| and Tada [8] are used in this case. The crack
thermal expansion loads

opening areas for pressure (A ) and bending 6 is half crack anglep
stresses (A ) were separately calculated andb
then added together to obtain the total area,
A. (3E.4-5)c

8
I(e) = 23 1+(A}'/*tFor simplicity, the calculated membrane

stresses from weight and thermal expansion loads 8.6 133 + 24 *
were combined with the axial membrane stress,

1o , due to the pressure.p

The formulas are summarized below: 22.5 75/l)+ 205.7ti)'
+

F/ \*/
-

- 247.5 + 242/lAp = "g (2x Rt) Gp (A) (3E.4-2) \n |E
-

(0 < 8 < 100')

The plastic zone correction was incorporatedp axial membrane stress due to by replacing a and B in these formulas by s
o =

pressure, weight and thermal and .f which are given by
e

eexpansion loads.
|

E Young's modulus=

2

,
8R = pipe radius eff = i + Krotal ' (3E.4-6)

2xRoy
t = pip- thickness

a=eRe e

| A = shellparameter = a//Rt
The yield stress,. 0y, was conservatively

assumed as the average of the code specified= half erack length yield and ultimate strength. The stress
a

intensity f actor, Ktot al, in clu d e s
(3E.4-3) contribution due to both the membrane and

G (A) = A2 + 0.16 A4 (01 A11)p

= 0.02 + 0.81 A2 + 030 A3
+ 0.03 A4 (1 1As5) Ktotal " Km+K- (3E.4-7)b

Amendmem 20
3E.4 3
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6.
where, Moody, F.3,, Maximum Two Phase Vessel |'

Blowdown from Pipes, J. Heat Transfer, Vol.
88, No. 3,1966, pp. 285-295.Km=8p f . P (A)p

7. Daughterly, R L. and Franzini, J.B., fluid |P (A) = ( 1 + 0.3225 A' )2 Mechanics with Engineering Applications.p

McGraw-Hill Book Company, New York 1965.
= 0.9 + 0.25 A (0 1 A s 1)

(1 s A 1 5) b.- P.C. Paris aand H. Tada, The Application of '|

Ky = *b 5. P (0) Fracture' Proof Design Postulating
b Circumferential Through Wall Cracks, U.S

Fb (0) = 1 + 6.8 /* Nuclear Regulatory Commission Report
NUF EG/CR 3464, Washington, DC, April 1983.

13.6 ' /' + '/'
'!

,

(0 s e 1 100')

The steem mass iow rate, M, shown in Tabler

3E.41 is a function of parameter, ft/26. Once
the mass flow rate is determined corresponding to
the calculated value of this parameter, the leak
rate in gpm can then be calculated.

g
-
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TABLE 3E.41

MASS FLOW RATE FOR SEVERAL f1/D VALUESh

rl/Db h1 ASS FLOW RATE,

. Ibm /secft.'
M-

k |

!
t
'

O 3800

1 2200

2 1600

3 1150-
'

'!
'

4- 920

5 800

- 10 - L580

20 400.

50 260 -

'

100 '185-

i

.f
f

--!
i

ai

.

iAmendment 1
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3E.5 LEAK DETECTION CAPARILITIES

A complete description of various leak
det6ction systems is provided in Subsection
5 2.5. The leakage detection system gives
separate considerations to: leakage within the
drywell and leakage external to the dewell. The
limits for reactor coolant leakage are described
in Subsection 5.2.5.4

The total leakage in the drywell consists of
the identified leakage and the unidentified
leakage. The identified leakage is that from
pumps, valve stem packings, reactor vessel head
seal and other seals, which all discharge to the
e q uipm e nt _d r ain sump. The technical
specification limit on the identified leak rate
is expected to be 25 gpm.

The unidentified leak rate in tb drywell is
the portion of the total leakage received in the
drywell sumps that is not identified as
previously described. The licensing (technical
specification) limit on unidentified leak rate is -

.

1 gpm. To cover uncertainties in leak detection
| capability, although it meets Re; 'latory Guide

1.45 requirements, a margin factor of 10 is
required per Reference 16 of Subsection 3E.3.4 to
determine a reference leak rate. A reduced
margin factor may be used if accounts can be made

i

of effects of sources of uncertainties tech as ',

p?ugging of the leakage crack with particulate
material over time, leal te preuiction,
measurement techniques, perso< .el and fra:quency
of monitoring. For the piping in drywell, a
reference leak rate of 10 gpm may be used, unless
a smaller rate can be justified. -

The sensitivity and reliability or leakage
detection systems used outside the drywell must
be demonstrated to be equivalent to Regulatory
Guide 1.45 systems. Methods that have been shown
to be acceptable include local leak detection,
f or examplc, visual observation or
instrumentation. Outside the drywell, the
leakage rate detection and the margin factor
depend upon the design of the leakage detection
systems.

)

.
'
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.



. __ ._ _ _ _ _ _. .- _ - _ . . . _ . . _ _ . . . _ .

ABWR awaruStandard Plant nev n

SECTION 3E.6
:
'CONTENTS

SMilon M PASC

3E.6.1 Main Steam Pininn Examnie 3E.61d

3E.6.1.1 System Description 3E.6-1
,.

3E.6.1.2 Susceptibility to Water Hammer 3E.61

3E.6.1.3 Thermal Fatigue 3E.6-2
'

3E.6.1.4 Piping, Fittings and Safe End Materials 3E.6 2

3E.6.1.5 LBB Margin Evaluation 3E.G2

3E.6.1.6 Conclusion 3E.G3

3 E.6.2 Eydwater PicLa Example - 3E.6-4 '

3E.6.2.1 System Descriptios 3E.6-4

3E.6.2.2 Susceptibility to Water Hammer 3E.G4
~

3E.6.2.3 Thermal Fatigue 3E.6-4 -

3E.6.2.4 Piping, Fittings and Safe End Material 3EL-4 -

3E.6.2.5 Piping Slies, Geometries and Stresses . 3E.6 4 -
,

3E.6.2.6 LBB Margin Evaluation 3E.6-4
,

3E.6.2.7 Conclusion 3E44.

TABLES

Table 11tle P.ast
'

3E.6-1 Stresses in the Main Stean: Lines 3E.6 5

3E.6-2 Critical Crack Ingth and Instability Lead -
Margin Evaluations for Main Steam Lines 3E.6 5

~

3E.6-3 Data fcr Feedwater System Piping - - 3E.6-6 -'
;
,

- 3E.6-il

Amendmen' h

.

. - - - ---. , , - .4--.w&--m .mi-e..-.-, .- .. , , , . y ,,_,.--e-o., ,%% , , ,,.me,,yy'm... .e,r w m g,- , , - -,,r%,, .-.r-e, p e er '+= e- - -w 7 +c.e--- m



__ . . . _ _ _ _ . _ _.-- __ _ . _ . . . . , . __ . _ ._ _ - . .. _-. - . _ . _ ..
-

$

ABWR 2womeStandard Plant a ,, n

SECTION 3E.6
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3E.6 GUIDELINES FOR PREPARATION Safety Relief valve Lart Transient Description
OF AN Lilli REPORT

SRY produces momentary unbalanced forces
Some of the key elements of an LDD cvaluation acting on the discharge piping system for the period

report for a high energy piping system are: system from the opening of the SRV until a steady discharge
description. evaluation of susceptibility to water flow from the reactor pressure vessel to the
hammer and thermal fatigue, material specification, suppression pool is established. This period includes
piping geometry, stresses and the LDB margin in clearing of the water slug at the end of the discharge
evaluation results. Two examples are presented in piping submerged in the suppression pool. Pressure
the following subsectiom to provide guidelines and waves traveling through the discharge piping
illustrations for preparing an ibb evaluation report, following the relatively rapid opening of the SRVs

causes the discharge piping to vibrate. This in turn
3E.6.1 Main Stear,i Piping produces time dependent forces that act on the main

steam piping segments.
3E.6.1.1 System Description

There are a number of events / transients /
The four 28. inch (700 mm) main steam (MS) postulated accidents that result in SRV lift:

lines carry stearn from the reactor to the turbine and
auxiliary systems. The reactor coolant pressure a. Automatic opening signal when main steam
boundary portion of each line being evaluated in this system pressure exceeds the set point for a
section connects to a flow restrictor which is a part of given valve (there are different set points for
the reactor pressure vessel nozzle and is designed to different valves in a given plant).
limit the rate of escaping steam from the postulated
break in the downtream steam line. The restrictor b. Automatic opening signal for all valves
is also used for flow measurements during plant assigned to the automatic depressurization*
operation. The safety relief valves (SRVs) discharge system function on receipt of proper actuation
into the pressure suppression pool through SRV signal.
discharge piping. The SRV safety function includes
protection against overpressure of the reactor Manual opening signal to valve selected byc.
primary system. Tbc main steam line A has a branch plant operator.
connection to supply steam to the reactor core
isolation cooling (RCIC) system turbine. The SRVs close when the main steam system

pressure reaches the relief mode rescat pressure or
This section addresses the MS piping system in when the plant operator manually releases the

the reactor building which is designed and opening signals.
constructed to the requirements of the ASME Code,
Section III, Class 1 piping (within outermost it is assumed (for conservatism) that all SRVr are
isolation valve) and Class 2 piping. It is classified as activated at the same time, which produces
Seismic Category I. It is inspected according to simultaneous forces on the main sicam piping
ASME Code Section XI. system.

