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Byron - |

Confirmation of Design Adequacy

For Jet Impingement Effects

Executive Summary

This rep.rt has been developed in response to questions raised by the NRC
Integrated Design Inspection (IDI) Team in their inspec:ion report of
September 30, 1983, and the subsequent NRC letters of April 9, 1984, and
May 2, 1984. The purpose of this report is to demonstrate the adequacy of
the existing design and original design methodology. This report is
confirmatory in that no required design changes have been identified as a
result of this in-depth review of the effects of jet impingement from

postulated High Energy Line Breaks (HELB').

The Byron station design relies primarily on separation of redundant safe
shutdown systems and separation of potential high energy ..ne break
locations from safe shutdown systems. This approach of redundancy and
separation, applied in accordance with Standard Review Plan Sections 3.6.1
and 3.6.2, has resulted in a design which requires very few special
protective features (such as impingement shields) to insure that safe
shutdown capability is maintained following a postulated high energy line

break.

The body of report is divided into three major parts. The first, Section 3, is
an overview of the Byron design approach, explaining the basis and
procedures used to accommodate jet impingement effects in the basic
layout and arrangement of the Byron station. This Section also includes a
partial chronology, by way of selected examples of documentation of the

Byron HELB design work from 1974 to the present.

Section 4, Confirmation Study, details the scope and the procedures used to

confirm the adequacy of the design. In order to demonstrate that safe



shutdown capability would not be lost as a result of a HELB, resulting jet
impingement damage, and a limiting single failure, the systems and
components used for safe shutdown are identified. The potential for jet
impingement damage and the effect on safe shutdown capability is then

evaluated.

Section 5 summarizes the resu'ts of the study. The results are reported for
each type of break. This was done because the systems and components
required for safe shutdown are dependent upon the size and location of the
break. The conclusions reached in Section 5 are supported by Appendices
A,B,C, and D. These Appendices are in-depth evaluations of the potential

for jet impingement damage to the safe shutdown systems and components.

Appendix A addresses equipment (pumps, valves, switches, motors,
instruments, etc.) both inside and outside of containment. It also addresses

cables ouiside of containment because a "hazard zone" approach was used.

Appendix B addresses the cables inside containment and the
instrumentation lines both inside and outside of containment. For
instrumentation lines and cables, availability of instruments is reviewed
both from the aspect of automatic reactor trip and ESF functions and the

necessary post accident monitoring functions.

Appendix C addresses jet impingement effects on piping. This includes the

potential effects on piping supports and snubbers.

Appendix D addresses jet impingement on Auxiliary Building and
Containment structures. Included is a review of the potential effects of

structural failure for those areas where the structure has not been designed

for the postulated jet impingement loads.

Each appendix has a clearly defined scope. Components outside
containment were evaluated using a "hazard zone" approach. "Hazard
sones™ are areas with boundaries that will restrict the effects of HELB

jets. Safe shutdown equipment in these areas were assumed to be




potentially damaged by impingement from HELB's within the area unless it
could be easily shown that the energy or orientation of the jet would not
result in damage to the specific component. Inside containment, hazard
zones can not be defined as easily as in the Auxiliary Building. However,
the potential for damage due to jet impingement was evaluated by
conservatively considering effects of nearby HELB's. Guidelines for
separation of redundant components were utilized in the arrangement of
safe shutdown systems to provide protection against loss of multiple
components from a single jet. Recent information in NUREG/CR-2913,
"Two Phase Jet Loads", and EPRI NP-3492 "Steam-Water Jet Analysis",
provides a more realistic basis for predicting the extent of steam and two

phase jet impingement,

The specific scope of each appendix is based on the approach used to
review the components. Those components which were amenable to a
common review procedure were evaluated in a single Appendix regardless
of the relationship of the components. Section 5 of the report then draws
conclusions about the capability to achieve safe shutdown based on the

information in the four Appendices.

These reviews have demonstrated the adequacy of the Byron design with
respect to protection against the effects of jet impingement. Separation
and redundancy of safe shutdown systems and minimizing the number of
high energy lines in proximity to safe shutdown systems has been verified
to be an acceptable design approach to provide this protection. No changes

in design have been required as a result of these reviews.



ERRATA TO CONFIRMATION OF DESIGN
ADEQUACY FOR JET IMPINGEMENT EFFECTS
AUGUST 1984

PAGE 10
Fourth line from bottom should read:

Main Steam) are expected ...

PAGE 25
First paragraph, 10th line should read:

encompass all events. The list is edited for ...

PAGE 74
Second paragraph, second line should read:

inside the pressurizer enclosure, or on ...

PAGE 77

The first and second lines of the final paragraph of Section 5.2.2.3.1.2
should be replaced with:

In summary, at least three narrow range Steam Generator level
instruments on the damaged loop, at least two narrow range Steam
Generator level instruments on each of the other loops, at least one
RCS wide range pressure instrument, and at least ...

PAGE 78

The first line of Section 5.2.2.3.1.6 should read:

Appendix A demonstrates that the RH suction valves themselves are
not affected by ...

PAGE 79
The third paragraph of Section 5.2.2.3.2.2 should read:

The Containment pressure and Main Steam pressure instrumentation
are located outside the Containment. The Pressurizer pressure was
reviewed for ESF initiation and the wide range RCS pressure,
Pressurizer level, narrow range Steam Generator level, Core Exit
ternperature, and Containment radiation instrumentation were
reviewed to confirm that the plant conditions could be monitored.



PAGE A-25
The first sentence in Section 5.15 should read:
These components are the three redundant pressurizer level
transmitters, one of which is required for indication per Reference
8.1.6.
PAGE A-71
Table 1-2, lines 19 and 20, Equipment Numbers should be:
IPSL-AF051
IPSL-AF055
PAGE A-84
Table 3, lines 22 and 39, Equipment Numbers should be:
1PSL-AF051
IPSL-AF055

PAGES A-31 and B-83

Section 5.27 of Appendix A and Section B.3.20 of Appendix B address the

Containment radiation monitors IRE-ARO1] and IRE-ARO0I12. In addition

the accident Containment radiation monitors, IRE-AR020 and
IRE-AR02! should be included in these sections and the tables of

instruments and cables. These instruments are located well above all high

energy lines in the containment. The cables are routed along the
containment wall to electrical penetrations and then into the Auxiliary
Building. The cables are not near any postulated high energy line
breaks. As a result, the function of IRE-AR020 and IRE-AR021 are not

affected by jet impingement and the results of the confirmatory study are

unchanged.
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INTRODUCTION

The design of the Byron station includes extensive separation of redundant
mechanical and electrical systems to insure that plant safety will not be
compromised by damage resulting from all design basis events including
High Energy Line Breaks (HELB), Moderate Energy Line Breaks (MELB),
external flooding, fire, tornadoes, and turbine missiles. This confirmatory
report specifically addresses the subject of potential jet impingement
effects which could result from high energy line breaks. However, the
approach used to incorporate separation, redundancy and diversity into the
design of the safety systems provides a high degree of protection against
all postulated events which could damage safe shutdown equipment.

This report has been developed in response to questions raised by the NRC
Integrated Design Inspection (IDI) Team in their inspection report of
September 30, 1983 and the subsequent NRC letters of April 9, 1984, and
May 2, 1984. It must be emphasized that this report is confirma.o., and
has not resulted in any changes to the Byron/Braidwood design. The
purpose of this report is to demonstrate the adequacy of the existing design
and original design methodology.

This report describes the approach taken in the design process and major
design features which were incorporated as a result. A complete review of
potential jet effects on safe shutdown components has been completed to
confirm that the design approach was, indeed, effective in protecting the
plant from potential jet impingement effects.

This confirmation study specifically refers to Byron Unit I. The design
approach and basic design which are demonstrated to be adequate are
common between all four Byron/Braidwood units.




2.0

DEFINITIONS

Diversity - A plant design feature whereby an independent, non-identical
system or component is available in the event of a failure of a system or
component.

Emergency Core Cooling Systein (ECCS) - Those systems which function, in
the event of a LOCA, to prevent core damage. This includes the Safety
Injection System and portions of the Chemical and Volume Control System

and the Residual Heat Removal System.

Hazard Zone - A defined bounded area of the plant to be used to
investigate the potential extent of damage and system failure following an
event which has a physical effect which may be spatially limited (e.g., fire,
HELB, missile generation). The iritiating event may or may not be limited
to one zone depending upon the nature of the event and the nature of the
zone boundar ies.

High Energy Line - A pipe line which operatss during normal plant
operations at temperatures in excess of 200°F and/or pressures in excess of
275 psia. Lines which operate at high energy conditions less than 2% of the
system operating time are not considered high energy (Standard Review
Plan Section 3.6.2).

High Energy Line Break (HELB) - A location within a piping system where,
per the guidelines of Standard Review Plan (SRP) Section 3.6.2, a break is
to be postulated.

HELB Zone - A hazard zone which contains a postulated HELB.

Loss of Coolant Accident (LOCA) - A HELB in the piping which forms the

boundary of the reactor coolant system. For the purpose of this study large

2

LOCA's are defined as those with a break area of greater than 1.0 ft“ and

small LOCA's are those with a break area less than 1.0 ftz.



Redundancy - A plant design feature whereby an independent, functionally
identical system or component is available in the event of a failure of a
system or component.

Safe Shutdown - A plant condition such that:
1) The reactor can be maintained subcritical.
2) Decay heat can be removed.
3) Offsite release in excess of allowable limits is prevented.

Safe Shutdown Component - Any item of structure, equipment, cable, or
piping required to maintain integrity or functic.ality to achieve :afe
shutdown following at least one postu.ated event scenario within the plant

design basis.

Safe Shutdown Equipment - Mechanical and electrical equipment (e.g.,
pumps, valves, switches, instruments) required to function to achieve safe
shutdown following at least one postulated event scenario within the plant

design basis.

Safety Evaluation Report (SER) - The Byron Safety Evaluation Report
(NUREG-0876) including Supplements |, 2, and 3.

Separation - Physical isolation by distance or barrier of a safe shutdown
system or component from a redundant component or hazards such as high

energy lines.

Single Failure - Arbitrary failure of a single component to perform its
safety function following a postulated initiating event. (See Section 4.3)

Standard Review Plan (SRP) - NUREG-75/087. The 1981 revision of the
SRP (NUREG-0800) is utilized where it provides clarification into the
intent of NUREG-75/087.



3.0

BYRON DESIGN APPROACH

The Byron design ircludes many features which eliminate or mitigate
damaging effects of postulated High Energy Line Breaks (HELB'). Thisis a
result o a design approach which addressed the requirements of General
Design Criteria (GDC) 4 of 10CFR50. This design approach followed the
guidelines of Branch Technical Position APCSB 3-1 (Section 3.6.1 of
Standard Review Plan (SRP) (Reference 1). These guidelines state that
plant designs should protect essential systems and components from the
effects of high energy line failure. The preferred methods of protection
are separation of the essential systems from high energy line breaks by an
adequate distance or by structures. In the event these methods cannot be
used, redundant design features which are protected should be provided. If

these methods are not used restraints or barriers must be provided.

In 1972 and 1973 the Atomic Energy Commission (AEC) issued two letters
which are referred to as the Giambusso letter (December 1972) and the
O'Leary letter (July 1973). These letters gave criteria for protection
against the effects of high energy line breaks and were incorporated into
Standard Review Plan Section 3.6.1 (Reference 1). This section specifically
refers to protection outside containment but the general guidelines have
been applied inside containment also. On August 31, 1973 representatives
of Sargent and Lundy attended a meeting with the AEC Directorate of
Licensing to clarify the intent of a proposed Regulatory Guide based on the
Giambusso and O'Leary letters. Notes of this meeting (Reference 21)
clearly show that the intent of these criteria was to protect safe shutdown
systems from high energy line breaks by the use of physical separation and
remote location. At this meeting, the AEC suggested that a typical
percentage of use of the three acceptable approaches (physical separation
and remote location; protective structures around pipes; and restraints and
other protective measures) might be 99%, 0.8%, and 0.2%, respectively.

The safe shutdown systems and components in the Byron design have been
separated from high energy lines and also separated from redundant
systems to the extent practicable. As a result, relatively few protective
restraints and barriers have been required.
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The Byron design approach centered around the early identification of the
systems used for safe shutdown and the systems used to support safe
shutdown systems. To insure that the safe shutdown functions can be
accomplished, these systems are designed with adequate redundancy and
functional diversity to insure that postulated events and single failures
would not result in a loss of safe shutdown capability. This was
accomplished by physically separating the redundant equipment. This
separation approach provides a high degree of protection from fire, flood,
missiles, and environmental effects as well as HELB effects such as pipe
whip and jet impingement. Additional protection from HELB effects was
provided by isolating high energy lines from safe shutdown systems.
Implementation of this approach is documented in the Byron design files.
For particular aspects of the designs, the remainder of this section will
describe representative documented examples of the implementation of
this design approach.



3.1

Separation of Mechanical Systems

In 1974, a Byron document (Reference 2) was issued entitled "Analytical
Procedures for Meeting Separation Criteria and High/Moderate Energy Line
Rupture Criteria." In 1975 a project transmittal (Reference 3) transmitted
a revision of this document. The purpose of this document was to
coordinate an effort to produce color coded drawings to demonstrate that
separation was appropriate for high and moderate energy line rupture
concerns. Among the effects to be considered were pipe whip, jet
impingement, and environmental effects. Color coded drawings were
produced by this effort (Reference 4).

A memo, dated February 9, 1976 (Reference 6) transmits to the S&!L piping
design group these color coded drawings for elevation 364'-0 in the
Auxiliary Building and discusses routing of High Energy Lines to avoid
affecting essential equipment. Another memo, dated March 26, 1976
(Reference 7), transmits these color coded drawings for elevations 383",
401", and 426' to the piping design group requesting that the high energy

line routing be optimized.

At a special project team meeting on High Energy Line Rupture Studies
held in 1976 (meeting notes - Reference 5), a variety of topics were
discussed including the use of 20 foot separation to protect redundant safe
shutdown instrument lines. This use of 20 feet is consistent with electrical
separation work as discussed in Section 3.3,



3.2

Jet Impingement Loads on Structures

The above mentioned meeting notes (Reference 5) also discussed various
aspects of structural loading. In addition to pressurization loading,
procedures for generating and transmitting jet impingement loads on
structures were discussed. One point brought out was that certain
Auxiliary Building structures need not be designed for jet impingement

because of the low forces resulting from Auxiliary Building HELB's.

Reference 8 documents a project decision made to not provide structural
concrete walls rather than block walls around a high energy line area

because there were no safety related components affected by wall failure.



3.3

Electrical Separation

Electrical separation, both from high energy lines and between the two
safety related divisions has been a key design consideration. A design
feature which is a key element in this separation is the Containment
penetration design. The location of the electrical penetrations at
elevations 417'-6" and above as compared to high energy line penetrations
which are below elevation 401 allows separation to be maintained in the
containment and in the Au.liary Building Containment penetration area.
Within the limitations required to provide “ervice to mechanical equipment,
the cables and corduits are routed at the higher plant elevations to provide
protection from HZLB effects. In the Containment, where the majority of
high energy lines are located, the systems are designed to minimize the
number of active mechanical components and thereby minimize the amount
of safe shutdown cabling.

In accordance with Appendix R of I0CFR50, redundant electrical cables
were separated by at least 20 feet in Containment. In 198!, the Safe
Shutdown Report was added to the Fire Protection Report (Reference 9).
This report shows that redundant safe shutdown cables in the Containment
are separated by at least 20 feet. The 20 foot minimum separation used for
redundant electrical cables as well as for instrument lines is considered to
be adequate separation to protect against common failure from a single
HELB.

The logic of using a 20 foct separation was not based on a judgment that
jets would not extend for more than 20 feet. Instead it was an assessment
of the jet definition per ANS 58.2 (Reference 10) as applied in S&L
Technical Procedure #24 (Reference 11) which indicates that a jet,
although assumed to be indeterminate in length, is restricted in the area it
will cover because expansion is limited by the defined 10° half angle of
expansion. Even the jeis from very large pipes (e.g., Reactor Coolant and
Main Stream) are expected to influence a cylindrical area only about 10 to
12 feet in diameter except at great distances from the break where the
force is diminished. The majority of the high energy line breaks are much

smaller lines with a potential area of influence only a few feet in
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diameter. References 19 and 26, based on test data, show that the jet
spreads at a rate similar to that used in the Byron design and that the load
is reduced with distance much more rapidly than predicted by References
10 and I1. Redundant safe shutdown components separated by over 20 feet
inside containment therefore have a very low probability of being aligned
such that a break will impinge upon both components without striking an

intervening component or structure.
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3.4

3.5

Identification of High Energv Lines and Break Location

The importance of identifying high energy lines was recognized throughout
the design by the Project Team. Mechanical design drawings utilize a
symbol (@) to identify high energy lines to enable the design engineers to
readily identify areas potentially affected by HELB. A list of all High
Energy Lines including design conditions was transmitted to the Project
Team via Reference 12 in 1976, Reference 12 also notes a change in
laundry drier design to eliminate High Energy Lines. High energy lines
were also shown more prominently (cross hatched) on a speciai set of Piping
and Instrumentation Drawings and included in the initial issue of the FSAR
(Reference 13) in 1978. The identification of high energy lines was

reviewed and updated in 1981 (Reference 14).

High Energy Line Break locations which are dependent upon calculated
stress levels were not known for most systems at the time the plant layout
and major routings were finalized. As a result, a very conservative
approach was initially taken in assuming that breaks could occur at any
location in the system which could potentially be a break location. In many
cases, this was taken to be at all fittings. This led to a very conservative
arrangement incorporating a high degree of separation. As the design
progressed, more information became available which permitted break
locations to be finalized. This information was used to complete detailed
design of components such as pipe whip restraints but was not used to relax
the plant separation basis. This insured conservatism of the design and
limited the impact of as built conditions on the potential for jet
impingement damage.

In 1982, break locations were marked on working copies of piping composite
drawings (References 15, 22) to aid in evaluation of specific break effects

and to confirm HELB protection.

Safe Shutdowr. Equipment

The plant layout and system routing was based on separation of redundant

safety systems. The separation requirements can be reduced or eliminated

= I 28



In many areas because portions of certain safety reiated systems are not
required following certain specific postulated HELB's. Elimination of
separation requirements was not applied to the extent possible in the initial
des.gn stage which resulted in a more conservative arrangement. However,
lists of safe shutdown components have been developed for various
programs in the course of the plant design.

Equipment required for safe shutdown was developed through the Fire
Protection Report (FPR) (Reference 9) anc environmental qualification
work. The FPR safe shutdown analysis contains equipment lists and color
coded General Arrangement drawings showing safe shutdown equipment
locations. P&l drawings, delineated to show systems required for safe
shutdown, were developed and transmitted by S&L to Westinghouse for
review in 1981 (Reference 16). In the mechanical equipment environmental
qualification program, a list of safe shutdown mechanical equipment was

transmitted to Westinghouse for review in 1982 (Reference 17).

«J i



4.0

CONFIRMATION STUDY

In order to resolve questions raised by the IDI Team concerning the
adequacy of the Byron approach to design against potential jet
impingement damage, a confirmatory study has been completed to
demonstrate the adequacy of the design. This section describes the basis
and procedure used in the confirmation study. Section 5.0 summarizes the
results of the study while Appendices A through D are detailed
compilations of the results.

-14-



4.1

Scope

This confirmation study considers potentia. jet effects from all postulated
high energy line breaks in the Byron Containment and Auxiliary Building.
Breaks are postulated following the guidelines of SRP Section 3.6.2. Break
locations originally postulated for initial design conservatism but not
required per SRP Section 3.6.2 are not included.

“omponents which might be used to safely shut the plant down following a

postulated HELB (as described above) are included as potential jet targets.
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4.2

4.2.1

4.2.2

Safe Shutdown Success Criteria

In accordance with the requirements of GDC 4 to protect against the
dynamic effects of line break, this study will show that the HELB' in
question can be mitigated and the unit brought to a safe shutdown

condition. The criteria for achieving safe shutdown are as follows:

l. Reactivity is controlled such that the reactor is subcritical.
2. Mechanisms are provided to remove decay heat.

3. Offsite releases of radioactivity are restricted to the limits of
10CFR100.

Safe Shutdown

The Byron licensing basis is to attain a safe shutdown condition following
any acuident.

Safe shutdown following a LOCA is defined as attaining cold leg recircula-
tion using only qualified (Safety Related) equipment and instrumentation,
and maintaining offsite releases within the regulatory limits. Limiting
offsite releases within the regulatory limits is accomplished by maintaining
at least one barrier between the radioactivity and the environment (i.e.,
reactor coolant pressure boundary or reactor containment).

For non-LOCA breaks, safe shutdown is defined as hot standby (Tavg
greater than or equal to 350 degrees F, zero percent rated thermal power
and keff of less than 0.99). The reactor coolant pressure boundary must be
maintained intact using only qualified (Safety Related) equipment.

Cold Shutdown

Since Byron's licensing basis is hot shutdown, it is not necessary to
demonstrate capability to reach cold shutdown conditions (reactor coolant
temperature less than or equal to 200°F, 0% rated thermal power, and keff
of less than or equal to 0.99) using only safety related equipment.
However, the existence of a method for reaching cold shutdown without

-16-




4.2.3

4.2.4

repair or replacement of equipment has been reviewed and is described in
this study. Non-safety related equipment may be used to attain cold
shutdown.

Reactivity Control

Sufficient negative reactivity can be provided for hot shutdown by rod
insertion with or without a single active failure of a worst case stuck
control rod. The Byron Refueling Water Storage Tank (RWST) has
sufficient boron concentration to insure that reactivity can be controlled in
a cold shutdown condition without use of the boric acid transfer system
except in a case which combines an unfavorable core history with a single
active failure of a stuck control rod. The additional boration can be
achieved through operation of boric acid transfer pumps O0ABO3P and
IABO3P to utilize the boric acid tank (1ABO3T) as a source of boration.
Appendices A and D show that this equipment and required support
components are located in an area not subject to HELB effects. Appendix
C demonstrates that piping required for boration will not be damaged by
HELB. Therefore, this source of boration will be available after any
postulated HELB and a single failure of a stuck control rod will not be the
limiting single failure for any postulated HELB.

Decay Heat Removal

Decay heat can be removed from the reactor in several ways. The primary
mode of heat removal is through the steam generators. The Reactor
Coolant (RC) system is designed to transfer heat to the steam generators
by natural circulation (if forced flow using RC pumps is not available) in all
events except large break LOCA's. Following a large break LOCA event,
the core is cooled by the Emergency Core Cooling S 'stem (ECCS). No
active components inside containment are required to function to remove
heat when using either steam generator cooldown or ECCS. Instrumen-
tation inside containment is used to monitor the conditions and system
functions, but all pumps and valves (other than check valves) which must
function for heat removal are located in the Auxiliary Building or Main

Steam Tunnel.
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Normal cooldown with the primary system in the natural circulation mode
removes heat by supplying coo! auxiliary feedwater from the condensate
storage tank or the essential service water system to the steam generators
and employs the steam generator relief valves to reject heat to the atmos-
phere. One operable steam generator is adequate to remove decay heat
(Reference 23).

The ECCS function is to provide cooling water to the core after a LOCA.
The sources of water are the accumulator tanks in containment, the
Refueling Water Storage Tank (RWST) located external to the Auxiliary
Building, and the containment recirculation sump which collects leakage
from the break.

To bring the plant to a cold shutdown condition, the RHR system is
normally used. After a non-LOCA HELB, the RHR system will take suction
from the Loop | or 3 hot leg, cool the fluid in the RHR heat exchangers
(transferring heat to the component cooling system) and reinject the fluid
into the reactor coolant system cold legs. Following a LOCA, the
containment recirculation sump is used as a suction source. The only
active mechanical components inside containment used for cold shutdown
decay heat removal are the RHR hot leg suction valves. These vaives are
used only in non-LOCA events.

Other options exist for removal of decay heat. Cool down to cold shutdown
conditions can be accomplished by increasing the feedwater level in the
steam generators with cooler water. This method eliminates the need for
any active equipment inside containment to remove decay heat. This
method, although available after a HELB, was not found to be required by
the postulated events in the scope of this study.

It is also possible to reach cold shutdown conditions by adding cool water to
the reactor vessel via the charging system and removing heat via the let-
down system, the excess letdown syste.q, or, if these paths are unavailable,
the pressurizer relief valves. This cooldown method (primary system feed
and bleed) is included in the.Byron Emergency Operating Procedures but is
not necessary for any event within the scope of this study.
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QOffsite Release

To prevent offsite release, a barrier must be maintained between
radioactive material such as reactor coolant and the atmosphere. For non-
LOCA HELB's, the reactor coolant system boundary forms this barrier. No
additional barriers are required. After a LOCA, the containment iniegrity
must be preserved. Systems which penetrate the containment must be
isolated if they are open to both the contaminated system (or the
containment atmosphere) and the atmosphere outside containment. The
Containment Spray System is used to remove radionuclides from the
containment atmosphere after a LOCA and to control the sump pH. The
Containment Spray, as well as the Reactor Containment Fan Cor ..ers and
passive heat sinks, removes heat from the containment atmosphere to

maintain containment integrity.
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4.3

Single Failure Criteria

The Standard Review Plan (Reference 1) is explicit in its definition of the
Single Failure Criteria for high and moderate energy line break. Section
3.6.1 refers in several places to the assumption of a "Single active
component failure." This clearly refers to failure of a component which
must perform an active (as opposed to passive) function to support
operation of a safe shutdown system. Active components are those which
must mechanically move or electrically change state to perform the
required function. Examples of active components would be pumps which
must run, valves which must open or close, transmitters or sensors which
must function or switches which must open or close. Examples of passive
components are pipes, valves which are not required to function, cables,
breakers, and switches which do not change electrical state or mechanical
position.

The definition of single failure in I0CFR50 Appendix A is slightly different
from that in Reference |. A footnote to the Appendix A definition
indicates that passive failures of electrical equipment should be assumed
and that the requirements for single passive failures of fluid systems is
under review. Section 3.6.2 of Reference | clarifies the fluid systems
single failure requirements. Under loss of offsite power conditions the
uncertainty about consideration of passive electrical failures is of no
significance because a single active mechanical failure (diesel generator
failure) causes loss of one electrical division and bounds all potential active
and passive electrical failures.

Events which do not result in loss of offsite power are less well defined
with respect to single failures. Loss of an entire electrical division would
require a passive failure when offsite power is not lost. Although it is
believed that the intent of the SRP is to consider failure of a single active
component, for the purpose of this confirmatory study, loss of an electrical
division as a single failure has been considered.
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Confirmation Procedure

The procedure used to confirm safe shutdown capability varies dependent
upon the nature of the component and the area of the plant under inves-
tigation. Each of the four appendices treats a different set of com-
ponents. Some components, by their nature, may be assessed independently
of other components. Others, which are dependent upon other components
to function in the event of their failure, must be evaluated in relation to
other components and systems functions. These potential intecactions have
been considered as required. This procedure insures that a complete review
of potential jet effects on safe shutdown components is performed.

Equipment Outside Containment

Equipment has been classified into equipment which can or cannot be
affected by jet impingement based on its spatial relationship to postulated
HELB's. For that equipment potentially damaged, the following procedure
was used:

l. All equipment in the HELB zone was assumed to be damaged and
unavailable as a result of breaks in the specific zone. Cables, as
noted in Section 4.4.3 were also assumed to be damaged in this
evaluation.

2. A limiting single failure (usually loss of an electrical division)
was assumed.

3. If the zone is bounded by walls which are potentially inadequate
for predicted jet or pressurization loads, all credible failuras
outside the zone as a result of wall failure were postulated.

4. The potential damage to systems used for safe shutdown was
assesszd and tabulated.

In certain locations where the potential jets could be shown not to damage
equipment, this procedure was modified to eliminate unnecessary steps.
Appendix A describes the results of this process in detail.
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4.4.3
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Equipment Inside Containment

Relatively little safe shutdown equipment is located inside Containment.
The following procedure is used for the equipment inside Containment
which could be damaged by jet irnpingement.

l. The equipment was postulated to be damaged and therefore
unavailable.

2. A limiting single failure (usually loss of an electrical division)
was assumed.

3. Equipment required to safely shutdown the plant following the
postulated HELB and the failures postulated in steps | and 2 is
located and reviewed for potential jet impingement effects.

4. The potential damage to systems used for safe shutdown was
assessed and tabulated.

Appendix A describes the results of this process in detail.

Cables Qutside Containment

Electrical cables outside Containment required to support safe shutdown
functions are defined and located. Potential damage effects for those
cables in HELB zones were assessed at the same time equipment was
assesseu as described in Section 4.4.1. The results are described in
Appendix A.

Cables Inside Containment

Cables inside Containment which support safe shutdown consist primarily
of instrumentation cabling with a limited number of power and control
cables for valves. Therefore, the cables were evaluated concurrently with
the instrumentation lines. For cables associated with equipment potential
interactions were reviewed. The following procedure was used:

I. Each safe shutdown function supported by the catle was
identified.

2. Required operability to achieve the function was identified.
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3. Cable routing with respect to HELB's was reviewed.
4. Potential jet damage was determined.

5. A limiting single failure (usually loss of an electrical division or a
Reactor Protection System channel) was assumed.

6. Equipment required to function (given the assumed failures) is
reviewed for potential common jet damage.

7. The potential damage to systems used for safe shutdown was
assessed and tabulated.

The results of this assessment are described in Appendix B.

Instrument Lines Qutside Containment

Safe shutdown instrument lines outside Containment were located and
reviewed. None of these lines are located in HELB zones. Therefore, no
further assessment was required. (See Appendix B.)

Instrument Lines Inside Containment

Safe shutdown instrument lines inside Containment were located and
reviewed in conjunction with cables. The procedure was equivalent to and
performed concurrently with the evaluation described in Section 4.4.4,

Results of the assessment are reported in detail in Appendix B.

Piping Outside Containment

The potential loads on piping from HELB jet impingement loading outside
Containment have been evaluated. For systems other than the Auxiliary
Steam an’’ Steam Cenerator Blowdown, the jet energy is insufficient to
cause damage to piping systems. Break locations in the Auxiliary Steam
and Steam Generator Blowdown systems do not affect safe shutdown
piping. Details of these reviews are included in Appendix C.
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4.4.9
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4.4.11

Piping Inside Containment

The postulated break locations inside containment were reviewed. Those
breaks which could potentially result in jet loads and damage to safe
shutdown piping systems were identified, loads were calculated as required,
and the effects on piping systems were evaiuated. The complete results
are included in Appendix C.

Structure Qutside Containment

Auxiliary Building and Tunnel Structure which is potentially loaded by jets
has been identified. Either the structure has been evaluated and shown
adequate or the structure has been shown to be not required for safe
shutdown and an evaluation of the effects of failure completed. This is
described in detail in Appendix D.

Structure Inside Containment

Break locations inside Containment were reviewed for potential impact on
structures. Internal concrete structures were designed for impingement
loads if jet loads were possible. Primary structural steel was evaluated if a
significant potential jet load was postulated. The details and results of this
evaluation are included in Appendix D.

Summary

The above mentioned evaluations were reviewed for postulated HELB
events and the safe shutdown capability was assessed. This summary is
included in Section 5.1 (Auxiliary Building) and Section 5.2 (Containment).
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Safe Shutdown Systems and Components

Components required to withstand or be protected from the effects of jet
impingement have been determined by identifying equipment potentially
used to reach safe shutdown, as defined in Section 4.2. It should be noted
that, because of the redundancy and diversity of the Byron safety systems
design, no single component or system is required for safe shutdown unless
failures occur in one or more independent systems. As a result, a unique
safe shutdown component list can be established for each postulated
combination of initiating event and single failure. To facilitate this
confirmatory study, a single list has been established which is intended to
encompass all events. The list is modified edited for specific events only if
necessary to establish safe shutdown capability.

Safe shutdown systems are those systems which may be used to establish a
safe shutdown condition following a postulated accident. The particular
systems required for safe shutdown will be a function of the specific HELB
and the postulated single failure. Safe shutdown may, in some cases, be

reached using a variety of system and subsystem combinations.

Identification of Safe Shutdown Systems

Safe shutdown systems can be categorized in several ways. A group of

fluid safety systems insure the capability to remove decay heat. These
systems are:

Chemical and Volume Control (CV)
Safety Injection (Sn

Residual Heat Removal (RH)
Auxiliary Feedwater (AF)

These systems are supported by two fluid support systems:

Essential Service Water (SX)
Component Cooling (CC)




4.5.2

To remove heat from the core in non-LOCA events, the Main Steam (MS)
and Reactor Coolant (RC, RY) systems must retain the integrity of
pressure boundaries and relie! valve operability to the extent that decay
heat is removed.

For certain severe HELB events, portions of the Reactor Protection System
must be operable to initiate mitigation.

Electrical and HVAC suppcrt systems are required to insure operability of
fluid systems. The Containment Spray (CS) and HVAC systems may be
required to control environmental conditions.

The systems listed here have been designed to insure that safe shutdown
can be achieved following initiating events which may disable certain
portions of safe shutdown systems because of the physical location or
system configuration.

Safe Shutdown System Design Features

The Byron station design utilizes systems which consist of two redundant
full capacity subsystems. These redundant subsystems are mechanically
and electrically independent. Electrically these systems are referred to as
"Division 11" and "Division 12" (for Byron 1) and mechanically as "Train A"
and "Train IB." In addition to being functionally independent, the
subsystems are separated by distance and/or physical barriers when the
potential hazards require such separation. This insures that the system is
functional after an event that affects one redundant subsystem.

With this separation and independence, an entire system can be disabled
only if:

a) The initiating event (HELB) occurs in a safe shutdown subsystem
and a single faiure occurs in the redundant subsystemn;
The potential HELB results in jet impingement which disables

one safe shutdown subsystem and a single failure occurs in the
redundant subsystem,
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The design of the safe shutdown systems insure that if either of the two
above scenarios can be postulated, another safe shutdown system will be
available to perform the required function. Each of the safe shutdown fluid
systems will be discussed to demonstrate the plant design approach. The
conclusion reached for each of these systems is provided in Section 5.

Chemical and Volume Control (CV) System

The CV system is a normally operating system which serves as the high
head ECCS system during a LOCA. The CV system operates continuously.
Therefore, HELB's are postulated in the CV system in accordance with
Section 3.6.2 of the SRP (Reference 1). The system includes two pumps in
separate cubicles which are widely separated by both distance and
barriers. The CV system contains an additional pump not supplied by
emergency power which would be available after an event not involving the
loss of offsite power., When operating in the ECCS mode, the CV system
does not have active components which must function inside Containment.
Therefore, the CV system, although it can suffer a complete failure due to
CV system HELB and single failure, is protected from HELB effects in
other systems. The Safety Injection (SI) system can be considered a backup
system to the CV system because, with complete loss of CV capability, the
primary system pressure can be reduced by heat removal via the steam
generators or by the Power Operated Relief Valves to the point at which
the SI system will operate.

Safety Injection (SI) System

The Safety Injection system, since it does not operate during normal plant
operating conditions, does not contain HELB's with the exception of the
normally pressurized accumulator lines inside Containment. The SI system
contains no valves other than check valves which must open to insure the Si
system function. The two SI pumps are located in separate cubicles widely
spaced in the Auxiliary Building. Therefore, since an initiating event will
not disable the S| system and it is protected from HELB's, at least one SI
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train will remain functiona! after a HELB due to the system design. Due to
the accumulator location and design, at least three accumulators will be
available after any LOCA.

Residual Heat Removal (RH) System

The RH system is used during normal shutdown operations to remove decay
heat and to bring the system to cold shutdown, It is also used as the low
head ECCS following a LOCA. The two RH pumps are located in cubicles
at a low elevation adjacent to the Containment. High energy lines are not
routed near the pumps and the routing of the RH lines (which carry
radioactive water) is confined to limited areas of the Auxiliary Building,
The components which are potentially vulnerable to effects of HELB inside
Containment have been minimized by locating the RHR pumps, heat
exchangers, and most valves (all but two loop suction valves in each RHR
subsystem) outside Containment. The valves inside Containment are not
used after a LOCA.

The RH system is classified as a dual purpose, moderate energy system
(Reference 1) because it functions during normal operations and after
accidents and it operates at high energy conditions less than 2% of the
time. Breaks are not postulated in the RH system. The only active
components in the system subject to jet impingement considerations are
the loop suction valves. These valves are only affected by LOCA breaks.
However these valves are not used post-LOCA,

Auxiliary Feedwater (AF) System

The Auxiliary Feedwater (AF) system provides water to the steam
generators in the event the main feedwater system is unavailable, The
system consists of two redundant pumps, one motor driven and one diesel
driven, which are located away from high energy lines with barriers
between the two pumps. The systems are designed such that the only
active components (other than the pumps) which must function are the
instruments and valves used to switch over the suction to the SX system in
the event of failure or loss of the condensate storage tank. The AF system
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is not used during normal plant operations and, in accordance with Section
3.6.2 of the SRP (Reference 1), it is not considered a high energy system
and breaks are not postulated. In the event of total loss of the AF system
(which would result only from events beyond the design basis), the plant can
be safely shutdown by "bleed and feed™ of the primary system (Reference
18). This option is not required by any of the events addressed in this
report but is mentioned to demonstrate the additional safety margin
included in the plant station design.

Essential Service Water (SX) System

The Essential Service Water (SX) system is a dual purpose moderate energy
system as defined in Section 3.6.1 of Reference 1. As such, the SX system
is exempted from single failure if the initiating event is a failure of one of
the redundant SX subsystems. However, since the SX system is a moderate
energy system and does not experience HELB, the design features provide
that jet impingement from a postulated HELB will not disable either SX
subsystem. This is provided by the SX system design which isolates active
SX components from HELB's and from the redundant SX subsystem.

Component Cooling System (CC) System

The Component Cooling (CC) system is also a dual purpose moderate
energy system and is subject to the same design considerations as the SX
system. In addition to two independent pumps, the CC system contains an
additional "swing” pump which can be used on either Byron Unit | or Unit 2
and which can be powered by either electrical division.

Shared Systems

Advantage has been taken of the two unit Byron station design to provide
additional redundancy in the SX and CC systems. These systems include
permanent cross connections between Unit | and 2 which are normally
isolated by valves., Only valve realignment is necessary to utilize
equipment from one unit to shut down the other unit. It should be noted,
however, that no credit was taken for these features in this confirmatory
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report and therefore the procedures required will not be discussed here.
This capability is mentioned to show the additional safety margin inherent
in the Byron design.

Containment Spray System (CS) System

The Containment Spray (CS) system is required only after a LOCA. All CS
components with the exception of two independent sets of spra; headers
and nozzles are in the Auxiliary Building.

Electrical Systems

The plant safety systems are normally powered by offsite power. If, as a
result of an event, this power source is lost, the two electrical safety
divisions are automatically connected to the emergency diese! generators.
The design basis provides that, in the event of a postulated single failure,
at least one of these divisions will remain functional.

Reactor Protection/ESF System

The Reactor Protection (RP) system scrams the reactor and initiates
appropriate safety systems to mitigate the accident. This action is taken
based on data from system instrumentation. The instrumentation systems
include either two or four independent channels.

HVAC Systems

Containment and Auxiliary Building HVAC is designed with two redundant
and independent subsystems for overall HVAC functions. The Auxiliary
Building is designed to draw air from safety related rooms and cubicles so
that individual supply fan loss will not result in total loss of HVAC,
Cubicles containing safety related pumps are cooled by cubicle coolers
which are powered by the same electrical division as the pump. The
cubicle coolers are fitted with multiple fans so a single fan or cable failure

will not cause a complete loss of function.
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Postulated Auxiliary Building HELB's are not located in areas where major
HVAC supply ducts would be threatened. Jet impingement on supply ducts
In cubiCles would not result in loss of function because air would still be

supplied to the area.
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High Energy Lines

Location and design of high energy lines (HELB's) is an important part of
the Byron design. Advantageous routing of these lines has significantly
reduced the potential for jet impingement damage.

High Energy Line Definition

High energy lines are defined in Section 3.6.2 of the SRP (Reference 1) as
those lines which, in normal plant operations, operate at conditions above
200°F and/or 275 psia for more than 2% of the system operating time. The
Byron design purposely limited the number of HELB' in the Auxiliary
Building to reduce the hazards associated with these lines. Startup
feedwater pumps were instalied to insure that Auxiliary Feedwater lines
are not required during normal plant operations. Tunnels were designed to
contain Main Steam, Feedwater, and Auxiliary Steam lines and to isolate
them from safety related equipment.