3E.6.1.2 Susceptibility to Woter Hammer Turbine Siop Valve Closure Transient Description

Significant pressure pulsation of water hammer Prior to turbine stop valve closure, saturated
effect in the pipe may occur as t. result of opening of steam flows through each main steam line at nuclear
SRVs or closing of the turbine stop valve. A brief boiler rated pressure and mass flow rate. Upon
description of these phenomena followr., These two signal, the turbine stop valves close rapidly and the
transients are considered in the main steam piping steam flow stops at the upstream side of these valves.
system design and fatigue analysis. These events are A pressure wave is created and travels at sonic
more severe than the opening or closing of a main velocity toward the reactor vessel through each main
steam isolation valve or water carry over through stream line. The flow of steam into each main steam
main steam and SRV piping. Moreover, the line from the reactor vessel continues until the fluid
probability of water carry over during core floodmg compression wave reaches the reactor vessel nozzle.
in case of an accident is low. Repeated reflection of the pressure wave at the

Amendment 3E61
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reactor vessel and stop valve ends of the main stearn system. The peak pressure pulses are within the
lines produces time varying pressures and velocities design capability of a typical piping design and the
at each point along the main steam lines. The piping stresses and support loads remain within the
combination of fluid momentum changes, shear ASME Code allowables.
forces, and pressure differences cause forcing
functions which vary with position and time to act on It is concluded that, during these water hammer
the main steam piping system. The fluid transient type events, the peak pressures and segment loads
loads due to turbine stop valve closure is considered would not cause overstressed conditions for the main
as design load for upset condition. steam piping system.

Basic Fluid Transient Concept 3E.6.1.3 'nermal Fatigue

Despite the fact that the SRV discharge and the No thermal stratification and th:rmal fatigue are
turbine stop valve closure are flow starting and expected in the main steam piping since there is no
flow stopping processer., respectively, the concepts of large source of cold water in these lines. A small
mass, momentum, and energy conservation and the amount of water may collect in the near horizontal
differential equations which reptesent these concepts Ieg of tbe main steam line due to steam
are similar for both problems. The particular condensation. However, a slope of 1/8 inch per foot
solution for either of the problems is obtained by of main steam piping is provided in each mair, steam
incorporating the appropriate initial conditions and line. Water drain lines are provided at the end of
boundary conditions into the basic equations. Thus, slope to drain out the condensate. Thus, in this case
relief valve discharge and turbine stop valve closure no significant thermal cycling effects on the main
are seen to be specific solutions of the more general steam piping are expected.
problem of compressible, non steady fluid flow in a

.

pipe. 3E.6.1 A Piping Fittings and Safe End
Matedals

The basic fluid dynamic equations which are
applicable to both relief valve discharge and turbine The material specified for the 28 inch main steam
stop valve closure are used with the particular fluid pipe is SA672 Grade C70. The corresponding speci-
boundary conditions of these occurrences. Step-wise fication for the piping fittings and forgings are given
solution of these equations generates a time. history as SA420, WPL6 and SA350, LF2, respectively. The
of fluid properties at numerous locations along the material for the safe end forging welded between the
pipe. Simultaneously, reaction loads on the pipe are main steam piping and the steam nozzle is SA508
determined at each location corresponding to the Class 3
position of an elbow.

3E.6.1J LBB Margin Evaluation
The computer programs RVFOR and TSFOR

described in Appendix 3D are used to calculate the The Code stress analysis of the piping is reviewed
fluid transient forces on the piping system due to to obtain representative stress magnituaes. Table
safety relief valve discharge and turbine stop valve 3E.61 shows, for example purposes, the stress
closure. Both of the programs use method of magnitudes due to pressure, weight, thermal
characteristics to calculate the fluid transients. expansion and SSE loads.

The results l' rom the RVFOR program have been The leak rate calculations are performed
verified with various inplant test measurements such assuming saturated steam conditions at 1050 psi.
as from the Monticello tests and Caoroso tests and The leak rate model for saturated steam developed
the test sponsored by BWR owner for NUREG 0737 in Section 3E.4.2 h be used in this evaluation,
at Wyle test facilities, Huntsville, Alabama. Various Pressure, weight and thermal expansion stresses are
data from the strain gages on the pipes and the load included in calculating the crack opening area. A
cells on the supports were compared with the plot of leak rate as a function of crack size is
analytical data and found to be in good conelation. developed as is shown in Figure 3E.61. The leakage

flaw length corresponding to the reference leak rate
Evaluation of the ensuing effects are considered (see Section 3E.5) letermined from this figure.

as a normal design process for the main steam piping

Amendment 3E62
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The calculations for the critical flaw sire and
instability load corresponding to leakage size crack
are performed using the J T methodology.
Specifically, the $50"F J R curve shown in Figure
3E.2 8 and the Ramberg Osgood parameters given
in Subsection 3E.3.2.1 are used. A plot of instability
tension and bending stresses as a function of crack
length is developed. Table 3E.6 2 shows the c ample
Presentation of calculated critical crack size and the
margin alorig with the instability load margin for the
leakage size cracks. It is noted that the critical crack
size margin is greater than 2 and the instability load
margin also exceedsd

3E.6.1.6 Conclusion

for all example main steam lines, based upon the
reference leakage rates and assumed stress
magnitudes, leakage flaw lengths are calcuhted and
compared against the criti:al flaw length. The
margin is shown to be greater than 2 for the leakage
rates. Also, the leak size crack stability evaluation is
shown to have a margin of at least 12.

It is also shown that the conditions required for
applicability of LBB (see Subsection 3.6.3.2), such as
high resistance to failure from effects of IGSCC,
water hpamer and thermal fatigue, are satisfied.
Therefore, all four of the main steam lines qualify for
LBB behavior.

k
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3E.6.2 Feedwater Piping Example system. The nominal thickness for both pipe sires
correspond to schedule 80. Table 3E.6-4 shows, for

3E.6.2.1 System Description example purposes, the stress magnitudes for each
pipe size due to pressure, weight, thermal expansion

The function of the feedwater (FW) system is to and SSE loads. Only the pressure weight and
conduct water to the reactor vessel over the full thermal expansion stresses are used in the leak rate
range of the reactor power operation. The feedwater evaluation, where a sum of all stresses is used in the
piping consists of two 22.iuch (550 mm) diameter instability load and critical flaw evaluation,
lines from the high pressure feedwater heaters,
connecting to the reactor vessel through three 3E.6.2.6 Lilli Margin Ev'sluation
12-inch (300 mm) ris:rs on each line. Each line has
one check valve inside the containment drywell and The incoming water of the feedwater system is in
one positive closing check valve outside containment, a subcooled state. Accordingly, the leakage flaw
During shutdown cooling mode, reactor water length calculations are based on the procedure
pumped through the RHR heat exchanger in one outlined in Section 3E.4.1. The saturation pressure,
loop is returned to the vessel by way of one P,, for each pipe size is calet&ted from the normal
feedwater line. operation temperatures given in Table 3E.6-3. The

leak rates are calculated as a function of crack
This section addresses the feedwater piping in length. The leakage flaw lengths corresponding to

the reactor building. cxtending from the vessel out to the reference leak rate (see Section 3E.5) are then
the outboard isolation valve (ASME Class 1) and determined.
further through the shutoff valve to and including the

seismic interface restraint (ASME Class 2). This The calculations for the critical flaw size and the
section of the feedwater piping is classified as instability load corresponding to leakage size cracks ,
Seismic Category I. is pertbmed using the J T methodology. Speci-

fically, the J.T curve shown in Figure 3E.2 9 and the
3E.6.2.2 Susceptibility to Water llammer Ramberg Osgood pararneters given in Subsection

3E.3.2.2 are used. Table 3E.6-5 shows the example
There is no record of feedwater piping failure presentation of calculated critical crack sizes, and the

due to water hammer. Althougl. there are several margins along with the instability load margins for
check valves in the feedwater system, operating the leakage size cracks. Results are shown for both
procedure and the control systems have been the 22 inch and 12 inch lines. It is noted that the
designed to limit the magnitude of water hammer critical crack size reargin is greater than 2 and the
load to the extent that a formal der..ign is not instability load margin also exceedsC
reqaired.