As a result, in the Byron design, only 6 systems contain piping which
qualifies as high energy. These systems are:

Reactor Coolant (RC, RY, SI Accumulators)
Feedwater (FW)

Main Steam (MS)

Chemical and Volume Control (CV)
Auxiliary Steam (AS)

Steam Generator Blowdown (SD)

These 6 systems are designed to minimize the number of areas where safe
shutdown systems and equipment could be affected by the results of a high
energy line break. This is accomplished by utilizing physical separation
(distance and barriers) to isolate safe shutdown systems from high energy

lines, and by protective features such as pipe whip restraints and jet
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impingement shields to restrict or eliminate effects of high energy line
breaks.

Only the last 3 of these systems (CV, AS, SD) are located in the Auxiliary
Building and the AS and SD routing in safety related areas is very limited.

Containment High Energy Lines

The general Byron approach to routing high energy lines is to route the
lines away from safety related systems. In Containment, application of
this approach is limited because of the number of high energy lines.
However, the routing segregates the four primary and secondary loops and
concentrates high energy lines at lower elevations and inside the shield
walls. The electrical penetrations are at elevations 417'-6" and above while
the high energy lines penetrate Containment at elevation 401 and below.
Within the limitations required to provide electrical service to mechanical
equipment, the cables and conduit are routed at higher elevations to
protect them from HELB effects. The small amount of active safe
shutdown equipment in Containment is another design feature which
reduces potential problems due to high energy line break effects.

Auxiliary Building High Energy Lines

In the Auxiliary Building, the high energy line routing is very important to
the protection of safe shutdown components. Of the six high energy
systems, three (Reactor Coolant, Feedwater, Main Steam) are not located
in the Auxiliary Building. The Reactor Coolant System is inside Contain-
ment while the Main Steam and Feedwater outside of Containment are
routed through a pipe tunnel rather than the Auxiliary Building. The
Auxiliary Steam System is rcuted through a tunnel and into rooms in non-
safety related areas except for some small lines (2", 50 psia), which are
routed in an open area separated from safe shutdown components. The
steam generator blowdown system in the Auxiliary Building consists of 3"
lines and is routed directly to the blowdown condenser. The CV system is
complex and extensive but the charging pumps and let down heat ex-

changers have been located close to Containment to minimize the area
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potentially affected by HELB. The charging portion of the CV system is
limited in HELB effects by the runout characteristics of the CV pumps
while flow limiting orifices inside containment limit the effects of line

breaks in the letdown portion of the system.
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High Energy Line Breaks

In the early phase of design, breaks were postulated in high energy systems
following Reg. Guide 1.46. This resulted in breaks postulated at locations
judged to potentially threaten safe shutdown components. Breaks, for this
confirmatory study, have hbeen postulated in accordance with the guidelines
of Section 3.6.2 of the SRP (Reference 1). In general, this results in break
locations at terminal ends and two intermediate locations of highest stress.
All longitudinal breaks are excluded on the basis of the stress level with the
exception of one break in each primary loop.

Containment High Energy Line Breaks

Some portion of all high energy systems except the Auxiliary Steam System
is inside Containment and breaks are postulated. Most of these breaks are
located inside the secondary shield wall and at the lower station elevations.

Auxiliary Building High Energy Line Breaks

Auxiliary Building HELB's are located in a limited number of areas shown
on the hazard zone maps (Figures | through 5 of Appendix A of this
report). The breaks are classified into two groups based on the system the
break occurs in and the location in the plant which could be affected.
Breaks in the Auxiliary Building include breaks in the Auxiliary Steam
system, the Steam Generator Blowdown, and Volume Control system.

Jet Impingement Load Definition

The potential loads and region of influence of high energy line break jet
impingement can be defined using the information available i1 / NS 58.2
(Reference 10), and NUREG-CR/2913 (Reference 19). Jets can be
classified as eiiher subcooled, non-flashing liquid jets or two-phase and
steam )ets,

ANS 58.2 is used to predict liquid jet loads. These jets are predicted from
the charging portion of the CV system and the S| system accumulator
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piping. The CV system lines are pump discharge lines which are limited in
discharge flow by the pump runout and the piping configuration,
Calculations (Reference 20) demonstrate that the loads from breaks in
these lines are relatively low (less than 500 Ibf total). The SI accumulator
line breaks could potentially result in higher loads because they are fed
from a pressure vessel. However, these are located inside Containment
such that they do not pose a safe shutdown hazard. These breaks are
discussed in detail in Section 5.

NUREG-CR/2913 provides a simplified method for determining loads due to
two phase and steam jets. The range of conditions applicable to Byron is
covered. Two general conclusions can be reached from the report:

1) Loads decrease rapidly as the break to target distance increases
with the jet pressure becoming insignificant at some distance
between 5 and 10 pipe break diameters from the break.

Loads are lower than predicted by previously used methodologies
at distances greater than | to 3 pipe break diameters (depending
on break conditions).

References 10 and 19 were used to confirm that the Byron design approach
has resulted in acceptable protection against the effects of high energy line
breaks. When the design was reviewed it was found in many cases that the
required components would not be affected by any postulated jets. In these
cases, a further review of the separation of redundant components was not
performed since adequacy was already demonstrated. Separation of com-
ponents provides additional protection against HELB and other hazards.

Conservatism in HELB Definition

The break location criteria in Section 3.6.2 of the SRP (Reference 1) is
recognized as very conservative both in the location of breaks and the
nature of the break postulated (doubled ended guillotine rupture). Recently
two programs have been successful at reducing the number of breaks to be
postulated to cause dynamic effects on Westinghouse PWR plants. The
first is a program to completely eliminate primary loop breaks on the basis
that a failure will cause a detectable leak prior to pipe rupture. This has
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been accepted by the NRC for other Westinghouse PWR's. The second
program eliminates intermediate breaks at low stress locations. These
locations are referred to as arbitrary intermediate breaks. Deletion of
these breaks has been approved at Catawba-2. These revisions to break
definition requirements have not been used in this confirmatory report and
are noted here to provide an additional perspective with regard to the

inherent conservatism of the Byron design approach.
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RESULT> OF CONFIRMATORY STUDY

This section summarizes the results of the individual, detailed confirmatory
evaluations included in Appendices A through D of this report. This section
categorizes all Auxiliary Building and Containment High Energy Line
Breaks (HELB'S) according to location and effect on systems and

demonstrates that, for these breaks, adequate safe shutdown capability
exists.
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Auxiliary Building High Energy Line Breaks

Areas where HELB's are located in the Auxiliary Building and piping tunnels
are shown on the Hazard Zone Maps (Figures | through 5 of Appendix A).
Relatively few areas in the Auxiliary Building are potentially exposed to
HELB's and jet impingement. The main steam, feedwater and portions of
the auxiliary steam and steam generator blowdown systems are located in
piping tunnels which contain no safe shutdown components.

In the Auxiliary Building, high energy portions of the Auxiliary Steam,
Steam Generator Blowdown, and Chemical and Volume Control Systems are
locater in 16 Hazard Zones. Appendix A discusses effects on equipment
and cables in these zones. Instrumentation lines are addressed in Appendix

B. Appendix C discusses effects on structure. This section will summarize
these effects.

Auxiliary Ste am Line Breaks

The auxiliary steam (AS) system provides low pressure (50 psig) steam for
various plant process uses. The AS system is not a safe shutdown system,
It is located in areas near the turbine building and in the radwaste areas.
To allow routing of some large diameter AS system piping through the
auxiliary building without creating a HELB hazard, a pipe tunnel is used.
The following hazard zones are postulated to experience AS system breaks:

Zone |11.2A-0 Recycle Waste Evaporator, Elevation 346'-0
Zone |11.4D-0 Auxiliary Steam Tunnel, Elevation 394'-0
Zone |1.5B-0 General Area, Elevation 401'-0

Zone 14,3-0 Radwaste Evaporator Condenser Rooms, Elevation
401'-0

Zone 14.5-0 Radwaste Evaporator Rooms, Elevation 414'-0,
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Classification of Breaks

Because all Auxiliary Steam Line breaks are in a non-safety system, the
initiating break, itself, does not affect safe shutdown capability.

Potential Jet impingement Damage

No safe shutdown equipment or cables are potentially affected by jet
impingement from postulated AS system breaks as discussed in Section 6 of
Appendix A. Instrumentation it not adversely affected as shown in
Appendix B. Concrete panels and block walls which are potentially
wmpacted by jet impingement have been shown to be adequate or have been
shown not to damage safe shutdown systems in the event of failure
(Appendix D). Safe shutdown piping is not affected by postulated AS breaks
as shown in Appendix C.

Single Failure

Safe shutdown systems are not darnaged by the postuiated AS system
breaks. Therefore, loss of an entire safety division can be postulated to
bound all potential single failures.

Postulated Damage Summary

Based on the above conservative assessment of single failures, one division

of safety equipment is postulated to be unavailable for safe shutdown.

Safe Shutdown Requirements and Availability

Although shutdown of the plant is not required following the postulated
event, shutdown capability will be avai.able as discussed in the following

sections.
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5.1.1.5.3

5.0.1.5.4

5.1.2

Hot Shutdown Requirements

To bring the plant to a hot shutdown condition, the following major system

functions are sufficient:

1) 1 Auxiliary Feedwater Train
2) | Unfaulted Steam Generator with an DOperable Relief Valve
3) 1 Centrifugal Charging Pump or Safety Injection Pump

4) I Letdown Path (Normal or Excess)

Hot Shutdown Capability

One fully functional train of all safe shutdown systems are available
following a postulated AS system failure. As a result, there are no
restrictions on hot shutdown capability.

Cold Shutdown Requirements

To bring the plant to a cold shutdown condition, the following additional
major system functions are sufficient:

1) | Train of Residual Heat Removal
2) | Boric Acid Transfer Pump (required only after stuck rod

occurrence)

Cold Shutdown Capability

At least one postulated train of all safe shutdown systems is available
following postulated AS system failure. As & roasult, the-e are no
restrictions on cold shutdown capability.

Steam Generator Blowdown System Breaks

The steam generator blowdown (SD) system consists of lines from each

steam generator which are routed from the Containment through the main
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steam tunnel and the Auxiliary Building to the blowdown condenser. The
SD system is not required for safe shutdown. Breaks in the SD system are
postulated in the following hazard zones in the auxiliary building,.

Zone 11.3A-0 - End of corridor at location 10-Q on elevation
364'-0
Zone 11.3B-0 - Blowdown Condenser Room, Elevation 364'-0

The direct effects of a postulated HELB in the SD system would be a loss
of steam generator blowdown capability. This break can be isolated with
containment isolation valves. There would be no immediate need to
shutdown and no restriction on safe shutdown systems as a result of these
postulated breaks.

Classification of Breaks

Because the steam generator blowdown system is not a safe shutdown
system, the break itself does not affect safe shutdown capability. The
break flow is limited by the restricted flow area of valves in the system
and can be isolated by the containment isolation valves.

Potential Jet Impingement Damage

There are no safe shutdown equipment, instrumentation, or cables in the
hazard zones affected by SD system breaks. There is no safe shutdown
piping in these zones. The structure is the main steam tunnel structure
designed for main steam whip and impingement loads. These loads bound
those produced by SD system breaks. Therefore, there will be no structural
damage due to jets. Zone |1.3B-0 may suffer block wall damage. This has
been reviewed and found not to be a hazard to safe shutdown components.

Single Failure

Safe shutdown systems are not damaged by the postulated SD system
breaks. Therefore, loss of an entire safety division can be postulated in
order to bound all potential single failures.
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Postulated Damage Summary

Based on the above conservative assessment of single failures, one division
of safety equipment will be available for safe shutdown.

Safe Shutdown Requirements and Availability

Although shutdown of the plant is not required following the postulated
event, the shutdown capability will be available as discussed in the
following sections.

Hot Shutdown Requirements

To bring the plant to a hot shutdown condition, the following major system
functions are sufficient:

1) | Auxiliary Feedwater Train
2) | Unfaulted Steam Generator with an Operable Relief Valve
3) I Centrifugal Charging Pump or Safety Inject Pump

4) | Letdown Path (Normal or Excess)

Hot Shutdown Capability

One fully functional train of all safe shutdown systems is available
following a postulated SD system failure. As a result, there are no

restrictions on hot shutdown capability.

Cold Shutdown Requirements

To bring the plant to cold shutdown conditions, the following additional
major system functions are sufficient:

1) | Train of Residual Heat Removal
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2) | Boric Acid Transfer Pump (required only after stuck rod
occurrence)

Cold Shutdown Capability

At least one functional train of all safe shutdown systems will be available
following a postulated SD system failure. As a result, there are no
restrictions on cold shutdown capability.

Chemical and Volume Control System Breaks

The chemical and volume control (CV) system is a large and complex
system with many functions. However, only a limited portion of the system
is considered high energy and only a limited portion of the system is
required to safely shut down the plant.

The high energy portions of the CV system are from the charging pump
discharge nozzle to the reactor coolant system and to the RC pump seals
and the letdown path from the RC system.

A review of all the postulated CV system break locations in the Auxiliary
Bu:'ding results in four categories of breaks with specific effects on the \ V
system. These types of breaks are:

I:  Breaks which affect only one charging pump.

[I:  Breaks which affect the normal charging flow and/or seal water
flow but not the charging (SI) path.

[Il: Breaks which affect all charging flow.

IV:  Breaks in the letdown system.

Type I CV System Breaks

These postulated breaks are at the outlet of a charging pump. The
locations where these breaks can occur are:
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- Zone 11.3C - 1 Positive Displacement Charging Pump room,
Elevation 364'-0.

- Zone 11.3D - | Centrifugal Charging Pump 1A Room, Elevation
364'-0.

- Zone 11.3G - | (entrifugal Charging Pump 1B Room, Elevation
3a4'-0.

Loss of the Positive Displacement Charging Pump has no effect on the safe
shutdown capability of the plant because this pump is not considered safe
shutdown equipment. Loss of either Centrifugal Charging Pump will resuit
in one train of charging operable. Total loss of a safe shutdown system
does not directly result from these breaks.

Potential Jet Impingement Damage

Table 4-1 of Appendix A shows that there is no safe shutdown equipment in
Zone 11.3C-1 and the only equipment in Zones 11.3D-1 and 11.3G-1 are
directly associated with the Charging Pump Train in that zone.

Safe Shutdown Cables in these zones are listed in Table 4-2 of Appendix A
and discussed in Sections 6.2.5, 6.2.6, and 6.2.7 of Appendix A, These
cables are not associated with equipment required for safe shutdown after
these breaks.

Safe shutdown instrumentation and lines are not located in these zones.

These postulated HELB's do not have sufficient force to damage piping or
structure. This is discussed in Appendices C and D.

The result of any of these postulated breaks is that the maximum damage

to safe shutdown systems would be the loss of one centrifugal charging

pump train.
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5.1.3.1.3

5.1.3.1.4

J.i.3. 1401

Single Failure

The limiting single failure combined with these postulated breaks would be
loss of the remaining centrifugal charging pump. Although this event would
not result in a loss of offsite power, the charging train loss has been

conservatively assumed to result from loss of one electrical division.

Postulated Damage Summary

Based on the above conservative assumptions, both centrifugal charging
pumps and one division of all other safe shutdown systems are postulated to
be unavailable for safe shutdown procedures.

Safe Shutdown Requirements and Capability

Following the postulated event, the plant would be maintained in a hot
standby condition until charging is restored. However, this section will
cover both the capability to maintain hot standby conditions and to proceed
to cold shutdown.

Hot Shutdown Requirements

Two options are available to maintain hot shutdown conditions. To
maintain high pressure conditions (2250 psig), the following equipment may
be utilized as the first option:

1) | Auxiliary Feedwater Train

2) | Unfaulted Steam Generator with an Operable Relief Valve

3)  Pressurizer Heaters

4) | Letdown Isolation Valve

5) | Train of Component Cooling (to provide RCP Seal Protection)
The pressurizer heaters, although not Class |E equipment, can be powered
by emergency power per ‘the Byron Emergency Operating Procedures

(Reference 18).
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The second option, which would allow boration and require a reduction in

primary system pressure, would use the following equipment:

1) | Auxiliary Feedwater Train

2) 1 Unfaulted Steam Generator with an Operable Relief Valve
3) 1 Safety Injection Pump

4) | Letdown Path (Normal or Excess)

5) | Train of Component Cooling (to provide RCP Seal Protection)

Hot Shutdown Capability

One functional train of safe shutdown systems listed is available following
the postulated breaks. As a result, hot shutdown capability is

demonstrated.

Cold Shutdown Requirements

Cold shutdown, in addition to the systems discussed above, utilizes the
following:

1) 1 Train of Residual Heat Removal
2) I Boric Acid Transfer Pump (required only after stuck rod

occurrence)

Cold Shutdown Capability

One functional train of the systems listed is available after the postulated
HELB's. As a result, cold shutdown capability is not adversely affected.

Type Il CV System Breaks

The discharge from the charging pumps flows into a common header. Flow
may be directed in this header to the normal charging path which feeds the
reactor coolant system via the regenerative heat exchanger and also the
RC pump seal water system or ‘t may be directed to the ECCS (high head
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safety injection) path. Breaks which would result in a degradation of both
the normal charging path and the seal water flow, but which can be isolated
from the SI path, are located in the seal water system and the charging fill
path. These breaks are postulated in the following Hazard Zones:

- Zone I1.3H-1 - Containment Piping Penetration Area,
Elevation 364/3383

- Zone |1.4E-0 - Valve Aisle, Elevation 383'-0.

Potential Jet Impingement Damage

Table 4-1 of Appendix A lists the safe shutdown equipment in Hazard Zone
11.3H-1. The equipment consists primarily of containment isolation
valves. Containment isolation is not required following these postulated
breaks as discussed in Section 6.1.2 of Appendix A. The remaining
equipment is shown in Section 6.2.8 of Appendix A to not be adversely
affected by jet impingement. Safe shutdown instrumentation and lines are
not located in these zones (Appendix B).

These postulated HELB's in Zone 11.3H-1 do not have sufficient force to
damage piping or structure. This is discussed in Appendices C and D.

Safe Shutdown Cables in Zone 11.3H-1 are listed in Table 4.2 of Appendix
A. Jet impingement on equipment and cables will not affect safe shutdown
as discussed in Sections 6.1.2 and 6.2.8 of Appendix A.

There are no safe shutdown equipment, cables, instruments, or instrument
lines in Zone | 1.4E-0 as documented in Appendix A and B.

The location and potential force of these postulated jets in Zone |1.4E-0
provides that structure or piping will not be damaged by jet impingement.
This is discussed in detail in Appendices C and D.
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Single Failure

This event would not result in loss of offsite power. However, for

conservatism, a loss of one electrical division has been assumead.

Postulated Damage Summary

Seal injection flow is lost in this event and charging flow is lost until one of
three valves (manual valves ICV8483A, ICV8483B, or fail closed control
valve ICVI12l) is closed. One train of all other safe shutdown systems is
assumed lost.

Safe Shutdown Requirements and Capability

Following this postulated event, the plant will be maintained in a stable hot
shutdown condition until charging flow is restored. Depending upon the
nature of the break, the plant could be returned to power or shut down for

repairs.

Hot Shutdown Requirements

Prior to restoration of the charging flow, the following system functions

will be adequate to maintain hot shutdown.

1) 1 Auxiliary Feedwater Train

2) 1 Unfaulted Steam Generator with an Operable Relief Valve
3) Pressurizer Heater

4) Letdown Isolation Valve

5) 1 Train of Component Cooling (to provide RCP Seal

Protection)

A second option, which would allow boration and require a reduction in

primary system pressure, would use the following equipment:

1) 1 Auxiliary Feedwater Train
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2) | Unfaulted Steam Generator with an Operable Relief Valve
3) | Safety Injection Pump

4) 1| Letdown Path (Normal or Excess)

5> 1 Train of Component Cooling (to provide RCP Seal

Protection)

Hot Shutdown Capability

The postulated events will not adversely affect the systems required for
hot shutdown.

Cold Shutdown Requirements

Cold shutdown, in addition to the systems discussed above and the charging
system which can be restored, the following:

1) 1 Train of Residual Heat Removal
2) | Boric Acid Transfer Pump (required only after a stuck rod

occurrence)

Cold Shutdown Capability

One functional train of the systems listed is available after the postulated
HELB's. As a result, cold shutdown capability is not adversely affected.

Type Il CV System Breaks

These postulated CV system breaks affect both centrifugal charging
pumps. All breaks of this type are located in Hazard Zone 11.3H-1, the
piping penetration area. One of these breaks is on the common charging
pump miniflow line. This break is downstream of the miniflow orifice and
also can be isolated by either of two valves in series. Therefore, the
miniflow line break has no effect on safe shutdown capability. There are
two other breaks on the common charging pump header which supplies the




5.1.3.3.1

5.1.3.3.2

normally closed high head safety injection line. A break in this header
would disable the high head SI path and normal charging/seal injection path.

This event would not result in loss of offsite power. Closure of one of
three valves (manual valves ICV8483A, ICV8483B, or control valve
ICVI121) will allow the positive displacement charging pump to function
normally supplying charging and seal injection flow.

An alternate procedure would use closure of one of the above mentioned
valves, closing manual valve [CV8485A or ICV8485B, and opening
ICV8387A or ICV8387B. This would isolate the break and allow centrifugal

charging flow to bypass the break and supply charging and seal water
injection flow.

Potential Jet Impingement Damage

The safe shutdown equipment located in Zone 11.3H-1 is listed in Table 4-1
of Appendix A. The equipment consists primarily of containment isolation
valves. Containment isolation is not required following these postulated
breaks as discussed in Section 6.1.2 of Appendix A. The remaining
equipment is shown in Section 6.2.8 of Appendix A to not be adversely

affected by jet impingement. No safe shutdown instrumentation or lines
are located in this zone.

Safe shutdown cables in Zone 11.3H-1 are listed in Table 4-2 of Appendix
A. Jet impingement will not affect safe shutdown cables for this event as
discussed in Sections 6.1.2 and 6.2.8 of Appendix A.

The location and potential force of these jets provides that no structure or
piping will be 4ariaged by jet impingement. This is discussed in detail in

Appendices C and D.

Single Failure

The limiting single failure for this case would be loss of the Positive

Displacement Charging Pump which would eliminate charging flow until
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valves are realigned. However, since the positive displacement pump is not
safe shutdown equipment, no credit will be taken for its operation and a
limiting single failure of one train of safe shutdown systems due to loss of

an electrical division will be assumed.

Postulated Damage Summary

Seal injection and charging flow are lost until valves are realigned. One
train of safe shutdown systems is lost.

Safe Shutdown Requirements and Capability

Following the postulated event, the plant can be maintained in a stable hot
shutdown condition until charging flow is restored. The plant can then be
restored to power. Although there is no need to achieve a cold shutdown
condition, the capability will be evaluated.

Hot Shutdown Requirements

Prior to restoration of the charging flow, the following system functions

will be adequate to maintain hot shutdown.

1) 1 Auxiliary Feedwater Train

2) | Unfaulted Steam Generator with an Operable Relief Valve
3) Pressurizer Heater

4) Letdown Isolation Valve

5) 1 Train of Component Cooling (to provide RCP Seal Protection)

A second option, which would allow boration and require a reduction in
primary system pressure, would use the following equipment:

1) 1| Auxiliary Feedwater Train
2) 1 Unfaulted Steam Generator with an Operable Relief Valve

3) 1 Safety Injection Pump
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4) | Letdown Path

5) | Train of Component Cooling (to provide RCP seal protection)

Hot Shutdown Capability

The postulated events will not adversely affect the systems required for
hot shutdown.

Cold Shutdown Requirements

Cold shutdown, in addition to the systems discussed above and the charging
system, which can be restored, utilizes the following:

1) 1 Train of Residual Heat Removal
2) | Boric Acid Transfer Pump (required only after a stuck rod

occurrence).

Cold Shutdown Capability

One functional train of the systems listed will be available after the
postulated HELB's. As a result, cold shutdown capability is not adversely
affected.

Type IV CV System Breaks

Postulated CV system breaks in the letdown line are the only high
temperature CV breaks in the Auxiliary Building. The letdown flow is
reactor coolant. Te Linit the potential release of radioactivity in the event
of a break the letdow:. !ine is designed with flow restricting orifices inside
containment. This systern. 's routed from the containment penetration to
the letdown heat exchanger. F.-tulated breaks are located in the following
hazard zones:

- Zone 11.3H-1 - Piping Penetration Area, Elevations 364'-0/383'-0

- Zone 11.2B-0 - Letdown Reheat Heat Exchanger Room
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- Zone 11.4C-1 - Letdown Heat Exchanger Room
- Zone 11.4D-1 - Letdown Heat Exchanger Room

- Zone 11.4F.0 - Valve Aisle

Safe shutdown systems are not affected as a direct result of this break
since the charging system remains functional to supply seal water injection
and charging flow. The letdown line must be isolated to prevent release of
reactor coolant to the Auxiliary Building. This is accompiished by closure
of any one of the isolation valves inside and outside containment or one of
three valves inside containment which are designed to fail closed.

Potential Jet Impingement Damage

There are no safe shutdown equipment or cables in Zones 11.2B-0 and
11.4D-1. Zones 11.4C-l and 11.4F-0 contain cables which are associated
with the Train 1A Centrifugal Charging pumps.

Safe shutdown equipment in Zone 11.3H-1 is listed in Table 4-1 of Appendix
A and cables in Zone 11.3H-1 are listed in Table 4-2 of Appendix A. The
equipment consists primarily of containment isolation valves. Isolation is
reJuired only on the broken letdown line. The postulated letdown line
breaks do not affect the letdown isolation function as demonstrated in
Section 6.2.8.4 of Appendix A.

Safe Shutdown instrument lines are not affected as discussed in Appendix
B.

The location and potential force of these jets provide that no structure or
piping required for Safe Shutdown will be damaged by jet impingement.
This is discussed in detail in Appendices C and D.

Single Failure

This event would not result in loss of offsite power. However, for
conservatism, a loss of one electrical division has been assumed.
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Postulated Damage Summary

The postulated event would result in loss of normal letdown. I[f the cables
in Zones 11.4C-1 or |l.4F-0 are damaged Charging Pump |A may
eventually be unavailable with loss of an electrical division, charging will
be unavailable.

Safe Shutdown Reguirements and Capability

Following the postulated event, the plant would not be required to
shutdown. [f shutdown was required, normal procedures would be used
except the excess letdown system would be used in place of the normal

letdown and charging may not be available.

Hot Shutdown Requirements

The following system functions will be adequate to maintain hot shutdown
conditions:

1) | Auxiliary Feedwater Train
2) 1 Unfaulted Steam Generator with an Operable Relief Valve
3) 1 Charging Train
or
I Safety Injection Train and | Train of Component Cooling (to

provide RCP Seal Protection).

Hot Shutdown Capability

The postulated events will not adversely affect the systems required for
hot shutdown.
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5.1.3.4.4.3 Cold Shutdown Requirements

Cold shutdown, in addition to the sysiems discussed above and the charging

system which can be restored, utilizes the following:

1) 1 Train of Excess Letdown
2) I Train of Residual Heat Removal

3) I Boric Acid Transfer Pump (required only after a stuck rod
occurrence)

5.1.3.4.4.4  Cold Shutdown Capability

One fully functional train of the systems listed will be available after the
postulated HELB's. As a result, cold shutdown capability is not adversely

affected.
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Containment Building High Energy Line Breaks

In the Containment, HELB's are postulated in the Reactor Coolant System
(RC, RY), the Chemical and Volume Control System (CV), the Main Steam
System (MS), the Feedwater System (FW), the Steam Generator Blowdown
System (SD) and the high pressure portion of the SI (Accumulator) System.
Breaks in these systems will be categorized according to the effects of the
initiating failure and the functions required to mitigate the break and
safely shut down the plant. Breaks which cause a LOCA are all classified
as Reactor Coolant breaks regardless of the specific system identification
of the failed piping.

Postulated break locations are primarily located inside the secondary shield
wall and at the lower elevations in the containment. With the exception of
the CV letdown line (with break flow limited by orifices), LOCA's are
located inside the secondary shield wall,

Safe Shutdown Systems

Systems used for safe shutdown following a HELB inside Containment may
be required for all, part, or none of the postuiated events. The need for
some of the systems is based on availability of other systems. Some of the
more important safe shutdown systems can be shown to be unaffected by
any postulated HELB's inside containment as a result of the design of the
systems. In this section, uses and design features of safe shutdown systems
are summarized. Those systems or system functions which are shown to be
available after all HELB's will not then be repetitiously discussed for each
type of break.

Main Steam (MS) System

Following a HELB, the MS System is used in conjunction with the AF
System to remove decay heat. The steam generator relief valves and/or
safety valves are used to release steam to the atmosphere. The valves are
located in the valve room of the Main Steam Tunnel. No equipment,

instruments, and cables required for the MS System Function are located
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inside the containment. This can be seen in Appendices A and B. Appendix
C demonstrates that MS piping inside containment will not be damaged by
jet impingement. Appendix D demonstrates that jet impingement will not
damage structure resulting in an effect on the MS System. From this
information it is concluded that jet impingement will not impair the safe
shutdown function of the Main Steam System. The MS System will be
available for all break cases examined in Section 5.2.2.

Feedwater (FW) System

The FW System has no active components inside containment. The only
required function of the FW System following a HELB in containment is to
provide a secondary (steam) system pressure boundary. Appendices A and B
demonstrate that FW equipment, instrumentation, and cables are not
adversely affected by jet impingement following HELB's inside
containment. Appendix C demonstrates that FW piping will not be
damaged by jet impingement in the Containment. Appendix D
demonstrates that Containment . ructure will not be damaged by jet
impingement and affect the FW System. From this information, it is
concluded that jet impingement will not impair the Safe Shutdown Function
of the FW System. The FW System will fulfiil its safety function for all
break cases examined in Section 5.2.2.

Essential Service Water (SX) System

The SX System has only one safety function which includes components
inside the containment. This is the cooling water supply to the Reactor
Containment Fan Coolers (RCFC's). There are no active components inside
Containment. Appendices A and B demonstrate that equipment, instru-
ments or cables required to supply SX water to the RCFC's are not located
in the Containment. Appendix C demonstrates that SX piping will not be
damaged by jet impingement in the Containment. Appendix D demon-
strates that structure inside Containment will not be damaged and cause
SX System damage because of jet impingement. From this information, it
is concluded that jet impingement inside Containment will not impair the
Safe Shutdown Function of the SX System. The SX System will fulfill its
safety function for all break cases examined in Section 5.2.2.
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Containment Spray (CS) System

The CS System is used only following a LOCA. The CS System will remove
heat from the Containment atmosphere and control the concentration of
radionuclides in the Containment atmosphere both by washing the
atmosphere and by controlling the Containment sump pH. As is
demonstrated by Appendices A and B, CS system equipment, instrumen-
tation, and cables required for Safe Shutdown are not located in
Containment. Appendix C demonstrates that CS piping in the Containment
will not be damaged by LOCA's. Appendix D demonstrates that structure
inside Containment will not be damaged and cause CS System damage
because of jet impingement. From this information it is concluded that jet
impingement inside Containment will not impair the Safe Shutdown
Function of the CS System. The CS System willl fulfill its safety function
for all break cases examined in Section 5.2.2.

Residual Heat Removal (RH) System

The RH System functions in two distinct modes following a HELB inside
Containment. Following a LOCA, the RH pumps serve as low head ECCS
pumps, initially taking suction from the Refueling Water Storage Tank
(RWST) and subsequently from the Containment Sump (recirculation
mode). Following a LOCA, RH System equipment, instrumentation, and
cables inside containment, as demonstrated by Appendices A and B, are not
required for safe shutdown. Appendix C demonstrates that RH piping used
for safe shutdown is not damaged by jet impingement. Appendix D
demonstrates that structure inside Containment will not be damaged and
cause RH System damage because of jet impingement. From this
information it is concluded that jet impingement following a LOCA will not
impair the Safe Shutdown Function of the RH System. The RH System wiil
fulfill its safety function for all break cases examined in Section 5.2.2.

Following a non-LOCA HELB the RH System may ue utilized to achieve

cold shutdown. The RH System is not used to achieve safe shutdown in
these non-LOCA HELB events. Appendices A and B list only the RH loop
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suction valves and associated cables as inside Containment components
used for cold shutdown after these events. Appendix C demonstrates that
RH piping used for safe shutdown is not damaged by jet impingement.
Appendix D demonstrates that structure inside Containment will not be
damaged and cause RH System damage because of jet impingement. For
the non-LOCA break cases examined in Section 5.2.2, the potential effects
on operability of the RH suction valves are reviewed and resoived.

Reactor Coolant (RC/RY) System

The RC System is considered to include the primary system portion of the
RY System and all others which attach to the primary coolant system. The
RC System performs its safety functions of heat removal and prevention of
radioactive releases by natural circulation. Hence it has no active
components. Appendices A and B demonstrate that RC equipment and
~ables are not required for safe shutdown. Instrumentation is addressed
with the ESF System (Section 5.2.1.10). RC piping is addressed in Appendix
C to demonstrate that break propagation does not exceed guidelines in
Refererce 25. Appendix D demonstrates that structure inside containment
will not he damaged and cause RC System damage because of jet
impingement. For each break case in Section 5.2.2, the potential effects
on integrity of the RC System are reviewed and resolved.

Safety Injection (SI) System

The SI System includes injection paths to supply water to the RC System
from the centrifugal charging pumps, safety injection pumps, and residual
heat removal pumps. The Si System is used following LOCA's. Appendices
A and B demonstrate that equipment, instruments, and cables required for
the safety function of the SI System are not located in the containment.
Appendix D demonstrates that structure inside containment will not be
damaged and cause SI System damage because of impingement. Appendix
C demonstrates that SI pipirg required for a specific event will not be
damaged by jet impingement in that event. The adequacy of the piping
design is addressed for each of "he break cases examined in Section 5.2.2.
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Chemical and Volume Control (CV) System

The CV System inside Containment consists of the normal charging, seal
injection and letdown paths. Appendices A and B include an assessment of
equipment, instruments, and cables used for safe shutdown. Appendix C
includes an assessment of the piping used for safe shutdown. Appendix D
demonstrates that structure inside Containment will not be damaged and
cause CV System damage because of jet impingement. Jet impingement
effects on the CV System are addressed in each of the break cases
examined in Section 5.2.2.

Component Cooling (CC) System

The CC System has only one function inside Containment which may be
required for safe shutdown. This is supply of cooling water to the Reactor
Coolant Pumps (RCP's) thermal barriers. In the event, seal injection (CV
System) flow is interrupted in a non-LOCA event, the CC flow to the
thermal barrier insures seal integrity and prevents leakage of primary
coolant. As demonstrated in Appendices A and B, the only equipment,
instrumentation or cables associated with the CC system and located inside
containment are involved with CC system isolation. Appendix C addresses
the potential for common failure of the seal injection function and CC
piping. Appendix D demonstrates that structure inside containment will
not be damaged and cause CC system damage. Jet impingement effects on
the CC system are addressed in each of the non-LOCA break cases
examined in Section 5.2.2.

ESF/Reactor Trip

Following a HELB, automatic reactor tr » and safety system initiation will
occur as required based on signals from qualified instrumentation. After
the automatic functions are initiated, manual actions are taken by the
plant operators based on qualified instrument readings and the Byron
Emergency Operating Procedures. Each type of accident will cause a
unique response of the reactor and Steam System and therefore requires a
different set of functional instruments for automatic actions and monitored
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output for manual actions. Appendix B demonstrates that, for the breaks
postulated in containment, ESF/Reactor Trip instrumentation will be
available as required. This is summarized for each type of break in Section
3.2.2.

Containment Isolation

Fluid Systems which penetrate Containment but do not have a safety
function following a LOCA are automatically isolated following the break
if high Containment pressure or radiation signals are generated. Appendix
A demonstrates that ccntainment isolation valves cannot be directly
disabled by LOCA jets with the exception of the RH suction and CV
(letdown) valves. Both of these systems are designed to contain radioactive
fluid and have redundant isolation valves. Appendix B demonstrates that
cables required for operation of isolation valves are not damaged by jet
impingement caused by LOCA'. Appendices A and B, together,
demonstrate that the necessary containment isolation will be achieved if
piping between the Containment boundary and isolation valves remains
intact. Appendix C demonstrates that piping between Containment
isolation valves and the Containment boundary will not be damaged by jet
impingement caused by LOCA's. Appendix D demonstrates that structure
inside Containment will not be damaged by jet impingement and affect the
Containment isolation function. From this information, it is concluded that
Containment isolation will be achieved following postulated LOCA's.

Off Gas (OG) System

The OG System is designed to remove airborne radioactivity from the
Containment atmosphere following a LOCA. Appendix A demonstrates
that the OG System equipment (vaives) in Containment will not be affected
by jet impingement from postulated LOCA's. Appendix B demonstrates
that cables and instrumentation required for function of the system will not
be damaged by jet impingement from postulated LOCA's. Appendix C
demonstrates that OG piping will not be damaged by jet impingement from
postulated LOCA's. Appendix D demonstrates that structure inside
containment will not be damaged by jet impingement and cause damage to
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the OG System. From this information, it is concluded that the OG System
is not adversely affected by jet impingement.

HVAC Inside Containment

The HVAC System inside Containment consists of the Reactor Containment
Fan Coolers (RCFC's). The RCFC's are supplied with cooling water by the
Essential Service Water (SX) and Chilied Water (W) Systems. Only the SX
is required after a HELB. The Containment Spray system provides a
backup means of heat removal for the Containment. The availability of SX
water has been addressed in Section 5.2.1.3. The RCFC fans and housings
are addressed in Appendix A where it is demonstrated postulated jet
impingement will not affect this equipment. Cables required to operate
the RCFC's are demonstrated in Appendix B not to be damaged by postu-
lated jet impingement. The only required piping is the SX piping which has
been addressed in Section 5.2.1.3. Appendix D demonstrates that structure
inside Containment will not be damaged by jet impingement and cause
damage to the RCFC's. From this information, it is concluded that
Containment HVAC will be functional following any HELB inside
Containment. Containment cooling will be assumed operable for the break
cases addressed in Section 5.2.2.

Auxiliary Feedwater (AF) System

The Auxiliary Feedwater System is used to supply waier to the steam
generators to remove decay heat either to remain in a hot standby
condition or to proceed toward cold shutdown. The AF System contains no
active components inside containment. Appendices A and B demonstrate
that all equipment, instrumentation, and cables required for the AF
Function are located outside containment. Appendix C demonstrates “ha
the piping inside containment used for the AF Function will not be damaged
by jet impingement. Appendix D demonstrates that structure wiil not be
damaged by jet impingement and cause damage to the AF System. From

this information it is concluded that jet impingement from postulated
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HELB's inside containment will not impair the safe shutdown function of
the Auxiliary Feedwater Systern. The Auxiliary Feedwater System will be
a» ailable in all break cases examined in Section 5.2.2.

Summary of Jet Impingement Effects

In this section, the postulated HELB's inside Containment will be classified
according to the break effects and the systems and components required
for subsequent safe shutdown. For each type of break, the systems
required and the potential effects of jet impingement are reviewed. Single
failure is considered and the resulting safe shutdown capability is reviewed
to insure that jet impingement for HELB's inside Containment will not
adversely affect safe shutdown.

Types of HELB's Inside Containment

The postulated HELB's inside Containment have been classified into LOCA
and non-LOCA events. LOCA's have been divided into three types: Large
Liquid LOCA's, Small Liquid LOCA', and Steam Space (Pressurizer)
LOCA'. The non-LOCA HELB's have been divided into six types: Main
Feedwater, Main Steam, Bypass Feedwater, Charging, Steam Generator
Blowdown, and Safety Injection (Accumulator).

LOCA
LOCA's are those HELB events which result in a loss of primary coolant to
the Containment. LOCA"s which occur in liquid lines result in a two phase

blowdown while those occurring in steam lines result in steam release.
LOCA's may or may not be isolable depending upon break location,

Large Liquid LOCA's

Large liquid LOCA's are defined as those breaks with an area of greater
than 1.0 fta. These breaks occur in the main loops of the Reactor Coolant
system and the pressurizer surge line. These breaks result in a large
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release of primary coolant to the Containment and a rapid depressurization
of the primary system.