3E.6.2.7 Conclusion
3E.6.2.3 'Iherma! Fatigue

For the example feedwater piping, based upon ti.e
Thermal fatigue is not a concern in ABWR feed. reference leakage rate and assumed stress

water piping. The ASME Code evaluation includes magnitudes, leakage flaw lengths are calculated for
operating temperature transients, cold and hot water 22-inch and 12 inch lines. Comparison with critical
mixing and thermal stratification. crack lengths shows margin to be greater than 2.

Also, the leak size crack stability evaluation shows a
3E.6.2.4 Piping. Fittings and Safe End Material margin of at least/i'~

The material for piping is either S A333, Gr. 6 or it is also demonstrated that the feedwater line
SLA-672, Gr. C70. meets other LBB criteria of Subsection 3.6.3.2

including immunity to failure from effects of IGSCC,
3S.6.2.5 P! ping Sizes, Geometries and Stresses water hammer and thermPI fatigue. Therefore, the

feedwater lines qualify for LBB behavior.
Tabk 3E.6 3 shows the normal operating

temperatures, pressures and thickness for
representative pipe sizes in the example feedwater
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Table 3E.61

STRESSES IN THE MAIN STEAM LINES
(Assumed for example)

j Long. Weight +
i Nou:Inal Pipe Nominal Pnssure Thermal ESE

Pipe O.D. Thickness Stass Espension Stress
| Size (In) (in) (ksi) Stress (kso .
| (lu) (ksi)
:
'

28 2R.0 132 5.17 3.0 5.0

Table 3E.6 2

CRITICAL CRACK LENGTH AND INSTABILITY LOAD MARGIN
EVALUATIONS FOR MAIN STEAM LINES (Example)

.

Reference Margins on
3Isakage Critical Instability

Pipe Reference Crack Crack Bending I. mad * at
Size 14ak Rate length length Stress, S Critical 14akage,

bi (in) (spm) (la) (la) (ksi) Crack Crack

28 10' 13.45 30.7 24.2 23 2.2

l

Notes:

1. Based on Equation 3E3-9a
2. Based on Equation 3E 9b.
3. See Section 3E.5.

.
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Table 3E.6 3

DATA FOR FEEDWATER SYSTEM PIPING (EXAMPLE)

Non;lnal
Pipe Pipe Nominal Nominal Operating
Size O.D. %1ckness Tgmperature Pressury
(in) (in) (in) ( F) (psig)

12 12.75 0.687 420 1100

22 22.0 1.031 420 1100

Table 3E.6-4 .

STRESSES IN FEEDWATER LINES (ASSUMED FOR EXAMPLE)

Weight +
Nominal Lagitudinal Thermal Safe Shut down
Pipe Pressure - Expansion Earthquake (SSE)
Sise Stress Stms Stress
(in) (ksi) (ksi) (ksi)

i

12 5.1 4.0 5.0
.

22 5.4 4.0 5.0
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Table 3E.6 5

CRITICAL CRACK LENGTH AND INSTABILITY LOAD
MARGIN EVALUATIONS FOR FEEDWATER LINES (EXAMPLE) !

Reference Magias ong
leakage Critical Instability

2Pipe Reference Crack Crack Bending Imd ,,
Size leak Rate length length Stress. S Critical leakageb
(in) (gpan (in) (in) (ksi) Crsck Crack

12 10' 5.7 13.1 24.0 2.3 2.1

22 10' 6.7 20.4 25.6 3.1 2.2

Notes:

1. Based on Equation 3E.3-9a
.

2. Based on Equation 3E 9b.
3. See Section 3E.5.

.

|
.

i

|
|
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Table 3.9 8 (Continued)

INSERVICE TESTING SAFETY RElATED PUMPS AND VALVES

E51 Reactor Core ' solation Cooling System (Continued)

Safety Code Valve Test Test SSAR
Class Cat. Func. Para freq. Fig.

No. Qty Description (a) (c) (d) (e) (f)

M01 1 Pump suction line pressure instru. 2 B P El 5.4-8a
mentation instrument root valve

F702 1 Pump discharge line pressure instru. 2 B P El 5.4-8a
mentation instrument root valve

D03 1 Pump discharge line pressure instru- 2 B P El 5.4-8a
mentation instrument root valve

F704 1 Pump discharge line pressure instru- 2 B P El 5.4-8a
mentation instrument root valve

F705 1 Pump discharge line pressure instru- 2 B P El 5.4 8a
mentation instrument root valve

F706 1 Pump discharge line flowinstrument 2 B P El 5.4-8a
root valve

F707 1 Pump discharge line flowinstrument 2 B P El 5.4-8a
,

root valve
F708 1 Pump discharge line flowinstrument 2 B P El 5.4-8a

root valve
F709 1 Pump discharge line flowinstrument 2 B P El 5.4-8a

root valve
F710 1 Pump discharge line pressure instru. 2 B P El 5.4-8a

ment root valve
F711 1 Pump discharge line pressure instru- 2 B P El 5.48a

ment root valve
F112 1 Turbine accessories cooling water line 2 B P El 5.4-8c

instrument root valve
F713 1 Turbine accessories cooling water line 2 B P El - 5.4-8c

instrument root valve
F714 1 Turbine accessories cooling water line 2 B P El 5.4-8c

instrument root valve
F716 1 Steam supply line pressure instrument 2 B P El 5.4-8b |root valve
F717 1 Steam supply line pressure lastrmaent 2 B P El 5.4-8b

root valve
F718 1 Steam supply line drain pot instrument root 2 B P El 5.4-8b

valve
F719 1 Steam supply line drain pot innrument root 2 B P El 5.4-8b

valve
F720 1 Steam supply line drain pot instrument root 2 B P El 5.4-8b

valve
F721 1 Steam supply line drain pot instrument root 2 B P El 5.4-8b

valve
F722 1 Turbine exhaust pressure instrument root 2 B P El 5.4-8c

valve

I
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Table 3.9 8 (Continued)

INSERVICE TESTING SAFLTY RELATED PUMPS AND VALVES

E51 Reactor Core Isolation Cooling System Valves (Continued)

Safety Code Valve Test Test SSAR
Class Cat. Fune. Para Freq. Fig.

No. Quan Description (a) (c) (d) (c) (O

F723 1 Turbine exhaust pressure instrument root 2 B P El 5.4-8c
valve

F724 1 Turbine exhaust pressure between rupture 2 B P El 5.4-8c
disk instrument root valve

l'725 1 Turbine exhaust pressure between rupture 2 B P El 5.4-8c
disk instrument root valve

D014 1 Turbine exhaust pressure rupture disk 2 D A Rplc. 5 yrs 5.4-8c

D015 1 Turbine exhaust pressure rupture disk 2 D A Rplc. 5 yrs 5.4-8c

G31 Reactor Water Cleanup System Valves
g

im01 1 Line inside containment from RIIR system 1 B P El 5.412a
maintenance valve

R)02 1 CUW System suction line inboard isolation 1 A IA L 2 yrs 5.4-12avdn
PS 3moF003 1 CUW System suction line outboard isolation 1 A I,A L 2 yrs 5.4-12a

valve P,S 3moF017 1 CUW Sptem RPV head spray line outboard 1 A I,A L 2 yrs 5.4-12a
isolation valve P,S 3 moFDIS 1 CUW Sptem RPV head sprayline inboard 1 C 1,A L 2 yrs 5.412a
(back valve P,S 3moFU19 1 CUW Sys bottom head drain line 1 B P El 5.4-12a
maintenance valve *

F050 1 Test line off the suct line outboard 2 B P El 5.412a
isolation valve G31 F003
Test line off RPV hesd spray line outboard 2 B P El 5.4-12a

., .

isolation vaht
IV60 i RPV bottom head drain line sample line 2 B P El 5.4-12a

test line valw
FD70 1 RPV bottom head drain line sample line 2 B P El 5.4-12a

maintenance valve
F071 1 RPV bottom head drain line sample line viv 2 A I,A L 2 yrs 5.4-12a

P,S 3mo1072 1 RPV bottom head drain line sarnple line viv 2 A 1.A L 2 yrs 5.412a
P,S 3 moP500 1 CUW Sys bottom head drain line drain viv 2 B P El 5.4-12a

Amendment 14
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Table 3.94 (Continued) l
INSERVICE TESTING SAFETY.RELATED PUMPS AND VALVES

{
. G31 Reactor Water Cleanup System Valves (Continued)

,

Safety Code Valve Test Test SSAR
,

Class Cat. - Fanc. Para Freq. Fig.
'

No. Qty Description (a) (c) (d) (e) (f)

F501 1 CUW Sys bottom head drain line drain viv 2 'B P El~ 5.4-12a .-
''

F700 2- CUW System suction line FE upstream
instrument root valve 2 B I,P Eli 5.4-12a

F701 2 CUW System suction line FE downstream
_

E1.- 5.4-12a .instrument root valve 2 B I,P;
F702 2 ' CUW System suction line FE upstream