Safe Shutdown Requirements

To bring the plant to a safe shutdown condition following a large liquid
LOCA, the reactor must be tripped and necessary plant parameters
monitored. Containment isolation as requited to prevent offsite release
must be accomplished. Heat must be removed from the Containment
atmosphere and decay heat must be removed from the reactor vessel. To
insure that the event stays within the analyzed design basis, break
propagation must be controlled as described in Westinghouse Design
Criteria SS 1.19 (Reference 25).

Table 2.6.! of Appendix B lists the instrumentation required for ESF
initiation and for monitoring after the event. Pressurizer pressure and
containment pressure signals will trip the reactor and initiate containment
isolation and Emergency Core Cooling (ECCS). In addition, the wide range
Reactor Coolant System (RCS) pressure, the Containment pressure, the
Main Stream pressure, the Refueling Water Storage Tank (RWST) level, and
Containment Radiation level are used to monitor the plant conditions

Following this event, the CS system is used to cool the Containment and
cleanse the Containment atmosphere. The RCFC's are also used to cool
the Containment. The OG system may be used as a long term containment

atmosphere cleanup system.

Initial and long term decay heat removal is provided by the ECCS System
operating initially in an injection mode (RWST) and ultimately in a
recirculation mode (containment sump). For this event, the SI
accumulators are required (three injecting and one spilling through break)
to reflood the core as well as one of the following three systems or
combinations of systems to replace core coolant boil-off:

a. one train of the residual heat removal system, or
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b. one train of the high head safety injection system in conjunction with
the use of one residual heat removal pump and one residual heat
exchanger (of the same train as the high head safety injection system)
to provide suction from the sump, or

c. one train of the charging/safety injection system in conjunction with
the use of one residual heat removal pump and one residual heat
exchanger (of the same train as the charging/safety injection system)
to provide suction from the sump.

Postulated Damage Summary

As demonstrated in Appendix D, structure will not be damaged and affect
the function of safe shutdown systems. Appendix C demonstrates that jet
impingement from large liquid LOCA's will not damage piping required for
safe shutdown after the event. As a result, there will be no interaction of
postulated structural and piping failures with equipment, cables, and

instrumentation.

The piping review confirmed that large liquid LOCA's will not cause
propagation to other loops or to the secondary (steam) system and that the
required fluid systems inside Containment will not he damaged. In
particular, the ECCS piping was reviewed to confirm that damage would be
confined to the faulted loop and that SI pump discharge lines would not be
affected upstream of runout orifices.

The only equipment inside Containment used in this postulated accident are
the instrument sensors and transmitters listed in Section 5.2.2.2.1.1 and the
Containment isolation valves. Appendix A includes a summary of the
potential for jet impingement damage to these instruments and valves. The
Containment pressure, Main Steam pressure, and RWST level are located
outside containment and the Containment Radiation Sensors are not
affected by jet impingement. The pressurizer pressure transmitters are
located outside the secondary shield and are not affected by large
LOCA's. Appendix B shows that the pressurizer pressure cables are not
affected by LOCA's and that a break in a sensing line will result in reactor
trip (low pressure). The containment isolation valves and the necessary
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cables are addressed in Appenaices A and B and shown to not be adversely
affected by jet impingement.

The RC system wide range pressure transmitters and cables are located
outside the secondary shield and are not affected by large break LOCA's,
The sensing lines are near LOCA break locations and it has been
conservatively assumed that one sensing line could fail as a result of jet
impingement.

In summary, the raximum loss of function of safe shutdown components
from large liquid LOCA jet impingement would be loss of one RCS wide

range pressure transmitter.

Single Failure

The limiting single failure in this event would be loss of one of four
Reactor Protection System (RPS) channels. Loss of an electrical division
would result in loss of one train of safety systems but the safe shutdown
capability would not be impaired since one train would remain functional.
Loss of one RPS channel could disable the remaining RCS wide range
pressure sensor.

Safe Shutdown Capability

After the postulated failures and the single failure discussed above, the
plant will have all safe shutdown systems available with the possible
exception of wide range RCS pressure. In the unlikely event that a LOCA
jet disabled one channel of the wide range RCS pressure and the other was
rendered inoperable because of a single active failure, the ECCS would still
operate automatically and the RCS pressure could be inferred from the
ECCS pump performance.

As a result of NRC LE. Bulletin 79-06, in 1982, design changes were
initiated to add wide range RCS pressure instrumentation at the first

-67-



5.2.2.2.1‘5

5.2.2.2.1.6

5.2.2.2.2

5.2.2.2.2.1

refueling outage. This equipment will be installed and routed such that at
least one channel will be operable after any peostulated HELB and single
failure.

Cold Shutdown Requirements

No additional components inside Containment are required for cold
shutdown.

Cold Shutdown Capability

Cold shutdown capability is not adversely affected by jet impingement
because the components required inside Containment are a subset of those
addressed for hot shutdown in Section 5.2.2.2.1.4.

Small Liquid LOCA's

Small liquid LOCA's are those with a break area of less than 1.0 ftz. These
breaks are similar in effects to the large breaks except the rate of break
flow, RC system depressurization, and Containment pressurization are all
slower. The wide range of break sizes add to the total iist of components
which could be used because of the variety of options available to shut
down. These breaks are located in the lines connected to the reactor
coolant loops. Most are located in short sections of piping between the
loop and an isolation valve. The RC loop bypass piping and the RTD
manifold piping is longer but is located between the hot and cold legs of the
loop which restricts the breaks to an area near the faulted loop. The only
small liquid LOCA break outside the secondary shield is in the letdown line,
The effects of this break are minimized due to the flow restricting orifices
in the line.

Safe Shutdown Requirements

To bring the plant to a safe shutdown condition following a small liquid
LOCA, the reactor must be tripped and necessary plant parameters
monitored. Containment isolation must be accomplished as required to
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prevent offsite releases. Heat must be removed from the Containment
atraosphere and decay heat must be removed from the reactor vessel. To
limit the severity of the event, break propagation must be restrictad.

Table 2.6.1 of Appendix B lists the instrumentation required for ESF
initiation and for monitoring after the event. Pressurizer pressure and
containment pressure signals will trip the reactor and initiate Containment
isolation and Emergency Core Cooling (ECCS). Ir addition, the wide range
RCS pressure, Containment pressure, Main Steam pressure, RWST level,
Pressurizer level, narrow range Steam Generator level, Core Exit
temperature, and Containment Radiation level are used to monitor the
plant conditions.

Following this postulated event, the CS system may be used to cool the
Containment and cleanse the Containment atmosphere. The RCFC's are
also used to cool the Containment. The OG system may be used as a long
term Containment atmosphere cleanup system.

[nitial and long term decay heat removal is provided by the ECCS system
operating initially in an injection mode (RWST) and ultimately in a
recirculation mode (containment sump). For most of these postulated
events, the secondary system (steam generators) will remove decay heat
also. For these events, the required flow to the reactor vessel is dependent
upon break size. For the smallest breaks, the centrifugal charging pumps
operating in the safety injection mode can maintain the RC system
inventory. For larger breaks, the accumulators (three injecting and one
spilling through the faulted line) may be required. Therefore, availability
of the accumulators and one train of charging/safety injection, high head
safety injection, and residual heat removal was evaluated.

Postulated Damage Summary

As demonstrated in Appendix D, structure will not be damaged by jet
impingement and affect the function of safe shutdown systems. Appendix
C demonstrates that jet impingement from small liquid LOCA' will not

damage piping required for safe shutdown after 11e event. As a reésult,
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there will be no interaction of postulated structural and piping failures with

equipment, cables, and instrumentation.

The piping review confirmed that small liquid LOCA's will not cause
failures in other RC loops, the other leg of the same loop, or the secondary
(steam) system within the limits defined by Westinghouse Design Criteria
SS1.19 (Ref. 25). The ECCS piping was reviewed to confirm that damage
would be confined to the faulted loop, SI pump discharge lines would not be
affected upstream of the runout orifices, and breaks in lines sinaller than
4" in diameter would not affect the charging/safety injection lines.

The only other components inside Containment used in this postulated
accident are the instrument sensors and transmitters listed in section
5.2.2.2.2.1 and the Containment isolation valves. Appendix A includes a
summary of the potential for jet impingement damage to these instruments
and valves. The Containment pressure, main steam pressure, and RWST
level instruments are located outside Containment and the Containment
Radiation Sensors are not affected by jet impingement because of
location. The pressurizer pressure transmitters are located outside the
secondary shield and are not affected by LOCA's. Appendix B shows that
pressurizer pressure cables are not affected by LOCA's and that a break in

a sensing line will result in reactor trip (low pressure).

The RC system wide range pressure transmitters and cables are located
outside the secondary shield and are not affected by small liquid LOCA's.
The sensing lines are near LOCA break locations and it has been
conservatively assumed that one sensing line could fail as a result of jet

impingement.

The pressurizer level transmitters are located outside the secondary shield
wall. The transmitters themselves and the cables will nct be affected by
jet impingement from small LOCA's as shown in Appendices A and B.
Appendix B demonstrates that at least two transmitters will have
undamaged sensing lines after any postulated HELB.
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The narrow range steam generator level transmitters and cables are
located outside the secondary shield wall and are unaffected by LOCA's.
For this event one of the three steam generators in the unfaulted loops is
required. Appendix B demonstrates that at least two level sensors will be
operable in each of the three steam generators in unfaulted loops.

The core exit thermocouple cables routed through the Containment are
located such that no postulated jets will affect the cables. The
thermocouples themselves are located in the reactor vessel.

The only Containment isolation valves potentially affected by LOCA jet
impingement are the valves on the RH suction and CV letdown lines. These
lines are designed to transport radioactive fluid outside Containment,

Isolation is not required to prevent offsite release.

In summary, following a small liquid LOCA, the only components needed
for safe shutdown which could be damaged are the instruments and
associated lines and cables. As discussed above, the instruments used for
ESF initiation are not affected by jet impingement from these breaks.
Instruments used for monitoring have been shown to have at least two
redundant channels available with the exception of the wide range RCS

pressure transmitters.

Single Failure

The limiting single failure in this event would be loss of one of four
Reactor Protection System (RPS) channels. Loss of an electrical division
would result in loss of one train of safety systems but the safe shutdown
capability would not be impaired since one train would remain functional.
Loss of one RPS channel could disable the remaining RS wide range
pressure sensor.

Safe Shutdown Capability

After the postulated failures and the single failure discussed above, the

plant will have all safe shutdown systems available with the possible
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exception of wide range RCS pressure. In the unlikely event that a LOCA
jet disabled one channel of the wide range RCS pressure and the other was
rendered inoperable because of a single active failure, the ECCS would still
operate automatically and the RCS pressure could be inferred from the
ECCS pump performance.

As a result of NRC LE. Bulletin 79-06, in 1982, design changes were
initiated to add wide range RCS pressure instruraentation at the first
refueling outage. This equipment will be installed and routed such that at
least one channel will be operable after any postulated HELB and single
failure.

Cold Shutdown Regquirements

No additional components inside Containment are required for cold
shutdown.

Cold Shutdown Capability

Cold shutdown capability is not adversely affected by jet impingement
because the components required inside Containment are a subset of those
addressed for hot shutdown in Section 5.2.2.2.2.4.

Steam Space LOCA's

These LOCA's are postulated to occur when a pipe attached to the upper
portion of the pressurizer is ruptured. This type of break can occur in the
pressurizer spray line, the pressurizer Power Operated Relief Valve (PORYV)
lines, and *he pressurizer safety valve lines. The mass flow rate is less
from these breaks than an equivalent liquid break because of the reduced
density of the steam.

Safe Shutdown Requirements

To bring the plant to a safe shutdown condition following a steam break

LOCA, the reactor must be tripped and necessary plant parameters
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monitored. Containment isolation as required to prevent off-site release
must be accomplished. Heat must be removed from the containment
atmosphere and decay heat must be removed from the reactor vessel. As
discussed in Westinghouse Design Criteria SS1.19, these breaks are allowed
to cause additional primary steam breaks but should not cause liquid LOCA
or secondary system breaks.

Table 2.6.1 of Appendix B lists the instrumentation required for ESF
initiation and for monitoring after the event. Pressurizer pressure and
containment pressure signals will trip the reactor and initiate containment
isolation and Emergency Core Cooling (ECCS). In addition, the wide range
RCS pressure, the Containment pressure, the Main Steam pressure, the
RWST level, the narrow range Steam Generator level, the Core Exit
temperature, and containment radiation are used to monitor the plant
conditions.

Following this event, the CS system is used to cool the Containment and
cleanse the Containment atmosphere. The RCFC's are also used to cool
the Containment. The OG system may be used as a long term Containment
atmosphere cleanup system.

Initial and long term decay heat removal is provided by the ECCS operating
initially in an injection mode (RWST) and ultimately in a recirculation mode
(Containment sump). The secondary system (steam generators) is available
to remove heat also since the reactor vessel will not be drained. As was
noted for the small liquid breaks, the SI components used are, to some
extent, dependent on the break size and the rate and extent of primary
system depressurization. The accumulators and one of the pumps
(Charging, Safety Injection or RHR) are adequate to maintain RCS
Inventory. The SI system, as noted in Section 5.2.1, is designed such that

required equipment or instrumentation is not located inside Containment.

Postuiated Damage Summary

As demonstrated in Appendix D, structure w'll not be damaged by jet
impingement and affect the function of safe shutdown systems.
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Appendix C demonstrates that jet impingement from steam LOCA's affects
only pressurizer steam piping which is not required to remain functional
after this event. As a result, there will be no interaction of postulated

structural and piping failures with equipment cables and instrumentation.

These steam breaks are all located either at the top of the pressurizer,
inside the pressurizer, enclosure or on the pressurizer spray line on the
pressurizer side of the spray valves. Of the equipment, cables, and sensing
lines required, only the pressurizer pressure instrumentation lines are
located in this area. As shown in Appendix B, damage to pressurizer

pressure instrumentation lines will result in reactor trip (low pressure).

Single Failure

The limiting single failure in this event would be loss of one electrical
division. This would disable one redundant: train of each of the safety

systems.

Safe Shutdown Capability

After the postulated failures and single failure discussed above, all required
safe shutdown systems will be operable. The postulated failure of the

pressurizer pressure line will still result in reactor trip and ESF initiation.

Cold Shutdown Requirements

No additional components inside containment are required for cold
shutdown.

Cold Shutdown Capability

Cold shutdown capability is not adversely affected by jet impingement
because the components required inside Containment are a subset of those
addressed for hot shutdown in Section 5.2.2.2.3.4.
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Non-LOCA HELB's

HELB's which do not resuit in a loss of primary coolant occur in the
secondary coolant system (Main Steam, Feedwater, Steam Generator
Blowdown) and the systems which serve the primary system (charging,
Safety Injection). For these events, decay heat is removed via the
Auxiliary Feedwater and Main Steam Systems (see Sections 5.2.1.1 and

5.2.1.2). Because the primary coolant boundary is intact, the Containment
isolation function is not required.

Main Feedwater Line Break

The Main Feedwater lines are four lé-inch lines which supply the four
steam generators. Breaks are located in the Containment penetration area,
near the steam generators inside the secondary shield wall, and at one
elbow just outside the secondary shield wall. The postulated break causes a
reduction in level and pressure in one steam generator, and an increase in
Containment pressure.

Safe Shutdown Requirements

To reach a safe shutdown condition following the event, the reactor must
be tripped and plant conditions must be monitored. Heat must be removed
from the Containment atmosphere and decay heat must be removed from
the reactor coolant system. The break must be confined to the secondary

system and not cause a release of primary coolant.

Table 2.6.1 of Appendix B lists the instrumentation required for ESF
initiation and for monitoring after the event. Main Steam Pressure and
narrow range Steam Generator level provide the signals which trip the
reactor and initiate ESF functions. Although the Containment will be
isolated on high Containment pressure, this is not necessary following a
non-LOCA event. Containment pressure is used to monitor the plant
conditions, as well as wide range RCS pressure, Pressurizer level, and Core
Exit temperature. Containment (adiation is monitored to verify the HELB
is not a LOCA.

-75-



5.2.2.3.1.2

The RCFC's remove containment atmosphere heat. The Containment Spray
System, although it is available as a backup heat removal system, is not
required. One functional Auxiliary Feedwater train and one functional
steam generator will remove decay heat to maintain hot standby
conditions.

Postulated Damage Summary

As demonstrated in Appendix D, structure will not be damaged and affect
the function of safe shutdown systems. Appendix C demonstrates that jet
impingement from Feedwater line breaks will not damage piping required
from safe shutdown after these events. As a result, there will be no
interaction of postulated structural and piping failures with equipment,
cables, and instrumentation.

The piping review in particular confirmed that the postulated Feedwater
line breaks would not cause a LOCA either by impingement on an RC
system line or by impingement on seal injection and component cooling
lines to the RC pump seals and that the postulate Feedwater line would not
result in piping failures in other secondary system loops.

Appendices A and B demonstrate that the RCFC fans, motors, coils and
cables will not be damaged by jet impingement from a Feedwater line
break. The only other components inside Containment used after these
events are instruments and associated lines and cables.

Narrow range steam generator level has two functions: ESF initiation and
monitoring steam generator performance during cooldown. Appendices A
and B demonstrate that the location and routing of the tiansmitters, lines,
and cables is such that, following a Feedwater line break, at least three
transmitters will be functional on the damaged loop and at least two

transmitters will be functional on the other three loops.
Wide range RCS pressure transmitters and sensing lines were evaluated in

Appendix B which demonstrates that a transmitter will not be damaged by
a feedwater line break and the only sensing line near a feedwater line break
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is outside the secondary shield, near the 16" feedwater line to the loop C
Steam Generator. These breaks are restrained and review of the predicted
pipe movements has established that the postulated jets will not affect the
RCS wide range pressure instrumentation.

Appendices A and B demonstrate that at least two pressurizer level
instruments will be available following any HELB. The core exit
thermocouples are also shown to not be affected by HELB jet impingement.

The Main Steam pressure, Containment pressure, and Containment
radiation instrumentation are located outside the containment and are not
affected by Feedwater line breaks inside Containment.

In summary, at least three narrow range Steam Generator level
instruments, at least one RCS wide range pressure instrument, and at least
two of the other instruments inside containment used to monitor the plant
will be undamaged following a postulated Main Feedwater line break. No
other system functions are affected.

Single Failure

The limiting single failure, since all postulated failures are in the
instrumentation, would be the failure of one of four RPS channels.

Safe Shutdown Capability

After the postulated failures and single failure discussed above, the plant
will have all required safe shutdown systems available.

Cold Shutdown Re juirement

The RH system is the normal method used to cool the plant to a cold shut-
down condition. The only components inside Containment used for cold

shutdown which are not used in achieving hot standby are the RH suction

valves from the RC loops.
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Cold Shutdown Capability

Appendix A demonstrates that the valves themselves are not affected by
non-LOCA jet impingement. I[f the valves are inoperable due to loss of
cables, power, or a single failure, they would be manually operable after
containment temperatures and pressures have been reduced by the
Containment HVAC system.

Main Steam Break

The main steam breaks occur only at the top of the steam generator
enclosures and in the main steam pipe chase and containment penetration
area. These breaks do not occur inside the secondary shield wall.

Safe Shutdown Requirements

To reach a safe shutdown condition following this event, the reactor must
be tripped and plant conditions must be monitored. Heat must be removed
from the containment atmosphere and decay heat must be removed from
the reactor coolant system. The break must be confined to the secondary
system and not cause a release of primary coolant.

Table 2.6.1 of Appendix B lists the instrumentation required for ESr
initiation and for monitoring after the event. Main Steam and Pressurizer
pressure reductions and containment pressure increase will cause reactor
trip. The containment will also be isolated but this is not necessary
following this non-LOCA event.  Additional parameters which are
monitored are wide range RCS pressure, Pressurizer level, narrow range
Steam Generator level, Core Exit temperature, and Containment radiation.

The RCFC's remove containment atmosphere heat. The Containment Spray
System, although it is available as a backup heat removal system, is not

required following a main steam break.

One functional Auxiliary Feedwater system train and one functional steam

generator will remove decay heat after a Main Steam line break.
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The charging and safety injection systems, which can be used to maintain
RC system volume and boration level during shutdown, contain only piping
components inside containment.

The other systems used for safe shutdown are not located in the
Containment.

Postulated Damage Summary

As demonstrated in Appendix D, structure will not be damaged and affect
the function of safe shutdown systems. Appendix C demonstrates that jet
impingement from Main Steam line breaks will not damage piping required
for safe shutdown after these events. As a result, there will be no
interaction of postulated structural and piping failures with equipment,
cables, ard instrumentation.

Appendices A and B demonstrate that the RCFC fans, motors, coils, and
cables will not be damaged by jet impingement from a Main Steam line
break. The only other safe shutdown components inside Containment used
after these events are instruments and associated lines and cables.

The Containment pressure, Main Steam pressure, anc¢ Containment
radiation instrumentation are located outside the Containment. The
Pressurizer Pressure was reviewed for ESF initiation and the wide range
RCS pressure, Pressurizer level, narrow range Steam Generator level, and
Core Exit temperature were reviewed to confirm that the piant conditions
could be monitored.

Appendix B demonstrates that no more than one Pressurizer pressure
transmitter is potentially affected by a Main Steanm break. As a result, at
least three channels will be available.

Appendices A and B demonstrate that for any postulated HELB, at least

two channels of the Pressurizer level and narrow range Steam Generator
level on unaffected loops will be functional.
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The Core Exit Thermocouples and cables are shown in Appendices A and B
to be unaffected by HELB'. The wide range RCS pressure instrumentation
is shown in Appendix B to be unaffected by Main Steam breaks.

Single Failure

The limiting single failure, since all postulated failures are in the

instrumentation, would be failure of one of four RPS channels.

Safe Shutdown Capability

After the postulated failures and single failure discussed above, the plant
will have all required safe shutdown systems available.

Cold Shutdown Requirements

The RH system is the normal method used to cool the plant to a cold
shutdown condition. The only components inside Containment used for cold
shutdown which are not used in achieving hot standby are the RH suction

valves from the RC loops.

Cold Shutdown Capability

Appendix A demonstrates that the valves themselves are not affected by
non-LOCA jet impingement. I[f the valves are inoperable due to loss of
cables, power, or a single failure, they would be manually operable after
containment temperatures and pressures have been reduced by the
Containment HVAC system.

Bypass Feedwater Line Break

Postulated breaks in these lines are located in the Steam Generator
enclosures and the Containment penetration area. These breaks are in 6-
inch lines and would initially release two phase fluid but, as the steam
generator level drops, would become a steam break.
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Safe Shutdown Requirements

To reach a safe shutdown condition following this event, the reactor must
be tripped and plant conditions must be monitored. Heat must be removed
from the Containment atmosphere and decay heat must be removed from
the reactor coolant system. The break must be confined to the secondary
system and not cause a release of primary coolant.

Table 2.6.1 of Appendix B lists the instrumentation required for ESF
initiation and for monitoring after the event. Containinent pressure, Main
Steam pressure, and the narrow range RCS temperature RTD's will provide
input to trip the reactor. The Containment pressure, Main Steam pressure,
w.de range RCS pressure, Pressurizer level, narrow range Steam Generator
level, Core Exit temperature, and Containment radiation will be used to
monitor tric plant condition.

The RCFC's remove Containment atmosphere heat. The Containment
Spray System, although it is available as a backup heat removal system, is
not required following a Feedwater Bypass line break.

One functional Auxiliary Feedwater system train and one functional steam

generator will remove decay heat after a Feedwater Bypass line break.
The charging and safety injection systems, which can be used to maintain
RC system volume and boration during shutdown, contain only piping

components inside Containment,

The other systems used for safe shutdown are not located in the
Containment.

Postulated Damage Summary

As demonstrated in Appendix D, structure will not be damaged and affect
the function of safe shutdown systems. Appendix C demonstrates that jet
impingement from Feedwater Bypass line breaks will not damage piping

required for safe shutdown after these events. As a result, there will be no
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5.2.2.3.3.3

5.2.2.3.3.4

5.2.2.3.3.5

interaction of postulated structural and piping failures with equipment,

cables, and instrumentation.

Appendices A and B demonstrate that the RCFC fans, motors, coils, and
cables will not be damaged by jet impingement from a Feedwater Bypass
line break. The only other safe shutdown components inside Containment
used after these events are instruments and associated lines and cables.

The Containment pressure, Main Steam pressure, and Containment
Radiation instrumentation is located outside Containment. The location
and routing of the instrumentation for wide range RCS pressure,
Pressurizer level and Core Exit thermocouples is such that Feedwater
Bypass lines will not affect them. The narrow range Steam Generator level
instrumentation is not affected for the three Steam Generators other than
the damaged loop. No more than one of four Steam Generator level

channels is affected on the damaged Steam Generator.

Single Failure

The limiting single failure for this event wouid be either loss of an
electrical division or loss of a RPS channel.

Safe Shutdown Capability

With loss of one Steam Generator level instrument on the damaged loop and
loss of one RPS channel or electrical division, the plant can be shut down
normally following a Feedwater Bypass line break.

Cold Shutdown Requirements

The RH system is the normal method used to cool the plant to a cold
shutdown condition. The only components in<ide Containment used for cold
shutdown which are not used in achieving hot standby are the RH suction

valves from the RC loops.
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5.2.2.3.3.6

5'2.2.3'“

5.2.2.3.4.1

Cold Shutdown Capability

Appendix A demonstrates that the valves themselves are not affected by
non-LOCA jet impingement. If the valves are inoperable due to loss of
cables, power, or a single failure, they would be manually operable after
containment temperatures and pressures have been reduced by the
Containment HVAC system.

Charging Line Break

Charging line breaks occur only on the normal charging and seal injection
lines upstream of the isolation valves at the RC system and RC pump
connections. Other postulated Chemical and Volume Control (CV) System
piping breaks will result in a loss of reactor coolant and were addressed in
Section 5.2.2.2.2 (Small Liquid LOCA%).

Safe Shutdown Requirements

Following a charging line break, the reactor will not be automatically
tripped because no ESF signal will be generated. To bring the plant to a
safe shutdown condition normal plant procedures can be used. Charging is
still available because two of three paths (Normal, Charging/Sl, Seal
Injection) will remain functional.

The RCFC's remove Containment atmosphere heat. The normal Feedwater
system or one Auxiliary Feedwater train in conjunction with at least one
functional Steam Generator will remove decay heat. To prevent seal
damage, if the break is in the seal injection system, damage to the
component cooling supply to the RC pump thermal barriers must be
prevented.

Table 2.6.1 of Appendix B lists the instrumentation to be available for
monitoring after the break. The Containment pressure, Main Steam
pressure, and Containment radiation instrumentation are outside of the

containment. Equipment, cables, and/or sensing lines for the wide range




5.2.2.3.4.2

5.2.2.3.4.3

5.2.2.3.4.4

RCS pressure, Pressurizer level, narrow range Steam Generator level, and

Core Exit temperature are located inside Containment.

Postulated Damage Summary

As demonstrated in Appendix D, structure will not be damaged and affect
the function of safe shutdown systems. Appendix C demonstrates that jet
impingement from charging line breaks will not damage piping. As a result,
there will be no interaction of postulated structural and piping failure with
equipment, cables and instrumentation.

Appendices A and B demonstrate that the RCFC fans, motors, coils, and
cables will not be damaged by jet impingement from a charging line
break. The only other safe shutdown components inside containment used
after this event are instruments and associated lines and cables.

Table 2.6.1 lists the instruments monitored during shutdown. The
Containment pressure, Main Steam pressure, and Containment radiation
instrumentation are located outside Containment. Appendices A and B
demonstrate that at least two channels of the Pressurizer level and narrow
range Steam Generator level on each Steam Generator will be available
after any HELB. The wide range RCS pressure and Core Exit temperature
are demonstrated to be unaffected by charging line breaks.

Single Failure

The limiting single failure for this event would be either loss of an

electrical division or loss of a RPS channel.

Safe Shutdown Capability

With loss of one electrical division, one train of all safe shutdown systems
will be functional. With loss of one RPS channel, at least one channel of all
instrumentation to be monitored will be available. Therefore, safe shut-

down can be reached normally.




5.2.2.3.4.5

5.2.2.3.4.6

5.2.2.3.5

3.2.2.3.5.1

Cold Shutdown Requirements

The RH system is the normal method used to cool the plant to a cold
shutdown condition. The only components inside Containment used for cold
shutdown which are not used in achieving hot standby are the RH suction
valves from the RC loops.

Cold Shutdown Capability

Appendix A demonstrates that the valves themselves are not affected by
non-LOCA jet impingement. If the valves are inoperable due to loss of
cables, power, or a single failure, they would be manually operable after
containment temperatures and pressures have been reduced by the
Containment HVAC system.

Steam Generator Blowdown (SD) Line Break

Blowdown line breaks are |-1/2" or 2" breaks in the liquid Steam Generator
boundary. These postulated breaks are located near the Steam Generators

or in the Containment Penetration area.

Safe Shutdown Requirements

Following a SD line break, the reactor will be tripped on low level in the
affected Steam Generator. A normal shutdown procedure is then used
because of the small size of this break.

Table 2.6.1 of Appendix B lists the parameters to be monitored after the
break. The Main Steam pressure instrumentation is located outside the
Cor ta nment. Equipment, cables, and/or sensing lines for the wide range
RCS pressure, Pressurizer level, narrow range Steam Generator level, and
Core Exit temperature are located inside the Containment.
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5.2.2.3.5.2

5.2,2,3.5.3

5.2.2.3.5.4

The RCFC's remove Containment atmosphere heat. One Auxiliary
Feedwater Train in conjunction with one Functional Steam Generator will

remove decay heat.

Postulated Damage Summary

As demonstrated in Appendix D, structure will not be damaged and affect
the function of safe shutdown systems. Appendix C demonstrates that jet
impingement from SD line breaks will not damage safe shutdown piping. As
a result, there will be no interaction of postulated structural and piping
failures with equipment, cables, and instrumentation.

Appendices A and B demonstrate that the RCFC fans, motors, coils and
cables will not be damaged by jet impingement from a SD line break. The
only other safe shutdown components inside Containment used after this
event are instruments and associated lines and cables.

Of the instruments inside Containment listed in Table 2.6.1 of Appendix B,
the wide range RCS pressure, Pressurizer level, and Core Exit temperature
instruments are shown in Appendices A and B to not be affected by SD line
breaks. No more than one of the Steam Generator levei instruments on the
damaged loop is affected and no more than two level instruments are
affected on any steam generator by HELB's.

Single Failure

The limiting single failure for this event would be either loss of an
electrical division or loss of a RPS channel.

Safe Shutdown Capability

With loss of one electrical division, one train of all safe shutdown systems
will be functional. With loss of one RPS channel, at least one channel of all
instrumentation to be monitored and two channels of ESF signals will be
available. Therefore, safe shutdown can be reached normally.
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5.2.2.3.5.5

5.2.2.3.5.6

5.2.2.3.6

5.2.2.3.6.1

Cold Shutdown Requirements

The RH system is the normal method used to cool the plant to a cold
shutdown condition. The only components inside Containment used for cold
shutdown which are not used in achieving hot standby are the RH suction
valves from the RC loops.

Cold Shutdown Capability

Appendix A demonstrates that the valves themselves are not affected by
non-LOCA jet impingement. [f the valves are inoperable due to loss of
cables, power, or a single failure, they would be manually operable after
containment temperatures and pressures have been reduced by the
Containment HVAC system.

Safety Injection Line Break

SI line breaks are postulated in the portion of piping normally pressurized
by the accumulators. The pipes contain ambient temperature liquid at 700
psi. Failure of this piping would not cause reactor trip or directly affect
any other safe shutdown systems.

Safe Shutdown Requirements

Following a SI line break, the reactor will not be automatically tripped
because no ESF signal will result. To bring the plant to a safe shutdown
condition, normal plant procedures can be used.

The RCFC's will remove the normal containment heat load. The normal
Feedwater system or one Auxiliary Feed vater train in conjunction with one
functional Steam Generator will remove decay heat.

Table 2.6.1 of Appendix B lists the instrumentation to be used for plant
monitoring during shutdown. The Main Steam pressure instrumentation is
located outside Containment, Equipment, cables, and/or sensing lines for

the wide range RCS pressure, Pressurizer level, narrow range Steam
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5.2.2.3.6.2

5.2.2.3.6.3

3.2.2.3.6.4

Generator level, and Core Exit temperature are located inside

Containment.

Postulated Damage Summary

As demonstrated in Appendix D, structure will not be damaged and affect
the function of safe shutdown systems. Appendix C demonstrates that jet
impingement from SI line breaks will not damage piping. As a result there
will be no interaction of postulated structural and piping failures with
equipment, cables, and instrumentation.

Appendices A and B demonstrate that the RCFC fans, motors, coils and
cables will not be damaged by jet impingement from a SI line break. The
only other safe shutdown components inside containment used after this
event are instruments and associated lines and cables.

Of the instruments inside Containment listed in Table 2.6.1 of Appendix B,
the Pressurizer level, and Core Exit temperature instruments are shown in
Appendices A and B to not be affected by SI line breaks. No more than two
of the of the four level instruments on a Steam Generator is affected by
HELB's.

Sensing lines for one wide range RCS pressure transmitter are potentially
damaged by jet impingement.

Single Failure

The limiting single failure for this event would be either loss of an
electrical division or loss of a RPS channel.

Safe Shutdown Capability

With loss of one electrical division, one train of all safe shutdown systems
will be functional. With loss of one RPS channel, at least one channel of all
instrumentation to be monitored except wide range RCS pressure will be
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5.2.2.3.6.5

5.2.2.3.6.6

available. Safe shutdown can be reached in this non-LOCA accident by use

of the pressurizer pressure or monitoring the charging pump performance.

Cold Shutdown Requirements

The RH system is the normal method used to cool the plant to a cold
shutdown condition. The only components inside Containment used for cold

shutdown which are not used in achieving hot standby are the RH suction
valves from the RC loops.

Cold Shutdown Capability

Appendix A demonstrates that the RH suction valves themselves are not
affected by non-LOCA jet impingement. If the valves are inoperable due
to loss of cables, power, or a single failure, they would be manually

operable after Containment temperatures and pressures have been reduced
by the Containment HVAC system.
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6.0 Conclusion
Postulated High Energy Line Break locations have been compared with the
safe shutdown component locations to confirm the Byron safe shutdown

capability following HELB's. It has been demonstrated that potential

\
|
|
component damage will not prevent safe shutdown. This is a result of the
separation and redundancy incorporated into the basic Byron design.
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1.0

PURPOSE

The purpose of Appendix A of this design assessment is to verify that an adequate

design approach for safe shutdown equipment/instrumentation located inside and

outside containment and safe shutdown cables located outside containment, has
been accomplished which meets the objectives of SRP Sections 3.6.1 and 3.6.2.
The scope of this assessment is limited to the cables and equipment/instrumen-

tation described above since jet impingement effects on cables located inside

containment, instrumentation lines, oiping and structures are discussed in the

Summary Report and other Appendices listed below.

1. Summary
Report
2. Appendix A

3. Appendix B

4. Appendix C

5. Appendix D

"Verification of Design Adequacy for Jet Impingement
Effects"

"Verification of High Energy Line Break Design Approach for
Jet Impingement Effects on Safe Shutdown Equipment
Instrumentation and Cables (Outside Containment)"
"Verification of High Energy Line Break Design Approach for
Jet Impingement Effects on Safe Shutdown Cables Inside
Containment and Safe Shutdown Instrument Sensing Lines
Inside and Outside Containment"

"Verification of High Energy Line Break Design Approach for
Jet Impingement Effects on Safe Shutdown Piping"
"Verification of High Energy Line Break Design Approach for
Jet Impingement Effects on Structures"

Note: The reader should complete the Summary Report prior to interpreting the

contents of this Appendix.



2.0

INTRODUCTION

Per Standard Review Plan (SRP) 3.6.2 10CFR Part 50, Appendix A, General Design
Criterion &4 requires tiat structures, systems and components important to safety
shall be designed to accommodate the effects of postulated accidents, including
appropriate protection against the dynamic and environmental effects of
postulated pipe ruptures. These requirements provide for the protection of
structures, systems, and components relied upon for safe reactor shutdown or to

mitigate the consequences of a postulated pipe rupture.

The purpose of this design assessment is to verify that an adequate design
approach relative to high energy line break (HELB) jet impingement effects on
safe shutdown equipment, instrumentation and cables (outside containment) has
been accomplished which meets the intent and objectives of SRP 3.6.1 and 3.6.2.
The basis of this verification is the basic and original premise that due to proper
location and orientation of equipment, utilization of appropriate separation
criteria, and provisions for proper redundancy and diversity, all mechanical
equipment, electrical equipment and cables, and instrumentation required for safe
plant shutdown and for mitigating the consequences of an accident are adequately

protected against jet impingement effects.

The Byron design will accommodate the loss of a single train of a dual train safety
system coincident with a single failure in the unaffected train and still be able to
attain a safe shutdown condition (Reference 8.1.9). As will be discussed in
Subsection 3.1, a single failure exemption is allowed per the Standard Review Plan
for piping failures postulated to occur in one of two or more redundant trains of a
dual-purpose moderate-energy essential system. However, a single failure must
still be assumed in another system not in the redundant train. This jet
impingement assessment is intended to establish that, because of plant layout and
other design considerations mentioned above, HELB jets will not cause failures in
equipment, instrumentation and cables used for safe shutdown which would
incapacitate more than a single train of a dual train high energy safety system or

either train of a moderate energy safety system.



The scope of this examination is limited to the following items which may be used

to accomplish safe shutdown or to mitigate the consequences of the accident:
mechanical equipment inside and outside containment,

0
0 electrical equipment inside and outside containment,

o electrical cables, conduits, and cable trays outside containment, and
0

instrumentation inside and outside containment.
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3.0

3.1

METHOD OF ANALYSIS

The objective of this assessment is to evaluate the designs for equipment,
instrumentation and cables (outside containment) supporting those systems used
for safe shutdown and for mitigation of the consequences of an accident with
respect to the effects of a jet issuing from a high energy pipe break (and the
associated consequences of the break) coincident with single failure criteria. In
order to provide a basis for evaluation of the capability for attaining safe
shutdown, it is first necessary to establish a list of the equipment which can be
used to attain a safe shutdown condition. This will be referred to as the safe
shutdown equipment list (SSEL). The SSEL for equipment inside containment is
listed in Table 1-1. The SSEL for equipment outside containment is presented in
Table 1-2. The equipment presented in Tables 1-1 and 1-2 were derived from
active valve and active pump lists presented in the FSAR as well as from
electrical and mechanical equipment qualification lists. The equipment included
in this verification bounds the actual equipment which would be required to
accomplish safe shutdown following all initiating HELB events. Not all equipment
in these tables are required for every HELB scenario. The equipment listed in
Tables 1-1 and 1-2 along with their associated power and/or control cables form
the basis for this evaluation of jet impingement effects,

The evaluation is performed by reviewing, on an area-by-area basis, the potential
effects of jet impingement on safe shutdown equipment, cable, and
instrumentation within the scope of this assessment. This review, performed by
assuming that the subject equipment, cables, and instruments were rendered
inoperable by a jet emanating from the break, . ovides a basis to determine that
safe shutdown is not precluded by these failures plus a single failure. Equipment,
cable, and instrumentation which successfully satisfies the above criteria is
considered to be "dispositioned".

LOOP and Single Failure Criteria

Consideration of the effects of the initiating event may require that loss-of-
offsite power (LOOP) be postulated in certain situations. HELB analysis
requirements relative to inclusion of the effects of LOOP and single failure
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criteria are to be applied only under those conditions defined in Section B.3.b of
Branch Technical Position ASB3-1, "Protection Against Postulated Piping Failures
in Fluid Systems Outside Containment" (Reference 8.1.1). The pertinent
conditions are reproduced from Section B.3.b as follows:

"In analyzing the effects of postulated piping failures, the following
assumptions should te made with regard to the operability of systems and
components:

(1) Offsite power should be assumed to be unavailable if a trip of the
turbine-generator system or reactor protection system is a direct
consequence of the postulated piping failure.

(2) A single active component failure should be assumed in systems used to
mitigate consequences of the postulated piping failure and to shut down
the reactor, except as noted in Item B.3.b(3) below. The single active
component failure is assumed to occur in addition to the postulated
piping failure and any direct consequences of the piping failure, such as
unit trip and loss of offsite power.

(3) Where the postulated piping failure is assumed to occur in one of two or
more redundant trains of a dual- purpose moderate-energy essential
system, i.e., one required to operate during normal plant conditions as
well as to shut down the reactor and mitigate the consequences of the
piping failure, single failures of components in the other train or trains
of that system only, need not be assumed provided the system is
designed to seismic Category | standards, is powered from both offsite
and onsite sources, and is constructed, operated, and inspected to
quality assurance, testing, and inservice inspection standards
appropriate for nuclear safety systems. Examples of systems that may
in some plant designs, qualify as dual-purpose essential systems are
service water systems, component cooling systems, and residual heat
removal systems.,

(4)  All available systems, including those actuated by operator actions, may
be employed to mitigate the consequences of a postulated piping
failure. In judging the availability of systems, account should be taken
of the postulated failure and its direct consequences such as it trip
and loss of offsite power, and of the assumed single active component
failure and its direct consequences. The feasibility of carrying out
operator actions should be judged on the basis of ample time and
adequate access to equipment being available for the proposed actions."

As a result, a LOOP must be postulated only if the initiating event (HELB) or the

assumed single failure directly results in turbine and/or reactor trip. The worst
single failure (SF) one could postulate is the loss of an electrical division.




Since the essential service water, component cooling and residual heat removal

systems are dual purpose, normally operating, moderate energy systems*, the
single failure need not be postulated in the other train of the same system if the
initiating failure is within one of these systems. However, a single failure must
still be assumed in a system other than the redundant train. This single failure
exemption is not applicable if the initiating failure is in another system and as a
result damages one train of the SX, CC or RHR system.

Although there are several non-lE components identified on the SSEL (i.e., the
boric acid transfer pumps), these components were not actually required within
the dispositioning of other safe shutdown equipment. These components may only
be required in the event of a stuck control rod (single failure). Relative to safe
shutdown, if a LOOP must be postulated as part of a particular scenario then it
must be assumed that all non-lE components are unavailable for that scenario.
However, power can be restored to non-lE components used for cold shutdown.
LOOP will affect all electrical equipment but all IE equipment will be
immediately provided with emergency power from the diesel generators. Since
credit was not specifically taken for the non-lE equipment mentioned above under
any scenario considered in this analysis, the effects of LOOP on safe shutdown are
automatically accounted for. This is because in effect only IE equipment was
actually used in the safe shutdown dispositioning as discussed in Subsection 4.1.

i % High Energy Line Break Locations

The inside-containment safe shutdown assessment considers specific break
locations as documented in Reference 8.1.2. Within this assessment all safe
shutdown equipment and instrumentation located within the containment
compartment in which the break occurs are postulated to fail unless a component
is clearly shielded from the jet by large physical barriers, (e.g., the missile barrier
or reactor cav.ty walls). Pie whip restraints are credited with restricting motion
in the postulated broken line. No credit is taken for potential jet deflection by

*For example, RHR operates during cooldown and cold shutdown and is at high energy
conditions less than 2% of the operating time.
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3.3

other equipment in the area. Also, no credit is taken for the jet's pressure
attenuation over large distances unless it is a steam and/or two-phase jet for
which the zone of influence of the potential jet damage is limited according to
Reference 8.1.3. Hence, if a component is in the same area as the jet, it is
assumed conservatively to fail unless obvious barriers are present or unless the
steam and/or two-phase jet criteria is appropriate for the line break.

The outside-containment safe shutdown analysis considers specific break locations
as documented in Reference 8.1.4. Similarly, all safe shutdown components
located within the area of the HELB are postulated to fail unless there is
sufficient evidence from Reference 8.1.4 that specific components are not
impacted by jets. No credit is taken for potential jet deflection by other
equipment in the vicinity of the jets. Also, credit is not taken for the jet's
pressure attenuation over large distances unless the steam and/or two-phase jet

criteria, mentioned above, can be imposed.

Dispositioning of Equipment, Instrumentation and Cables from Jet Effects

This evaluation is performed by detailed dispositioning of safe shutdown
equipment, instrumentation, and cables (outside containment) by one of the
following methods:

e Using referenced break locations to show that a component is not influenced
by jets either because no breaks occur in the vicinity of the component or
because the component is shielded from breaks in the vicinity by existing
physical barriers.

e Proving that a component is not required to operate when breaks exist in the

component area.

® Assuming loss of component operability due to a jet along with other

component failures in the jet zone of influence plus a single failure of another

safe shutdown component, and identifying i"2 redundant equipment or diverse
means available for accomplishing safe shutdown.
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e Proving that a radioactive release is not possible because the component is a
containment isolation valve (CIV) located on a non-high energy line inside
containment which is located on a "closed system" inside containment as
defined 11 Subsection 6.2.4 of Reference 8.1.5. I a "closed system" line does
not brea: or crack coincident with a LOCA, containment isolation is not
required for that line.

e Showing that a component is located in a zone containing only safe shutdown
equipment or cables and high energy piping from a single train of at least a
dual train system. Failure of such a component would not further degrade the
affected system beyond the initiating line break since that system's function
is rendered inoperable by the initiating event. Since the Byron design will
accommodate the loss of a single train of a dual train high energy safety
system along with appropriate single failure criteria, safe shutdown is not
precluded by a single train failure resulting from a HELB in that train.

e Showing that a component is a CIV located outside containment and its sole
safe shutdown function is that of containment isolation. These components
would only be required to isolate containment if a HELB occurred inside
containment. A HELB outside containment would only require isolation of
the ruptured line. Hence, loss of valve operability is permissible for all CIV's
outside containment for a HELB also occurring outside containment.

Section 4.0 presents those assumptions and items of information utilized to
perform the dispositioning. Sections 5.0 and 6.0 present the assessment for

equipment and  instrumentation inside containment and equipment,

instrumentation, and cables outside containment, respectively.
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4.1

4.2

INFORMATION AND ASSUMPTIONS

Class IE Equipment

Credit is not taken for the operation of non-Class IE equipment in achieving a safe
shutdown path for any scenario considered. However, non-Class |E fail closed
valves which are not impacted by jets may be assumed to maintain their fail-safe
position upon loss of power or air to the activating device.

Essential Systems

The following seven essential systems, along with their associated electrical and
mechanical support equipment, are major mechanical systems which are required
to mitigate the accident and take the plant to a safe shutdown condition under a
variety of HELB scenarios:

Safety Injection (SI)

Residual Heat Removal (RHR)
Chemical & Volume Control (CVCS)
Containment Spray (CS)

Auxiliary Feedwater (AF)
Component Cooling (CC)

Essential Service Water (SX)

Equipment listed in Tables 1-1 and 1-2 belonging to any of the above systems are
most likely required to provide some shutdown or accident mitigation function.
Some equipment listed may be required for mitigating the consequences of the
accident (i.e., containment isolation). Equipment listed in Tables 1-1 and 1-2 not
belonging to one of the above systems are required to either support one of the
safety systems above or to mitigate the consequences of the accident. Not all
equipment listed in Tables 1-1 and 1-2 are required to accomplish safe shutdown

for every scenario considered.
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High Energy Sl Piping

In the SI system, the only high-energy piping is located inside containment
between the accumulator tanks and the accumulator check valves. Each of these
lines has two check valves to prevent backflow of primary system fluid into the
accumulator tank portion of the safety injection system. Since SI piping is not
normally used and does not normally contain primary system fluid, postulated SI
system piping breaks upstream of the accumulator check valves are not considered
LOCA's.

Components Analyzed

This design verification includes the effects of jet impingement on mechanical
equipment, electrical equipment, instrumentation, power and control cables
outside containment with consideration of potential block wall failures. It is
assumed in this equipment/cable assessment that the integrity of piping systems
and structural walls is not compromised by jet effects. Jet impingement effects

on cable inside containment and instrument lines are addressed in Reference 8.2.3.

Electrical Penetrations

Jet effects on electrical penetrations are inconsequential to attaining safe

shutdown for the following reasons:

e For HELB's outside containment, the HELB jets will fail the cable passing

through the penetration simultaneously with failing the penetration.
Containment isolation is not a concern for outside-containment HELB's.
Therefore, the only concern for outside-containment breaks is the loss of safe
shutdown equipment operability. Since safe shutdown cable failures outside
containment are being examined in this assessment the failure of the
electrical penetrations is inherently included.

e For breaks inside containment, both electrical penetration structural

integrity and loss of safe shutdown equipment operability due to cable failure

must be corisidered. Loss of safe shutdown equipment operability due to
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4.8

potential cable failures from HELB jets is addressed in Reference 8.2.3.
Structura! integrity of the electrical penetrations requires that they be
protected only from LOCA jets in order to prevent the release of
radioactivity to the environment. The electrical penetrations are located at
or above Elevation 417 feet 6 inches according to the electrical penetration
schedule (Reference 8.1.10). With the exception of the letdown line, all
LOCA breaks are isolated from the electrical penetrations by the missile
barrier. The letdown line (Line ICVOIE3) is located below the Elevation 412
foot floor. Hence, the electrical penetrations are separated from LOCA jets
by physical barriers.

Block Walls

Block walls which are subjected to HELB jets with substantial forces are shown
not to be required for separation or safe shutdown and are conservatively assumed
to fail allowing the jets to pass between adjacent or contiguous areas of the
plant. The determination of which block walls may be subject to jet failures is
made by examination of References 8.1.4, 8.3.5, and 8.3.7.

Associated Equipment

Mechanical and electrical components which operate as a unit (for example:
valves and their associated solenoids, motor operators, actuators or pumps and
their associated motors, etc.) are dispositioned as a single entity.

Instrumentation

Per Reference 8.!.6 the following indicates the required instrumentation needad
to support safe shutdown:

Wide range reactor coolant system pressure
Narrow range steam generator pressure
Containment pressure

Steamline pressure

RWST level
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Containment radiation level
Wide range hot and cold leg temperature or core exit temperature

Pressurizer level

Narrow range reactor coolant temperature

Major Structures

It will be assumed that upon striking a major structure a jet becomes a spray.
Class IE equipment inside containment that is required to operate post LOCA is
qualified to containment spray per Section 3.7 of the Enviroi.mental Qualification
Report (Reference 8.1.7).

High Energy Lines

Reference 8.1.8 presents the lines outside containment which contain high energy
fluid. HELB's are not postulated in systems or lines other than those presented in

this reference.

Containment Isolation

The sole safe shutdown function of containment isolation valves is to provide an
essentially leaktight barrier against the uncontrolled release of radioactivity to
the environment and to limit the leakage to the applicable federal requirements.
The following criteria apply to piping for which containment isolation provisions
are required:

e The design pressure of all piping and connected equipment comprising the

isolated boundary is greater than the design pressure of the containment.

e Lines which must remain in service subsequent to certain accidents, due to
safety considerations, are redundant, and each line is provided with manually

actuated containment isolation provisions.

High energy systems inside containment for which containment isolation valves

are provided are closed systems as long as the system does not connect directly
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with the containment atmosphere or with the reactor coolant pressure boundary.
The only way their containment isolation function can fail is if such lines are
postulated to experience a HELB.

Steam and/or Two-phase Jet Criteria

Based on NUREG/CR-2913 (Reference 8.1.3) and Reference 8.1.4, two-phase and
steam jets have a limited spatial influence in terms of significant pressure
loading. This two-phase and steam criteria results in a maximum jet zone of
influence corresponding to ten pipe diameters or less in any direction from the
break location. Ten pipe diameters represents a conservative application of the
results contained in Reference 8.1.3 and will be applied for any break resulting in
a steam and/or two-phase jet. All components/structures beyond the ten pipe

diameter zone of influence are considered not impacted by the two-phase jet.
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INSIDE CONTAINMENT SAFE SHUTDOWN EQUIPMENT ASSESSMENT

The equipment assessed here is shown in Table 1-1 and is all of the equipment
inside containment that is used to achieve safe shutdown for any of a wide variety
of HELB scenarios. However, not all of the equipment is needed for a given
scenario.

Dispositions for electrical cables and instrument sensing lines for the inside
containment equipment and instrumentation are discussed in detail in Reference
8.2.3. This reference determined that due to physical separation, barriers, and
HELB jet orientation, an adequate number of electrical cables and instrument
sensing lines remain undamaged following a HELB.

Certain solenoid valves are designed to fail closed upon loss of electrical power.
Therefore, jet impingement effects on the cabling to these valves were not

considered if the safe shutdown systems will function as required with the valve
closed.

Each item in Table 1-1 is analyzed to determine if a jet in close proximity would
prevent the performance of its safe shutdown function. Equipment inside
containment is, therefore, assessed using one or more of the following:

e The HELB issues a steam and/or two-phase (liquid and steam) jet which
dissipates after ten pipe diameters per Reference 8.1.3, and, therefore, does

not cause an impingement on those components beyond the ten pipe diameters
in the direction of the jet.

e The component is completely shielded by concrete walls which are unaffected
by jet loads.

e Pipe whip restraints are credited with performing their function, thereby

restricting the motion of the pipe to a prescribed direction whether it is

toward or away from a component being analyzed.
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e For jets which are made up of a single-phase (liquid), no attenuation due to
distance is considered; therefore, components in the path of the jet are
assumed to incur impingement.

In the event of a component impingement, an alternate shutdown route is
determined, which includes taking credit for the availability of more than one

component which accomplishes the same function.

The loop and single failure (SF) criteria is applied as discussed in section 3.1 of
this Appendix.

Equipment Nos. IVPOICA, IVPOICB, IVPOICC, IVPOICD IVPOIAA, IVPO1AB,

IVPOIAC, and IVPOLAD

These components are the reactor containmen* fan cooler (RCFC) motors and fans
and essential service water (ESW) coils. Together ("ey make up the RCFC units
which serve to remove heat from the containment buildin; during both normal
operation and in the event of a LOCA. The RCFC's are an engliw »red safeguard
system and are consequently located outside of the missile barrier. Two out of

four RCFC units are required during normal and post-LOCA operation.

There are no HELB's located inside the RCFC rooms. Likewise, the RCFC units
are shielded from HELB's outside the RCFC rooms and other jets by structural
walls which form compartments as shown in Drawings A-333 through A-336
(Reference 8.2.5). These walls are also nct impacted by jet forces since the
orientation of the jets following any HELB is constrained by the use of pipe whip
restraints. Therefore, due to isolation and separation from breaks, the RCFC
units will not be affected by jet impingement.

Electrical cables are asse ssed in section 3.11 of Reference 8.2.3.

Equipment Nos. IVQO01A, IVQ002A, IVQO04A, and IVQO05A

These components are containment isolation valves (CIV's) on the primary

containment vent and purge system. Per Drawings M-1276 and M-1277 (Reference
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8.2.5), these valves are located above Elevation 462 feet. The only potential
HELB's occurring in this vicinity are main steam line breaks at the top of the
steam generators. Per Drawings M-175 and M-176 (Reference 8.1.2), the
pressurizer cavity shields the isolation valves from potential main steam line
breaks.

Electrical cables are assessed in section 3.12 of Reference 8.2.3.

Equipment Nos. IRCO14A, IRCO14B, IRC0O14C, and IRC0O14D

These components are atmospheric vent valves which are used for hydrogen
control and also serve as a backup to collapsing a reactor pressure vessel (RFYV)
bubble when RPV pressure is raised. According to Emergency Operating
Procedure (EOP) BFR-1.3, "Response to Void In Reactor Vessel," pressurizer
heaters are used to increase pressure and collapse the bubble. In the event the
pressurizer heaters are unavailable, the RPV head vent valves are used to collapse
the RPV bubble. These valves are located above the reactor cavity and just below
the control rod drive missile shield per Drawings M-167 and M-14 (References
8.2.4 and 8.2.5). The reactor cavity shields the valves from potential jets
emanating below the valves. The control rod drive missile shield protects the
valves from potential main steam line break jets from above the valves.

Electrical cables are assessed in section 3.16 of Reference 8.2.3.

Equipment Nos. IRY455A, IRY456, IRYS8000A, and IRY8000B

These valves are the two pressurizer power-operated relief valves (PORV's) and
the two PORV block valves, The PORV's are normally used to limit system
pressure for a large power mismatch, prevent actuation of the fixed high-pressure
reactor trip, and to limit the undesirable opening of the spring-loaded safety
valves. Under abnormal operating conditions, the PORV's may be used along with
the CVCS charging pumps, as a last resort, to maintain and control reactor
coolant system inventory and pressure. The PORYV block valves are normally open
and serve to isolate a "stuck- open" PORYV.
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Per Reference 8.2.4 (Drawings M-175 and M-176), the PORV's and PORV block
valves are located inside the pressurizer compartment. The only postulated
HELB's inside this cavity occur on pressurizer piping (i.e., system RY). Hence, the
loss of operability for any of these components from jets will not cause further
degradation of the RY system beyond the line break itself. Since the PORV's also
serve a pressure relief function, a line break incapacitating a PORV will also
depressurize the system and eliminate the need for the pressure relief.

Electrical cables are assessed in section 3.18 of Reference 8.2.3.

Equipment Nos. ISA033 and 11A066

These valves are CIV's on station air (SA) and instrument air (IA) piping which
penetrates containment.

According to Subsection 9.3.1.3 of Reference 8.1.5, failure of IA or SA systems
will not prevent safety-related components or systems from mitigating the
consequences of any design basis accident or performing as intended under
emergency cool down conditions.

Additionally, examination of P&ID's (M-54 and M-55) indicates that each of these
valves has redundant CIV's outside containment (e.g., ISA032 and IIA065). A loss
of valve operability due to a jet coupled with a single failure (SF) of the redundant
isolation valve could lead to a radioactive release if and only if the particular IA
or SA line were broken. According to Reference 8.1.8 neither of these systems
contain high energy piping. Hence, HELB's or cracks are not postulated to occur
coincident with a LOCA in these systems and the containment isolation function
of these valves is not degraded by jets.

Electrical cables are assessed in section 3.1 of Reference 8.2.3.

Equipment No. IFP0I] 1

This valve is the CIV on the fire protection (FP) piping which penetrates

containment. This line has a redundant CIV outside containment (IFP010). If
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Valve FPOl1 is rendered inoperable by a jet and a SF incapacitates the redundant
CIV (IFP010), a radioactive release could result if and only if the associated FP
line breaks. This particular line is not a high energy line per review of Reference
8.1.8. As a result, the line is not postulated to break or crack coin:ident with a
LOCA and the containment isolation function of the valve is not degraded by jets.

Electrical cable to this valve is assessed in section 3.1 of Reference 8.2.3.

Equipment Nos. IPS9354A, IPS9355A, IPS9356A, and IPS9357A

These components are CIV's for process sampling (PS) lines from the pressurizer,
accumulator tanks, and reactor hot and cold legs. Fach of these valves has a
redundant outside containment isolation valve. If any of these valves is rendered
inoperable by a jet and the redundant valve has a. SF, a radioactive release would
not result. Review of Reference 8.1.8 shows that high energy lines do not exist in
the PS system; therefore, neither HELB's nor cracks coincident with a LOCA are
postulated in these lines and the containment isolation function of these valves is

not degraded by jets.

Electrical cables are discussed in section 3.1 of Reference 8.2.3.

Eguipment Nos. IRE1003, IRE9159A, IRE9160A, and IRF026

These components are inside containment CIV's on the reactor building and
equipment drain and vent lines and the reactor building and containment floor
drains to radwaste. All of these valves have redundant CIV's outside
containment. If any of these valves is rendered inoperable by a jet and the SF of
its redundant isolation valve occurs, a radioactive release would not result since
the outside containment portion of these systems is closed. Review of Reference
8.1.8 shows that these particular lines are not high energy lines. As a result these
lines are not postulated to break or crack coincident with a LOCA and the
containment isolation function of the respective valves is not degraded by jets.

Electrical cables are assessed in section 3.1 of Reference 8.2.3.
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Equipment Nos. I0G057A, 10G079, 10G080, and 10G081

These components are inside containment CIV's for the off-gas lines from inside
containment to the hydrogen recombiners and their return lines. The valves are
normally closed and are only required to operate when the containment hydrogen
concentration exceeds specified limits. These limits are only expected to be
exceeded in a post-LOCA situation. Therefore, loss of OG valve operability due
to jet impingement from any HELB other than a LOCA is permissible. By
inspection of the valve locations on Drawings M-158 and M-163 (Reference 8.2.4)
and the locations of adjacent pipe breaks (Reference 8.1.2), it is concluded that no
postulated primary system breaks occur in the vicinity of these valves.

Electrical cables are assessed in section 3.15 of Reference 8.2.3.

Equipment Nos. ICC9416 and ICC9438

These components are inside containment CIV's for component cooling system
lines. Both of these valves have redundant CIV's outside containment. Since the
component cooling system is a "closed" moderate energy system inside and outside
containment, failure of these isolation valves along with a SF of their redundant
isolation valves would not result in release of radioactive contaminants since
breaks or cracks coincident with a LOCA are not postulated in these lines.

Electrical cables are assessed in section 3.14 of Reference 8.2.3.

Equipment No. ICV8112

This component is the inside containment CIV which is designed to close following
a LOCA, and is located on the RC pump seal water return line ICV16F2 inside
containment. The redundant outside containment CIV is valve 1CV8100.

The only HELB's outside the missile barrier where the valve is located which

would cause a LOCA is on the 3-inch diameter letdown line. A jet emanating
from a break in this line would have a 30-inch jet zone of influence, per Reference

8.1.3. Since the valve is located approximately 6-feet away from any break on the
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line, no impingement of the valve would result.

The electrical cable to this valve is assessed in section 3.17 of Reference 8.2.3,

Equipment No. ICV8160

This component is the inside containment CIV for the CV system letdown line

from the reactor coolant system.

If Valve ICV8160 is rendered inoperable by a jet emanating from a break in the
letdown line and the redundant outside containment CIV (ICV8152) fails due to SF,
then two requirements must be satisfied. The break must be isolated to avoid a
loss of primary coolant and the containment penetration must be isolated to
prevent the release of radioactive contaminants outside containment.

The first requirement is satisfied by fail-closed Valve ICV460 which is inside the
missile barrier. Other valves between the missile barrier and the containment
boundary might also be available but are not considered since they are located in
the same cavity as the postulated breaks.

The second requirement of containment isolation is accomplished by fail-closed
Valves ICV840l1A and ICV840IB which are located outside containment.
Potentially radioactive containment air (from the letdown line break) could
penetrate containment through this letdown line but would be trapped in the
piping upstream of the letdown heat exchangers. Since these lines normally
transport radioactive prinary system fluid, the presence of radioactivity within
this portion of the letdown line does not present a release problem since the
integrity of the letdown line is not compromised outside containment,

Electrical cables to this valve are assessed in section 3.1 of Reference 8.2.3.
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5.14

These components are the RHR system loop inlet isolation valves which are
designed to open when initiating the RHR system to achieve cold shutdown in a
non-LOCA situation.

The RHR system is designed to take suction from either the Refueling Water
Storage Tank (RWST), hot leg loops | and 3, or the containment recirculation
sump. Inlet isolation valves RH8701A/B and IRH8702A/B are required to open
when taking suction from hot leg loops | and 3, for normal plant cooldown.
Therefore, failure of these valves in the closed position due to jet impingement
and SF would preclude the use of hot leg loops 1 and 3 as RHR pump suction
sources. Following a LOCA, RHR suction is taken from the containment sump and
these valves are not used.

HELB's in the vicinity of Valve IRH8701A are oriented away from the valve,
theretore, it will not incur an impingement. Valve IRH8701B is affected only by
breaks in the RCS which would result in a LOCA. Since the valve is not required
to operate during a LOCA, HELB's in the vicinity of Valve IRH8702A are located
on the 3-inch diameter Letdown Line (ICVOIE3) which has a 30-inch jet zone of
influence per Reference 8.1.3. The valve is located over 10 feet away from any
break in the letdown line, therefore, no impingement of the valve would occur.
Valve IRH8702B is in the vicinity of breaks in the RC and SI systems. The RC
system breaks are not considered since they would cause a LOCA and the valve is
not used during a LOCA. The SI system breaks are oriented away from the valve,
therefore, the valve will not sustain an impingement due to jets.

Electrical cables are assessed in section 3.19 of Reference 8.2.3.

Equipment No. IRY8026

This component is an inside containment CIV for the pressurizer relief tank vent
line to the automatic gas analyzer. This isolation valve is located outside the
missile shield. There are no HELB's located in the containment cavity in which
the valve is located and the valve is shielded from other jets by the missile shield
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structural walls. Hence, this component is not subjected to jet impingement.

Electrical cables are assessed in Section 3.1 of Reference 8.2.3.

Equipment Nos. ILT-459, ILT-460, and ILT-461

These components are the three redundant pressurizer level transmitters, one of
indication per Reference 8.1.6. They are divisionalized such that Transmitter
ILT-459 and ILT-461 are Division 11 and Transmitter ILT-460 is Division 12, They
are also supported by Reactor Protection Channels (Rl through R3), where
Transmitters ILT-459 through ILT-461 are each assigned to a protection channel in
a consecutive manner (e.g., Transmitter ILT-459 belongs to Channel Rl and
Transmitter ILT-460 belongs to Channel R2, etc).

There are no breaks in close proximity to Transmitter ILT-460 per examination of
Reference 8.1.2, therefore, it will not suffer an impingement due to jets.
Transmitter ILT-459 is surrounded by breaks which may cause an impingement,
however, these breaks would not cause the impingement of any other pressurizer
level transmitter due to barriers (concrete walls) and the orientation of the jets.
Transmitter ILT-461 may be impinged by jets in close proximity. However, due to
the orientation of the jets, no other pressurizer level transmitter would be
impinged. When the impingement of one transmitter is included with the SF of a
reactor protection channel, one transmitter would remain functional.

Electrical cables and instrument sensing lines for the transmitters are assessed in
section 3.2 of Reference 8.2.3.

Equipment Nos. IPT403 and IPT405

These components are the redundant reactor coolant wide-range pressure
transmitters, one of which is required to function during safe shutdown.
Transmitters IPT-403 and IPT-405 are separated by being 90 degrees apart,
outside the missile barrier, in containment quadrant 3. Due to this separation and
the fact that a line of sight does not exist between the two transmitters, a jet
affecting one will not affect the other. Transmitter |PT-403 would be impacted
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by a break in the SI system located in close proximity. Transmitter 1PT-405
would be impacted by a break in the feedwater line. When the SF criteria is
applied both transmitters would be lost. However, per Byron/Braidwood Design
Change No. RC-14, 11-18-82, hot leg IA and IC, Transmitters IPT403 and IPT405
will be relocated outside containment and four new transmitters will be added
(IPT406, IPT407, IPT408, and IPT409). Transmitters IPT406 and IPT407 will be
located inside containment and Transmitters IPT408 and IPT409 will be located
outside containment. They will be installed to sustain the effects of jet
impingement, thereby, leaving the required amount of transmitters available to
achieve safe shutdown.

Electrical cables and instrument sensing lines for the transmitters are assessed in
section 3.5 of Reference 8.2.3.

Equipment Nos. IRCOIBA, IRC0OIBB, IRCOIBC, and IRCOIBD

These components are the four independent steam generators which serve as a
heat transfer link between the primary and secondary systems through which
steam is produced for the turbine-generator (secondary) cycle. The major HELB
jet that could affect the steam generators are breaks in either the hot leg, main
steam, or feedwater piping as well as breaks in smaller steam generator blowdown

piping.

When the SF of a power division is assumed, two of four steam generator PORV's
(IMSO18A-D) would be lost. This would temporarily affect the capability of these
two steam generators to reject decay heat through main steam venting. However,
the PORV's could be operated manually via hand pumps per the response to FSAR
Question 10.58 (Reference 8.1.5) thereby putting the steam generators back in
operation. Per Reference 8.1.6, only one of the steam generators would be

required to operate during safe shutdown operations.

Equipment Nos. ISIO4TA, ISIO4TB, ISIO4TC, and ISIO4TD

These components are the four redundant accumulator tanks that are required
during a LOCA. From Reference 8.1.2, the HELB affecting each accumulator is
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located on the respective accumuiator discharge line. Therefore, a failure in a
discharge line would empty the respective accumulator, thus voiding any
consequences that jet impingement would have on the accumulator. Since the
HELB being assessed for jet impingement is not a LOCA, use of the accumulators
is not required for this scenario.

Equipment Nos. IRY20MA and IRY20MB

These components are the two PORV nitrogen accumulator tanks which are used
to operate the valves during normal and abnorma! plant conditions. The tanks are
located at Elevation 451 feet 0 inch and are not in close proximity to any HELB's,
therefore, they will not be impacted by jet impingement.

Equipment No. IRY0IS

This component is the pressurizer which provides a point in the reactor coolant
system where liquid and vapor can be maintained in equilibrium under saturated
conditions for pressure control purposes.

The HELB having the greatest effect on the integrity of the pressurizer would be
a break in the pressurizer surge line. This would cause drainage of all fluids inside
the pressurizer which would render it inoperable but would negate the effects of
jet impingement on the pressurizer. The size of the break would constitute a
large break LOCA; therefore, rapid depressurization of the reactor pressure vessel
(RPV) would result.

Equipment No. IRCOIR

This component is the reactor pressure vessel (RPV) which is the principal
component of the reactor coilant system. It contains the heat-generating core

and associated supports, controls, and coolant circulating channels. Hot leg and
cold leg nozzles (outlet and inlet) provide for the exit of the heated coolant and

its return to the vessel interior for recirculation through the core.

The breaks affecting the RPV are located at the hot and cold leg nozzles.
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However, the hot and cold legs are restrained by four reactor pressure vessel
supports, under every other reactor vessel nozzle, which provide restraint against
motion perpendicular to the axis of the pipes. As discussed in Subsection 3.9.1.4.6
of Reference 8.1.5, breaks occurring at the hot or cold RPV nozzles, even with the
limited break area, would give the highest RPV support loads and the highest
vessel displacements due primarily to the influence of reactor cavity
pressurization. Therefore, jet impingemcnt forces inside the reactor cavity
would be bounded by the forces experienced during reactor cavity pressurization.

Equipment Nos. ILT-517, ILT-527, ILT-537, ILT-547, ILT-518 ILT-528, ILT-538,

ILT-548, ILT-519, ILT-529, ILT-53%, ILT-549, ILT-556, ILT-557, ILT-558, and

ILT-59

These components are the narrow-range steam generator level transmitters. They
serve to monitor steam generator fluid level during shutdown procedures. One
transmitter on a fully operational steam generator following a HELB inside
containment is required to function during safe shutdown procedures. Two
transmitters on a steam generator affected by a feedwater line break or a steain
generator blowdown (SD) line break inside containment are required to be
functional for ESF/reactor trip activation.

There are four level transmitters per steam generator which tap into the steam
generators at Elevations 429 feet and 449 feet via instrument sensing lines. The
transmitters are mounted on instrument panels or are mounted locally on walls at
different locations inside the containment. They are also divided by Reactor
Protection Channels (R1 through R4) as shown in the following tabulation, per
Reference 8.2.3.

Steam Generator R1 R2 R3 R&

IRCO1BA (l1A) ILT-556 ILT-519 ILT-518 ILT-517

IRCOI1BB (1B) ILT-529 ILT-557 ILT-528 ILT-527
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Steam Generator RI R2 R3 R4
IRCOIBC (IC) ILT-539 ILT-558 ILT-538 ILT-537
IRCOIBD (ID) ILT-559 ILT-549 ILT-548 ILT-547

The maximum number of transmitters that could be failed by a single jet is two
since no more than two transmitters are located on a single instrument panel.
Likewise, the transmitters located on an instrument panel always belong to the
same reactor protection channel. Therefore, when the SF of a reactor protection
channel is included, at least ten transmitters would be left functional.

Electrical cables and instrument sensing lines are assessed in section 3.3 of
Reference 8.2.3.

Equipment Nos. Tl through T65

These components are the core exit thermocouples which are installed in guide
tubes that penetrate the reactor pressure vessel (RPV) through seal assemblies and
terminate at the exit flow end of the fuel assemblies. Either the thermocouples
or the hot leg temperature transmitters can be used for primary system
temperature monitoring. Due to the thermocouples' location inside the RPV, they

are protected from all HELB's and will, therefore, not be impinged upon by jets.

Electrical cables and instiument sensing lines are assessed in section 3.7 of

Reference 8.2.3.

Equipment Nos. IW0056A and IW0056B

These components are inside conta.nment CIV's which are used to isolate the

chilled water supply from the RCFC coils during a LOCA, main stcam or
feedwater line break.

They are located on the chilled water system (WO) which is a closed system inside
the containment. Since the valves are only required during a LOCA, their
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containment isolation function is not affected by HELB's which do not cause a
LOCA. The only HELB's outside the missile barrier where the valves are located
which would cause a LOCA are located on the letdown line (ICVOIE3). However, a
HELB on the letdown line would be more than 10 pipe diameters or 30 inches away
from either of the valves, therefore, the valves will not be affected by jet
impingement,

Electrical cables are assessed in Section 3.13 of Reference 8.2.3.

Equipment Nos. IPT-455, IPT-456, IPT-457, and IPT-458

These components are the four redundant pressurizer pressure i.ansmitters, two
of which are required for Engineered Safeguard Feature (ESF) actuation following
a LOCA or main steam line break. They are supported by Reactor Protection
Channels R1 through R4.

Transmitter IPT-455 is located on instrument panel IPL50] along with pressurizer
level Transmitter ILT-459. Both transmitters may be lost due to the proximity
and orientation of jets. These jets would not cause an impingement on any other
transmitter due to barriers (concrete walls) and the jet's orientation. Transmitter
IPT-456 is located next to pressurizer level Transmitter ILT-460 where no breaks
are located. Transmitter IPT-457 is located on instrument panel IPL52] along
with pressurizer level Transmitter ILT-461, which may be impinged by jets in
close proximity. However, due to the orientation of the jets, no other
transmitters would experience impingement. Transmitter IPT-458 is located on
instrument panel IPL75] where Transmitters 1PT-403, ILT-537, and ILT-527 (see
Table 1-1 for component names and individual disposition) are located. Due to its
relative location and proximity to HELB, the instrument panel may incur an
impingement which may cause a loss of all its supported instruments.

When the jet induced failure of a pressurizer pressure transmitter is included with

the SF of a reactor protection channel, two transmitters would remain functional.

Electrical cables and instrument sensing lines are assessed in section 3.4 of

Reference 8.2.3.
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Equipment Nos. ITE-411 A and B, ITE-421 A and B, ITE-431 A and B, and ITE-441
A and B

These components are the narrow-range reactor coolant resistance temperature
detectors (RTD's). They are located in separate bypass marifolds and

provide AT/T signals for the Reactor Control and Protection System. Two

avg
pairs are required to function following a break in the feedwater bypass lines.

The RTD's are located between Elevations 395 feet and 398 feet in their
respective quadrants, inside the missile barrier. Between these elevations they
would only be affected by HELB's in the Reactor Coolant System (RCS), however,
they are not required to operate following an RCS break.

The feedwater bypass lines enter inside the missile barrier at Elevation 436 feet
which would place the RTD's well out of the jet zones of influence per Reference
8.1.3. The lines extend to lower elevations outside the missile barrier (concrete
wall) where the RTD's are not located. The RTD's are therefore protected against
feedwater bypass line breaks due to distance separation and barriers (concrete

walls) which are postulated not to fail due to jet impingement.

Electrical cables and instrument sensing lines are assessed in section 3.6 of
Reference 8.2.3.

Equipment Nos. IRE-ARO11, and IRE-AR0I12

These components are the containment radiation monitors, which are located at
elevation 432-feet on the outside of the steam generator enclosure walls, in RC
loops 3 and 4, per Reference 8.2.2, They are used for accident assessment and
radiation monitoring inside containment. They are not used for safe shutdown or
mitigating the consequences of an accident, but are used to indicate if the
containment can be accessed.

Due to the location of ¢ nonitors, they will not be impacted by jet

impingement, per Refe & = *#
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6.0

QUTSIDE CONTAINMENT SAFE SHUTDOWN EQUIPMENT AND CABLE

ASSESSMENT

The assessment of equipment, instrumentation and cables located outside
containment is based on a hazard zone approach. All areas of the plant are
divided into zones for the purpose of performing various hazard analyses. The
boundaries of each hazard zone are defined primarily by physical barriers (e.g.,
structural walls and slabs). However, a few boundaries are defined according to
the maximum jet zone of influence which is appropriate for steam and/or two-
phase jets according to Subsection 4.12. In other situations, boundaries may
contain block wall structures which are examined for potential HELB jet effects
in subsequent sections of this assessment. Safe shutdown equipment, identified on
the outside containment SSEL (Table 1-2), is assigned a zone number based on
equipment location. Equipment locations were obtained primarily from
examination of the Mechanical Piping Drawings (M-205 through M-377).

The hazard zone approach for jet impingement either assumes conservatively that
all safe shutdown instrumentation, equipment, and cables, which are located
within a zone containing a HELB, will be incapacitated by the jet issuing from the
break or examines specific break information to determine if jet failures are
credible. The analysis consists of examining all of the equipment, cable, and
instrument failures within the zone to assess the potential jet damage with the
additional consideration of single failure criteria. This process is repeated for the
remaining zones which contain HELB jets until all affected zones are evaluated.
Hazard zones which contain HELB's will be heretofore called HELB zones. As will

be shown later, only 17 zones contain HELB's.

The assessment of jet impingement effects on equipment and cables outside
containment is performed in two steps to simplify the analysis without
compromising its completeness. First, the equipment/instrumentation is examined
independently of cables in order to establish which equipment/instrumentation is
susceptible to HELB jet damage and whose failure may jeopardize attaining a safe
shutdown condition. The purpose for this independent examination is to establish
which equipment/instrumentation listed in Table 1-2 is actually located within a

potential jet zone and requires further consideration along with cables in the
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HELB zone analysis. This is because only a relatively small amount of safe
shutdown equipment/ instrumentation is located in a HELB zone. In addition,
most of the safe shutdown components which are within HELB zones either are
components (1) which are not required to operate following a HELB outside
containment, or (2) whose failure is inconsequential because of the specific breaks
which could incapacitate them. Either of these arguments are valid regardless of
whether component failures occur from jet impingement.

The result of the equipment analysis is a list of equipment whose failure could
have a direct bearing on attaining a safe plant shutdown condition. This
equipment is next subjected to a detailed safe shutdown assessment which is
performed on a HELB zone-by-zone basis. In the second step, the HELB zone
analysis, either the total loss of availability of all safe shutdown equipment, cable,
and instrumentation within each HELB zone is assumed or specific HELB jet
information pertinent to each zone is examined and the consequences on

equipment, instrumentation and cables are assessed.

The equipment assessment is described in Subsection 6.1 and the HELB zone
assessment is described in Subsection 6.2. The basis for both the equipment
assessment and the HELB zone assessment and the entire outside containment
safe shutdown effort are the HELB zones. The HELB zones are derived from
Reference 8.1.4 and are depicted in Figures | through 5 which are the HELB zone
maps. The HELB zones are also presented in Table 2 with a description of each
zone, including an indication of the safe shutdown equipment and/or cable within

each zone and the subsection where the zone is evaluated.

Equipment Assessment

The basis of the equipment assessment is the outside containment SSEL which is
presented in Table 1-2. All equipment/instrumentation in this table is uniquely
categorized by the respective zone assignment, Table 1-2 also contains equipment
numbers and equipment descriptive information which does provide, in some cases,

a second category of equipment identification which is based on system or
component function. The reason for indicating these identification categories is

that most safe shutdown equipment outside containment is eliminated from jet
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impingement analysis because it is not located within a HELB zone or because the
system or equipment function is not required for a HELB outside containment.
Hence, most equipment may be readily evaluated based on the information
presented in Table 1-2.

The evaluation of equipment in Table !-2 is basad primarily on the HELB zone
definitions which are presented in Figures 1 through 5. All equipment located
inside of HELB zones may be subjected to HELB jets. Conversely, all equipment
outside of the HELB zones is not subjected to jets.

In most cases, HELB zones are bounded by structural walls consisting of concrete
or block construction. It is assumed that the integrity of concrete walls is not
compromised by jets except for a few concrete partition and block walls which are
assumed to fail if a jet is directed at the wall with a substantial force. In order to
determine which block walls are subject to jet failure, the outside containment
break locations (Reference 8.1.4) were examined along with the locaticns of block
walls per Reference 8.3.5. Based on the location, force, and direction of jets, it
was determined from the above references and also from Reference 8.3.7 that
block wall or partition wall failures could occur only in conjunction with the
following HELB zones:

11.2A-0: Recycle evaporator rooms,
11.3B-0: Blowdown condenser room,
11.4F-0: General area valve aisle,
14.3-0: Surface condenser rooms, and

14.5-0: Radwaste evaporator rooms.