,

instrument root valve 2 'B I,A LSL 2 yrs' 5.4-12a
F703 2 CUW System suction line FE downstream '

instrument root valve 2 -B 1,A LS - 2 yrs - .5.412a
.,

W

'
G41 Fuel Pool Cooling and Cleanup Valves -

F015 2 FPC system heat exchanger outlet line 3 'B P El 9.1 1b !
maintenance valve

s
'

F016 1 FPC system daeharge line to spent fuel 3 C A. P,S 3mo 9.1 1b
;

pool check valve -
F017 = 1 . FPC system dieharge line to spent fuel 3- ,B P E1 ' 9.1 1b

pool maintenance valve .
F018 1 FPC system discharge line to spent fuel - 3~ C A- P,S' 3 mo ' 9.1 1b

pool check valve :
-

F019 2 FPC system discharge line to spent fuel . 3- 'B~ .P E1 9.1 la
poolvalve

F020 2. FPC tystem discharge line to spent fuel 3 C A '' P,S!' 3 mo ~ 9,1 la -
pool check valve

'

FU22 -1 FPC system discharge line to reador well 3- B P .E1 9.1 1b
maintenance valve

F023 1 FPC system discharge line to reactor well . 3 B! P E1 9.1 1b -
maintenana valve ' - '

F091 1 - FPC system supply line from SPCU check viv 3 C. P1 P,S 3mo- 9.1-1b -R)93 1 TPC system RHR return line valve to FPC 3; B- P El- 9.11b '

F094 1 FPC system RHR return line check valve - 3 '. C P. P,S - 3 mo 9.1 lb
to FPC

F095 1 . FPC system discharge line to' spent fuel 3; Bi -P E1-. 9.1 1b
pool sampleline 1

F506 =1 FPC system line valve froan RHR to.FPC : 3 B P- E1: 9.1 1b.
line to LCW

l
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Table 3.9 8 (Continued)

INSERVICE TESTING SAFETY.RELATED PUMPS AND VALVES

G51 Suppression Pool Cleanup System Valves

Safety Code Valve Tnt Test SSAR
Class Cat. Func. Part. Freq. Fig.

No. Qty Descriptio; (a) (c) (d) (e) (f)

F001 1 SPCU suction Line inboard isolation valve 'l A IA L 2 ps 9.51
P,S 3moF002 1 SPCU suction line outboard isolation valve 2 A 1A L 2ps 9.51
P,S 3moF006 1 SPCU return line isolation valve 2 A I,A L 2 yrs 9.5 1
P,S 3 moF007 1 SPCU return line isolation valve 2 A I,A L 2 yrs 9.5 1
P,S 3 mo

K17 Radwaste System Valves

.

F003 1 Drywell LCW sump pump disch. line 2 B I,A P 2 ps 11.2 2cc
isolation valve

F004 1 Drywell LCW sump pump disch.line 2 B I,A P 2 yrs 11.2 2cc
isolation valve

F103 1 Drywell HCW sump pump disch line 2 B I,A P 2 yrs 11.242cc
isolation valve

F104 1 Drywell HCW sump pump disch line 2 B I,A P 2 yrs 11.2-2cc
isolation valve

Pil Makeup Water (Patrified) System Valves

F141 - 1 Outboard isolation valve 2 A . I,P L 2 yrs 9.2 5b

F142 1 Inboard isolation valve 2 A 1,P L 2 yrs 9.2 5b

i

P21 Reactor Building Cooling Water Systera Valves
j

F001 6 Pmnp <litrharge line check valve 3 C A E2 9.2 la,d,gF002 6 Pump discharge line maintenance valve 3 B- P E1 9.2 la,d,gF003 6 Heat exchanger inlet line valve 3 B P E1 9.2-la,d,gF004 6 Heat **k--ar outlet line MOV 3 B 'P E1 9.2 la.d.gF005 3 Cold water line to hot / cold water blender 3 D P E1 9.2-la,d,gF006 3 Hot / cold water blender valve - cold water 3 B A' E2' 9.2-la,d,gF007 3 Hot / cold water blender outlet line valve 3 B. P El 9.2 la,d,gF008 3 Hot / cold water blender cold water byps line - 3 B -P E1 9.2 la,d,gF009 3 Hot water line to hot / cold water blender 3 B' P El 92 la,d,gFU10 3 Hot / cold water blender valve - hot water 3- B A E2 9.2-la,d,gF011 3 Hot / cold water blender hot water bypass line 3 B P E1 9.2-la,d,g

Amendment 14
. 19-58.19
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Table 3.9 8 (Cont.nucd)

INSERVICE TESTING SAFE'IT.RELATED PUMPS AND VALVES

P2I Reactor Building Cooling Water System Valves (Continued)

Safety Code Valve Test Test SSAR
Class Cat. Fune. Para Facq. Fig.

No. Quen Description (a) (c) (d) (e) (f)

F012 3 Cooling water supply line to RHR Sy< tem 3 B P El 9.2 1b,c,h
maintenance valve

FD13 3 CooFng str return line from RHR Sys MOV 3 D A P 2 yrs 9.2-1b,e,h
S 3 mo

FD14 3 Cooling water return line from RHR Hx 3 B P El 9.2-1b,c,h
maintenace valve

FDIS 6 Pump section line maintenance valve 3 B P E1 9.2 la,d,g
F)16 3 Surge tank out!ct line to RCW pump suction 3 B P E1 9.2-1b,c,h
FD17 3 Surge tank make-up water line from SPCU 3 B P E1 9.2 1b,c,h
F018 3 Surge tank make up water line from SPCU 3 B P P 2 yrs 9.2-1b,c,b
FD19 3 Surge tank make-up from MUWP 3 B P P 2 yrs 9.2 1b,e.h
F020 3 Surge tank make-up water line from MUWP 3 B P E1 9.2-1b,c,h
F021 3 Chemical addition tank inlet line valve 3 B P El 9.2 la,d,g -
FU22 3 Chemical addition tank outlet line valve 3 B P E1 9.2-la,d.g
F024 6 Cooling water supplyline to HECW 3 B P E1 9.2-1b,c,h

refrigator maintenance vain
F025 6 Cooling wtr supply line to HECW refrig PCV 3 B A E2 9.2 1b,c,h
F026 6 Cooling water supplyline to HECW 3 B P E1 9.2 1b,c,h

refrigator maintenance valve
F027 6 Cooling water line to HECW 3 B P El 9.2 1b,c,b

refrigator bypass line
F028 6 Cooling water return line from HECW refrig 3 B P El 9.2 1b,c,h
FD29 2 Cooling water supplyline to FPC HX 3 B P El 9.2 1b,c,
F030 2 Coohng water return line from FPC HX 3 D P E1 9.21b,e
FD31 2 Cooling water supplyline to FPC pump

room air conditioning 3 B P E1 9.21b,e
F032 2 Cooling wtr return line from FPC pump

room air conditioner 3 B P E1 9.2-1b,e
F033 2 Cooling wtr line to PCV Atmos Monit Sys cir 3 B P E1 9.21b,e
F034 2 Return line from PCV Atmos Monit Sys clr 3 B P E1 9.21b,e
F035 2 Cooling wtr supply line to SGTS rm air cond. 3 B P E1 9.21b,e
F036 2 Cooling water return line fr SGTS room 3 B P E1 9.21b,e

air conditioner
F037 2 Cooling water supplyline to FCS room 3 B P E1 9.21b,e

air conditioner
F038 2 Cooling water return line fr FCS room 3 B P E1 9.21b,e

air conditioner
FU39 3 Cooling water supplyline to RHR 3 B P E1 9.2 1b,e,h

equipment room air conditioner
F040 3 Cooling water return line from RHR 3 B P E1 9.2 Ib,c,h

equipment room air conditioner
F041 3 Cooling water supply line to RHR pump mtr 3 B P El 9.2 1b,c,h

|
Amendment 14 3.9 53.20
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Table 3.9 8 (Continued)

INSERVICE TESTING SAFETLRELATED PUMPS AND VALVES

P21 Reactor Building Cooling Water System Valves (Continued)

Safety Code Valve Test Test SSAR
Class Cat. Func. Para Frrq. Fig.