Moreover, block wall failures in Zone 14.5-0 would occur internally to the zone
boundaries. Hence, the only block wall or partition wall failures which may result
in jet effects extending beyond a HELB zone boundary are in Zones 11.2A-0,
11.3B-0, 11.4F-0, or 14.3-0. These zones were examined for equipment located in
the zone of influence of jets emanating through the failed block walls. In
addition, equipment located in the path of the failed block wall was examined
assuming the block wall experienced a cantilevered failure. A cantilevered failure
is modeled such that the wall fails intact with the entire wall simply tipping
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over. It was established that safe shutdown equipment was not located in the
zones of influence for the postulated jets or the failed block walls for these
zones. Therefore, block wall failures have no affect on safe shutdown equipment
outside containment. Jet effects on cable due to block wall failures will be
considered in the zone analysis (Subsection 6.2).

Equipment in Non-HELB Zones

The HELB zones are defined in Table 2. All safe shutdown equipment, instrumen-
tation, and cables which are not located in one of the HELB zones identified in
this table are not subjected to HELB jets and are eliminated from further jet
impingement analysis. Table 3 presents the equipment which is located in non-
HELB zones and which is dismissed from further consideration in this safe
shutdown assessment. All of the remaining safe shutdown equipment/instru-
mentation outside containment is located in HELB zones and may be subjected to
jets. This equipment is listed separately in Table 4-1 on a zone hasis. Table 4-2,
similarly, presents the safe shutdown cables which are located in HELB zones.
The cable information was obtained from Reference 8.3.1 and is also listed on a
zone basis. Together, Tables 4-1 and 4-2 form the basis for detailed HELB jet
impingement analysis of safe shutdown 2quipment, instrumentation and cables.

Equipment Not Required to Operate for a HELB Outside Containment

Some of the safe shutdown equipment/instrumentation outside of containment are

required to function only for line breaks which occur inside the containment.

Examples of such equipment include containment isolation valves (CIV's) located

outside of containment, containment spray hardware, and certain safety injection

system hardware. Safe shutdown components serving any of the above functions
are not required to attain safe shutdown for any HELB outside of containment as
discussed below:

e The containment isolation valves located outside of containment are required
to mitigate the consequences of a LOCA inside containment. If a LOCA
occurs inside containment, jets would not impinge on the isolation valves
located outsige the containment, because the primary containment boundary
would serve as a barrier. If a LOCA occurs outside containment, only the
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operability of those valves located on the broken line would be required in
crder to isolate the break. Therefore, all outside containment valves whose
sole function is to serve as a containment isolation valve are dispositioned on
the basis that they will only be required for a line break inside containment.
Loss of valve operability for the above valves due to a HELB jet outside
containment does not jeopardize safe shutdown under these circumstances
since containment isolation is not required. Table 6.2-58 of Reference 8.1.5
lists the containment isolation valves both inside and outside of containment.

e Similarly, all safe shutdown equipment/instrumentation within the
containment spray (CS) system is not required to support safe shutdown
following an outside containment HELB. This is because the containment
spray system is required primarily for radioactivity scrubbing following a
LOCA inside containment. A secondary function of the containment spray
system is to provide redundancy to the RCFC's for containment pressure and
temperature control following a line break inside containment. Since
containment spray components are only required for inside containment
breaks, outside containment HELB's have no impact on their safe shutdown

function.

e The safety injection (SI) system is designed to provide emergency core cooling
in order to prevent fuel clad melting and to maintain the integrity of the core
in the event of a break in either the reactor coolant (RC) or steam system.
The SI system also provides redundancy for the CVC system. Hence, safety
injection system safe shutdown equipment/instrumentation outside
containment is required to operate only upon occurrence of a primary system
LOCA or secondary system break. Therefore, SI system components outside
containment that are incapacitated by jets from line breaks not mentioned
above, are not required to serve a safe shutdown function and may be
dispositioned on that basis unless the SI components are required to back up
CVC system components.

All safe shutdown equipment/instrumentation located outside containment which

satisfies any of the three preceding criteria are not required to support safe
shutdown for HELB's outside containment. These equipment, instrumentation, and
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cables are listed in Tables 5-1 or 5-2. Tables 5-1 and 5-2 list equipment and
cables satisfying these criteria, respectively.

Table 6-1 lists all safe shutdown equipment and instrumentation outside
containment which is both located in a HELB zone and which is not dispositioned
according to Table 5-1. Similarly, Table 6-2 lists all safe shutdown cables outside
containment which are routed through a HELB zone and which are not
dispositioned according to Table 5-2. The safe shutdown cables were identified in
Reference 8.3.1 as those cables routed through HELB zones which serve
equipment/instrumentation listed in Tables 1-1 or 1-2. If potential block or
partition wall overstresses occur for a particular zone, the additional zone of jet
influence caused by assuming the wall failure was considered in the safe shutdown
cable identification process. The equipment, instrumentation, and cables
identified in Tables 6-1 and 6-2 are the basis for the detailed zone assessment

which appears in Subsection 6.2.

HELB Zone Assessment

The bases for the HELB zone analysis are the Table 2 HELB zones and the
equipment, instrumentation, and cables presented in Tables 6-1 and 6-2. Table 2
indicates that all HELB's outside of containment are located within a relatively
few (17) hazard zones. Of these 17 HELB zones, 9 zones contain no safe shutdown
equipment, instrumentation, or cables; 5 zones contain only cables; and the

remaining 3 zones contain both equipment and cables.

Each HELB zone is addressed separately in one of the subsections that follows this
discussior. The assessment is performed for each HELB zone either by:

e conservatively assuming that all safe shutdown equipment, instrumentation,
and cables within the zone are unavailabl due to jet failure and

demonstrating that safe shutdown is not precluded by these failures or,

e examination of specific jet characteristics for HELB's in the zone to

determine if equipment, instrumentation and cables are outside of the zone of

influence of the HELB jet and therefore not subjected to jet failures.

A-37



6.2.1

HELB Zone 11.2A-0

This zone includes both of the recycle evaporator rooms. According to Reference
8.3.2, the zone boundaries include several small 5-foot high removable block walls
along its west side which may be subjected to HELB jets.

Based on Reference 8.1.4, the potential breaks in this zone result in steam and/or
two-phase jets. Hence, the extent of jet damage is limited to a maximum
distance of 10 pipe diameters from the break according to References 8.1.3 and
8.1.4. The largest line which is postulated to break in this zone is a 10-inch
auxiliary steam line (0AS96-10). Per inspection of Drawing M-210, Sheet 2,
Revision G (Reference 8.3.2), this line is located at the east boundary of the
zone. The removable block walls are at the opposite end of the zone and more
than 20 feet from the 10-inch auxiliary steam line. When the 10 pipe diameter
criteria is imposed, the jet zone of influence would only extend 100 inches from

the break. Hence, the block walls are clearly not affected by jets from this break.

The remaining breaks in this zone are all from piping which is 6 inches or less in
diameter per Reference 8.1.4. The corresponding 10 pipe diameter jet criteria
results in a maximum jet zone of influence of 5 feet from the respective breaks.
Per inspection of Drawing M-210, Sheet 2, the high-energy lines nearest the block
walls (0ASO3KA-6 and 0ASO3KB-6) are at least 6 feet from the block walls.
Therefore, it is concluded that HELB jets within this zone will not cause
removable block wall failures because of the 10 pipe diameter jet criteria. Based
on examination of the piping composite and architectural drawings (Reference
8.3.2), the following observations were made:

e No safe shutdown equipment or instruments are located within the zone

boundaries.

e No safe shutdown equipment or instruments are located outside the zone in

proximity to the block walls.
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e The nearest safe shutdown equipment located in the proximity of the block
walls are Valves ISX146 and I1SX147 which are at least 14 feet from the block
wall openings.

Assuming conservatively that the block walls do fail, the maximum damage extent
from either the removable block wall failures or jets emanating from the block
wall openings is 5 feet. Since the SX valves are at 'east 14 feet from ihe block
wall openings, they are not affected by jet impingemant. Hence, safe shutdown
equipment is not damaged by jet impingement in this zone.

No safe shutdown cables are routed through this zone. However, one cable, which
is listed in Table 7-1, is routed adjacent to the zone on the side where the block
walls exist. This cable is located adjacent to the zone, 5 to 6 feet from the block
walls at minimum Elevation 357 feet 6 inches according to Drawing 6E-0-3302 and
its associated support drawings (Reference 8.3.2). According to Drawings A-207,
A-208, and S-1550, the removable block walls are 5 feet high with their base at
Elevation 346 feet. The top of the block walls are at Elevation 351 feet. Since
the cable is routed 6 feet 6 inches above the top of the block wall opening, the jet
will not impact the cable even if the jet could impact the block wall.

Safe shutdown equipment, instrumentation or cables are not impacted by HELB

jets in this zone.

HELB Zone 11.2B-0

This zone is the letdown reheat heat exchanger room. There are no safe shutdown
cables, instrumentation or equipment located within this zone. Also, there are no
potential block wall failures due to jets or other HELB effects in this zone.
Therefore, the effects of jet impingement due to breaks in this zone are totally
contained within the zone boundaries. Safe shutdown equipment, instrumentation
or cables are not impacted by HELB jets in this zone.
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HELB Zone 11.3A-0

This zone is a piping area for the steam generator blowdown system. The zone is
bounded on two sides by concrete walls. The other two sides of the zone are
defined by the extent of influence of jets postulated in this area by Reference
8.1.4. HELB's in this zone resu't in steam and/or two-phase jets. Hence, the 10
pipe diameter criteria was imposed in order to define the zone boundaries based
on the extent of jet influence.

There are no safe shutdown cables, instrumentation or equipment located in this

zone.

HELB Zone 11.3B-0

This zone contains the blowdown condenser room. The boundaries of this zone
which face north, south, and east are constructed of block walls which are
assumed to fail due to pressurization from HELB's. These block walls are assumed
not tc inhibit jets from penetrating the zone boundaries. Based on Reference
8.1.4, the jots from postulated breaks in this zone are either directed vertically
or lead to steam and/or two-phase jets for which the 10 pipe diameter zone of
influence may be imposed. For steam and/or two-phase jets in this zone, the
maximum zone of influence is 5 feet from the break per Reference 8.1.4. A
maximum zone of jet influence corresponding to 5 feet from all block walls

bounding the zone was conservatively examined,

Based on inspection of piping composite drawings (Reference 8.3.3), the following

information was determined concerning safe shutdown equipment:

e No safe shutdown equipment or instrumentation are located within the zone
boundaries.

e No safe shutdown equipment or instrumentation are located within the

conservative zone of jet influence defined above for block wall failures.
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e The safe shutdown equipment or instrumentation that is nearest any of the
block walls is the Component Cooling Heat Exchanger 1A (ICC01A) which is
at least 20 feet from the block wall boundaries. Since the maximum extent
of jet damage from the block wall failures is 5 feet, the component cooling
heat exchanger is unaffected by jet impingement from HELB's occurring in
this zone. Hence, safe shutdown equipment is not affected by HELB jets in
this zone.

There are no safe shutdown cables within this zone nor within the maximum
extent of jet damage resulting from the assumed block wall failures. There are no
safe shutdown cables, instruments or equipment subject to failures as a result of
HELB jet impingement effects in the zone.

HELB Zone 11.3C-1

This zone is the positive displacement charging pump room. The zone is bounded
by concrete and block walls. Based on Reference 8.1.4, there is only one
postulated HELB in this zone. The jet from this break is directed toward the
south wall of the zone, which is concrete, hence, block walls in this zone are
unaffected by the jet, It is concluded that the HELB jets in this zone are totally
contained within the zone boundaries. No safe shutdown equipment or
instrumentation is located in the zone. Table 7-2 lists the only safe shutdown
cable located in this zone. This cable serves local Panel IVA10J which is the
Charging Pump |A cubicle cooler control panel.

The HELB in this zone occurs on Line ICV07A-3 which is the discharge line from
the positive displacement charging pump. The positive displacement charging
pump is not considered a safe shutdown component. If it is assumed
conservatively that the cubicle cooler control panel is unavailable due to cable
failure from jet impingement, then the worst condition that could result is a loss
of operability of the Charging Pump lA as a result of losing the associated cubicle
cooler. The loss of availability of the positive displacement charging pump does
not affect safe shutdown capability. Because the Sl system is unaffected by line
breaks in this zone, the loss of Charging ®ump Train IA along with single failure

criteria will not preclude safe shutdown.
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HELB Zone 11.3D-1

This zone is the Centrifugal Charging Pump IA room. The zone is bounded by
concrete and block walls. The block walls that do exist are not impacted by jets
within the zone based on Reference 8.1.4. Therefore, the HELB jets in this zone
are totally contained within the zone boundaries. The safe shutdown cables,
instrumentation and equipment contained within this zone are listed in Table 7-3.
All safe shutdown components identifield in Table 7-3 are dedicated to the
operation of Charging Pump IA.

There are three breaks postulated in this zone according to Reference 8.1.4.
These breaks result in very low jet forces and occur in the following CVCS lines:

ICV42CA-2: Charging Pump IA Minifiow Line
ICVO8AA-4: Charging Pump IA Discharge Line

Hence, the only postulated breaks in this zone occur either on the Centrifugal

Charging Pump |A discharge line or miniflow line,

Since the postulated HELB's in this zone result automatically in the loss of Train
IA Charging Pump flow, the additional failure of all safe shutdown equipment and
cables (Table 7-3) in this zone by jets would not lead to worse consequences than
the initiating event by itself (loss of Train IA Charging capability). Thus, either
the initiating event (HELB) or its associated jet would result in the same

consequence; namely, the loss of Train IA Charging flow.

HELB Zone 11.3G-1

This zone is the Centrifugal Charging Pump IB room. The zone is bounded
primarily by concrete walls. A block wall does exist on the east end of the room
but is impacted by a 2 Ib jet based on Reference 8.1.4. This magnitude force does
not jeopardize the integrity of the block wall in question. Therefore, the HELB
jets in this zone are contained totally within the zone boundaries. The safe
shutdown cables, instrumentation and equipment contained within this zone are
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listed in Table 7-4. All safe shutdown components identified in Table 7-4 are
dedicated to the operation of the Centrifugal Charging Pump I8,

There are three breaks postulated in this zone according to Reference 8.1.4.
These breaks result in very low jet forces and occur in the following CVCS lines:

ICV42CB-2: Charging Pump IB Miniflow Line
ICVO8BA-4: Charging Pump IB Discharge Line

Hence, the only postulated breaks in this zone occur either on the Centrifugal
Charging Pump IB discharge line or miniflow line.

Since the postulated HELB's in this zone result automatically in the loss of Train

IB Charging Pump flow, the additional failure of all safe shutdown equipment and

cables (Table 7-4) in this zone by jets would not lead to worse consequences than

the initiating event by itself (loss of Train IB Charging capability). Thus, either
the initiating event (HELB) or its associated jet would result in the same

consequence; namely, the loss of Train IB Charging flow.

HELB Lone |1.3H-1

This zone is the portion of the containment penetration area which is affected by
HELB jet impingement. There are no block walls in its boundaries. This area
includes a portion of the floors at plant Elevations 364 feet and 333 feet. The
containment wall provides one boundary for this zone. The zone is divided into
two areas at Elevation 383 feet due to the presence of some concrete structural
walls on that floor. The boundaries for this zone are not all physical. Some
boundaries accommodate the fact that some of the postulated jets only have
sufficient energy to extend a maximum of 10 pipe diameters from the respective
breaks par Referer.ce 8.1.4,

According to Reference 8.1.4, there are 19 break locations in this zone, and they
occur in different segments of the CVC system, including the letdown line,
According to Reference 8.1.4, the jet forces are low for all 19 break locations and
no pipe whip occurs for any of these breaks. The safe shutdown equipment,
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instrumentation and cables located in Zone 11.3H-1 are presented in Table 7-5.
The physical location of the breaks and the nature of the break fluid (eight breaks
are in cold water lines) combine to limit the extent that HELB Zone 11.3H-1 is
impacted by jet impingement. Although there are safe shutdown equipment and
cables in this zone, most components cannot be struck by the postulated jets per
examination of the piping composite drawings (Reference 8.3.4). However, it will
be conservatively assumed that jet failures do occur in this zone.

The following paragraphs will evaluate jet impingement effects on each piece of
safe shutdown equipment, instrumentation and cable in Zone 11.3H-1.

Equipment No. ICV112D and ICV112E and Cable Nos. 1CV077, ICV078, 1CV545,

ICV082, ICV084, ICV572

These components are centrifugal charging pump suction valves from the
refueling water storage tank (RWST) and their power or control cables.

Due to the physical locations of these two valves, they are not impacted by any
of the jets produced by the 1|9 breaks in this zone. Breaks in Lines ICV09D-3,
ICVI4EA-2, ICVI4ED-2, ICVI4EB-2, and ICVI4EC-2 all occur near their
respective containment penetration and only discharge toward the containment
wall. Since there is no equipment between these break locations and the
containment, ~o components (including Valves ICV112D and ICV112E) are hit by
breaks in these lines. A break in Line ICVOIE-3 produces a jet that only need be
considered for a distance of 10 pipe diameters ( - 30 inches) per Reference
8.1.4. The distance from this break to these valves exceeds 10 pipe diameters
so this break's jet does not impinge upon the valves. The remaining |12 breaks
produce jets that are not directed (i.e., not in-line with) at these components as
can be seen by examination of References 8.1.4 and 8.3.4 and, therefore, do not
cause failure,

Additionally, sufficient redundancy exists in the plant design such that, even if

both of these components and/or their power or control cables failed, the plant
could still be safely shut down. The loss of both Valves ICV112D and ICV1I12E

due to jet impingement would result in the loss of Line ICV98C8 which
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6.2.8.2

|

transports borated water from the refueling water storage tank (RWST) to Line
ICV0O5B8 which serves as a suction header for the charging pumps and the safety
injection pumps.

Access to the RWST or Volume Control Tank (VCT) is available via several
other paths. These paths branch off of either the RWST Suction Line (1SI101B24)
or the VCT Suction Line (ICV0O5B8). These paths include direct suction paths
from the RWST to the SI pumps and also from the VCT to either the charging
pumps or SI pumps. A single failure of the isolation valves between either the
RWST or VCT and the SI or charging pump suction lines would not preclude safe
shutdown. The unaffected isolation valves would still be available to permit
flow to the SI or charging pumps since the isolation valves are not located in the
same HELB zone as Valves ICV112D and ICVI12E.

Equipment No. ICV8100 and Cable Nos. ICV035, 1CV036

These components are the CIV outside containment for the reactor coolant
pumps seal water return line (ICV16F2) and its p. o control cables.

Due to the physical location of this valve, it is not impacted by any of the
breaks in Zone 11.3H-1. The same reasons stated in Subsection 6.2.8.1 also
apply here.

If Valve ICV8100 or its power or control cables could be rendered inoperable due
to jet impingement, there would be no adverse consequences relative to safe
shutdown or mitigating the consequences of the accident because there is no
requirement to isolate containment for outside containment breaks. But, in the
event that system isolation is necessary, it could be achieved as discussed
below. If Valve ICV8100 is rendered inoperable due to jet impingement and
Valve ICV8112 fails to close due to siagle failure criteria, the line could be
isolated manually via Valve ICV8396A which is not located in HELB Zone 11.3H-
| per Drawing M-24| (Reference 8.3.4).



6.2.8.3 Equipment Nos. ICV8110 and ICV8111 and Cable Nos. ICV057, ICV058, ICV059,
1CV06l, 1ICV062

These components are the charging pump miniflow valves and their power or
control cables. During normal operation, these valves are open and are part of
the miniflow circuit which is provided to protect the centrifugal charging

pumps.

Due to the physical location of these valves, they are not impacted by any of
the breaks in Zone 11.3H-1. The same reasons stated in Subsection 6.2.8.1 also

apply to these valves.

Even if Valves ICV8110 or ICV811! and/or their power or control cables could
be rendered inoperable due to jet impingement, there would be no adverse
consequences during normal operation. These valves are normally open and
would fail in the open position. Thus, the miniflow circuit would be
maintained. These valves are interlocked to automatically close after the
safety injection signal is received. This signal requires that the break is a
LOCA. A review of Reference 8.l.4 shows that three line breaks in Zone
11.3H-1 could potentially become LOCA's if not isolated. These breaks are all in
the letdown line, and are considered LOCA's outside of containment if not
isolated. If a safety injection signal were to result from these breaks, ICV8110
and ICV8111 would be directed to close by the interlock. This is done to avoid
diverting any of the charging flow from the primary system. However, the
breaks of interest are displaced 50 feet horizontally from the miniflow valves
and the corresponding jets can not impact either of these valves. Furthermore,
the three letdown line breaks are LOCA's only if not isolated. Isolation of the
letdown line is not inhibited by jet impingement as discussed in Subsection
6.2.8.4.

Hence, even if Valves 1CV8110 or ICV811l or their associated cables were

incapacitated by jet impingement, closure of the miniflow circuit would not be

required following letdown line breaks due to letdown line isolation.
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6.2.8.4 Equipment No. ICV8152 and Cable Nos. ICV323, ICV325, ICV326, and ICV327

6.2.8.5

These components are the CIV outside containment for the CV system letdown

line from the reactor coolant system and its associated power and control
cables.

For the reasons stated in Subsection 6.2.8.1, Valve ICV8152 is not impacted by
any jets due to line hreaks in Zone 11.3H-1 with two exceptions:

e A break in reactor coolant pump |A seal water injection line (ICV14DC) does
produce a jet which may impinge on Valve ICV8152. However, if Valve
ICV8152 is rendered inoperable by a jet emanating from Line ICV14DC,
there are no adverse consequences relative to safe shutdown or mitigating
the consequences of the accident. This is because there is no requirement
to isolate the letdown line's containment penetration for outside
containment breaks. However, if the letdown line itself breaks it may be

necessary to isolate the break using Valve ICV8152.

e Valve ICV8152 could be rendered inoperable by a jet from a break in the
letdown line. [f the CIV inside containment (ICV8160) fails due to single
failure criteria, then the letdown line must be isolated by some other means
to avoid loss of reactor coolant inventory. Letdown line isolation is
accomplished by closing either of the following, inside containment, fail-
closed valves: |CV460 or 1CV459. Hence, letdown line break isolation is
not precluded by outside containment breaks.

For these same reasons, if any jet in Zone 11.3H-] impinges on the power cables
associated with Valve ICV8152 and causes them to fail, then isolation is not
precluded by these failures.

Equipment No. ICV8804A and Cable Nos. 1CV406, ICV407, ICV408, ICV410,

and ICV413

These components are the RHR heat exchanger to charging pump suction

crosstie valve and its associated power or control cables. This valve is required
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6.2.8.6

only for the recirculation mode of ECCS operation following certain LOCA
breaks. This valve is normally closed and is only required to open to effect
switchover from the injection mode to the recirculation mcde.

Due to the physical location of this valve, it is not impacted by HELB's. The
same reasons stated in Subsection 6.2.8.1 also apply to this valve,

Even if jet impingement from a HELB in Zone 11.3H-1 did fail Valve ICV8804A,
it would have no consequence on safe shutdown. Valve 1CV8804A is not
required to operate for any outside containment break because switchover to
the recirculation mode is only appropriate following a LOCA inside of
containment,

For these same rearons, if any jet in Zone 11.3H-1 incapacitates the associated
cables to this valve safe shutdown would not be precluded.

Equipment Nos. IRH8716A and IRH8716B and Cable Nos. IRH066, IRH067,

IRHO068, IRH069, IRH070, IRHO71, and IRH072

These components are motor-operated isolation valves located in the crosstie
piping downstream of the RHR heat exchangers and their associated power
and/or control cables. The valves are normally open and fail "as is."

Due to the physical location of these valves, they are not hit by any of the 19
breaks in HELB Zone |1.3H-1. The same reasons stated in Subsection 6.2.8.1
also apply to these valves.

These valves are required during the alignment of the RHR system (for its SI
function) for the recirculation phase following a LOCA. Since none of the 19
breaks in HELB Zone 11.3H-1 is a LOCA inside of containment, the recircu-
lation phase of SI operation is not required for any of the 19 breaks postulated
in this zone. Therefore, these valves are not required to operate for the HELB's
postulated in this zone. Hence, even if jet impingement could fail one or both
of these valves, safe shutdown is not precluded by these failures.
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6.2.8.7

6.2.9

For these same reasons, if any jet in Zone 11.3H-1 incapacitates the associated
cables to these valves safe shutdown would not be preciuded.

Cable Nos. ISI468, IS1469, and ISI470

These cables supply three of the four level transmitters in the RWST. Along
with one additional level transmitter, these level transmitters are used in a 2/4
logic to provide alarm and some valve actuation signals. It is conservatively
assumed that jet impingement effects from the line breaks in Zone 11.3H-1 can
simultaneously fail all three of these cables, and this causes failure of RWST
level alarms.

These RWST level alarms are only required during LOCA events to effect
switchover from the injection mode to recirculation mode. The only breaks in
this zone which could become LOCA's are three postulated breaks in the
letdown line (Line ICVOIE-3). These breaks would constitute small-break
LOCA's only if they were not isolated. Even if these breaks were not isolated,
LOCA breaks outside containment do not require switchover to the
recirculation mode of safety injection since no break fluid is spilled to the
recirculation sump. Thus, the function of these RWST level alarms is not
required for the LOCA breaks or any outside containment breaks. Moreover,
breaks in the letdown line would be isolated before the RWST empties. Isolation
of the letdown line is discussed in Subsection 6.2.8.4. Hence, HELB's in this
zone do not require RWST level alarms to safely shut down the plant.

HELB Zone 11.4C-1

This zone is the Letdown Heat Exchanger IB room. There are no potential block
wall failures within this zone. Safe shutdown equipment and instrumentation
are not located within the zone boundaries. The safe shutdown cables which are
located within this zone are listed in Table 7-6.

The breaks in this zone occur at the inlet and outlet of Letdown Heat Exchanger
IB. These breaks are directed at the heat exchanger itself and the slab at

Elevation 383 feet. The effects of the jets will be diminished to essentially
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6.2.10

6.2.11

6.2.12

zero forces after the fluid strikes the heat exchanger and slab. However, if it is
conservatively assumed that all cables in the zone, which are listed in Table 7-
6, are failed by a jet in the zone, the following equipment would be rendered
inoperable:

IVA06CB: A Charging Pump Cubicle Cooler Fan
IVAI0J:  IA Charging Pump Cubicle Cooler Control Panel

The loss of operability of the Charging Pump IA (due to area cooler cable
failures) simultaneously with the single failure of the IB charging pump would
render the charging system inoperable. Makeup, if required during shutdown
from the letdown breaks under consideration, would have to be accomplished by
the positive displacement charging pump (if non-lE power is restored) or by
using the safety injection pumps when the primary system pressure has been
reduced to below the SI pump shutoff head. Both the safety injection pumps and
the positive displacement charging pump are unaffected by jets in Zone 11.4C-
1.

HELB Zone 11.4D-0

This zone is the auxiliary steam pipe tunnel which is completely bounded by
concrete walls or slabs. Safe shutdown equipment, instrumentation or cables
are not located within this zone.

HELB Zone 11.4D-1

This zone is the Letdown Heat Exchanger IA room. There are no potential block
wall failures within this zone. Therefore, the effects of jet impingement, due
to breaks in this zone, are totally contained within the zone boundaries. Safe
shutdown cables, instrumentation or equipment are not located within the zone,

HELB Zone 11.4E-0

This zone is the seal water filter room located in a valve aisle in the Elevation
391 feet 6 inches general area of the Auxiliary Building. Safe shutdown
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6.2.13

6.2.14

equipment, instrumentation or cables are not located within this zone.
Although block walls are associated with this zone, jets are either not directed
at these block walls or jet force magnitudes are so low that block wall failures
will not result per Reference 8.3.7. Hence, jet effects are contained within the
zone. There are no safe shutdown equipment, instrumentation or cables in this
zone,

HELB Zone 11.4F-0

This zone is a segment of the general area valve aisle located on Elevation 383
feet. The zone is located between the Letdown Heat Exchanger IA room and
the Seal Water Heat Exchanger room. The boundaries consist of concrete block
walls with one boundary defined by the extent of jet influence based on the two-
phase jet criteria according to Reference 8.1.4. There is a partial block wall
along the west side of the zone which is subjected to a jet. This block wall
separates the zone from adjacent HELB zone, 11.4C-1, which is the Letdown
Heat Exchanger IB room. Safe shutdown equipment is not located in either of
these zones. The safe shutdown cables located in Zone |1.4F-0 are listed in
Table 7-7 and are also routed through Zone |1.4C-1.

Hence, the effects of HELB jets in this zone on equipment, instrumentation,
cables, and block walls leads to no additional failures beyond the failures
discussed in Subsection 6.2.9. This is because the cables failed in Zone |1.4F-0
are also postulated to fail in the assessment of Zone |1.4C-1.

HELB Zone 11.58-0

This zone is a section of Elevation 401 feet general area in the Auxiliary
Building containing auxiliary steam piping. This zone is not bounded by physical
barriers with the exception of several concrete walls, a block wall near the
Boric Acid Tank and an "L" shaped fire wall. The boundaries of the zone are
defined primarily by the zone of jet influence based on the two-phase jet
criteria of 10 pipe diameters. This is because the postulated line breaks within
the zone occur on auxiliary steam lines which result in two-phase and/or steam
jets. According to Reference 8.1.4, there are only three high- energy lines in
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this zone which can break, and they are all 2- inch diameter pipes. The
maximum extent of jet damage is limited to a d.stance of 20 inches from each
respective break location. Hence, the zone boundaries as defined in Figure 2
are an extremely conservative representation of the effects of HELB jets in this
zone. For this reason none of the physical boundaries of this zone are actually
subjected to jet impingement based on high energy line routings in this zone.

Safe shutdown equipment or instrumentation is not located within this zone.
Table 7-8 lists the cables which are routed in the vicinity of the zone. Most of
the cables in the vicinity of the zone are routed in cable trays per the 6E-0-
3031 and 6E-0-3032 series electrical drawings (References 8.3.1 and 8.3.6).
These cable trays are routed between elevations spanning 425 feet | inch to 416
feet 6 inches. The remaining cables are routed in conduit based on Drawing 6E -
0-3302D0% and its associated hanger drawings (Reference 8.3.6). These conduits
contain Cables IAB002 and IAB003 and are routed at a minimum Elevation of
408 feet | inch at their closest point to the high energy lines under
consideration,

The breaks postulated within this zone per Reference 8.1.4 produce very low
force jets (200 pounds) and occur on the following lines:

o 0AS9%A-2,
e 0ABA6B-2, and
e OABA2B-2.

Line 0AS94A-2 is depicted on Drawings M-255 and M-283 and isometric
Drawings M-2550-A and M-2554-A (Reference 8.3.6). The low point of this line
occurs at Elevation 405 feet near the boric acid batching tank while its highest
point is Elevation 422 feet inch near the turbine building wall.

Line 0ABA6B-2 is depicted on Drawings M-2550-A and M-282 (Reference
8.3.6). The low point of this line is Elevation 404 feet 5 inches and the high
point is Elevation 405 teet 9 inches both of which occur near the boric acid
batching tank.
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Line 0ASA2B-2 is depicted on Drawing M-282 (Reterence 8.3.6). This line is
routed horizontally at the base of the boric acid batching tank below Elevation
405 feet 10 inches.

The maximum elevation of either Line 0ASA2B-2 or OABA6B-2 is 405 feet 10
inches while the minimum elevation of all cables in this zone in the vicinity of
these two lines is 408 feet | inch. The cables of interest are separated
vertically from these lines by at least 2 feet 3 inches. Hence, based solely on
vertical separation, potential breaks in these particular lines would not cause
jet impingement on any cables in this zone since the separation is larger than
the 20-inch zone of jet influence defined for these two-phase line breaks. The
remainder of this discussion addresses the remaining line (i.e., 0AS94A-2).

Based on the cable routing drawings indicated previously, the following
observations are made:

The large north-south cable runs are routed in cable trays west of the "N"
line. Specifically, these trays are at least 5 feet west of the "N" line,

All east-west cable runs are routed in cable trays south of the 12 column by
at least 16 feet.

These cable runs are compared to the relative position of the remaining high
energy line for potential jet effects.

From the isometric drawings indicated previnusly, Line 0AS94A-2 is routed east
of the "N" line by at least | foot. The north-south cable trays are routed 5 feet
west of the "N" line. It is concluded that these north-south cable runs are
separated from line OAS94A-2 by a distance of at least 6 feet, which is larger
than the 20-inch zone of jet influence. Hence, these particular cable trays are
not subjected to jet impingement based on separation from potential HELB's
from Line 0AS94A-2.

Also, as shown on the isometric drawings, Line 0AS94A-2 is routed south of
Column 12 by 4 feet |1 inches. Since the east-west cable run is at least |6 feet
south of Column 12, this particular cable tray is separated from high-energy
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line 0AS94A-2 by at least 11 feet. This distance is clearly larger than the 20-
inch zone of jet influence. Hence, the cables routed in this east-west tray are
not subjected to jet impingement based on separation from the potential HELB's
from Line 0AS94A-2.

The remaining cables to be considered in this zone are routed in conduits near
the boric acid batching tank or in a short cable tray along the turbine building
wall.

The cables routed in conduit are north of Column 16 by at least 6 feet. Piping
from Line 0AS94A-2 is routed to a point 2 feet 10 inches south of Column 16.
Hence, the conduits are separated from Line 0AS94A-2 by at least 8 fret.
These conduits are separated from high-energy Line 0AS94A-2 by distances
greater than the 20-inch zone of jet influence defined for these lines. Hence,
these cables are not affected by jet impingement based on separation from
potential HELB's from Line 0AS94A-2.

The short cable tray along the turbine building wall spans from 23 feet 3 inches
to 8 feet 0 inch south of Column 12, The only high-energy line in this vicinity
is Line 0AS94A-2 which is routed to a point only & feet 1l inches south of
Column 12, Therefore, this cable tray is separated horizontally from this high-
energy line by more than 3 feet which is clearly outside of the 20-inch zone of
jet influence defined for this line. Hence, this cable tray is not affected by jet
impingement based on separation from potential HELB's from Line 0AS94A-2.

Thus, it has been demonstrated that all cables within Zone |1.5B-0 are
separated from potential line breaks in the zone by distances greater than the
20-inch zone of jet influence. No safe shutdown cables, instrumentation or

equipment are impacted by jet impingement in this zone,

HELB Zone 14.3-0

This zone includes the radwaste surface condenser rooms which are separated
by block walls. The zone is bounded by concrete partition walls. The block
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walls are assumed to fail and the entire zone is assumed to be affected by the
HELB or wall failure.

Per Reference 8.3.7, two partition walls along the south wall and a portion of
the east wall are postulated to fail under jet impingement forces. Jets are
assumed to penetrate the zone boundaries in the direction of these failed
partition walls. Based on Reference 8.1.4, jets from postulated breaks in this
zone are steam or two-phase jets. Hence, the extent of jet damage is limited to
a zone of influence of 10 pipe diameters from the break location. Reference
8.1.4 indicates that the largest high energy line in this zone is 20 inches.

A conservative zone of influence corresponding to 200 inches adjacent to either
of the failed partition walls was examined for safe shutdown equipment,
instrumentation, or cables. Based on examination of piping composite drawings
(Reference 8.3.8), the following conclusions were drawn concerning safe
shutdown equipment:

e No safe shutdown equipment or instrumentation is located within the zone
boundar ies.

e No safe shutdown equipment or instrumentation is located adjacent to the
zone in the areas where jets could penetrate the failed partition walls.

e The safe shutdown equipment or instrumentation which is located nearest
either of the failed partition walls is the Hydrogen Recombiner (00G085B)
which is at least 30 feet from the closest partition wall. Since the maximum
extent of jet failure is conservatively 200 inches from the wall, the hydrogen
recombiner is unaffected by jet impingement from HELB's occurring in this
zone.

Safe shutdown equipment and inst*umentation are unaffected by HELB jets in

this zone., There are no safe shutdown cables located in this zone or adjacent to
the zone in the zone of influence defined for the failed partition walls.
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6.2.17

HELB Zone 14,5-0

This zone includes the radi’aste evaporator rooms which are separated by block
walls. The block walls are assumed to fail. The zone is bounded by concrete
walls. Hence, the entire area is considered a damage area. However, no safe
shutdown equipment, instrumentation or cables are located within this zone.
Since the effects of jets are totally contained within the zone, there are no jet
impingement consequences on safe shutdown equipment, instrumentation or

cables from HELB's in this zone.

HELB Zone !8.3-1

This zone represents the main steam tunnel exclusive of the valve houses and
auxiliary feedwater tunnel. There are nc safe shutdown equipment,

instrumentation or cables located within this zone. Also, there are no potential
block wall failures due to jets or other HELB effects in this zone. The effects

of jet impingement due to breaks in this zone are contained totally within the

zone boundaries.
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7.0

CONCLUSIONS

Based on the preceding jet impingement assessment, all power and control
cables outside containment, electrical and mechanical equipment, and
instrumentation used to attain a safe shutdown condition are adequately

designed to accommodate the effects of HELB jet impingement,

Safe shutdown equipment and instrumentation inside and outside containment
and cables outside containment have been examined for safe shutdown
consequences from HELB jets with consideration of block wall failures. The
block wall failures which were postulated resulted in no additional consequences

on safe shutdown equipment, instrumentation or cables.

Equipment, instrumentation and cable failures have been assumed in areas
where credit for potential jet deflection and/or jet pressure attenuation could
have been taken but was not. If such features were accounted for, some

failures could be potentially eliminated.
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Equipment
Number

Equipment
Name

Table 1-1

Equipment Inside Containment

Used for Safe Shutdown

71 thru 733

T34 thru Té5

1CC9416
1CC9438

1Cveilz
1CvBle0

1FPOl11

1LT=537
1LT-538

LT-539
1LT-547
1LT-548
1LT-549
1LT-556
1LT-557
1LT-558
1LT-559

10GO57A
10G07¢
10G080
10Go8l

1PSS354A
1PSS355A
1PS9356A
1PSS357A

Division 11

Division 12

Gate Isol.
Gate Iscl.

Globe Isol.
Globe Isol.

Globe Isocl.
Globe Isol.
Pressurizer

Pressurizer
Pressurizer

Core Exit Thermocouples

Core Exit Thermocouples

Valve, 6", Motor Op.
Valve, 4", Motor Op.

Valve, 2", Motor Op.
Valve, 3", Solenoid

Valve, Solenocid
Valve, Solencid
Level Transmitter

Level Transmitter
Level Transmitter

Stm Gen Narrow Range Level Transmitter
Stm Gen Narrow Range Level Transmitter
Stm Gen Narrow Range Level Transmitter
Stm Gen Narrow Range Level Transmitter
Stm Gen Narrow Range Level Transmitter
Stm Gen Narrow Range Level Transmitter
Stm Gen Narrow Range Level Transmitter
Stm Gen Narrow Range Level Transmitter
Stm Gen Narrow Range Level Transmitter
Stm Gen Narrow Range Level Transmitter
Stm Ger Narrow Range Level Transmitter
Stm Gen Narrow Range Level Transmitter

tm Gen Narrow Range Level Transmitter
Stm Gen Narrow Range Level Transmitter
Stm Gen Narrow Range Level Transmitter
Stm Gen Narrow Range Level Transmitter

Butterfly Isol. Valve, Motor Op.

Butterfly Isocl. Valve, 3", Motor Op.
Butterfly Isol. Valve, 3", Motor Op.
Butterfly Isol. Valve, 3", Motor Op.

Globe Isol.
Glope Iscl.
Slobe Isol.
Globe Isol.

valve, 3/8", Solenoid
valve, 3/8", Solencid
valve, 3/8", Solencid
Valve, 3/8", Solencid

A - 64
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Teble 71-1 (continued/

Equipment Inside Containment
Used for Safe Shutdown

Equipment Egquipmernt

Number Name

1PT=-403 RC Pressure Transmitter

1PT=405 RC Pressure Transmitter

1PT=455 Pressurizer Pressure Transmitter
1PT-456 Preszurizer Pressure Transmitter
1PT-457 Pressurizer Pressure Trancsmitter
1PT-4586 Pressurizer Pressure Transmitter
1RCO Gloke Valve, 1"

1RC018B
1RCO1BC
1RCO1BD

1RCO1R

1RE~ARO11
1RE-ARQOlZ
1RE1003
1RES15SA
1RES160A

1RFG26

1RHB701A
1RH8701B
1RHE702

1RH8702B

1RYO01S
1RY20MA
1RY20MB
1RY455A
1RY456
1RYB0O00A
1RYBOOCB
1RYBO26

1SA033
1SI04TA

18I047TB
1S1047TC

3
Globe Valve, 1
Globe Valve, 1"
Globe Valve, 1

Steam Generator 1A
Steam Generatoer 1B
Steam Generator 1C
Steam Generator 1D

Reactor Vessel

Cnmt Radiation Monitor

Cnmt Radiation Monito

Diaph. Iscl. Valve, 3", 2 Solenoids
Diaph. Isocl. Valve, 3/4", Solenocid
Diaph. Iscl. Valve, 1", Solencid

Plug Valve, 2", Solenoid

Gate Iscl. Valve, 12", Mctor Op.
Gate Valve, 12", Motor Op.
Gate Isol. Valve, 12", Motcr Op.
Gate Valve, 12", Motor Op.

Pressurizer
PORV Nitrogen Accumulator Tank
PORV Nitrogen Accumulator Tarnk
PORV, 2 Sclencids

PORV, 2 Solenoaids

Gate Valve, 3", Moto
Gate Valve, 23", Moto
Gicbe Isol. Valve, 3

Globe Isol. Valve, Solenoid
Accumulator

Accumulator
Accumulator

Dispesition
Section
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Table 1-1 (continued)

Equipment Inside Containment

Used for Safe Shutdown
Equipment Equipment Dispcesition
Number Name sSection
1SI04TD Accumulator 5.18
1TE~-411A Narrow Range Reactor Coolant RTD 5.26
1TE-41l1B Narrow Range Reactor Coolant RTD 5.26€
1TE-421A Narrow Range Reactor Cooulant RTD 5.26
1TE-421B Narrow Range Reactor Coolant RTD 5.26
1TE-431A Narrow Range Reactor Coolant RTD 5.26
1TE-431B Narrow Range Reactor Coolant RTD .26
1TE-441A Narrow Range Reactor Coolant RTD 5.26
1TE-441B Narrow Range Reactor Cooclant RTD 5.26
1VPOlAA Cnmt Ess'l Service water Coil 1A (RCFC 5.1
1VPOlAB Cnmt Ess'l Service Water Coil 1B (RCFC) 5.1
1VPO1lAC Cnmt Ess'l Service Water Coil 1C (RCFC) 5.1
1VPOlAD Cnmt Ess'l Service Water Coil 1D (RCFC) 5.1
1VPO1CA Prim. Cnmt. Vent System RCFC Fan, Motor Sl
1VPO1CB Prim. Cnmt. Vent System RCFC Fan, Motor S.1
1VPOlCC Prim. Cnmt. Vent System RCFC Fan, Motor Sel
1VPO1CD Prim. Cnmt. Vent System RCFC Fan, Motor 5.1
1VQOO1lA utterfly Iscl. Valve, Actuator 8.2
1VQOO02A Butterfly Isol. Valve, Actuator S5.2
1VQO04A Butterfly Iscl. Valve, Solenoid 5.2
1VQOO5A Butterfly Isol. Valve, Solenoid - W9
1W0056A Gate Control Isol Valve, 10" 5.24
1WO056B Gate Contrcl Iscl Valve, 10" 5.24

A - 66
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Table 1-2

Equipment Outside Containment
Used for Sare Shutdown

Equipment Equipment Hazard Disposition
Number Name Zone Section
OABC3P Shared Boric Acid Transfer Pump 1l. 5 =0 6.1.1
1ABO3F Unit 1 Boric Acid Transfer Pump 11. 5 =0 6:1.1
1ABO3T Boric Acid Tank 1l. 8 =0 B.l.1
1AFQO6A Ess'l Service wWater to AF Pump Suc Valve 1l. 4A-1 6.1.1
1AFO06B Ess'l Service Water to AF Pump Suc Valve 1l. 4A-1 6.1.1
1AFOl17A Ess'l Service Water to AF Pump Suc Valvs 1l. 4 -0 6.1.1
1AF017B Ess'l Service Water to AF Pump Suc Valve 1l. 4A-1 6.1.1
LAFOlAR Motcr Driven AF 0il Cooler 1l. 4 -0 6.1.1
1AFO1AE Diesel AF Pump 0Oil Cooler 1l1. 4A-1 O.1:.1
1AFOlPA-1 Aux Feedwater Pump 1A (Mc.or Driven) il. 4 -0 6.1.1
1AFOLIPA-2 Lube Cil Pump for AF 1A 11. 4 -0 6+:1.1
1AFO1PB-2 Aux Feedwater Pump 1B (Diesel Driven) 1l. 4A-1 6.1.1
1AFO1PB-A Lube Cil1 Pump for AF 1B 11. 4 -1 6.1.1
1APOSE 4160v Switchgear - ESF Div 11 S$. 2 =1 6.1.]
1APOEE 41607 Switchgear - ESF Div 12 5. 1 =1 6:1.1
1AP10E 480v Switchgear (131X, 1312) S. 2 =1 6.1:1
1AP10E 480v Switchgear (131X, 1312) 18.14B-1 6.1:3
1AP12E 480v Switchgear (132X, 1322) 5. 1 -1 6.1.1
1AP12E 480v Switchgear (132X, 1322) 18.14A-1 6:1.1
1AP21E 480v MCC 131X1 11. 3 =1 §.1.1
1AFP22E 480v MCC 131X3 11. 4 -0 8.1.:1
1AP23E 480v MCC 132X1 11. 3 =0 6.1.1
1AP24E 480v MCC 132X3 11. 4 -0 6.1:1
1AP2EE 48B0v MCC 131X4 11l. S5A-1 6:.1.1
1AP28E 480v MCC 132X4 11. 6 =1 5.1.1
1AP30E 480v MCC 131Xs 1l1. 6 =0 6.1-3
1AP32E 480v MCC 132X5 11. 6 =0 6.1.1
1AP42E 480v MCC 133X3 11. 5 =0 6.1.1
1AF43E 480v MCC 134V3 11. 5 -0 6.1.1
OCCO1A Comp Cooling Hx 1l. 3 =0 6.1.1
1CCO1A Comp Cooliing Hx il. 3 =0 6.1.1
OCCO1P "0" Comp. Cooling Pump il. 3 -0 6.1:1
1CCO1PA 1A Comp. Cocling Pump 1l. 3 =0 5.1
1CCO1PB 1B Comp. Cooling Pump 1l1. 3 =0 S.1l.)
1CCO1T Comp Cooling Surge Tank 1l1. 6 =0 €.1.1
1CCE85 Gate MO Valve {Cnmt Isocl) 11. 3 -1 6.1.1
1CC9412A 1A RHR Hx Outlet Valve 1l1. 3 =0 6.1.1
1CC9412B 1B RHR HX Outlet Valve 11. 3 =0 6.1.1
1CC9413A Gate MO Valve (Cnmt Isol) 11. 3 -1 6.1.1
1CC9413B Gate MO Valve {Cnmt Isol) 1l. 3 =1 6.1.1
y =~ &7
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Table 1-2 {continued/

Equipment Outside Containment

Used for Safe Shutdown
Equipment Equipment Hazard Disposition
Number Name Zorne Section
1CC9414 Gate MO valve Cnmt Iscl) 11. 3 =1 6.1.1
1CC94228 Relief Valve 11. 3 =0 8:1.1
1CCS437A Globe RO Valve (Cnmt Isol) 11. 3 -1 6.1.1
1CC9437B Globe AO Valve (Cnmt Isol) il. 3 =1 6.1.1
1CDO1T Condensate Storage Tank 18.23 -0 Belsd
1CS001A MO Globe Valve 1l. 3E-1 6.1.2
1CSC01B MO Globe Valve 1l. 3 =1 6.1.1
1CS007A Gate Valve (Cnmt Isol) i, 3 =} 6:1.1
1CS00738 Gate Valve (Cnmt Isol) 1l1. 3H-1 6.1.2
1CS00%8A Gate Valve and Motor Op 1l. 2B~1 6.1.1
1CS0098B Gate Valve and Motor Op 1l. 2C-1 6:1.1
1CS019A Gate Valve 11. 2B-1 6:1.1
1CS01SB Gate Isclation Valve & Motor Op 1l. 2C=-1 6.1.1
1CSO1PA Cnmt Spray Pump 1A and Motor 1l1. 2B-1 6.1.1
1CSO1PB Cnmt Spray Pump 1B and Motor 11. 2C-1 6.1.1
1CSO.LT Spray Additive Tank il., 3 =1 6.1.1
1CVO1PA Ch'g Pump 1A and Motor 1l. 3D-1 6.2.6
1CVOl1lPA-A Ch'g Pump 1A Lube 0il Pump 1l. 3D~-1 6.2.6
1CVO1lPB Ch'g Pump 1B and Motor 11. 3G-1 6.2.7
1CVO1PB-2 Ch'g Pump 1B Lube Oil Pump 11. 3G-1 6.2.7
1CVOlT Vol Control Tank 1l. 6A-1 6.1.1
1CVO2SA Ch'g Pump 1A Gear Cooler 1. 3D-1 €.2.6
1CV02SB Ch'g Pump 1B Gear Cooler 1l1. 3G-1 Bed7
12vo3sa Ch'g Pump 1A Lube 0il Coocler 1l1. 3D-1 6.2.6
1CVO3SB Ch'g Pump 1B Lube 0il Cooler 1l. 3G-1 6.2.7
1CV1128 Gate Valve and Motor Op 1l1. 6A-1 8.1.1
icviizc Gate Valve and Motor Op 1l. 6A-1 6:1:1
1CV112D MO Gate Valve 1l1. 3H-1 6.2.8
1CV112E MO Gate Valve 1l. 3B-1 6.2.8
1CVRB100 MO Globe Isclation Valve il. 3H-1 6.2.8
1CvBl04 Gate Valve and Motor Op 1l. 6A-1 6.1.1
1CVB105 Gate MO Valve (Cnmt Isol) 11. 3H-1 8.1.2
1CVB1l06 Gate MO Valve (Cnmt Isol) 1l. 3B-1 6.1.2
1Cv8110 Ch'g Pump Miniflow Valve 1l. 3H-1 6.2.8
1Cvelill Ch'g Pump Miniflow Valve 1l. 38-1 ©.2.8
1Cveis2 AC Globe Isoclation Valve 11. 3H-1 6.2.8
1CVB355A Globe MO Valve (Cnmt Isol) 1l. 3 =1 6:1.1
1CVB355B Globe MO Valve ‘ (Cnmt Isol) 1l. 3H-1 6.1.2
1CVB355C Globe MO Valve (Cnmt Isol) 1l. 3H-1 B.1.2
1CvV8355D Globe MO Valve (Cnmt 1so0l) 1l. 3 -1 5.1.1
1CV8BO4A MO Gate Valve 1l. 3H-1 6.2.8
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Teble 1-2 /(continued)

Equipment Outside Containment

Used for Safe Shutdown
Equipment Equipment Hazard Disposition
Number Name Zone Secticn
1DCClE 115v Battery l11l1 Div 11 5. 6 =1 6.1.1
1DCO2E 125v Battery 112 Div 12 5. 4 =1 6151
1DCO3E Battery Charger 111 Div 11 5. 6 =1 Oslsl
1DCC4E Battery Charger 112 Div 12 Be 4 =) 6.1.1
1DCOSE 125v DC Bus 121 ESF Div 11 5. 6 -1 8:3.1
1DCO6E 125v DC Bus 111 ESF Div 12 5. 4 -1 6.1.1
1DGO1KA Ciesel Generator 1A and HX 8. 2 =1 6.1.1
1DGO1KB Diesel Generator 1B and Hx 9. 1 =1 S:1:1
1DOC1PA 1A Fuel 0il Transfer Pump 10. 2 =1 6.1.1
1DOC1PB 1B Fuel 2il1 Transfer Pump 1 1=l 6.1.1
1DO01PC 1C Fuel 0il Transfer Pump D £ =1 6.1:.1
1DOO1PD 1D Fuel 0il Transfer Pump 10. 1 =1 6.1.1
1DO01T DG Storage Tank 10. 2 =1 6.1.1
1DOO1TB DG Storage Tank 10. 1 =1 6.1.1
1DO21TC DG Storage Tank 10. 2 -1 S.1:1
1DOQLTE DG Storage Tank 10. 1 =1 .11
1DO02TA DG Day Tank 1A 8. 3 -1 €:1.1
iDOC2TB DG Day Tank 1B 9. 4 =1 6.1.1
ODOOBTA Ess'l Service Water Makeup Diesel Tank OA 18.11 =2 6.1.1
ODOOSTB Ess'l Service Water Makeup Diesel Tank OB 18.11 -1 6.1.1
1DO10T AF Diesel Day Tank 11. 4A-1 6.1.1
OFE-VACC3 Flow Element 1l. 7 =0 B.1,3
OFE-VAO04 Flow Element 1l. 7 =C 6.1.1
OFE-VAOQO0S Flow Element 11. 7 =0 6.1.1
OFE-VAQ06 Flow Element 11. 7 =0 6.1.1
OFE-VAO007 Flow Element 11. 7 =0 6:.1.3
OFE-VAQOB Flow Element 1l. 7 -0 Bulid
OFE~VAQOQS Flow Element 1. 7 =0 6.1.1
OFE-VAC10 Flow Element 11. 7 -0 6:1:1
1FPClC Globe Valve (Camt Isol) 11. 3 =1 §:3.1
1FWSOSA Gate Isolation Valve & Hydraulic Op 18. 3A-1 6.1.1
1FWO(0SB Gate Isolation Valve & Hydraulic Op 18. 3A-l 6.1.1
1FW0QSC Gace Isclaticn Valve & Hydraulic Opo 18. 3A-1 6.1.1
1FW00SD Gate Isolation Valve & Hydraulic Up 18. 3A~-l 6.1.1
1FW035A Control Valve & Solenoid 18. 3A~1 6.1.1
1FW03sB Control Valve & Sclenvid 18. 5A-1 6.1.1
1FWG035C Contrcl Valve & Solenoid 18. 3A-1 6:1.1
1FW035D Control Valve & Sclenoid 18. 3A-1 $:1sl
1FW0432 Control Isolation vValve & £clenoi’ 18. 3A-1 6.1.)
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Table 1-2 (continued)

Equipment Outside Containment

Used for Safe Shutdown
Equipment Equipment Hazard Disposition
Number Name Zone Section
1FW043B Control Isclation Valve & Solencid 18. 3A-1 G.1,1
1FW043C Control Isclation Valve & Sclenoid 18. 3A-1 B.1:1
1FW043D Control Isolation Valve & Solenoid 18. 3A-1 6.1.1
1IA065 Globe Valve (Cnmt Isol) 11. 3H-1 6.1.2
1LS-DO033 Diesel Cil Day Tank Level Switch 8. 2 -1 6:1.1
1LS-DO036 Diesel Oil Day Tank Level Switch 3. 1 =1 6.1.1
iLT-930 RWST Level Transmitters 16. 1 =1 6.1.1
1LT-931 RWST Level Transmitters 16. 1 -1 6.1.1
1LT-932 RWST Level Transmitters 16. 1 -1 6.1.1
iLT-233 RWST Level Transmitters 16. 1 -1 6.1.1
1MS001A Gate Isolation Valve & Hydraulic Op 18. 3A-1 &8.3.1
1MSOC1B Gate Isclation Valve & Hydraulic Op 18. 3A-1 €El:d
1KS001C Gate Isolation Valve & Hydraulic Op 18. 3A-1 Silsl
1MSOC1D Gate Isclation Valve & Hydraulic Op 18. 2A~-1 P P
iMSOl1l3A Relief Isclation Valve 18. 3A-1 6.1.1
1MSC13B Relief Isoclation Valve 18. 3A-1 6.1.1
1MS8013C Relief Isclation Valve 18. 3A-1 6.1.1
1MS013D Relief Isolation Valve 18. 3A-1 B8s1+1
1MS014A Relief Isclation Valve 18. 3A-1 6:1:1
1MS014B Relief Isclation Valve 18. 3A-1 6.1.1
1MS014C Relief Isolation Valve 18. 3A-~-1 6.1.1
1MS014D Relief Isclation Valve 18. 2a-~-1 6.1.1
1MS015A Relief Isolation Valve 18. 3a-1 6.1.2
1MS015B Relief Isolation Valve 18. 3A-1 6.1.1
1MS015C Relief Isolation Valve 18. 3A-1 8:1.1
1MS015D Relief Isolation Valve 18. 3A-1 8.1.1
1MSOl16A Relief Isclation Valve 18. 3A-1 6.1.1
1MS016B Relief Isolation Valve 18. 3A-1 §:1:1
1MS016C Relief Isolation Valve 18. 3A-1 §.1.1
1MS016D Relief Isolation Valve 18. 3A-1 6.1.1
1MSC17A Relief Isolation Valve 18. 3A-1 é.1.1
1MS017B Relief Isolation Valve 18. 3A~-1 6:.1:1
1MSC17C Relief Isclation Valve 18. 3A-1 6.1.1
1MS017D Relief Isolation Valve i8. 3A-1 6.1.1
1MS018A SG Atm Relief Valve & Hydraulic Op 18. 3A-1 B:1:l
1MS018B SG Atm Relief Valve & Hydraulic Op 18. 3a-1 6:1.1
1MS01€ecC SG Atm Relief Valve & Hydraulic Op 18. 3A-1 6.1.1
1MS018D SG Atm Relief Valve &. Hydraulic Op 18. 3A-1 6.1.1
00G05% Butterfly Valve, 3" 1l. 5 =0 6.1.1
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Equipment Outside Containment
Used for Safe Shutdown

Tab

le 1-2

fcontinued)

Equipment Equipment Hazard Dispcsition
Number Nane Zone Section
00GO60 Butterfly Valve, 3" 11. 5§ =0 9 T |
00Go61 Butterfly valve, 3" 11. 5 -0 8.1
00G062 Butterfly vValve, 3" 1l1. 5 =0 Bedol
00G0E3 Butterfly Valve, 3" 1l. 5 =0 6:1.1
00G064 Butterfly vValve, 2" 1l1. § =0 6.1.1
10Goe2 Butterfly Valve (Cnmt Isol) 11. 3 =1 6.1.1
0G083 Butterfly Valve (Cnmt Isol) 11. 3H-1 6.1.2
10G084 Butterfly Valve (Cnmt Isol) Il« 3 =} 6:1,:)
10G085 Butterfly Valve (Cnmt Isol) 11. 3 =1 831
00GOogsA Hydrogen Recombainer 1l. 5 =0 6.1.1
00G08SE Hydrogen Recombiner 11. 5 =0 T % |
1PA27J Aux Safeguard Relay Cabinet (A} 5. 5 =1 6:1.1
1PA28BJ Rux Safeguaré Relay Cabinet (B) 5. 5 =1 6.1.
12L.0420 Remote Control Panel 1l. 4C-0 6.31.1
iPLOSJ Remcte Control Panel 1l. 4C-0 6.1.1
1PL06J Remote Contrcl Panel 1l. 4C=0 6.1.1
1PLO7J Diesel Control Panel 9. 2 -1 6.1.1
1PLO8J Diesel Control Panel S. 1 -1 6.1.1
iPLS~-AF051 Aux Feedwater Pump 1A Switch 1l. 4 =0 6.1.1
1PLS-AF055 Au.. Feedwater Pump 1B Switch 1l. 4A-1 6.1.1
1PMCSJ Main Control Panel 2. 1 =0 8:1.1
1PHKO6J Main Control Panel 2. 1 =0 B8:sled
1PROO1A Control Valve (Cnmt Iso0l) il. 3H-1 6.1:¢4
1PROC1B Centrol Valve (Cnmt Isol) 11. 3H-1 8.1.2
1PR0O66 Globe AO Valve (Cnmt Isol) 1l1. 3H-1 6.1.2
1FS~-CV032 Ch'g Pump 1A Pressure Switch 1l. 3D-1 6.2.6
1PS-CV033 Ch'g Pump 1B Pressure Switch 1l1. 3G-1 6.2.7
1PS228A Valve (Cnmt Isol) 1l. 3H-1 6.1.2
1PS228B Velve (Cnmt Isol) 11. 3H-1 6.1.2
1PS22%A Valve (Cnmt Isol) 11. 3H-1 §.1.2
1PS228B valve ([Chmt 1s0l) 1l1. 3H-1 6.1.2
1PS230A Valve (Camt 1sol) 11. 3H-1 6.1.2
1PS230B Valve (Cnmt Isol) il. 3H-1 6.1.2
1PSS354B Globe AQ Valve {Cnmt 1s01l) 1l. 3B-1 e
1PS93558 Globe AC Valve (Cnmt Isol) 11. 3H-1 6.1.2
1PS9356B Globe AO Valve (Cnmt Isol) 11. 3H-1 6.1.2
1PS89357B Globe AD Valve (Cnmt Isol) 11. 3H=-1 6.1.2
1PT-514 Loop 1A (Stm Gen) MS Pressure Transmitter 18. 32-1 6.1.1
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Table 1-2 (continued)
Equipment Outside Containment
Used for Safe Shutdown
Eguipment Eguipment Hazard Disposition
Number Name Zone Section
i1PT-818 Loop 1A (Stm Gen) MS Pressure Transmitter 18. 3A-1 Bs).3
1PT-516 Loop 1A (Stm Gen) MS Pressure Transmitter 18. 3A-l 6:1.1
1PT-524 Loop 1B (Stm Gen) MS Pressure Transmitter 18. 3A-1 B.1.3
1PT-525 Loop 1B (Stm Gen) MS Pressure Transmitter 18. 3A-1l 6.1.1
1PT-526 Locp 1B (Stm Gen) MS Pressure Transmitter 18. 3A-l 8:1.1
1PT-534 Leop 1C (Stm Gen) MS Pressure Transmitter 18. 3A-1 $:3.1
1PT-538 Loop 1C (Stm Gen) MS Pressure Transmitter 18. 3A-1 6.1.1
1PT-536 Loop 1C (Stm Gen) MS Pressure Transmitter 18. 3a-1 6.1.a
1PT-544 Loop 1D (Stm Gen) MS Pressure Transmitter 18. 3a-1 6.1.1
1PT-545 Loop 1D (Stm Gen) MS Pressure Transmitter 18. 3A-1 6.1.1
1PT-546 Loop 1D (Stm Gen) MS Pressure Transmitter 18. 3A-1 6.1.1
1PT-934 Cnmt Pressure Transmitter 1l. € =1 6.1.1
1PT-935 Cnmt Pressure Transmitter 1l. 7 =] 6.1.1
1PT-936 Cnmt Pressure Transmitter 1ls 7 =1 6.1.1
1PT-937 Cnmt Pressure Tran tter 11l. 6 =1 (% % |
1RES157 Diaph Seat AOQ Valve (Cnmt Isol) 1l1. 3 =1 6.1.1
1RES159B Diaph AO Valve (Cnmt Isol) 1l. 3 -1 - S
1RES160R Diaph AO Valve (Cnmt Isol) 1ls 3 =1 6.1.1
1RES170 3" Diaphragm Valve {(Cnmt Isol) il. 3 =1 6.1.1
1RF027 Plug Valve (Cnmt Isol) 11. 3 -1 6:1.1
1RHO1PA RHR Pump 1A and Motor 11. 2A-1 6.1.1
1RHO1PB RHR Pump 1A and Motor 1l. 2D-1 6.1:1
1RHO1SA Sump Valve Cnmt Assy {Cnmt Isol) 11. 3H-1 6.1.2
1RHO1SB Sump Valve Cnmt Assy (Cnmt Isol) 11. 3F-1 §.1.3
1RHO2AA RHR Hx 1A 1l. 3B~1 611
1RHO2AB RHR Hx 1B 11. 3E-1 8:1:1
1RHE06 HX Discharge Valve 11. 3B-1 6.1.1
1RH607 HX Discharge Valve 11. 3E-1 8.1.1
1RHE10 RHR Pump Miniflow Valve 1l1. 3B-1 6.1.1
1RH611 RHF Pump Miniflow Valve 11. 3E-1 6.1.1
1RHE18 HX Bypass Valve 1l. 3B-2 6.1:1
1RHELS HX Bypass Valve 1l. 3E-1 6.1.1
1RHB8716A MO Globe Valve 11. 3H-1 6.2.8
1RHE716B MO Globe Valve 11. 3H-1 6.2.8
1RY802% Giobe AO Valve (Cnmt Isol) 31. 3 -} % W |
1RY8028 Diaph AO Valve (Cnmt Iscl) 11. 3 =1 5.1.1
1RYB033 Diaph AD Valve (Cnmt Isol) 1l. 3H-1 6.1.2
1SA032 Globe Valve {(Cnmt Isol) 11. 3H-1 $:1.2
1SD0O02A Angle Isolation Valve & Sclenocid 18. 3A-1 6.1.1
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Table 1-2 (continued/

Equipment Outside Containment

Used for Safe Shutdown
Equipment Equipment Hazard Dispesition
Number Name Zone Section
1SX01€B Butterfly Valve (Cnmt Isocl) 1ls 3 =1 6.1.1
1SXO0lAA Ess'l Service Water Pump 1A Oil Cooler 1l. 1A-0 6.1.1
1SX01AB Ess'l Service Water Pump 1B 0il Cooler 1l. 1B-0 6:1.1
1SX01FA-1 Ess'l Service Water Strainer il. 1A-0 Y P |
18SX01FB-2 Ess'l Service Water Strainer 1l. 1B-0 6.1.1
18SX01K Diesel AF Closed Cycle Hx 1l. 4A-1 6.1.1
1SXC1PA 1A Ess'l Service Water Pump il. 1A-0 6:1.1
1SX01PB 1B Ess'l Service Water Pump 1l. 1B-0 6»1.1
1SX027A Butterfly Valve (Cnmt Isol) 11. 3 =} 7 |
1SX027B Butterfly Valve (Cnmt Isol) 11. 3 -1 6:1-1
OSX02AA Ess'l Service Water Cooling Tower A 17. 2 =1 6.1.1
OSX02AE Ess'l Service Water Coocling Tower B 17. 2 =2 6.1.1
1SX02K AF Gear Drive Lube 01l Cooler 11. 4A-1 Bsled
OSX0ZPA Ess'l Service Water Makeup Pump 18.11 -0 6.1.1
0SX02PB Ess'l Service Water Makeup Pump 18.11 =0 B:1:1
OSX04AA Ess'l Service Water Makeup Pump Cocler CA 18.11 =0 6.1.1
OSXO04AE Ess'l Service Water Makeup Pump Cocler OB 18.11 -0 6.1.1
1SX04P AF Pump Cooling Water Pump 1l. 4A-1 6.1.1
1SX101A Aux FW Pump Oil Cocler Valve 1l. ¢ =0 6.1.1
0SX146 Comp. Cooling Hx "O" Valve 11. 2 -0 6:1:1
0SX147 Component Cocling Hx "O" Valve 1l. 2 =0 6.1.1
18SX165A DG 1A Hx Outlet Valve 9. 1 -1 6.1.1
1SX169B DG 1B Hx Outlet Valve 9. 2 -1 6:1.1
18X173 Ess'l Service Water to Ch'g Pump Suc Valve 1l. 4A-1 6.1.1
18X178 Ess'l Service Water to Ch'g Pump Suc Valve 11. 4a-1 6.1.1
OVAQICA Aux. Bldg. HVAC Far and Moter 11. 7 =0 6.1.1
1VAO1CA SX Pump 1A Cubicle Cooler Fan, Motor il. 1A-0 6.1.1
1VAQICB SX Pump lA Cubicle Cooler Fan, Motor 1l. 1lA-0 6.1.1
OVAO1CB Aux. Bldg. HVAC Fan and Motor 11. 7 =0 6.1.1
OVACQ1CC Aux. Bldg. HVAC Fan and Motor 1l. 7 =0 6.1.1
1VAQ1CC SX Pump 1A Cubicle Cooler Fan, Motor 11. 1A-0 6.1.1
1VAD1CD SX Pump 1A Cubicle Cooler Fan, Motor 11. 1A-0 6.1.12
OVAOQ1CD Aux. Bldg. HVAC Fan and Motor 1l. 7 =0 6.1.1
1VAOLCE SX Pump 1B Cubicle Cooler Fan 1l1. 1B~0 6.1.1
1VROICF SX Pump 1B Cubicle Cooler Fan +l. 1B=0 6:1.1
1VAQICG SX Pump 1B Cubicla Cooler Fan 1i. 1B-0 6.1.1
1VAQLICH SX Pump 1B Cubicle Ccoler Fan i1l. 1B~0 6.1.1
1VAQ1lJ SX Pump 1A Cubicle Cocler Local Panel 1l. 1A-C 6.1.1
IVAD1ZA Ess'l Service Water Pump 1A Cooler 1l. 1A-0 6.1:1
1VAO1SE Ess'l Service Water Pump 1B Cooler 11. 1B-0 6:1.1
OVAOZ2YA Damper 1l. 7 =0 6.1.1
OVAQ22YB Damper 1l. 7 =0 6.1.1
OVAOZ3YA Damper 11. 7 -0 6+:1.1
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Table 1-2 (continued)

Equipment Outside Containment

Used for Safe Shutdown
Equipment Equipment Hazarad Cisposition
Number Name Zone Section
OVAQ23YE Damper ' 11. 7 =0 6:1.1
OVAD24YA Damper 1l. 7 =0 6.1.1
OVAQ24YE Damper 11. 7 -0 6.1.1
OVAC25YA Damper 11. 7 -0 6:1.1
OVAQ25YB Damper 11. 7 =0 6.1.1
1VAQ2CA RHR Pump 1A Cubicle Cocler Fan and Motor 11. 2A-1 6.1.1
OVAOQ2CA Aux. Bldg. HVAC Fan and Motor 11. 7 -0 6.1.1
OVAO2CB Aux. Bldg. HVAC Fan and Motor 11. 7 =0 6.1+1
1VAC2CB RHR Pump 1A Cubicle Cooler Fan and Motor 1l. 2A-1 6.1.1
1VAQ2CC RHR Pump 1B Cubicle Cocoler Fan and Motor 11. 2D=1 6.1.1
OVAOQ2CC Aux. Bldg. HVAC Fan and Motor 11. 7 -0 6:1.1
OVAQ2CD Rux. Bldg. HVAC Fan and Motor 1l1. 7 =C 6.1.1
1VAQ2CD RHR Pump 1B Cubicle Cooler Fan and Motor 11. 2D-1 6.1.1
1VAQZ2J SX Pump 1B Cubicle Cocler Local Panel 1l. 1B-0 6.1.1
1VAQ2SA RHR Pump 1A Cubicle Cooler 1l. 2A~-1 6.1.1
1VAQ2SB RHR Pump 1B Cubicle Cooler 11. 2D-1 Ba1.1
1VAQ3CA CS Pump 1A Cubicle Cooler Fan, Motor 1l. 2B-1 6.1:1
OVAQC3CA Aux. Bldg. HVACT Fan and Motor 11. 7 =0 6.1.1
OVAO3CB Aux. Bldg. HVAC Fan and Mostor 1l. 7 =0 6.1.1
1VAO3CB CS Pump 1A Cubicle Cooler Fan, Motor 1l. 2B~1 6.1:1
1VAQ3CC CS Pump 1A Cubicle Coocler Fan, Motor il. 2B=1 6.1.1
OVAQ3CC Aux. Bldg. HVAC Fan and Motor 11. 7 =0 T 1% |
OVAQ3CD Aux. Blag. HVAC Fan and Motor 11. 7 =0 6.1.1
1VAC3CD CS Pump 1A Cubicle Cooler Fan, Motor 1l. 2B-1 6.1.1
1VAOQO3CE CS Pump 1B Cubicle Cocler Fan and Motor 1l. 2C=1 6.1.1
OVAQ3CE Aux. Bldg. HVAC Fan and Motor 11. 7 =0 6.1.1
OVAO3CF Aux. Bldg. HVAC Fan and Motor il. 7 =0 6.1.1
1VAO3CF CS Pump 1B Cubicle Cocler Fan and Motor 11. 2C-1 6.1.1
1VR03CG CS Pump 1B Cubicle Cocler Fan and Motor 11. 2C-1 6.1.1
1VAC3CH CS Pump 1B Cubicle Cooler rFan and Motor 1l. 2C-1 6.1.1
1VAQ3J Cubicle Cocler Local Panel 1l. 2A=-1 6.1.1
1VAQ3SA CS Pump 1A Cubicle Cooler 11l. 2B-1 6.1.1
1VAQ3SB CS Pump 1B Cubicle Cocler 11, 2C-1 6.1:1
1VAQ4C S1 Fump .iA Cubicle Tocler ran, Motor 11. 3A-1 6.1.1
OVAO4CA Fuel HAlg Fldg Charwoal Boouster Fan il. 7 -0 Beded
OVAQO4CE Fuel Hélg Bldég Charcoal Booster Fan 11. 7 -0 6.1.1
1VAQACB SI Pump 1A Cubicle Cooler Fan, Motor 11l. 3A-1 . i A |
1VAQ4CC SI Pump 1B Cubicle Cooler Fan and Motor 1l1. 3F-1 6.1.1
1VAQ4CD SI1 Pump 1B Cubicle Cooler Fan and Motor 1). 3IF-1 6.1.1
1VAaQ4d Cubicle Cooler Local Panel 11. 2D=1 6.1.1
1VAQ4S8A Safety irjection Pump 1A Cubicle Cocier il. 3A-1 6:1.1
1VAQ4SE Safety Injection Pump 1B Cubicle Cocler 1 3F-1 6+.1.1
OVADS3YA Damper 11. 7 =0 6.1.1
OVACS3YB Damper 1l. 7 =0 6.1.1
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Table 1-2 (continued/

Equipment Outside Containment

Used for Safe Shutdown
Equipment Equipment Hazard Disposition
Number Name Zone Section
OVAOQS3YC Damper il. 7 =0 6.1.1
OVAQOS54YA Damper 11. 7 =0 6.1:1
OVAOS54YB Damper 1l. 7 =0 6.1.1
OVAQS57Y Damper 11. 7 =0 6.1.1
OVAOS8YA Damper 11. 7 =0 6.1.1
OVAQOS8YB Damper 1l. 7 =0 6.1.1
OVAQS8YC Damper 1l. 7 =0 6.1.1
OVAOSSYA Damper 11. 7 =C 6.1:1
OVAQO59YB Damper li. 7 =0 S.1:.1
OVAO62Y Damper 11. 7 =0 6.1.3
OVAOE7YA Damper 1. 7 =0 6.1.1
OVADE7YB Damper 11. 7 -0 6:1.1
iVAQECA Ch'g Pump 1A Cubicle Cooler Fan and Motor 1l1. 3D-1 6.2.6
1VAQO6CB Ch'g Pump 1A Cubicle Cooler Fan and Motor 1l1. 3D-1 6.2.6
1VAQ6CC Ch'g Pump 1B Cubicle Cooler Fan and Motoer 1l1. 3G-1 6:2+7
1VAOECD Ch'g Pump 1B Cubicle Cooler Fan and Motor 11. 3G-1 6.2.7
1VAOBSA Ch'g Pump 1A Cubicle Cooler 1l. 3D-1 6.2.6
1VAQESB Ch'g Pump 1B Cubicle Cocler 1l. 3G-1 6.2.7
OVAQD72YA Damper 11. 7 =0 6.1.1
QVAC72YB Damper 11l. 7 -0 6.1.1
QOVAQ79YA Damper 1l. 7 =0 6.1.1
OVAQ79YB Damper 11. 7 =0 6.1.1
1VAQ7CA Fuel Hdlg Bldg Cubicle Cocler Fan, Motor 12. 1 -0 6.1.1
1VAQ7CB Fuel Hdlg Blag Cubicle Cooler Fan, Motor 12. 1 =0 6.1.1
1VAQ7S Fuel Hdlg Bldg Cubicle Cooler 12+ 1 =0 6.1.1
OVAOB4YA Damper 1l. 7 =0 8.1.1
OVAOB4YB Damper 11. 7 =0 6.1.1
OVAOBSYA Damper 11. 7 -0 6.1.1
OVAOB5YB Damper 11. 7 =0 6.1.1
OVAOBGYA Damper 11. 7 =0 6.1.1
OVAOBGYB Damper 11. 7 =0 6.1.1
OVAC37YA Damper 1. 7 =0 6.1.1
OVAOB7YB Damper 1l. 7 =C 6.1.1
OVAOUBBYA Damper 11. 7 -0 6.1.1
OVAOEBYEB Damper 11. 7 -0 6.1.1
OVAQB3YA Damper i1 7 =0 6.1.1
OVAOE83YB Damper 1l. 7 =0 6.1.3
1VAOBCA AF Pamp Cubicle Cooler Fan, Motor 11. 4a-1 6.1.1
1VAOECB AF Pump Cubicle Cooler Fan, Motor 11. <4A-1 6.1.1
1VAOS8S AF Pump Cubicle Cooler 11. 4A-1 6:1.:1
CVAOSSYM Damper 11. 7 -C €.1.1
OVAOQ99YB Damper . 1l. 7 =0 6.1.1
OVA100YA Damper 11. 7 -0 6.1.1
OVAl00YB Damper 11. 7 =0 6.1.1
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Table 1-2 (continued)
Equipment Outside Containment
Used for Safe Shutcown
Equipment Equipment Hazard Disposition
Number Name Zone Section
1VAl0Jd Ch'g Pump 1A Cubicle Cooler Panel 1l1. 3D-) 6.2.6
iVAllJ Ch'g Pump 1B Cubicle Cooler Panel 1l. 3G-1 6.2.7
OVAGZ4YA Damper 11. 7 =0 6.1.1
OVA424YE Damper 11. 7 =0 6.1.1
OVA425YA Damper 11. 7 =0 6.1.1
OVA4Z5YB Damper 11. 7 =0 6.1.1
OVRAG27YA Damper 11. 7 -0 6:sl:l
CVAS27YB Damper 11. 7 =0 6.1.2
OVCOlAA Centrol Room HVAC Coil 18. 4 -1 6:d.1
OVCOlAB Contrecl Room HVAC Coil 1 4 -2 §.1.1
evVCelC Control Room HVAC Fan 18. 4 -1 €.1.1
OVCO1CB Control Room HVAC Fan i8. 4 -2 6.1.1
OVCO1JA Local Control Panel 18. 4 -1 6-51.1
CVCC1JB Local Control Panel 18. 4 =2 6:1.1
OVCO2CA Control Rcom EVAC Fan 18. 4 -1 6.1.1
ovCo02CB Contrcl Room HVAC Fan 18. 4 -2 8351
OVZO2CA Contrcl Room HVAC Fan 3. 3A-l 6.1.1
CVCO3CB Contrcl Room HVAC Fan 3. 3A=-2 T |
1vVDClC Diesel Generator koom Fan 18. 2 -1 P I
1VDO1CB Diesel Generator Room Fan 18. 1 -1 6.1.1
1VDO3C Diesel Generator Room Fan S. 2 -1 6.1.1
1VDO3CB Diesel Generator Room Fan 9. 1 -1 6.1:1
1VEQ1C-2 Misc Electric Egquip Room Fan 5. 4 =1 6.1.1
1VEQ1lJ Local Control Panel 18. 2 ~1 8.1.1
1VEC2C-2 Misc Electric Egquip Room Fan 5. 4 =1 6.1.1
1VEQ3C-1 Misc Electric Equip Room Fan 5. 6 =1 6.1.1
1VEQ4C-1 Misc Electric Egquip Room Fan 5. 6 =1 6.1.1
1VQ01s Post LOCA Purge Filter 11. 7 =1 8.1.1
1VX01lC ESF Switchgear Rcom Fan 5. 1 =1 6.1.1
1VZClJ Local Control Parel 8 2 =} 6€.1.1
1VXC2Jo Local Control Panel 8« 3 =1 6.1:1
1VX04C ESF Switchgear Rcom Fan 18. 2 -1 €.1.1
1WO0086A Gate Valve (Cnmt Iscl) 11, 3 =1 |
1wWC008B zate Valve iCnmt Isol) 11. 3 =1 $.1.1
OWOO1CA Control Rkcom Refrig Unit 1l1. 4A-0 6.1.1
owo01lC Control Room Refrig Unit 11. 42-0 6.1.1
1WO020A Gate Valve Cnmt 1Isol) 1l. 3 =1 6.1.1
1WO020B Gate Valve (Cnmt Isol) 1las 3 =} €.1.1
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Table 1-2 (continued)