No. Qty Description (2) (c) (d) (e) (f)

IN2 3 Cooling water return line fr RHR pt.wp mtr 3 B P E1 9.2-1b,c,h
N3 3 Cing wtr sply line to RHR pump mech seals 3 B P E1 9.2 1b,c,b
IW4 3 Cing wtr return line ir RIIR pump mech seals 3 B P E1 9.2-1b,c,b
M5 1 Cooling water supplyline to RCIC 3 B P El 9.2 1b

equipment room air conditioner
N6 1 Cooling water supplyline from RCIC 3 B P El 9.21b

equipment room air conditioner
N7 2 Cooling water supply line to HPCF 3 B P El 9.2 le,h

equipment room air conditioner
IN8 2 Cooling water supply line from HPCF 3 B P E1 9.21c,h

equipment room air conditioner
N9 2 Cooling water supply line to HPCF 3 B P El 9.2-le,h

pump motor bearing
-

F050 2 Cooling water return lint from HPCF 3 B P El 9.2 Ic.h
pump motor bearing

FD51 2 Coo'ing water supply line to HPCF 3 B P E1 9.2.le,h
pump mechanical seals

F052 2 Cooling water return from HPCF 3 B P El 9.2-le,h
pump mechanical seals

F053 2 Surge tank outlet line to HECW System 3 B P E1 9.2 lb,e
FUSS 6 Cooling water return line from Emer 3 B A P 2 yrs 9.2-Ib,c,h

Diesel Generator B S 3mo
FD56 3 Cooling water return line from Emer 3 B P E1 9.2 1b,c,h

Diesel Generator
| F057 2 Cooling water line to PCV Atmos Monitor 3 B P_ E1 9.21b,e

System air conditioner
i F058 2 Return line from PCV Atmos Monitor 3 B P E1 9.21b,e
| System air conditioner
l F061 3 Cooling water line Emer Diesel Generators 3 B -P E1 9.2 1b,e,b

F071 6 Cooling water supplyline-to 3 B P 51 9.2-Ab,c,h
non-essential coolers

F072 6 Cooling water supplyline to 3 B A P 2 yrs 9.2 lb,e.h
non-essential coolers S 3mo

FD75 2 Cooling water supply line to PCV iso valve 2 A IA L ,P 2 yrs 9.2 1c,f
S 3 mo

F076 2 Coohng water supply line to PCV iso valve 2 C IA L,P 2 yrs 9.21c,f
S 3 mo| F080 2 Cooling water return line fr PCV iso valve 2 A IA I,P 2 yrs 9.2-1c,f
S 3 mo

F081 2 Cochng water retrun line fr PCV iso valve 2 A IA - 1,P 2 yrs 9.2-1cf
S 3mo

Amendment 14 3.9 58.21

.



ABWR mamnSandard Plant %n

Table 3,9-8 (Continued)

INSERVICE TESTING SAFETY.RELATED PUMPS AND VALVES

P21 Reactor Building Cooling Water System Valves (Continued)

Safety Code Valve "est Test SSAR
Class Cat. Func. Para freq. Fig.

No. Qty Description (a) (c) (d) (e) (f)

FD83 3 Cooling water return line from non. 3 C A S Refuel 9.2-1b,c,h
essential coolers

FDS4 3 Cooling water return line fr contmt byps line 3 B P El 9.2-1b,e,h
F175 3 Cooling water supply to RHR System HX 3 C P 9.2-1b,c,h

pressure relief valve
F220 6 Bypass line around RCW Sys otit line MOV 3 B P El 9.2-la,d,g
F251 2 Cooling water supply line to PCV tes: line 2 B P E1 9.2 1c,f '

F252 2 Cooling water return line fr PCV test line 2 B P E1 9.2-le,f
F501 6 Heat exchanger shell side vent line 3 B P E1 9.2-la,d,g
F502 6 Heat exchanger shell side drain line 3 B P E1 9.2 la,d,g
F503 3 Surge tank drain line to SD. 3 B P E1 9.2-1b,c,h
F601 3 Cooling water supply line to RHR System 3 D P E1 9.2 1b,e.h

drain line to SD -

F602 3 Cooling water supply line to RHR System 3 D P El 9.2-1b,c,h
drain line to HCW

F603 3 Cooling water return line from RHR HX 3 B P E1 9.2-1b,c,h
drain line to SD

F604 3 Cooling water return line from RHR HX 3 B P E1 9.2 1b,e,b |drain line to HCW
F701 6 Pump discharge line press instr line 3 B P E1 9.2-la,d,g
F702 6 HX discharge line sample line valve 3 B P E1 9.2-la,d,g
F703 3 Cooling water supply line press instr line 3 B P E1 9.2 la,d,g
F704 3 Coohng water supply line sample line valve 3 B P E1 9.2-la,d g
F705 3 Cooling water supply line elbow tap instr line 3 B P E1 9.2-la,d,g
l'106 3 Cooling water supply line elbow tap instr line 3 B P El 9.2-la,d,g
F707 3 Cooling str sply line to RHR Sys FT instr line 3 B P E1 9.2 1b,e,h
F708 3 Cooling wtr sply line to RHR Sys FT instr line 3 B P E1 9.2 1b,e,h
F709 3 Cooling wir rtn line fr RHR HX sample line 3 B P E1 9.2 lb,c,h
F710 6 Pump suction line PX instr line 3 B P E1 9.2 la,d,g
F711 6 Purnp suction line press instr line 3 B P E1 9.2 la/,g
F712 3 Surge tank lewlinstr root valve 3 B P E1 9.2-1b,e,h
F713 3 Surge tank level instr line root valve 3 B P E1 9.2 1b,c,h
F714 3 Surge tank level instr line root valve 3 B P El 9.2 1b,c,h
F717 3 Cooling water line to DG instr line 3 B P El 9.2 1b,c,h
F718 3 Return water line from DG instr line 3 B P E1 9.2-1b,e.h
F719 3 Cooling wtr line to DG instr line 3 B P E1 9.2-1b,c,h
F"'20 3 Return wtr line from DG instr line 3 B P E1 9.2-1b,c,h

Amendmeat 14 3.9-$8.22
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Table 3.9 8 (Cotatinued)
-

INSERVICE TESTING SAFETWRELATED PUMPS AND VALVES

P24 HVAC Normal Cooling Waler System Valves

Safet) Code Valve Test Test SSAR
Class Cat. Func, Para Freq. Fig.

No. Qty Description (a) (c) (d) (e) (f)

IT)$3 1 Outboard iso! tion valve 2 A 1,A L,P 2 ps 9.2 2b
S 3 mo

F054 1 Inboard isolation check valve 2 A 1,A L 2 yrs 9.2 2bF141 1 Return inboard isolation valve 2 A 1,A L,P 2 yrs 9.2 2b
S 3 mo

F142 1 Return outboard isolation valve 2 A I,A L,P 2 ps 9.2 2b
S 3 mo

P25 HVAC Emergency Cooling Water System Valves

R)01 6 Pump discharge line check valve 3 C A P 2 yrs 9.2 3a,b,c -
S E2

F002 6 Pump discharge line maintenace valve 3 B P E1 9.2 la,b,cF003 6 Refrig. outlet line maintenance valve 3 B P E1 9.2 la,b,cF004 2 Line to MCR cooling coilTCV maint viv 3 B P El 9.2 3a,b,cF005 2 Disch line to MCR Cing coil Temp Coat Viv 3 B A E2 9.2 la,b,cF006 2 Line to MCR cooling coilTCV maint viv 3 B P E1 9.2 3a,b,cF007 6 Insch line to MCR cooling maint valve 3 B P El 9.2 3a,b,cF008 6 Cooling coil return line to HECW maint viv 3 B P El 9.2-3a,b,cF009 6 Pump suctionline mainteaance v.lve 3 B P El 9.2-3a,b,cF010 2 Disch line to MCR cing TCV byp line 3 B P E1 9.2-3a,b,cF011 3 Pump suct line/disch line PCV maint viv 3 B P E1 9.2 3a,b,cF012 3 Pump suction line/disch line PCV 3 B A E2 9.2 3a,b,cF013 3 Pump suction line/disch line PCV maint viv 3 B P E1 9.2-3a,b cF014 3 Pump suct line/disch line PCV bypass line 3 B P El 9.2-3a,bF015 3 Line to C/B Essential Equip Rm maint viv 3 B P El 9.2-3a,bF016 3 line to C/B Essent Equip Rm temp Coat Viv 3 B A E2 9.2 3a,bF017 3 Line to C/B Essent Equip Rm maint valve 3 B P E1 9.2 3a,bF018 6 Line to C/B Essent Equip Rm Maint valve 3 B P E1 9.2 3a,bF019 6 C/B Essent Equip Rm re: urn line maint viv 3 B P E1 9.2-3a,bF020 3 Line to C/B Essnt Equip Rm TCV byp la viv 3 B P E1 9.2 3a,bF021 3 line to DG cooling coilTCV maint viv 3 B P E1 9.2-3a,b
F022 3 Disch line to DG coolhg Temp Cont viv 3 B A E2 9.2 3a,b
F023 3 Line to DG cooling coilTCV maint viv 3 B P E1 9.2 3a,bF024 6 Disch line to DG cooling ccil maint viv 3- B P E1 9.2-3a,b
F025 6 Disch line to DG coolbg coil maint viv 3 B P El 9.2 3a,b
F026 3 Line to DG cooling coil TCV bypass line viv 3 B P E1 9.2 3a,b
F030 3 Pump disch line to chemical addition tank 3 B P E1 9.2-3a,b
F031 3 Chemical addition tank return line valve 3 B P -E1 9.2 3a,b

Amendment 14
3.9-58.13
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Table 3.94 (Continued) - 1

INSERVICE TESTING SAFETWREIATED PUMPS AND VALVES - |

P25 HVAC Emergency Cooling Water Systent Valves (Continued)
'

Safety Code Valve Test Test SSAR
Class Cat- Func. Para Farq. Fig.