Equipment Outside Containment

Used for Safe Shutdown
Equipment Equipment Hazard Disposition
Number Name one Section
OWO028A Relief Valve 1l. 4A-0 E.1
OwW0028B Relief Valve 11. 4A-0 S«l.d
OWO1l4XA Control Room HVAC Air Separator 1l. 4A-0 6.1.1
OWO14MB Control Room EVAC Air Separator 11. 4A-C 8:1.1
OWO20MA Control Room HVAC Standpipe 1l. 4A-0 6.1.1
OWO20MB Control Room HVAC Standpipe 11. 4A-0 6.1.1




Table 2

Kazard Zones Outside Containmernt

Containing HELB Jets

Floor
Zone Elev Description
1l. 2A-D 34¢" Recycle Evapcrator Rooms
1l. 2B-0 346" Letdown Reheat HxX Room
1l. 3A-0 364’ SG Blowdown Piping Area

w

Blowdcwn Ccndenser Room
Pos Displ Ch Pump Room

Cent Ch Pump 1A Room

Cent Ch Pump 1B Room

Auxiliary Steam Tunnel
Letdown HX 1A Room
Valve Aisle

Valve Aisle

Gen'l Area (AS lines)
Surface Condenser Rooms
Radwaste Evap Rooms

Main Steam Tunnel

A-179

Safe Shutdown

Equipient

Cable

NO

YES

1
v

NO

NO

NO

YES

YES

NO

NO
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Table 3
Equipment Outside Containment
Locatred in Zones Containing No HELB's
Equipment Equipment dazard Disposition
Number Name Zone Secticn
1PMCSJ Main Control Panel 2. 1 =0 6.1.1
1PM0O6J Main Control Panel 2, 1 =0 6:1.1
OVCO3CA contrcl Room HVAC Fan 3. 3A-1 6.1.1
OvVCQo3CB Control Room HVAC Fan 3. 3A-2 €.1.1
1APOSE 4160v Switchgear - ESF Div 12 5. 1 =1 P T |
1AP12E 480v Switchgear (132X, 1322) 5. 1 =1 6.1.1
1vX0o1lcC ESF Switchgear Room Fan 5. 1 =] 6.1.1
lvXoas Local Control Panel 5. 1 ~] 6.1.1
1APOCE 4160v Switchgear - ESF Div 11 5. 2 =1 §.1.1
1AP10E 480v Switchgear (131X, 1312) 5. 2 =1 6.1.1
1VXC1lJ Local Contreol Panel 5. 2 =1 6.1.1
1DCC2E 125v Battery 112 Div 12 5. 4 -1 B.d.1
1DCO4E Battery Charger 112 Div 12 5. 4 =1 $.1:1
1DCOEE 125v DC Bus 111 ESF Div 12 $. 4 =1 6.1.1
1VEC1C-2 Misc Electric Equip Room Fan 9. & =] 6.1.1
1VEQ2C-2 Misc Electric Equip Room Fan 5. ¢ =1 6.1.1
1PA27J Aux Safeguard Relay Cabinet (&) 5. § =1 6.1.1
1PA28J Rux Safeguard Relay Cabinet (B) 5., § =1 T % |
1DCOlE 115v Battery 111 Div 11 5. 6 =1 6.1:.1
1DCO3E Battery Charger 111l Div 11 5. 6 =1 6.1.1
1DCOSE 125v DC Bus 121 ESF Div 11 5. 6 =1 6.1,
1VEQ3C-1 Misc Electric Equip Room Fan 5. 6 =1 6:1.1
1VEO4C-1 Misc Electric Equip Room Fan 5. 6 -1 6.1.1
1DGO1KB Diesel Generator 1B and Hx 9. 1 =1 6.1.1
1LS~-DO036 Diesel Uil Day Tank Level Switch 9. 1 -1 6.1.2
1PLO8J Diesel Control Panel 9.1 -1 6.1.1
1SX16SA DG 1A Hx Qutlet Valve 9. 1 -1 6.1.1
1VDO3CB Diesel Generatcor Room Fan 9. 1~-1 6.1.2
1DGO1KA Diesel Generatcr 1A and Hx 9. 2 -1 6.1.1
iLS-D0O032 Diesel Oil Day Tank Level Switch 9. 2 =1 6.1.1
iPLO7J Diesel Control Panel 9. 2 =} 6.1.1
15X1698 DG 1B Hx Outlet Valve 9. 2 ~1 8.12:1
1VDO3CA Diesel Generator Room Fan S. 2 -1 6.1.1
1DO0O2TA DG Day Tank lA 9. 3 -1 6.1.1
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Tabie 3 [continued/
Eguipment Outside Containment
Lccated in Zones Containing No HELE's
Ecuipment Equipment Hazard Disposition
Number Name Zone Section
1DOC<™B DG Day Tank 1B S. 4 -1 6.1.1
1DOQ1PB 1B Fuel 0il Transfer Pump 10. 1 =) 6.1.1
1DOC1PD 1D Fuel 0il Transfer Pump 10. 1 =1 6.1.1
1DOO1TB DG Storage Tank 10. 1 -1 6.1.1
1DOC1TD DG Storage Tank 10. 1 =1 6.1.1
1DOO1PA 1A Fuel Cil Transfer Pump 10. 2 -1 6:1.1
1DO01PC 1C Fuel Cil Transfer Pump 1. 2 =1 T s |
1DOC1TA DG Storage Tank 10. 2 =1 6:1.1
1DO01TC DG Storage Tank 10. 2 =1 6.1.1
1SX0lAA Ess'l Service Water Pump 1A 0Oil Cooler 11. 1A-0 6.1.1
1SX01FA~1 Ess'l Service Water Strainer 1l. 1A-0 6.1.1
1SX01PA 1A Ess'l Service Water Pump 11. 1A-0 6.1.1
1VAQLICA SX Pump 1A Cubicle Cocler Fan, Motor 1l1. 1A-C 6.1.1
1VAOQLICE SX Pump 1A Cubicle Cooler Fan, Motor 1l. 1A-0 6.1.1
1VAQl1CC SX Pump 1A Cubicle Cccler Fan, Motor 11. 1lA=-0Q 6.1.1
1VAQLCD SX Pump 1A Cubicle Cocler Fan, Motor 1l1. 1A-0 6.1.1
1VAQlJ SX Pump 1A Cubicle Cocler Local Panel 1l1. 1A-0 6sded
1VAQLISA Ess'l Service Water Pump 1A Cocler 1l. 1lA=0 6.1.1
18X005 Pump Disch. to Comp. Cooling HxX "“O" Valve 11l. 1B~0 6.1.1
1SXO1lAB Ess'l Service Water Pump 1B Oil Cooler 1l. 1B-90 6.1.1
1SX01FB-2 Ess'l Service Water Strainer 11. 1B~0 6.1.1
1SX01PB 1B Ess'l Service Water Pump 1l. 1B~0 6.1.1
1VAQICE SX Pump 1B Cubicle Cooler Fan 1l. 1B=0 €.1.1
1VAQLICF SX Pump 1B Cubicle Cocler Fan i1l. 1B=0 6.1.1
1VAQ1CG SX Pump 1B Cubicle Cocler Fan 11. 1B-0 6.1.1
1VAQICH SX Pump 1B Cubicle Cooler Fan 1l1. 1B-0 6.1.1
1VAQlSB Ess'l Service Water Pump 1B Cooler 1l. 1B-0 6.1.1
1VAQ2J SX Pump 1B Cubicle Cocler Local Panel i1. 1B-0 6.1.1
03X146 Comp. Cocling Hx "O" Valve 1. 2 =0 6.1.1
05X147 Ccmponent Cocling Hx "O" Valve 11. 2 =0 T |
1RHO1PA RHR Pump 1A and Motor 1i. 2A-1 6.1.1
1VAQ2C2? RER Pump 1A Cubicle Cooler Fan and Motor 11. 2A-1 6:1.1
1VAOZCB RHR Pump 1A Cubicle Cooler Fan and Motor 1l. 2A-1 6.1.1
1VAQ2SA RHR Pump 1A Cubicle Cooler il. 2A-1 6.1.1
1VAQ03J Cubicle Cocler Local Panel 11. 2A-1 6.1.1
1CS009A Gate Valve and Motor Op 1l1. 2B-1 6.1:1
1CS015A Gate Valve 1l. 2B-1 6.1.1
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Table 3 /(continued)
Equipment Outside Containment
Located in Zones Containing No HELB's
Equipment Equipment Hazaré Disposition
Number Name Zone Section
1CS01PA Cnmt Spray Pump 1A and Motor 11. 2B-1 6.1.1
1SI8812A MO Gate Valve 11. 2B-1 6.1.1
1VAQ3CA CS Pump 1A Cubicle Coocler Fan, Mctor 1l. 2B~-1 6.1.1
1VAQ3CB CS Pump 1A Cubicle Cocler Fan, Motor 1l. 2B=1 6.1.1
1VAQ3CC CS Pump 1A Cubicle Cocler Fan, Motor 1l1. 2B~ 6.1.1
1VAQ3CD CS Pump 1A Cubicle Cocler Fan, Motor 1l. 2B~1 6.1.1
1VAQ3SA CS Pump 1A Cubicle Cooler 1i. 2B-1 G.1:2
1CS009B Gate Valve and Motor Op 11. 2C=1 &)1
1CSQ01SB Gate Isolation Valve & Motor Op 1l. 2C=1 6.1.1
1CSO1PB Cnmt Spray Pump 1B and Mctor 1l. 2C-1 6.1.1
1VAQ3CE CS Pump 1B Cubicle Cooler Fan and Motor 1l. 2C~1 6G:1:1
1VAQ3CF CS Pump 1B Cubicle Cooler Fan and Motor 1l. 2C=-1 6.1.1
1VAD3CG CS Pump 1B Cubicle Coocler Fan and Motor 1l. 2C-1 6.1.1
1VAQ3CH CS Pump 1B Cubicle Cooler Fan and Motor 11. 2C-1 6.1.1
1VAQ3SE CS Pump 1B Cubicle Cocler 11. 2C=1 H:1.:1
1RHO1PB RHR Pump 1A and Motor 1l. 2D-1 . |
1SIB812B MO Gate Valve 11. 2D-1 6.1.1
1VAQ2CC RHR Pump 1B Cubicle Cooler Fan and Motor i1l. 2D-1 6.1.1
1VAQ2CD RHR Pump 1B Cubicle Cocler Fan and Motor 1l. 2D~1 6:1.1
1VAQ2SB RHR Pump 1B Cubicle Cooler 1l. 2D=1 6.1.1
1VAQ4J Cubicle Cocler Local Panel 11. 2D-1 6.1.1
1AP23E 480v NMCC 132X1 11. 3 =0 6.1.1
OCCOl1A Comp Cooling Ex 1l. 3 -0 6.1.1
1CCO1A Comp Cocling Ex 11: 3 =0 8:3:1
OCCO1P "O" Comp. Cooling Pump 1. 3 =0 6.1.1
1CCO1PA 1A Comp. Cooling Pump 11. 3 -0 6.1.1
1CCOl1PB 1B Comp. Cocling Pump 1l. 3 =0 6.1.1
1CC9412A 1A RHR Hx Outlet Valve 1l1. 3 =0 6.1.1
1CC9412B 1B RHR HX Outlet Valve il. 3 =0 6.1.]
1CC9422B Relief Valve 11, 3 =0 6:1:1
1AP21E 480v MCC 131Xl 11. 3 -1 6.1.1
1CCe85 Gate MC Valve Cnmt Isol) 1ls 3 =1 6.1.1
1CC9413A Gate MO Valve (Cnmt Isol) 1l. 3 -1 6.1.1
1CC94138 Gate MO Valve {Cnmt Isol) 1l1. 3 =1 6.1.1
1CC9414 Gate MO valve (Cnmt Iscl) 11. 3 =2 $:1.1
1CC9437A Globe AC Valve (Cnmt Isol) 11. 3 =1 £.3:)
1CC94378 Globe AO Valve (Cnmt Isocl) 11, 3 -] 6.1.1
1CS001B MO Globe Valve * 1l. 3 =1 6.1.1
1CSCO7A Gate Valve (Cnmt Isol) 1. ¥ =} %
1CS01T Spray Additive Tank 11. 3 =1 6.1.1
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Table 3 (continued/
Equipment Outside Containment
Located in Zones Containing No HELB's
Equipment Equipment Hazard
Number Name
1Cve3s55a Globe MO Valve I=z0l) 3 =1 6.1.1
1CVB355D Globe MO Valve Iscl) 3 -1 6:1.1
1FPO10 Globe Valve Isol) 3 -1 6.1:1
10G082 Butterfly Valve Iscl) 3 -1 6.1:1
10G084 Butterfly Valve Isol) 3 -1 §:1:1
10G085 Butterfly Valve Iscl) 3 -1 6.1.1
1RE9157 Diaph Seat AC Valve Iscl) 3 -1 6.1.1)
1RES15S9B Diaph AOD Valve Iscl) L | 6.1.1
JRES160B Diaph AQ Valve t Isol) 3 =1 Eilis
1RES17C 3" Diaphragn Valve Isol) 3 -1 &.1.1
1RF027 Plug Valve Isol) 3 -] 6.1.1
1RYBO25 Globe AD Valve Iscl) 3 -1 6.1.1
1RYB028 Diaph AO Valve Iscl) 3 =1 6.1
1SI8801A Gate MO Valve Isol) 3 =1 6.1.1
1818801B Gate MO Valve Iscl) S =] 6.1.1
1SI8802A Gate MC Valve Isol) 3 -1 6.1.1
13I8808A Gate MO Valve Iscl) 3 =1 6.1.1
1818835 Gate MC Valve 1s0l) 3 = 6.1.1
1818840 Gate MO Valve Isol) 3 ~1 6.1
1518888 Globe AOD Valve I50l) 3 -1 6.1
18X016A Butterfly Valve I1s01l) 3 =% Y
1SX016B Butterfly Valve Iscl) 3 -1 6.1.1
1SX027A Butterfly Valve Isol) 3 =] 6:1.1
1SX027B Butterfly Valve Isol) 3 =1 8.1
1WO006A Gate Valve Isol) 3 =1 6.1.1
1WO006B Gate Valve Isol) 3 =1 6.1.1
1WOC20A Gate Valve Is0l) 3 =1 ©:dsl
1WO020B Gate Valve Iscl) 3 =1 6.1.1
1SIO1PA Safety Injection Pump 1A and Motor 1l. 3=l 6.1.1
1SIO1SA Safety Injection Pump 1A Qil Cocler 1. 3A-1 6.1:1
1818807A 6" MO Gate Valve 1l. 3A-1 6.1.1
18188078 6" MO Gate Valve 11. 3a-1 6.1.1
1s18B8l4 MO Globe Valve 1l. 3A-1 6.1,1
18189234 MO Gate ‘alve 1l. 3A-1 6.1.1
1818924 MO Gate Valve 1l1. 3A-1 6.1.1
1VAQ4CA SI Pump 1A Cubicle Cooler Fan, Motor 11. 3A-1 6.1.1
1VAO4CB SI Pump 1A Cubicle Cooler Fan, Motor 11. 3A-1 6.1.1
1VAO4EA Safety Injection Pump 1A Cubicle Cooler 11. 3A-1 6.1.1
1RHOZAA RHER Hx 1A 3B-1 6.1.1
1RH606 HX Discharge Valve 3B-1 6.1.1
1RH610 RHR Pump Miniflow Valve 3B-1 6.1.1
1RHE18 HX Bypass Valve 3B-1 6.1.1
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Table 3 (continued)
Equipment Outside Containment
Located in Zones Containing No HELB's
Equipment Equipment Hazard Disposition
Number Name Zone Section
1RHO2AB RHR Hx 1B 1l1. 3E-1 6.1.1
1RH607 HX Discharge Valve i1l. 3E=1 6.1.1
1RHE611 RHR Pump Miniflow Valve 11. 3E-1 Badad
1RHE1S HX Bypass Valve 1l. 3E-1 [ P |
1RHO1SB Sump Valve Cnmt Assy (Cnmt Isocl) il. 3F-1 6.1.1
1SI01PB Safety Injection Pump 1B and Motor 11. 3F-1 6.1.1
1SIC1SB Safety Injection Pump 1B 0il Cooler 1l. 3F-1 6.1.1
1S188048B Gate Valve and Motor Op 11. 3F-1 6:1.a
1518806 8" MO Gate Valve 1l1. 3F-1 6.1.1
15188113 Gate Isolation Valve (Cnmt Iscl) 11. 3F-1 6.1.1
1818520 MO Glcbe Valve 1l1. 3F-1 6.1.1
1SI8923B Gate Valve and Motor Op 11l. 3F-1 6.1.1
1VAO4CC SI Pump 1B Cubicle Cooler Fan and Motor 11. 3F=1 6.1.1
1VAO04CD SI Pump 1B Cubicle Cooler Fan and Motor il. 3F-1 6.1.1
1VAQ4SB Safety Injection Pump 1B Cubicle Cooler 1ll. 3F-1 6.1.1
1AFQl1 72 Ess'l Service Water to AF Pump Suc Valve ii. 4 -0 6:1.1
1AFOlAA Motor Driven AF Qil Cooler i1l. 4 -0 6.1.1
1AFOl1PA-1 Aux Feedwater Pump 1A (Motor Driven) 1l1. 4 -0 6.1.1
1AFQ1PA-A Lube Oil Pump for AF 1lA 11. ¢ -0 6:).1
1AP22E 480v MCC 131X3 1l. 4 -0 6.1.1
1AP24E 480v MCC 132X3 11. 4 -0 6.1.1
1PLS-AF051 Aux Feedwater Pump 1A Switch 1l1. 4 -0 6.1.1
1SX101A Aux FW Pump Cil Cocler Valve 1l. 4 -0 6.1.1
1AFOl1PB-A Lube Cil Pump for AF 1B il. 4 -1 6.1.1
OWO01CA control Room Refrig Unit 11. 4A-0C 6.1.1
OWOO01CB Control Room Refrig Unit 11. 4A-0 6.1.1
OWO028A Relief Valve il. 4A-0 6.1.)
OWO028E Pelief Valve 11. 4A-0 6.1.1
OWO1l4MA Control Room HVAC Air Separator 11. 4A-0 6.1.1
OWO14MB Contrcl Room HVAC Air Separator li. 4A-0 6.1.1
OWO20MA Control Room HVAC Standpipe 11. 4A-0 6.1.3
OWO20MB Control Room HVAC Standpipe 1l. 4A-0 6.1.1
1AFCO6A Ess'l Service Water tc AF Pump Suc Valve 11. 4A-1 6.1.1
1AFO06B Ess'l Service Water to AF Pump Suc Valve 11. 4A-1 6.1.1
1AF017B Ess’'l Service Water to AF Pump Suc Valve 11. 4A-1 6.1.1
1AFQOl1AB Diesel AF Pump 0Oil Cocler 1l. 4A-1 $.1.1
1AFQO1PB-2 Aux Feedwater Pump .B (Diesel Driven) l. 4A-1 6.1:1
1DO10T AF Diesel Day Tank 11. 4A-1 6.1.1
6:+1:1

1PLS~-AF055 Aux Feedwater Pump 1B Switch 11. 4A-~1
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Table 3 /continued/
Equipment Outside Containment
Located in Zones Containing No KHELB's
Equipment Equipment Hazard Dispositicn
Number Name Zone Section
OFE-VAOQOQE Flow Element 1l. 7 =0 6:1.1
OFE-VAQ06 Flow Element 11. 7 =0 7% P
OFE-VAQO07 Flow Element 11. 7 =0 6.1.1
OFE-VAQOS8 Flow Element 11. 7 =0 6.1.1
OFE-VAQCS Flow Element 11. 7 =0 6.1.1
OFE-VAC10 low Element 1l. 7 =0 8+:1.1
OVAOQ1CA Aux. Bldg. HVAC Fan and Motor 11. 7 =0 sadsl
OVAO1CB Aux. Bldg. HVAC Fan and Motor 11. 7 =0 6.4l
OVAQ1CC Aux. Bldg. HVAC Fan and Motor 1. T =C 6.3,
OVAO1CD Aux. Bldg. HVAC Fan and Motor 1l % =0 6.1.1
OVAQ22YA Damper 1l1. 7 =0 6.1.1
OVAQ22YB Damper 11l. 7 =0 5.1.1
OVAD23YA Damper 1l. 7 =0 6.1.1
OVAQ23YB Damper i1). 7 = 6.1.1
OVAQ24YA Damper 1ls 7 =0 6.1.1
OVAD24YB Damper i1l. 7 =0 6.1.1
OVAO25YA Damper 1. 7 =0 6.1.1
OVAOQ25YB Damper 11. 7 =0 5:1:1
OVAQ2CA Aux. Bldg. HVAC Fan and Motor 1. 7 =0 6.1.2
OVAQ2CB Aux. Bldg. HVAC Fan and Motor 11. 7 =0 6.:1.1
OVAQ2CC Aux. Bldg. HVAC Fan and Motor 1l. 7 =0 6.1.1
OVAQ2CD Aux. Bldg. HVAC Fan and Motor 1l. 7 =0 Sslsd
OVAO3CA Aux. Bldg. HVAC Fan and Motor 11. 7 =0 6.1.1
OVAQ3CB Aux. Bldg. HVAC Fan and Motor 11. 7 =0 8.1.1
OVAQ3CC Aux. Bldg. HVAC Fan and Motor 11. 7 =0 6.1.1
OVAQ3CD Aux. Bldg. HVAC Fan and Motor 1l1. 7 =0 6.1.1
OVAOQ3CE Aux. Bidg. HVAC Fan and Motor 11. 7 =0 8.1:1
OVAQ3CF Aux. Bldg. HVAC Fan and Motor 11, 7 =0 Bl.1
OVAO4CA Fuel Hdlg Bldg Charcoal Booster Fan 11. 7 =0 6.1.1
OVAD4CB Fuel Hdlg Bldg Charcoal Booster Fan 11. 7 =0 6.1.1
OVAOS53YA Damper 11 7 =0 6.1.1
OVAOS3YB Damper 1: T =@ 6.1.1
OVAQS53YC Danper 1l1. 7 =0 6.1.1
OVAO54YA Damper 11. 7 =0 6.1.1
OVAOS54YB Damper 11. 7 =0 6:1.1
OVAOS57Y Damper 11. 7 =0 Bedsd
OVAOS8YA Damper Il. 7 =0 8.1.1
OVAOSBYE Jamper il. 7 =0 6.1.1
OVAOS58YC Damper 11. 7 =0 6:1.1
OVAOS9YA Damper 11. 7 =0 0 T
OVAQS59YB Damper 11. 7 =0 6:1.1
OVAOS2Y Damper 11. 7 =0 6.1.1
OVAOE7YA Damper 11. 7 =0 6.1.1
OVAQDETYB Damper 11. 7 =0 6.1.1
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l Table 3 /continued)
Equipment Outside Containment
' Loceted in Zores Containing No HELB's
Egquipment Equipment Hazard Disposition
' Number Name Zone Section
OVAQD72YA Dampe: 11. 7 =0 6.1.1
OVAO72YB Damper 11. 7 =0 6.1.1
l OVAO79YA Damper 11. 7 =0  6.1.1
OVAQ79YB Damper 11, 7 =0 8.1.1
OVAOB4YA Damper 11. 7 =0 6.1.1
OVAOB4YB Damper 11. 7 =0 6:1.1
' OVAOBSYA Damper 11. 7 =0 8.1.1
OVAOB5YB Damper il. 7 =0 6.1.1
OVACBEYA Damper 11. 7 =0 €:1.1
. OVAQOBEYB Damper 1l. 7 =0 6.1.1
OVAOB7YA Damper 1l1. 7 =0 6.1.1
OVAOB7YB Damper 1l. 7 -0 6.1.1
OVAOBBYA Damper 1l. 7 =0 G.1.1
. OVACBBYB Damper 11. 7 =0 6.1.1
OVAOBSYA Damper 1. 7 =0 6.1.1
OVAO8SYB Damper 11. 7 =0 6:1:1
l OVAOSSYA Damper 11. 7 =0 6.1.1
OVAQSSYEB Damper 1l. 7 =0 6.1.1
OVA1CQOYA Damper 1l1. 7 =0 6.1.1
' OVA100YB Damper 11. 7 =0 6.1.1
OVA&24YR Camper i1l. 7 =0 8.1.1
OVA424YB Damper 1l. 7 =0 6.1.1
OVA425YA Damper il. 7 =0 6:1:1
l OVA425YB Damper 11. 7 =0 6.1.1
OVASG27YA Damper 1l1. 7 =0 6.1.1
OVA427YE Damper 11. 7 -0 6.1.1
' 1PT-835 Cnmt Pressure Transmitter dls T =) 6.1:1
1PT-936 Cnmt Pressure Transmitter 11. 7 =1 6.1.1
l 1VQo1s Post LOCA Purge Filter 11. 7 =1 &4,
1VACT7CA Fuel Hdlg Bldg Cubicle Cooler Fan, Motor 12 1 =0 65:.1.1
1VANT7CB Fuel Hdlg Bldg Cubicle Cooler Fan, Motor 12. 1 -0 Gedad
l 1VAOQ7S Fuel Hdlg Bl4g Cubicle Cooler 12. 1 -0 65.1.3
1LT-S30 RWST level Transmitters 16. 1 =1 6.1.1
. 1LT-931 RWST Level Transmitters 16. 1 -1 8:1.1
1LT-832 RWST Level Transmitters 16. 1 =) 6.1+3
1LT-933 RWST Level Transmitters 16. 1 -1 6.1.1
' 1SI01T Refueling Water Storage Tank 16. 1 -1 .13
0SX02AA E s'l Service Water Coocling Tower A 1% & =1 6.1:1
' OSX02AB Ess'l Service Water Cooling Tower B 17. 2 =2 6:3.1
' A - B7
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Table 3 (continued/
Equipment Outside Containment
Located in Zones Containing No HELB's
Equipment Ejuipment Hazard Disposition
Number hame Zone Section
1M¥8018C SG Atm Relief Valve & Hydraulic Op 18. 3A-1 6.1.1
1MS018D SG Atm Relief Valve & Hydraulic Op 18. 3a-1 6.1:1
1PT-514 Loop 1A (Stm Gen) MS Pressure Transmitter 18. 3A-1 6:1.1
1PT-E1E Loop 1A (Stm Gen) MS Pressure Transmitter 16. 3A-1 e 1 |
1PT-516 Loop 1A (Stm Gen) MS Pressure Transmitter 18. 3A-1 §.1:.1
1PT-524 Loop 1B (Stm Gen) MS Pressure Transmitter 18. 3A-. 6:1.1
1PT-525 Locp 1B (Stm Gen) MS Pressure Transmitter 18. 3A-1 6.1.1
1PT-526 Loop 1B (Stm Gen) MS Pressure Transmitter 16. 3A-1 6.1.1
1PT-534 Loop 1C (Stm Gen) MS Pressure Transmittar 18. 3A-1 6.1.1
1PT-53% Loop 1C (Stm Gen) MS Pressure Transmitter 18. 3A-1 6.1.1
1PT-536 Loop 1C (Stm Gen) MS Pressure Transmitter 18. 3A-1 6.1.1
1PT-544 Loop 1D (Stm Gen) MS Pressure Transmitter 18. 3A-1 6.1.1
1PT-545 Loop 1D (Stm Gen) MS Pressure Transmitter 18. 3A-1 €.1.1
1PT-546 Loop 1D (Stm Gen) MS Pressure Transmitter 18. 3A-1 Sel.1
1SDO02A Angle Isclaticon Valve & Solencid 18. 3A-1 6.1.1
1SD0O02B Angle Isolation Valve & Solencid 18. 3A-1 6:1:1
18D002C ingle Isolation Valve & Solernoid 18. 3A-1 el
18D002D Angle Isclation Valve & Solenoid 18. 3A-1 6.1.1
1SDO02E Angle Isclation Valve & Solenocid 18. 3A-1 6.1.1
1SDOC2F Angle Isolation Valve & Szlzncid 18. 3A-1 P 4 |
1SD002G Angle Isglation Valve & Sclenoid i8. 3A-1 6:1.3
1SDO02H Angle Isclation Valve & Sclenoid 18. 3A-1 6.1.1
1SD0O0O5A Angle Isclation Valve & Sclenoid 18. 3A-1 6.3.1
18D0O05B Angle Isclation Valve & Solenoid 18. 3A-1 6.1.1
1SDOC5C Angle Isclation Valve & Solencid 18. 3A-1 6.1.1
1SDO05SD Angle Isclation Valve & Solenci 13. 3A-1 6.1.1
OVCOl2A Control Rocm HVAC Coil 18. 4 -1 $:1:1
OVCOlCA Contreol Foom HVAC Fan 18. 4 -1 6.1.1
OVCOl1JA Local Cecntrol Panel 18. 4 -1 6.1.1
ovCo2CA Control Room HVAC Fan 18. 4 =1 6.1.1
OVCC1AB Control Room HVAZ Coil 18. 4 -2 6.1.1
OVCO1CE Control Room KHVAC Fan 18. 4 -2 6.1.1
OVCO1JB Local Control Parel 18. 4 -2 6.1.1
CVCO02CE Cortr-1l Room HVAC Fan 18. 4 -2 6:1.1
CSXO02FA Ess'l Service Water Makeup Pump 18.11 -0 6.1.1
OSXO2PE Ess'l Service Water Makeup Pump 18.11 =0 6.1.1
0SX04AA Ess'l Service Water Makeup Pump Cooler OA 18.11 =0 6.1.1
OSXC4AE Ess'l Service Water Makeup Pump Cooler 0B 18.11 -0 6.1:1
ODOOBTB Ess'l Service Water Makeup Diesel Tank OB 18.11 -1 6.1.1
ODOO8BTA Ess'l Service Water Makeup Diesel Tank OA 18.11 -2 6:1.1
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Table 3 /(continued)

Equipment Outside Containment
Located 1n Zones Containing No WELB's

Equipment Equipment Hazard 1sposition
umber Name on ctior
1AP12E 480v Switchgear (132X, 1322) 18.14A-1

1AP10E 480v Switchgear (131X, 1312) 18.14B-1

1CDO1T Condensate Storage Tank 18.23 =0
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Taole 4-1
Equipment Outside Containment Located in HELB Zones

Equipment Eguipment razard D:sposition
Number Nane

1CVO1PA Ch'g Pump 1A and Motor 1l. 3D~1 6.2.6
1CVOlFA-A Ch'c Pump 1A Lube 0Oil Pump 11. 3D=1 6.2.6
1CVO2SA Ch'g Pump 1A Gear Cooler 11. 3D-1 6.2.6
CVG3sA Ch'g Pump 1A Lube 0il Cocler 11. 3D-1 6.2.6
1PS~-CV032 Ch'g Pump 1A Pressure Switch 1l. 3D=1 6.2.6
1VAOSCA Ch'g Pump 1A Cubicle Coocler Fan and Motor 1l1. 3D=1 6.2.6
1VAOBCE Ch'g Pump 1A Cubicle Cooler Far and Motor 3D~1 6.2.6
1VAQESA Ch'g Pump 1A Cubicle Cooler 3D-1 6.2.6
1VA10S Ch'g Pump 1A Cubicle Cooler Panel 3D-1 6.2.6
1CVO1PE Ch'g Pump 1B and Motor 1. 3G-1 27
1CVO1PB-A Ch'g Pump 1B Lube Oil Pump 1l. 3G-1 - Oy
1CVQ2SB Ch'g Pump 1B Gear Cooler 1l. 3G-1 £+7
1CVQ3SB Ch'g Pump 1B Lube 0Oil Cooler 1l. 3G-=1 e
1PS-CV033 Ch'g Pump 1B Pressure Switch 1l. 3G-1 el
1VAQS6CC Ch'g Pump 1B Cubicle Cooler Fan and Motor 1l. 3G-1 2.7
1VAOQOECD Ch'g Pump 1B Cubiclie Cocler Fan and Motor 1l. 3G-l 2.7
1VAO6SE Ch'g Pump 1B Cubicle Cooler 11. 3G-1 2.7
1VA1lJ Ch'g Pump 1B Cubicle Cooler Panel 1l. 3G=1 2.7
1CSO01A 10 Globe Valve 1l. 3K-1 6.1.2
1CS007B Gate Valve (Cnmt Isol) 1l1. 3H-1 6:1.3
1Cv112D MO Gate Valve 1l1. 3H-1 6.2.8
1CV112E KO Gate Valve 1l. 3H-1 6.2.8
1Cv8li00 MO Globe Isclation Valve 1. 3H-1 6.2.8
1CVB105 Gate MC Valve (Cnmt Isol) 11. 3H-1 P
1CvV8106 Gate MO Valve (Cnmt Isol) 11. 3H-1 6.1.2
1Cv8l1l0 Ch'g Pump Miniflow Valve i. 3H-1 6.2.8
i1Cvelll Ch'g Pump Miniflow Valve 1l1. 3H-1 6.2.8
1Cvgl52 AC Globe Isclation Valve 1l. 3H-1 6.2.8
1CVB355B Glcobe MO Valve (Cnmt Isol) 1l. 3RH-1 6.1.2
1CvVB355C Globe MO Valve (Cnmt Isol) 11. 3H-1 6.1.2
1CV8B0O4A MO Gate Valve 11. 3H-l 6.2.8
1IA06S Glche Valve (Chmt Isol) 1. 3H-1 6.1.2
10G083 Butterfly Valve (Cnmt Isol) 1. 3BH-1 6.1.2
1PROO1A Control Valve (Cnmt Iscl) 11. 3KH-1 $:1.2
1PROO1B Control Valve Cnmt Isol) 1i. 3H-1 6:+1.¢
1PRO66 Glcbe AOD Valve (Cnmt Isol) 11. 3H-1 6.1.2
1PsS228a Valve (Cnmt Iscl) 1l. 3H-1 612
1PS228E Valve Cnmt Isol) 11. 3H-1 6.1.2
1PS229a valve (Cnmt Isol) 11. 3H-1 6.1.2
1PS229B Valve (Cnmt Isol) 1l. 3H-1 6.1.2
1PS230A Valve (Cnmt Isol) 11. 3H-1 6:1:2
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Table 4-1 (continued)

Equipment Outside Containment Located in KHELB Zones

Equipment Equipment Hazard Dispcsition
Number Name zone Section
1PS230B Valve (Cnmt Isol) 1l1. 3H=1 6.1.2
1PS9354B Giobe AOQ Valve (Cnmt Isol) 1l. 3H-] 6.1.2
1PSS3558 Globe AOD Valve (Cnmt Iscl) 1l. 3E-l 6.1.2
1PS93568 Globe AD Valve (Cnmt Isol) 11. 3H-1 6.1.2
1PS9357B Globe AO Valve (Cnmt Isocl) l1l. 3H-1 6.1.2
1RHO1SA Sump Valve Cnmt Assy (Cnmt Isol) 11. 3B-1 6.1.2
1RH8716A MC Globe Valve 1l. 3H-1 6.2.8
1RHB71€B MC Globe Valve 11. 3E=1 6.2.8
1RY8B033 Diaph AO Valve (Cnmt Iscl) 1l. 3H- 6.1.2
1SA0232 Globe Valve (Cnmt Iscl) 1l. 3H-1 6.1.2
1SI8802B Gate MO Valve Cnmt Isol) 1l. 3H-1 6:1:2
18188098 Gate MO Valve (Cnmt Isol) 1l. 3H~ 6.1.2
1SI8811A Gate Valve (Cnmt Isocl) 1l. 3H=-1 6.1.2
1s18821 MO Globe Valve 1l. 3H-1 6.)2
1SI8821B MO Globe Valve 1l. 3H-1l 6.1.2
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Cables in HELB Zones
Supporting Equipment Used for Safe Shutdown
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Cerle Cable Equip. Disp

Number 2Zone umber Sec.

18X036 1l. 2A-0 1SX01lPB 6.2.1
1VAl38 11. 3C-1 1VAlO0J 6.2.5
1CV00l1 1i. 3D-1 1CVO1PA 6.2.6
1Cv027 1l. 3D-1 1CVOlPA-A 6.2.6
iCvo22 1.. 3D-1 1P5-CV032 6.2.6
<VA051 11. 3D-1 1VAOQ&CA 6.2.6
1VAl36 1l. 3D-1 1VAO6ECB 6.2.6
iVR139 11. 3D=-1 1VAl0J 6.2.6
1Vagsz2l 1l1. 3D=-1 1VAO6ECB 6.2.6
1VA823 1l1. 3D-1 1VAlO0J 6.2.6
1CVO1ll 11. 3G-1 1CVC1PB 6.2.7
1CVv031 11. 3G-1 1CVOl1PB-A 6.2.7
1Cv032 1l1. 3G-1 1PS-CV033 6.2.7
1VAOS5 1l. 3G-1 1VAOBCC 6.2.7
1VAl140 11. 3G-1 1VAO06CD 6.2.7
1CS031 11. 3H-1 1CS007B 6.1.2
1CsC32 11. 3H-1 1CS007B 6.1.2
1C8C33 11. 3H-1 1CSOC7B  6.1.2
1CS041 11. 3H-1 1CSO01PA 6.1.2
1CV035 11. 3H-1 1cCveloo 6.2.8
1CV036 11. 3H-1 1CV81l00 6.2.8
1CV057 11. 3H-1 1CV8110 6.2.8

Cable Cable Equip. Disp.
Number Zone Number Sec.

1Cv058 1l1. 3H-1 1CVB1l1l0 6.2.8
1CV059 11. 3H-1 1CVB1l10 6.2.8
1CV06l1 11. 3H-1 1CVBl1ll 6.2.8
~Cvoge2 11. 3H-1 1Cv8lll 6.2.8
1CvC77 11. 3H=1 1CV112D 6.2.8
iCv078 11. 3H-1 1CV112D 6.2.8
1Cvo82 11. 3H-1 1CV112E 6.2.8
1Cv0o84 11. 3H-1 1CV112E 6.2.8
1Cv323 11, 3H~1 1CvVBl52 6.2.8
iCv325 11. 3H-1 1CV8152 6.2.8
1Cv326 11. 3H-1 1Cv8152 6.2.8
1CVv327 11. 3H-1 1CV8l152 6.2.8
1CV406 11. 3H-1 1CVBBO4A €6.2.8
1CV407 1l1. 3H-1 1CVBB04A 6.2.8
1CV408 11. 3H-1 1CVBBO4A 6.2.8
1CV410 11. 3H-1 1CVB8B04A 6.2.8
iCv413 1l1. 3H-1 1CVBBO4A 6.2.8
1Cv545 1l1. 3H-1 1CV112D 6.2.8
1Cv572 1l. 3H-1 1CV112E 6.2.8
1RHO66 11. 3H-1 1RHB716A 6.2.8
1RHO67 1l. 3H-1 1RHB716A 6.2.8
1RHO68 11. 3H-1 1RHB716A 6.2.8
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Table 4-2

{continued)

Cables in HELB Zones
Supporting Equipment Used for Safe Shatdown

Cable Cable Equip. Disp.
Number 2Zone Number Sec.
1REO6S 11. 3H-1 1RHB716A 6.2.8
1RHO7C 11l. 3H-1 1RHB716B 6.2.8
1RHO71 1l1. 3H-1 1RH8716B 6.2.8
1RHO72 1l1. 3H-1 1RHB716B 6.2.8
181468 11. 3H-1 1LT-931 6.2.8
1SI1469 1l1. 3H-1 1LT-932 6.2.8
1SI470 11. 3H-1 1LT-933 6.2.8
18X052 11. 3H- 1SX016A 6.1.2
1SX058 11. 3H-1 1SX027A 6.1.2
1VAB21 11l. 4C-1 1VAO6CB 6.2.9
1VAB823 11. 4C-1 1VAlOJ 6.2.8
1VAB21 11. 4F-0 1VAQ6CB 6.2.13
1VA823 1l1. 4F-0 1VAl10J 6.2.13
1ABOOl1 11. 58-0 1ABC3P 6.2.14
1AB0O02 11. 5B-0 1ABO3P 6.2.14
1ABOC3 11. 5B-0 OABO3P 6.2.14
1ABO4S 1l1. 5B-C 1ABO3P 6.2.14
1AFO01 1l1. 5B-C 1AFOlPA-l1 6.2.14
1AF056 11. 5B-0 1AFO06A 6.2.14
1AF056 1l1. 5B-C 1AFO17A 6.2.14
1AF056 1ll1. 5B-0 1AFOlPA-1 6.2.14
1AP147 11. 5B-0 OWOOQ1lCA 6.2.14
1AP147 11. 5B-0 1AFOO6A 6.2.14
1AP147 11. 5B-0 1AFO17A 6.2.14
1AP147 1l1. 5B-0 1AFOlPA-A 6.2.14

Cable Cable Equip. Disp.