No. Quan Description (a) (c) (d)- (e) (f) ,

t
FD50 2 Make up Water Purified (MUWP)line to 3 C- A E2 9.2 3a,b ;

pump suction
F070 6 Pump disch line drain line valve 3 B P- E1 9.2-3a,b
F400 6 Pump drain line valve

.
3- B P E1 9.2-3a,b

F401 6 Pump bearing cooling wtr line needle viv 3 B P E1 - 9.2 3a,b
F402 .3 Refrig outlet line sample line valve - 3 B_ P E1 9.2-3a,b
F406 3 Surge tank drain line valve - 3 B P- - El- 9.2 3a,b-

F700 6 Pump disch line pressure instr line 3 B- - P El ; 9.'c 3a,b
F701 6 FE P25-FE003 dwnstrm instr line ' 3 B - P E1 .9.2 3a,b
F702- 6 FE P25-FE003 upstrm instr line - 3 B P - E1 -9.2 3a,b
F703 6 Pump suction line Pi instr line valve : 3 B - P E1 9.2 3a,b -
F704 6 Pump suct/disch line dpt instr line viv 3 B - P E1- . 9.2 3a,b ,

.

t

P41 Reactor Service Water Systent Valves

F001 6 Pump discharge line check flow - 3- C A E2
F002 6 Pump discharge line maintienance valve 3 B P El
F003 6 Inlet line to RCW System heat exchanger 3 B -~A E2

,F004 6 Inlet line to service water strainer 3 B. A J E2 -
.

.

F005 6 Outlet line from RCW beat exchanger - 3 B - A1 E2. I
F006 6 Service water strainer blowout line MOV - 3 B A. E2
F007 6 Supply line from Domestic Water (DW) Sys 3 B A E2
FV10 '6 RCW HX tube side (service wtr side) 3_ C; P' El

; reliefvalve
l F011 6 - Bypass line around RCW HX outlet line ' 3 B- P' El'

L MOV P41 F005
| - F012 3 Ferrous Ion Injection line to RSW 3- C A E2

pump Aacliarge line
F014 3 Discharge line to discharge 4 anal MOV -. = 3 B P 'El
F401 6 RCW HX tube side drain line to 3 B P El

SWSD at HX inlet
i F402 6' RCW HX tube side drain line to - 3 B P - E1 -
'

SWSD at HMitlet
F403 - 6 RCW HX< W jde drain line to SWSD 3 B P El
F404 6 RCW HX tuce side vent line to SWSD 3 B- P- :El
F701 6: Pump discharge line pressure instr line 3: .B- P El;

|' F702 3 Service water supply line pressure instr line 3 B P - El
F703 6 Diff P across service water strainer . 3 B P E1

upstream lastrument line

Amendment 14 - 3.9 58.24-
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Table 3.9 8 (Continued)

INSERVICE TESTING SAFETY RELATED PUMPS AND VALVES

P41 Reactor Service Water System Valves (Continued)

Safety Code Valve Test Test SSAR
'

Class Cat. Func. Para Fitq. Fig.
No. Quan Description (a) (c) (d) (c) (f)

F748 6 Diff P across scrnce water strainer 3 B P El
downstream instrument line

F705 6 Diff P across RCW HX upstream instr line 3 B P El
F706 6 Diff P across RCW HX downstream instr line 3 B P El

P51 Service Air System Valves

F131 1 Outboard isolation manual valve 2 A I,P L 2 yrs 93-7F132 1 Inboard isolation manuahalve 2 A I,P L 2 yrs 93-7
.-

PS2 Instrument Air System Valves

F276 1 Outboard isoaltion valve 2 A 1,A L 2 yrs 93-6F277 1 Inbvard isoaltion check valve 2 A,C J,A L 2 yrs 93-6

;

j PS4 High Pressure Nitingen Gas Supply System Valves (Continued)

F002 4 Nitrogen bottles N2 supply line valve 3 B P El 6.71F003 2 Nitrogen bottles N2 supplyline MOV 3 B A 1,P 2 yrs - 6.7 1

| S 3moF008 2 N2 bottle supplyline PCV maint valve 3 B P E1- 6.7-1F005 2 N2 bottle supply line PCV 3 B A S 3 mo 6.7-1FV06 2 N2 bottle supplyline PCV maint valve 3 B P El 6.71FD07 2 Safety grade N2 supply line iso valve ' 2 .A 1,A P :2 yrs 6.7 1
S 3 mo .F008 2 Safety grade N2 supply line iso chk viv 2 A,C I,A S Refuel 6.7 1F009 8 Safety grade N2 supplyline to SRV 3 B. P El 6.71F010 2 Bypass line around the N2 bottle 3 B P El 6.7 1

supplyline PCV
F011 2 N2 bottle supplyline relief valw 3 C -P. El 6.71

| F012 . 2 MOV at safety /non-safety boundary 3 A A P; 2 yrs 6.7 1
S 3 mo

F200 1 Non safety N2 supplyline iso valve 2- A 1,A . P. 2 yrs 6.7 1
S- - 3 mo

F209 1 Non-safety N2 supplyline iso chk viv 2 A,C ' I,A S Refuel 47 3
|,

Amendment 14
- 3.9-$1L25
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Table 3.9-8 (Continued)

INSERVICE TESTING SAFETY.RELATED PUMPS AND VALVES

T22 Standby Gas Treatment System Valves

Safety Code Vahe Test Test SSAe,
Class Cat. Func. Para Freq. Fig.

No. Quan Description (a) (c) (d) (e) (O

F001 2 Fuel handling floor inlet butterfly valve 3 B A P 2 yrs 6.5-1
S 3 mo

rV02 2 Dryer inlet butterfly valve 3 B A P 2 yrs 651
S 3 rno

F003 2 Dryer exhaust gravity damper 3 B A P 2 yrs 6.5-1
S 3mo

F004 2 Futer train exhaust butterfly valve 3 D A P 2 yrs 6.5- 1
S 3 mo

F006 1 Fdter train R112 injection line valve 3 B P El 6.5-1
FD07 1 Fdter train DOP injection line valve 3 B P El 651

to pre HEPA Tdter
F008 1 Fdte aain DOP sampling line valve 3 11 P El 651

dowmtream of pre HEPA
-

FD09 1 Fdter trab DOP sa.nplingline valve 3 B P El 6.5-1
downtream of pre HEPA

FD10 1 Fdter train DOP injection line valve 3 B P El 651
downstream of charcoal absorbent

F011 1 Fliter train DOP sampling line valve 3 B P El 6.5-1
dowstream of charcoal absorbent

F012 1 Fdter train DOP sampling line valve 3 B P El 651
downstream of after HEPA

F014 1 STGS sample line valve 3 B P El 651
F015 1 PRM discharge to stack valve 3 B P El 651-F500 2 Dryer unit vent line valve 3 B P G 63-1'/501 2 Dryer unit drain line valve 3 B P El 6.5-1
F504 2 Dryer unit vent line valve 3 B P El 6.5-1
F505 2 Exhaust fan vent line valve 3 B P El 65-1
F506 1 Filter train vent line valve 3 B P El :51
F507 1 Futer train vent line valve 3 B P El 6.5-1
F508 1 Fdter train vent line valve 3 B P El 6.5-1
F509 1 Fdter train vent line valve 3 B P El 6.5-1
F510 1 Fdter train vent line valve 3 B P El 651
F511 1 Exhaust stack drain line valve 3 B P !El 6.5-1
F700 2 Dryer unit demister dp instrument line vahe 3 B P ~El 6.5-1
F701 2 Dryer unit demister dp instrument line valve 3 B P El 6,5-1
F705 1 Fdter train prefilter dp instrument line valve 5 B P El 651
F706 1 Fdter train preFdterdp instrument line valve - 3 B P El 651
F707 1 Filter train preHEPA dp instrument line valve 3 B P El 651
F708 1 Futer train preHEPA dp instrument line valve 3 B P- -El 6.5-1
F109 1 F11ter train charcoal absorber dp inst. line viv 3 B P El 6.51

l,

l

Amendment 14 19-58 3
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Table 3.9 8 (Continued)

INSERVICE TESTING SAFETY RELATED FUMPS AND VALVES

T22 Standby Gas Treatment System Valves (Continued)

Sately Code Valve Test Test SSAR
Class Cat. Func. Para Ftrq. Fig.

No. Quan Description (a) (c) (d) (e) (f)
M10 1 Filter train charcoal absor'er dp inst line viv 3 B P El 6.51
M11 1 Filter train after HEPA dp inst line valve 3 il P El 6.5 1
M12 1 Fiher train after HEPA dp inst line valve 3 B P El 6.5-1
M13 2 Filter train exhaust flow instrument line valve 3 B P El 6.5-1
M14 2 Filter train exha'sst flow instrument line val.c 3 B P El 6.51

T31 Atmospheric Control Sysicm Valves

F001 1 N2 supply line from Reactor Building IIVAC 2 A 1,A 1.,P 2 yrs 6.2 39a
S 3 mo

F002 1 N2 supply line to drywell inboard cont- 2 A I,A 1,P 2 yrs 6.2-39a
ainment isoaltion valve S 3 mo

F003 1 N2 supply line to wetwc!1 inboatd cont- 2 A I,A 1P 2 yrs 6.2-39a -

ainment isoaltion valve S 3mo
IM4 1 Containment atmosphere edaust line from 2 A I,A I,P 2 yrs 6.2-39a

drywellisoaltion valve S 3mo
F005 1 Drywell atinosphere exhaust line valve 2 A I,A 1.P 2 yrs 6.2 39a

T31 F004 bypass line S 3mo
F006 1 Contairnent atmosphere exhaust line form 2 A I,A 1,P 2 yrs 6.2-39a

wetwellisolation valve S 3 mo
F007 1 Wetwell overpressure line valve 2 A P 1,P 2 yrs 6.2-39a
F008 1 Contaimnent atmosphere exhaust line 2 A I,A 1.P 2 yrs 6.2-39a

to SGTS S 3 mo
F009 1 Containment atmosphere exhaust line to 2 A I,A 1,P - 2 yrs 6.2. ''S

R/B HVAC S 3 mo
F010 1 Drywell overpressure line valve 2 A P 1,P 2 yrs 6.2-39a
F025 1 N2 supply line from K-5 outboard cont- 2 A I,A 1,P 2 yrs 6.2 39a

ainment isolation valve S 3 moi

| F039 1 N2 supply line from K-5 outboard cont- 2 A I,A 1,P 2 yrs 6.2-39a
ainment isolation valve S 3 mo

F040 1 N2 supply line from K-5 to drywell inboard 2 A I,A I,P 2 yrs 6.2-39a
i isoaltion valve S 3mo
| F041 1 N2 supply line from K 5 to wetwc!! inboard 2 A I,A 1,P 2 yrs 6.2-39a

isoaltion valve S 3 mo
F%t 8 Drywell/wetwell vacuum breaker valve 2 C A S refuel 6.2 39b
F050 1 N2 supply line to drywell test line valve 2 B P El 6.2 39a
F051 1 Containment atmosphere exhaust line test 2 B P El 6.2 39a

line vaht
F054 1 Drywell personnel air lock hatch test 2 B P El 6.2 39b

fine valve
F055 1 N2 supplyline from test line valve 2 B P El 6.2 39a '

Amendment 14 3.9 58.27
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Table 3.9 8 (Continued)

INSERVICE TESTING SAFEn' RELATED PUMPS AND VALVES

T31 Almospherie Control System Valves (Continued)

Safety Code Valve Test Test SSAR
Class Cat. Func. Para Freq. Fig.

No. Quan Description (a) (c) (d) (e) (f)

F056 1 Wetweli personnel air lock hatch test 2 B P El 6.2 39b
line valve

iF700 1 N2 supply line to drywell FE upstream 2 B P El 6.2 39a i
instrument line

iF701 1 N2 supply line to drywell FE downstream 2 B P El 6.2-39a j
instrument line

F702 1 N2 supply line to wetwell FE upstream 2 B P El 6.2-39a !
instrument line

|
F703 1 N2 supply line to wetwell FE downstream 2 B P El 6.2-39a

instrument line
F720 2 DW/WW vacuum breaker valve N2 supply 2 B 1,A 1,S 2 yrs 6.2 39b

line isolation valve
F730 1 Drywell pressure instrument line isolation 2 B I,P L,S 2 yrs 6.2-39b .

valve
F731 1 Drywell pressure instrument line solenoid 2 B P El 6.2-39b

valve
F732 2 Drywell pressure instrument line iso valve 2 B I,P 1.,S 2 yrs 6.2 39b
F733 2 Drywell pressure instrument line solenoid 2 B P El 6.2-39b

valve
F734 4 Drywell pressure instrument line for NBS 2 B I,P 1,S 2 yrs 6.2 39b

isolation valve
F735 4 Drywell pressure ir.strument line for NBS 2 B P El 6.2-39b

solenoid valve
F736 2 Wetwell pressure instrument line iso valve 2 B I,P 1,S 2 yrs 6.2-39b
F737 2 Wetwell pressure instrument line solenoid 2 B P El 6.2-39b

valve
F738 4 Suppression pool water level reference leg 2 B I,F 1,S 2 yrs 6.2-39b

instrument line isolation valve
F739 4 Suppression pool water level reference leg 2 B ? El 6 2-39b

instrument line solenoid valve
F740 4 Suppression pool water level reference leg 2 B I,P 1,S 2 yrs 6.2-39b

instrument line isolation valve
F741 4 Suppression pool water level reference leg 2 B P El 6.2-39b

instrument line solenoid valve
F742 2 Suppression pool water level reference leg 2 B 1,P 1,S 2 yrs 6.2-39b

instrument line isolation valve
F743 2 Suppression pool water level reference leg 2 B P El 6.2 39b

instrument line solenoid valve
F744 2 Suppression poolwater level 2 B I,P 1,S 2 yrs 6.2-39b

'

instrument line isoaltion valve
F74' 2 Suppression pool water level 2 B P El 6.2-39b

instrument line solenoid valve

Amendmen:14 3 M 828
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Tabla 3.9 8 (Continued)

INSERVICE TESTING SAFETY-RELATED PUMPS AND VALVES

T31 Atmospheric Control Systen Valves (Continued)

Safety Code Valve Test Test SSAR
Class Cat. Fune. Para Freq. Fig.No. Quan Description - (a) (c) (d) (e) (f)

F800 2 Drywell water levelinstrument line 2 in I,P . 1-,S 2 yrs 6.2-39b
reference legisolation valve -

F801 2 Drywell water levelinstrument line .2 B' P El 6.2-39b I

,

reference leg solenoid vabe
F802 2 Drywell water level instrument line iso valve 3 il I,P - 1-,S 2 yrs 6.2 39bF803 2 Drywell water leve instrumewnt line solenoid - 2 B P El 6.2-39b '

valve
F804 2 DW/WW differential pressure instrument 2 B I,P L,S 2 yrs 6.2-39b

line isolation valve -
F805 2 DW/WW diffrential pressure instrument 2 B_ P El 6.2 39b

solenoid valve
D(X)1 1 Wetwell overpressure rtyture disk . 2 .D P. ~ Rpic. 5 yrs 6.2 39aD002 1- Drywell overpressure rupture disk 2 D P Rplc. 5 yrs 6.2-39a .

T49 Flammability Control System Valves h

F001 2 Inlet line from drywellinboard 2 A. 1,A L,P 2 yrs 6.2-40
isolation valve ,

S '3mo LF002 2 Inlet line from drywell outboard 2 A I,A L,P 2 yrs 6.2-40 "

isola.on valvc S 3mo.F003 2 Flow control valve for the FCS Ialet line - 3 B A P -2 yrs 6.2-40
fron drywell

S 3 moF004 2 Blower bypass line flow control valve 3 B .A P 2 yrs ''2 40
S 3moF005 2 Slower discharge line to wetwell check 3 B A P 2 yrs 6.2-40

valve S. 3 moF006 2 Discharge line to wetwelloutboacd 2' A I,A I,P . 2 yrs 6.2-40
isolation valve,

S~ 3 mo -F007 2 Discharge line to wetwellinboard 2 -A I,A - 1,P '2 yrs 6.2-40
isolation valve S- 3moF008 2 Coohng water supplyline from the RHR 3 A A- P- 2 yrs f.2-40
System MOV .

. S 3 mo -F009 2 Cooling water supply line maintenance valve 3 B P _P 2 yrs 6.2-40
S 3mo

,
. F010 2 Cooling weer tupply line admission MOV : 3 A A P 2 yrs 6.2-40

S 3moF012 2 Inlet line from drywell drain line valr< . 3- B A- ~P 2 yrs 6.2-40'
S 3mo-F013 2 Drain line kom blower suction line 3 B A P -2 yrs 6.2-40
S 3moF014 2 Blowr.r drain 5:n valve 3 B P P. 2 yrs 6.2-40
S 3mo

Amendment 14
3.9-58.29
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Table 3.9-8 (Continued)

INSERVICE TESTING SAFETY.RELATED PUMPS AND VALVES -

T49 Flammability Control System Valves (Continued)

Safety Code Valve Test Test SSAR
Class Cat. Func. Para . Freq. -Fig.

No. Quan Description (a) (c) (d)- (e) (f)

F015 1 Blower discharge line to wetwell pressure 2 A P P. 2 yrs 6.2-40
relief valve S 3 mo

F016 1 Blower discharge line to wetwell pressure 2 A A P 2 yrs C 'O
reliefline check valve

F501 2 Inlet line from drywell test line valve 2 A P P 2 yrs 6. 40 iF502 2 Discharge line to wetwell test line valve 2 A P P -2 yrs 6.2-40 :6F504 2 Blower suction line test line valve 3 B P P 2 yrs 6.2-40-
F505 2 Blower discharge line test line valve 3 B P p '2 yrs 6.2 40
F506 2 Drain line to Low Conductivity Waste - 3 B P P 2 yrs - 5.2 40

(LCW) valve
F507 2 Cooling water supply line test line valve 3 B P p -2 yrs 6.2-40
F701 2 FE T49-FE002 upstream instrument line 3- B P P 2 yrs 6.2-40 -

root valve
F702 2 FE T49-FE002 downstream instrument line 3 B P P 2 yrs 6.2-40 .-

root valve ,

#
D F703 ? Blower suction line pressure instrument line 3 B -P P 2 yrs 6.2-40

root valve
F704 2 FE T49-FEON upstream instrument line 3 B P P 2 yrs 6.2-40

root valve
F705 2 FE T49-FE004 downstream instrument line 3- B P P 2 yrs 6.2-40

root vale

U41 Heating,Wn.ilating and Air Conditioning System Valves -

F001 2 Reactor area supplyisolation valve -3 B I,A - L,P,S 2 yrs
F002 2 Reactor area exhaust isolation valve 3 B' I,A L P.S 2 yrs
F003 2 FCS room supplyisolation valve 3 B I,A - P 2 yrs

-S ' 3 mo '

F004 2 FCS room exhaust isolation valve 3 _B I,A - P 2 yrs
-S- 3 mo

F005 2 FCS room connecting valve 3 B _P S 2 yrs
( Fm 2 CAMS emergeh7 supply isolation damper 3 -B I,A - P _2 yrs

S 3mo
Fm 2 CAMS emergency exhaust isolation damper 3 B I,A . P _2 yrs

S 3 mo -
Fm 4 Control room supply isolation valve - 3- -B I,A P 2 yrs-

S 3 mo --
Fm 4 - Control room ext iust isolation valve 3 -3 I,A P- 2 yrs

S 3mo
Fm 4 Control room bypass line isolation valve 3 B _ I,A P ' 2 yrs

S 3 mo
Fm 4 Emergency HVAC supply valves 2 B A P 2 yrs

S 3 mo

Amendrra .14 3.9 58.30
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Table 3.9 8 (Continued) -
,

INSERVICE TESTING SAFETY-RELATED PUMPS AND VAIXES

,

NOTES:
,

(a) 1,2, or 3 Safety Classification, Subsection 3.23;

(b) Pump test parameters or exclusion per ASME Code, Section XI, Subsection IWP, ASME/ ANSI OM
Part 6:

N- Speed-

DP- Differential Pressure -

P- Discharge Pressure -
O- Flow Rate
Vd- Peak to.pcak vibration displacement
Vf- Peak vibration velocity

i

E10 - In regular use (Pa- graph 53)
E11 Lacking required uuid inventory (Paragraph 5.5) '

(c) A, B, C or D - Valve category per ASME Code Section XI, Subsection IWV, ASME/ ANSI OM Part -
10 (Paragraph 1.4).

(d) Valve function:

I- _ Primary containment isolation, Subsection 6.2.4 -

- A or P - Activn or passive per ASME Code in (c) above (Paragraph 13).

; (c) Valve test parameters or exclusions per ASME Code in (c) above:,

L- leakage rate (Paragraph 4.2.2)
P- Local position verification (Paragraph 4.1)

. .S- Stroke exercise Category A or B (Paragraph 4 7.1.1,4.2.1.2) -.
Category C (Paragraph 43.2.1,43.2.2) -

E1. Used for operating convenience, i.e., passive vent, drain, instrument, test, maintenance :
valves, or system control pressure relief valves (Paragraph 1.2).

' E2- In regular use Category A Izakage (Paragraph 4.2.2.1) .
Category A or B, Stroke (Paragraph 4.2.1.5) ; >
Category C, Stroke (Paragraph 43.23)

(f) CS- Cold shutdown --
RO . Refueling outage

,

Amendment 14
3.9-58.31
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Table 3.9 9

REACTOR COOIANT SYSTEM PRESSURE ISO 1ATION VALVES

STANDBY LIQUID CONTROL SYSTEM -

C41-F006 A,B Injection Valves
C41 IT08 Inboard Check Valve

RESIDUAL HEAT REMOVAL SYSTEM
i

E11 IV05 A,B,C Injection Valve Loops A,B&C
E11 F006 A,B,C Testable Check Valve A,B&C
E11 F010 A,B,C - Shutdown Cooling Inboard Suction Isolation

Valve Loops A,B&C
E11 F011 A,B,C Shutdown Cooling Outboard Suction isolation

,
"

Valve Loops A,B&C -

IIIGH PRESSURE CORE FLOODER SYSTEM

E22 F003 B,C Injection Valve loops B&C
E22-F004 B,C Testable Check "alve Loops B&C .

,

e:
REALTOR CORE ISOLATION COOLING SYSTEM g j

E51 F004 Injection Valve
E51 F005 - Testable Check Valve

<

5

d

4

Amendment 14
3.9-58.32
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3D.1 INTRODUCTION 3D.1 1

3D.2 FINE MOTION CONTROL ROD DRIVE 3D.2-1

3D.2.1 Fine Motion Control Rod Drive--FMCRD01 3D.2-1
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3D.1 INTRODUCTION

As discussed '' Subsection 3.9.1.2, this
appendix describes the major computer programs
used in the analysis of the safety related
components, equipment and structures. The
quality of the programs and the computed results
are controlled, The programs are verified for
their application by appropriate methods, such as
hand catchiations, or comparison with results
from similar programs, experimental tests, or
published literature including analytical results<

or numerical results to the benchmark problems.

The updates to Appendix 3D will be provided to
indicate ny additional programs used by GE and
especially by vendors of components and
equipment, or the later version of the described
programs, and the method of their verification.

.
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3D.2 FINE MOTION CONTROLh0D
DRIVE

3D.2.1 Fine Motion Control Rod
Drive--FMCRD01

The program FMCRD01 is used to obtain scram
performance data for various inputs to the fine
motion control rod drive (FMCRD) stress analysis
for both code and non-code parts. The use of
this program is addressed in Subsection
3.9.1.3.2. Experimental data on pressure drops,
friction factors, effects of misalignment, etc.,
are used in the setting up and perfecting of this
code. Internal drive pressures and temperatures
used in the stress analysis are also determined

; during actual testing of the prototype FMCRD.

3D.2.2 Structural Analysis Programs

Structural analysis programs, such as NASTRO4V
and ANSYS, that t.re mentioned in Subsections 3D3
and 3D.5 are used in the analysis of the FMCRD.

l
_

,

y
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3D.3 REACTOR PRESSURE VESSEL
AND INTERNALS

The following computer programs are used in
the analysis of the reactor pressure vessel, core
support structures, and other safety class
reactorinternals: NASTR04V, SAP 4G07, HEATER,
USAGE 01, ANSYS, CLAPS, ASSIST, SEISM 03AND
S ASSIO1. These programs are described in
Subsection 4.1.4.

.

Amendment 1
3D.31
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SECTION 3D.4'
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CONTENTS

Section Title East
:

3D.4.1 Ploing Analysis Pronram-PISYS ' 3D.4 1 -

3DA.2 Component Analysis-ANSI 7 ?O.4-1 -
1

j 3 D.4.3 Area Reinforcement-NOZAR 3D.41
*

'3DAA Dynamic Forcinn Functions 3D.41
i

;{ 3D.4.4.1 Relief Valve Discharge Pipe Forces
Computer Program-RVFOR 3D.4-1

f 3D.4.4.2 Turbine Stop Valve Closure-TSFOR 3D.4-1
.

| 3DA.5 Intearni Attachment-LUGST 3D.41 - ,

f

3D.4.5.1 ERSIN Computer Program - 3D.4-1 -
a

.

; 3D.4.5.2 RINEX Computer Program 3D.41

3D.4.6 Pinine Dynamic Analysis Pronram-PDA 3D 41

j 3DA.7 Pininn Analysis Pronram-EZPYP 3D.4 2 s

j 3DA.8 Hermal Transient Pronram-LION 3D.4-2 ~
.

3DA.9 Differential Disniacement Premram-DISPL 3D.4 2
s

3DA.10 Ennineerine An=Ivsis Svsatem-ANSYS - 3D.4-2
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