Number Zone Number Sec.

1AP147 .1. 5B-0 1VAQ1CA 6.2.14
1AP147 11. 5B-0 1VAOQ1CB 6.2.14
1AP147 11. 5B-0 1VAOQ2CC 6.2.14
1AP147 11. 5B-0 1VAQ3CD 6.2.14
1AP147 11. 5B-0 1VAO4CB 6.2.14
1AP147 l. 5B-0 1VDO3CA 6.2.14
1AP149 11. 3B-0 08X14€ 6.2.14
1AP149 1l1. 5B-0 1CC9412B 6.2.14
1AP149 11. 5B-0 1RH61ll 6.2.14
1AP149 11. 5B-0 1518524 6.2.14
1AP14S 1l. 5B-0 1SX005 6.2.14
1AP149 1l. 5B-0 1SX01PB 6.2.14
1AP148 11. 5B-0 1VAO3CE 6.2.14
1AP148 11. S5B-0 1VAO3CF 6.2.14
1AP149 11l. 5B-0 1VAQ4CC 6.2.14
1AP14S 1l1l. 5B-0C 1VAOQ6CC €.2.14
1AP14S 11. 5B-0 1VX01C 6.2.14
1AF152 1l1. 5B-0 00G062 6.2.14
1AP152 11. 5B=-0 OWOOLlCB 6.2.14
1AP152 1l. 5B-0 1AF006B 6.2.14
1AP152 11. 5B-0 1AFO0l17B 6.2.14
1AF152 11. 5B-0 1AFOl1PB-A 6.2.14
1AP152 l. 5B-0 1VAQlCG 6.2.14
1AP152 11. SB-C 1VAO1CH 6.2.14
1AP1E2 11. EB-0 1VA04CD 6.2.14
1AP152 11l. 5B=-0 1VAO&CD 6.2.14
1AP152 11. 5B-0 1VDO3CB 6.2.14
1AP154 11. 5B-0 00GO060 6.2.14
1AP154 1l. 5B-0 00G0&4 6.2.14
1AP154 11l. 5B-0 OVAO4CB 6.2.14
1AP154 11. 5B-0 0QVC02CB 6.2.14
1AP154 11. 5B-0 1CC9413B 6.2.14
1AP154 11. 5B-0 1CC9414 €.2.14
1AP154 11. 5B-0 1CV1l2C 6.2.14
1AP154 11. 5B-0 1CVBl04 6.2.14
1AP154 11. 5B-0 1DOO1PD 6.2.14
1AP154 11. 5B-0 1MS018C 6.2.14
1AP154 1l1. 5B-0 10G082 6.2.14
1AP154 11. 5B-C 10G084 6.2.14
1AP154 11. 5B-0 1SIB801B 6.2.14
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Table 4-2 /(continued)

Cebles in KELB Zones
Supperting Equipment Used for Safe Shutdown

Cabl

Number

Equaip. Disp. Cabl Cable Equip. Disp.
e Number Sec. Number Zone Number Sec.

0O
o
o
e
U

-

1AP166 11. 5B-0 1SXO0lPB 6.2.14
1AP254 1l1. 5B-0 08X146 6.2.14
1AP254 1l. 5B-0 1CC9412B 6.2.14
1AP254 1l1. 5B-0 1RH61ll €.2.14
1AP254 11. 5B-0 1818924 6.2.14
1AP254 11. 5B-0 1SX00S 6.2.14
1AP254 11l1. 5B-0 1SXClPB 6.2.14
1AP254 1l. 5B-0 1VAQ3CE €.2.14
1AP254 1l1. 5B-0 1VAC3CF 6.2.14
1AP254 11. 5B-0 1VAO4CC 6.2.14
1AP254 1ll1. 5B-0 1VAOQO6CC 6.2.14
1AP254 11. 5B-0 1VX0lC 6.2.14
1CCO01 11. SB-0 1CCOlPA 6.2.14
1CC019 1l1. 5B-0 OCCO1lP 6.2.14
1CS051 11. 5B-0 1CS001B €.1.2

1C8052 1l1. S5B-C 1CSOO1EB 6.1.2

1FW217 11. 5B-C 1FW009B 6.2.14
+MS628 11. SB-0 1¥KS018C 6.2.14
iSX034 11. SB-0 1SX0l1PA €.2.14
1VA124 11. 5B~0 OVAO4CB 6.2.14
1VA157 11. 5B=0 VAC3CD 6.2.14

lVD085 11. 5B-0 1VDO3CB 6.2.14

1VX

o

06 1ll. 5B-0 1VX0lC 6.2.14

>
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0
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Table 5-1
Equipment Located in HELB Zones
and Not Used for a HELB Outside Containment
Equipment E~ ipment Hazard Disposition
Number 2 Zone Section
1CS001A MO Globe Valve 1l. 3H-1 6.1.2
1CS007B Gace Vaive (Cnmt Isol) 1l. 3H-1 6.1.2
1CVB8105 Gate MO Valive (Cnmt Isol) 1l1. 3H-1 T
1CVB8l06 Gate MO valve (Cnmt Isol) 1l. 3H-1 6.1.2
1CVB83558 Globe MO Valve (Cnmt Isol) 1l. 3H-1 6.1.2
1CV8355C Globe MO Valve (Cnmt Isol) 1l. 3H-1 6.1.2
1IA065 Globe Valve (Cnmt Isol) 11. 3H-1 6.1.2
10G083 Butterfly Vailve (Cnmt Isol) 1l1. 3H-1 6.1.2
1PR0OO1 Contrel Valve (Cnmt Isol) 11. 3H-1 $r1.2
1PROQ1B Control Valve (Cnmt Isocl 1l. 3H-1 6+1:.2
1PRO66 Globe AQ Valve (Cnmt Isol) 1l. 3H-1 6142
1PS228a Valve cnmt Isol) 1l. 3H=-1 8.2
1PS228B Valve (Cnmt Isol) 1l. 3H-1 6.1.2
1PS225A Valve (Cnmt Isol) 1. 3H-1 6.1.2
1PS249B Valve (Cnmt Isol) 11. 3H-1 [ I
1PS230A Valve (Cnmt Isol) 1l. 3H-1 6.1.2
1PS230B Valve (Cnmt Isol) 1l. 3H-1l 6.1:2
1PS9354B Globe AQ Valve (Cnmt Iscl) 11. 3H-1 6.1.2
1PSS355E Globe AQC Valve Cnmt Isol) 1l. 3H-1 Bed
1PS9356B Globe AC Valve (Cnmt Isol) 1l. 3H-1 Beloed
1PSS357B Globe AQ Valve (Cnmt Isol) 1l1. 3H-1 6.1.2
1RHO1SA Sump Valve Cnmt Assy (Cnmt Isol) 1l. 3H-1 6.1.2
1RYB033 Diaph AOQ Valve (Cnmt Isocl) 11. 3H-1 8.1.3
1SA032 Globe Valve (Cnmt Isol) i1l. 3H-1 6.1.2
15188028 Gate MO valve (Cnmt Isol) 11. 3H-1 G134
1SI880%8E Gate MO valve (Cnmt Isol) 11. 3H-1 6.1.2
1SI8811A Gate Valve (Cnmt Isol) 1l. 3H-1 6.1.2
1818821A MO Globe Valve 1l. 3H-1 6:1.2
15188218 MC Globe Valve 11. 3H-1 6.1.2
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Table 5-2

Cables Located 1n HELB Zones
and Not Used for a WELB Outside Containment
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Table 6-1
Equipment Outside Containment
Located in WELB Zones and Used Following The HELB
Equipment Equipment Razard Disposition
Number Name Zone Section
1CVO1PA Ch'g Pump 1A and Motor 1l. 3D=1 6.2.6
1CVO1PA~-A Ch'g Pumg 1A Lube 0il Pump 1l: 3D=~1 6.2.6
1CV02SA Ch'g Pump 1A Gear Cooler 1l. 3D=1 6.2.6
1CVO3SA Ch'g Pump 1A Lube 0il Cooler il. 3D=1 6.2.6
1PS~-CV032 Ch'g Pump 1A Pressure Switch 1l. 3D=1 6.2.6
1VAQBCA Ch'g Pump lA Cubicle Cocler Fan and Mctor 1l. 3D=1 6.2.5
1VAO6CB Cr'g Pump lA Cubicle Cocler Fan and Motor 1l1. 3D=1 6.2.6
1VAOGSA Ch'g Pump 1A Cubicle Cooler 1l. 3D-1 6.2.6
1VA10J Ch'g Pump 1A Cubicle Cocler Panel il. 3D=1 6:.2.6
1CVO1PB Ch'g Pump 1B and Motor 11, 3G=1 6:2.7
1CVOlPBE-A Ch'g Pump 1B Lube 0il Pump 1l1. 3G=1 6.2.7
1CVO2SB Ch'g Pump 1B Gear Cocler 1l. 3G~1 6:2.7
1CVO3SE Ch'g Pump 1B Lube 0Oil Cooler 1l. 3G~1 6:.2.7
1PS-CV033 Ch'g Pump 1B Pressure Switch 1l. 3G-1 8:2:7
1VAQBCC Ch'g Pump 1B Cubicle Cooler Fan ané Motor 11. 3G~1 6.2.7
1VAOECD Ch'g Pump 1B Cubicle Cocler Fan and Motor 11. 3G-1 6.2.7
1VAO6ESB Ch'g Pump 1B Cubicle Cooler 11. 3G-1 6.2.7
1VAl1lJd Ch'g Pump 1B Cubicle Cooler Panel Ad -1 6:.2:7
1Cv112D MO Gate Valve 11. 3H=-1 £€.2.8
1CV112E MO Gate Valve 1l. 3#=1 6.2.8
1CV8100 MO Globe Isclation Valve 1l1. 3H-1 6.2.8
1CV81l10 Ch'g Pump Miniflow Valve 1l. 3H-1 6.2.8
1Cvelll Ch'g Pump Miniflow Valve 1l. 3H-1 6.2.8
icvelsz2 AD Globe Isolation Valve 1l1. 3B-1 6.2.8
1CV8BO4A MO Gate Valve 1l. 3H-1 6.2.8
1RHB716A MO Globe Valive 1l. 3H-1 6.2.8
1RH8716B MO Globe Valve 11. 3H-1 6.2.8
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Tabie 6-2

Cables Outside Containment
Located in HELB 2ones and Used Following the HELB

Cabie Cable Equip. Disp.
Number Zone Number Sec.
1SX036 1l. 2A-0 1SX01PB 6:2:1
1VAl38 11. 3C=1 1VAlOJ 6.2.5
1Cv0o3l 11. 3D-1 1CVOlPA 6.2.6
1Cv027 11. 3D-1 1CVC1PA-A 6.2.6
iCV029 1l1. 3D~1 1PS=-CV032 6.2.6
IVAO51 1l1. 3D=-1 1VAQ6CA 6.2.6
1VAl36 11. 3D-1 1VAOQECEB 6.2.6
11. 3D-1 1VAl0J 6.2.6
1Vag2l 1l1. 3D=1 1VAO6ECB 6.2.6
1VAB23 1i. 3D-1 1VAlQ0J 6.2.6
1CVvOll 11. 3G-1 1CVO1FB 6.2.7
1CV031 1il. 3G-1 1CVOl1PB-A 6.2.7
1Cv032 1l1. 3G-1 1PS~-CV033 6.2.7
1VAOS55 11. 3G-1 1VAQ6CC 6.2.7
1VAi40 11. 3G-1 1VAOBCD 6.2.7
1CV035 11. 3H-1 1CV8B100 6.2.8
iCV036 1.. 3H-1 1CVB100 6.2.8
1CVe57 1l1. 3H-1 1CVBl10 6.2.8
1Cv058 11. 3H-1 1CVB1l1l0 6.2.8
1CV059 1l1. 3H-1 1CVB11l0 6.2.8
iCV061 11. 3B=-1 1Cvelll 6.2.8
iCVv062 11. 3H=1 1CVB1l1ll 6.2.8

HE - T . - - B N OE EE S O ES - O AR e B e
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Cable Cable Equip. Disp.
Number Zone Number Sec.

1Cv077 1l1. 3K-1 1CV112D 6.2.8
iCvo78 11. 3H-1 1CV112D 6.2.8
1Cvo82 11. 3H-1 1CV112E 6.2.8
iCVvC84 1l1. 3H-1 1CV112E 6.2.8
1Cv323 11. 3H-1 1CvVBlS2 6.2.8
1Cv325 1ll. 3B-1 CvBl52 6.2.5
1Cv326 11. 3H-1 1CvBl52 6.2.8
1Cv327 11l. 3H-1 1CVe1S52 6.2.8
1CV40€6 11. 3H-1 1CVBBO4A 6.2.8
iCV407 11. 3H-1 1CV8BO4A 6.2.8
1Cv408 11. 3H-1 1CVBBO4A 6.2.8
1CVv410 11. 3H-1 1CVBBO4A 6.2.8
1CV413 11. 3E-1 1CVBBO4A 6.2.8
1CV545 11. 3H-1 1CV112D 6.2.8
1Cv572 1l1. 3H-1 1CV112E 6.2.8
1RHO66 1l1. 3H-1 1RHB716A 6.2.8
1RHO67 1l. 3H-1 1RH8716A 6.2.8
1RKOE8 1l. 3FE~-1 1RH8716A 6.2.8
4RHOE2 il. 3H-1 1RHB716A 6.2.8
1RHO70 11. 3H-1 1RHE716B 6.2.8
1RHC71 1l. 3H-1 1RHB716B 6.2.8
1RHO72 1l1. 3H-1 1RHB716B 6.2.8
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Table 6-2 (continued)
Cables Outside Containment
located in HELB Zones and Used Following the KELB
Cable Cable Equip. Disp. Cable Cable Equip. Disp.
Number 2Zone Number Sec. Number Zone Number Sec.
181468 11. 3H-1 1LT-931 6.2.8 1AP14S 11. S5B-0 1SXOlPB 6.2.14
1AP14% 11. 5B-0 1VAOQ3CE 6.2.14
181462 11. 3H-1 1LT-S32 6.2.8 1AP14S 11. 5B-0 1VAO3CF 6.2.14
1AP149 11. 5B-0 1VAO4CC 6.2.14
181470 1l1. 3H-1 1LT-933 6.2.8 1AP14S 11. 5B-C 1VA06CC 6.2.14
1AP149 11. 5B-0 1VX01C 6.2.14
1VAB21 11. 4C-1 1VAO&ECB 6.2.9
1AP152 11. 5B-0 00G052 6.2..4
1VAB23 1l. 4C-1 1VAl0J 6.2.% 1AP152 1l1. SE~-0 OWOO1CB 6.2.14
1AF152 11. 5B-0 1AFOO6&B 6.2.14
1VA821 11. 4F-0 1VAO06CE 6.2:13 1AP152 11. 5B-0 1AFOl7B 6.2.14
1AP152 1i. 5B-0 1AFOlPB-A 6.2.14
1VAB223 1l1. 4F-0 1VAl0J 6.2.13 1AP152 11. 5B~0 1VAO1CG 6.2.14
1AP152 11. 5B-0 1VAQICH 6.2.14
1ABOO1 1l. 5B-0 1ABO3P 6.2.14 1AP152 11. S5B-0 1VAO4CD 6.2.14
1AP152 11. S5B~-0 1VAO6CD 6.2.14
1AB002 1l. S5B=-0 1ABO3P 6.2.14 1AP152 1l1l. 5B-0 1VDO3CB 6.2.14
1ABOO3 11. 5B-0 OABO3P 6.2.14 1AP154 11. 5B-0 00G060 6.2.14
1AP154 1 5B-0 00G064 6.2.14
1AB04S 11l. 5B-0 1ABO3P 6.2.14 1AP154 1l1. 5B-0 OVAO4CB 6.2.14
1AP154 1l1. 5B-0 0VC02CB 6.2.14
1AFOO01 11. 5B-0 1AFOlPA-]l 6.2.14 1AP1%4 11. 5B-0 1CC9413B 6.2.14
1AP154 11. 5B-0 1CC9414 6.2.14
1AF05€6 11. 5B-0 1AF006A 6.2.14 1AP154 11. SB=0 1CV1l12C 6.2.14
1AF056 1l. 5B-0 1AF017 6.2.14 1AP154 11. 5B-0 1CVBl0o4 6.2.14
1AF0S56 11. 5B-0 1AF01PA-l 6.2.14 1AP154 11. 5B-0 1DOO1PD 6.2.14
1AP154 11. 5B-0 1MS018C 6.2.14
1AP147 11. 5B-0 OQWOOlCA 6.2.14 1AP154 1l1. 5B-0 10G082 6.2.14
1AP147 11. 5B-0 1AFO006A 6.2.14 1AP154 11. 5B-0 10G084 6.2.14
1AP147 11. 5B-0 1AF017A 6.2.14 1AP154 1l1. 5B-0 1SIBBO1B 6.2.14
1AP147 11. 5B-0 1AFO1PA-A 6.2.14
1AP147 11. 5B-0 1VAOlCA 6.2.14 1AP166 11. 5B-0 1SXO01lPB 6.2.14
1AP147 1. §B-0 1VAO0ICB 6.2.14
1AP147 11. 5B-0 1VAO03CC 6.2.14 1AP254 11. 5B~-0 08X146 6.2.14
1AP147 11. 5B~0 1VAC3CD €.2.14 1AP254 11. 5B~0 1CC9412B 6.2.14
1AP147 11. SB~0 1VAO4CB 6.2.14 1AP254 11. 5B-0 1RH611 6.2.14
1AF147 11. 5B-0 1VDO3CA 6.2.14 1AP254 11. 5B-0 1818924 6.2.14
1AP254 11. 5B-0 1SX005 6.2.14
1AP149 11. SB-0 0SX146 6.2.14 1AP254 11. 5B-0 1SX01PB €.2.14
1AP149 11. 5B-0 1CC9412B 6.2.14 1AP254 11. 5B-0 1VAOQ3CE 6.2.14
1AP149 11. 5B-0 1RH61ll 6.2.14 . 1AP254 11. 5B-0 1VAO3CF 6.2.14
1AP149 11. 5B-0 1518924 6.2.14 1AP254 11. 5B-0 1VAO4CC 6.2.14
1AP149 11. 5B-0 18X005 6.2.14 1AP254 11. 5B-0 1VAQ6CC 6.2.14
A -100
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Equipment Cable
Number Number

Table 7-1

Safe Shutdown Equipment and/or Cables

(1SX01PB )

Zone

Located in HELB Zone 17.24-0

~
Cable)

1B Ess'l Service Water

1 3 - —~ A S =11
but adjacent to block walls.
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Table 7-2

Safe Shutdown Equipment and/or Cables
Located in KELB Zone 11.3C-1
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Table 7-3
Safe Shutdown Equipment and/or Cables
Located in HELB Zone 171.30-1
Equipment Cable Equipment Description
Number Number (or Equipment Served by Cable)
1CVOlPA Ch'g Fump lA and Motor
1CVOl1lPA-A Ch'g Pump 1A Lube 0Oil Pump
1CV02SA Ch'g Punp 1A Gear Cooler
1CVO3SA Ch'g Pump 1A Lube 0il Cooler
1PS=CVC32 Ch'g Pump 1A Pressure Switch
1VAQSCA Ch'g Pump 1A Cudbiclie Cocler Fan and Moior
1VAQECE Ch'g Pump lA Cubicle Cocoler Far and Motor
1VAQ6ESA Ch'g Pump 1A Cubicle Cooler
1VAl10J Ch'g Pump 1A Cubicle Cocler Panel
(1CVO1PA ) 1CV00l Ch'g Pump 1A and Motor
(1CVO1PA-A ) 1CV027 Ch'g Pump 1A Lube Oil Pump
(1PS-CV032 ) 1CV02S Ch'g Pump 1A Pressure Switch
(1VAOBCA ) 1VAOQS51 Ch'g Pump 1A Cubicle Cocler Fan and Motor
(1VAQOECB ) 1VAl36 Ch'g Pump lA Cubicle Coocler Fan and Motor
(1VA10J ) 1VAl3S Ch'g Pump lA Cubicle Cocoler Panel
(1VAOECE ) 1VA821 Ch'g Pump 1A Cubicle Cooler Fan and Motor
(1VAl0J ) 1VAB23 Ch'g Pump lA Cubicle Cooler Panel
A -104




Table 7-4

Safe Shutdown Equipment and/or Cables

Located in

Carle

umber

(1VAJ6CC )

(1VAOBCD )

VO1PB-A
1CV02SB

1VAO6CD
1VAO&3B
1VAllJd

\ 1°YNY Y
; VUL L

1CVo3l

KELB Zone 17.36-1

Equipment Descripticn

{(or Eguipment Served by Cable)
Ch'g Pump 1B and Motor

Ch'g Pump 1B Lube Oil Pump
Ch'g Pump 1B Gear Cooler

Ch'g Pump 1B Lube Q0il Cooler

Ch'g Pump 1B Pressure Switch

Ch'g Fump 1B Cubicle Cooler Fan and
Ch'g Pump 1B Cubicle Cooler Fan and
Ch'g Pump 1B Cubicle Cooler

Ch'g Pump 1B Cubicle Cooler Panel
Ch'g Pump 1B and Motor

Ch'g Pump 1B Lube Qi. Pump

Q)
Yy
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‘U
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=3
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w

Ch'g Pump 1B Cubicle Coocler Fan and
Ch'g Pump 1B Cubicle Cooler Fan and
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Table 7-§
Safe Shutdown Equipment and/or Cables
Loceted in HELB Zone 11.3KH-1

Equipment Cable Equipment Description
Number Number (or Equipment Served by Cable)
iCv11l2D MO Gate Valve

1CV112E MO Gate Valve

1Cv81l00 MO Globe Isolation Valve
1CvV8110 Ch'g Pump Miniflow Valve
1Cv8lll Ch'g Pump Miniflow Valve
1Cve1l52 AO Globe Isolation Valve
1CVB8804A MO Gate Valve

1RH8716A MO Globe Valve

1RHB8716B MO Globe Valve

(1Cv8lo0 ) 1CV035 MO Globe Isolation Valve
(icvelco ) 1CV036 MO Globe Isolation Valve
(1CV8110 ) 1CV057 Ch'g Pump Miniflow Valve
(1Cv8l10 ) 1CV0o58 Ch'g Pump Miniflow Valve
(1Cvsello ) 1Cvose Ch'g Pump Miniflow Valve
(1Cvelll ) 1CV061l Ch'g Pump Miniflow Valve
(1cvelll ) 1CVo62 Ch'g Pump Miniflow Valve
(1cvii2p )  1CV077 MO Gate Valve

(1cviizap ) 1CV078 MO Gate Valve

(1CV112E ) 1Cv0o82 MO Gate Valve

(1CV112E ) 1CV084 MO Gate Valve

(1cvels2 ) 1Cv323 AO Globe Isolation Valve
(1cvels2 ) 1CV325 AC Globe Isclation Valve
(1Cvels2 ) 1CV326 AO Globe Isolation Valve
(1cvB152 ) 1CV327 AO Globe lsclation Valve
(1CVBBO4A ) 1CV406 MO Gate Valve

(1CV8B04A ) 1CV407 MO Gate Valve

(1CVBBO4A ) 1CV408 MO Gate Valve

(1CVBB04A ) 1CV410 MO Gate Valve

(1CVBBO4A ) 1CV413 MO Gate Valve

(1CVv112D ) 1CV545 MO Gate Valve

(1CV112E ) 1CV572 MO Gate Valve

(1kRHB716A ) 1RHOE6 MO Globe Valve

(1RHB716A ) 1RH067 MO Globe Valve

(1RHB716A ) 1RHO68 MO Globe Valve

(1RHB716A ) 1RHO6S MO Globe Valve

(1RH8716B ) 1RH070 MO Globe Valve

(1RHB8716B ) 1RKO71 MO Globe Valve

(1RHB716B ) 1RH072 MO Globe Valve

(1LT=-931 ) 181468 RWST Level Transmitters
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Table

7-6

Safe Shutdown Equipment and/or Cables
HELB Zone 11.4C-1

Located 1n

Equipment Description

(or Equipment Served by Cable)

Ch'g

Ch'g

1A Cubicle

1A Cubicle

Fan and Motor

Panel
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Table 7-7
Safe Shutdown Equipment and/or Cables
Located in NELB Zone 11.4F-0
Equipmerc Cabie Equipment Descripticn
Numbe Numbe (or Equipment Served by Cable)

Pump 1A Cubicle Cocler Fan and Mot

(1VA1O0J ) 1VAB23 Ch'g Pump lA Cubicle Cooler Pane.l
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Equipment Cartle
Number Number
(LABO3P ) 1ABOO1
(1ABQ3P ) 1AB0O2
(OABO3P ) 1ABOO3
(1LABO3P )  1ABOD4S
(1AFOl1PA-1 ) 1AFO0O0l
(LAFOO6A ) 1AFO056
(LAFO17A ) 1AFQS6
(1AFO1PA-1 ) 1AF056
(OWO01CA ) 1AP147
(1AFOO6A ) 1AP147
(LAFO17A ) 1APl47
(1AFO1PA~-A ) 1AP147
(1VAOlCA )  1AP147
(1VAQOLICR ) 1APl147
(1VAQ3CC ) 1APl47
(1VAQ3CD ) 1APl47
(1VAQ4CE ) 1AP1l47
(1VDO3CA ) 1APl147
(0SX146 ) 1AP14S
(1CCS412B ) 1AP149
(1RH611 ) 1AP14S
(1818924 ) 1AP149
(18X00S )  1AP149
(18SX01PB ) 1AP148%
(1VAQ3CE ) 1AP14S
(1VAQ3CF )  1AP1489
(1VAOD4CC )  1AP1485
(1VAO6BCC ) 1APl149
(1vXo01lC ) 1AP149
(00G062 ) 1AP152
(OWOO01CB ) 1AP152

Table 7-8

Sefe Shutdown Equipment and/or Cables
Located in HELB Zone 71.58-0

Equipment Description
(or Equipment Served by Cable)

Unit 1 Boric Acid Transfer Pump
Unit 1 Boric Acid Transfer Pump

Shared Beoric Acid Transfer Pump

Unit 1 Boric Acid Transfer Pump

Aux Feedwater Pump 1A (Motor Driven)
Ess'l Service Water to AF Pump Suc Valive
Ess'l Service Water to AF Pump Suc Valve
Aux Feedwater Pump 1A (Motor Driven)

Control Room Refrig Unit

Ess'l Service Water to AF Pump Suc Valve
Ess'l Service Water to AF Purp Suc Valve
Lube Oil Pump for AF 1A

SX Pump lA Cubicle Cooler Fan, Motor
SX Pump 1A Cubicle Cooler Fan, Motor
CS Pump 1A Cubicle Cooler Fan, Motor
CS Pump 1A Cubicle Cooler Fan, Motor
SI Pump 1A Cubicle Cooler Fan, Motor
Diesel Generator Room Fan

Comp. Cooling Hx "O" Valve

1B RHR HX Outlet Valve

RHR Pump Miniflow Valve

MO Gate Valve

Pump Disch. to Comp. Cooling Hx "O" Valve
1B Ess'l Service Water Pump

CS Pump 1B Cubicle Cooler Fan and Motor
CS Pump 1B Cubicle Cooler Fan ard Motor
SI Pump 1B Cubicle Cooler Fan and Motor
Ch'g Pump 1B Cubicle Cooler Fan and Motor
ESF Switchgear Room Fan

Butterfly Valve, 3"

Control Room Refrig Unit

A -110
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Equipment Cakble
Number Number
(LAFQ06B ) 1AP152
(LAFO178B ) 1AP1S52
(LAFO1PB-A ) 1APl52
(1VAQLCG ) 1AP1S52
(1VAOLICH ) 1APlS52
(1VAO4CD ) 1AP1S52
(1VAOSECD ) 1AP152
(1VDO3CE ) 1APl152
(00G060 ) 1AP154
(00G064 ) 1APl34
(OVAQ4CE )  1APl54
(OVC02CH ) 1APl54
(1CCS413B ) 1APl154
1008414 ) 1AFPlS54
(1Cv1ilacC ) 1APl54
(1CVEelo4 ) 1APl54
(1DOC1PD ) 1APl54
(1M8018C ) 1AP1S54
(10G082 )  1APl54
(10G084 ) 1AP154
(1818801 ) 1APl54
(1SA01PB )} 1APl66
(0SX146 ) 1AP254
(1CC9412B ) 1AP254
(1RHEL] )  1APZ254
(1818924 )  1AP254
(18X005 ) 1AP254
(1SXO01PB )  1AP254
(1VAQ3CE )  1AP254
(1VAO3CF ) 1AP254
(1VAO4CC ) 1AP254

Table 7-8 (continued/

Safe Shutdown Equipment and/or Cables
Located in WELB Zone 11.58-0

Equipment Description
(or Equipment Served by Cable)

Ess'l Service Water to AF Pump Suc Valve
Ess']l Service Water to AF Pump Suc Valve
Lube 0il Pump for AF 1B

SX Pump 1B Cubicle Cooler Fan

SX Pump 1B Cubicle Cocler Fan

S1 Pump 1B Cubicle Cocler Fan and Motor
Ch'e Pump 1B Cubicle Cocler Fan and Mctor
Diesel Generatcr Room Fan

Butterfly Valve, 3"
Butterfly Valve, 3"

Fuel Hd4lg Bldg Charcoal Bocster Fan
Coentrol Room HVAC Fan

Gate MO Valve (Cnmt Isol)
Gate MO valve (Cnmt Isol)
Gate Valve and Motor Op

Gate Valve and Motor Op

1D Fuel 0Ll Transfer Pump

SG Atm Relief Valve & Hydraulic Op

Butterfly Valve (Cnmt Iscl)
Butterfly Valve (Cnmt Isol)
Gate MO Valve (Cnmt Isol)

1B Ess'l Service Water Pump

Comp. Cooling Hx "O" Valve

lE RHR HX Outlet Yalve

RER Pump Miniflow Valve

MO Gate Valve

Pump Disch. to Comp. Cooling Hx "O" Valve
1B Ess'l Service Water Pump

CS Pump 1B Cubicle Cooler Fan and Motor
CS Pump 1B Cubicle Cooler Fan and Motor

SI Pump 1B Cubicle Cooler Fan and Motor

A -1l1]
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Table 7-8 /(continued/

Safe Shutdown Equipment and/or Cables
Located in HELB Zone 11.56-0

Equipment Cable Equipment Description

Number Number (or Equipment Served by Cable)
(1VAO6CC ) 1AP254 Ch'g Pump 1B Cubicle Cooler Fan and Motor
(1VX01C )  1AP254 ESF Switchgear Foom Fan

(1CCO1PA ) 1CC001 1A Comp. Cooling Pump

(OCCO1lP ) 1CC019 "O" Comp. Cooling Pump

(1LFW00SB ) 1FW217 Gate Isclation Valve & Hydraulic Or
(1MSCleC ) 1MS628 S§G Atm Relief Valve & Hydraulic Op
(1SXC1PA ) 1SX034 1A Ess'l Service Water Pump

(OVAQ4CE ) 1VAl124 Fuel Hdlg Bldg Charcoal Booster Fan
(1VAQ3CD ) 1VAl1S7 CS Pump 1A Cubicle Cooler Fan, Motor
(1VDO3CB ) 1VDOBS Diesel Generator Room Fan

(1VX01lC ) 1VXO00€ ESF Switchgear Room Fan

A ~-112
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PURPOSE

The purpose of this design assessment is to confirm that an adequate

design approach relative to Hignh Energy Line Break (HELB) jet

impingement effects and single failure for safe shutdown ccbling located
inside containment and safe shutdown instrument sensing lines located
inside and outside containment, has been accomplished and meets the
objectives of SRP Sections 3.6.1 and 3.6.2. The scope of this assessment
is limited to the cables and sensing lines described above since jet
impingement effects on cables located outside containment, safe
shutdown equipment, piping and structures are discussed in the Summary

Report and Appendices listed below.

I. Summary Report- "Verification of Design Adequacy for Jet
Impingement Effects"”

Appendix A "Verification of High Energy Line Break Design
Approach for Jet Impingement Effects on Safe
Shutdown Equipment, Instrumentation and

Cables"

Appendix B "Verification of High Energy Line Break Design
Approach for Jet Impingement Effects on Safe
Shutdown Cables Inside Containment and Safe
Shutdown Instrument Sensing Lines Inside and
Outside Containment"

Appendix ( "Verification of High Energy Line Break Design

Approach for Jet Impingement Effects on Safe

Shutdown Piping"

Appendix D "Verification of High Energy Line Break Design
Approach for Jet Impingement Effects on
Structures”

Note:

The reader should review the Summary Report prior to interpreting

the contents of this assessment.




B.2.0

B.2.1

METHOD OF ANALYSIS

General Methodology

The analysis was performed by examination of cable and sensing line
locations in relation to HELB jet zones of influence. The jet zones of
influence for two phase and steam jets are based on conservative
application of NUREG/CR-2913 (Reference B.5.5). The zones of influence
for "cold water" jets are based on jet impedence due to structures and
piping orientation. The zones of influence are not calculated for each
jet. Influence zones are determined by examination of drawings and
conservative visual application of jet criteria referenced above. Each
functional group of cables and/or sensing lines is analyzed separately to
ensure that their safe shutdown functions will be available after
consideration of jet impingement effects. For instance, if four redundant
instruments can be used to monitor one process variable, their cables and
sensing lines are analyzed as a functional group to ensure that the
monitoring function can be achieved. The functional groups of cables and
sensing lines are evaluated in terms of HELB jet impingement effects
using one or more of the following logic statements:

l. The functional group of cables and/ot sensing lines is outside the zone
of influence of all HELB jets.

2. The functional group of cables and/or sensing lines is not required to
be functional for safe shutdown after the specific HELB scenario
which could disable them.

3. An adequate number of redundant cables and/or sensing lines within
the functional group remain undamaged ard can perform their
specific safe shutdown functions after certain cables and/or sensing
lines within the functional group are disabled by jet impingement.
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4. Diverse means outsice the functional group are available for
achieving the safe shutdown functions of the cables and/or sensing
lines damaged by jet impingement.

Throughout the sersing line and cable analyses, structural barriers such as
the missile shieid walls, steam generator enclosures, pressurizer enclosure
and fuel pool enclosure are identified as physical barriers which separate
HELB jets from safe shutdown cables and sensing lines. Portions of the
analyses also refer to the Elevation 412' and 426" floors outside the missile
shield wall to denote separation from HELB jets. These floors are not
consistent structural barriers since metal gratings and openings exist in
some areas in lieu of concrete. Based on examination of HELB Location
Drawings (Reference B.5.3), and application of NUREG/CR-2913, no two
phase or steam jets emanating from HELB's located below the Elevation
412" and 426' floors have zones of influence which extend above the
Elevation 412' and 426' floors respectively. Similarly, no two phase or
steam jets emanating from HELB's located above the Elevation 412" and
426" floors have zones of influence which extend below the Elevation 412'
and 426' floors respectively. Based on the location and orientation of the
safety injection HELB's and the concrete floors that do exist in these
HELB areas, use of the floors as jet influence zone boundaries is also valid

for "cold water"™ jets.

In essence, the floors serve as HELB jet influence zone boundaries for all
HELB jets outside the missile shield wall. These boundaries are useful in
performing the analysis for two reasons. First, fewer HFI.B jets require
consideration for each sensing line and cable analyzed. Secondly, plan
views of HELB Location Drawings (Reference B.5.3), Instrument Location
Drawings (Reference B.5.1) and Electrical Installation Drawings
(Refecrence B.5.2) used in the analyses are divided at these two floor
elevations. Again, the floors designate jet influence zone boundaries and
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B.2.2

do not imply existence of consistent concrete floors which serve as jet
barriers.

Cables/Sensing Lines Analyzed

The electrical cables analyzed in this assessment are located inside
containment and support the safe shutdown components located inside
containment. Table B.2.2.1 lists these components and the supporting
cables and references the subsection numbers within this assessment
which discuss jet impingement effects on the cabling. The components
listed in Table B.2.2.1 are a subset of the total list of safe shutdown
components inside containment which is listed in Table I-1 of Sargent &
Lundy Calculation Number 3C8-1083-001 Revision 2 (Reference B.5.9).

The instrument sensing lines analyzed in this assessment support safe
shutdown instruments located inside and outside of containment. Table
B.2.2.]1 and Table B.2.2.2 list these instruments and the supporting sensing
lines and reference the assessment subsection numbers which contain a
discussion of jet impingement effects on the sensing lines. The items
listed on Table B.2.2.1 and B.2.2.2 are a subset of the safe shutdown
equipment in Tables 1-1 and 1-2 of Sargent & Lundy Calculation Number
3C8-1083-001 Revision 2 (Reference B.5.9).




TABLE B.2.2.1

COMPONENTS INSIDE CONTAINMENT EMPLOYED FOR SAFE SHUTDOWN
~ WHICH ARE DEPENDENT ON CABLES OR SENSING LINES

Analysis
Sensing Line No. Cable No. Subsection
Component No. Component Name - (if applicable) (if applicable) No.
Tl thru T33 Div. |1 Core Exit Thermocouples N/A 11T308 thru 340 8.3.7
LIT343/364/425
T34 thru T65 Div. 12 Core Exit Thermocouples N/A 11T351 thru 382 B.3.7
11T347/348/427
1ICC%16 Gate Isol. Valve, 6" Motor Op. N/A 1ICC124/125 B.3.14
1CC9438 Gate Isol. Valve, 4", Motor Op. N/A 1CC035/039 B.3.14
ICV8L112 Globe Isol. Valve, 2%, Motor Op. N/A ICV040/042 B.3.17
ICVB160 Globe Isol. Valve, 3", Solenoid N/A (See Note 1) B.3.1
IFPO1LI Globe Isol. Valve, Solenoid N/A (See Note 1) B.3.1
11AD66 Globe Isol, Valve, Solenoid N/A (See Note |) B.3.1
ILT-459 Pressurizer Level Transmitter IRY 34 AA/AB/DA/DB/DD, IRYS2A, IRY98A IRY201 B.3.2
ILT-460 Pressurizer Level Transmitter IRY 34BA/BR/EA/EB/EC IRY205 B.3.2
ILT-46! Pressurizer Level Transmitter IRY WCA/CB/CC/CD/CE/CFICG/FA/FB/FC/FD, IRY99A IRY209 B.3.2
ILT-517 Stm Gen Narrow Range Lev. Trans. IFWI3AA/AB/EA/EB IFW059 B.3.3
ILT-518 Stm Gen Narrow Range Lev. Trans. IFWISAA/AB/EA/ER IFWO051 B.3.3
ILT-519 Stm Gen Narrow Range Lev. Trans. IFWI5AA/AB/EA/EB IFW044 B.3.3
ILT-527 Stm Gen Narrow Range Lev. Trans. IFWI3BA/BB/FA/FB IFWo06! B.3.3
ILT-528 Stm Gen Narrow Range Lev. Trans. IFWI4BA/BB/FA/FB IFW053 B.3.3
ILT-529 Stm Gen Narrow Range Lev. Trans. IFWISBA/BB/FA/FB IFW035 8.3.3



TABLE B.2.2.1

COMPONENTS INSIDE CONTAINMENT EMPLOYED FOR SAFE SHUTDOWN
T WHICH ARE DEPENDENT ON CABLES OR SENSING LINES

(continued)

Analysis
Sensing Line No. Cable No. Subsection

Component No. Component Name (if applicable) (i1 applicable) No.
ILT-537 Stm Gen Narrow Range Lev. Trans. IFWI3CA/GA/GB, IFW74CB, IFWI112A 1FW063 B.3.3
ILT-538 Stm Gen Narrow Range Lev. Trans. IFWI4CA/CB, IFWIVGA/CB IFWO055 B.3.3
ILT-539 Stm Gen Narrow Range Lev. Trans. IFWISCA/CB, IFWI5GA/GB IFW039 B.3.3
ILT-547 Stm Gen Narrow Range Lev. Trans. IFWI3DA/DB/HA/HB IFW065 B.3.3
ILT-548 Stm Gen Narrow Range Lev. Trans. IFWI4DA/DB/HA/HB, IFW74DB IFW057 B.3.3
ILT-549 St Gen Narrow Range Lev. Trans. IFWISDA/DB/HA/HB IFW049 B.3.3
ILT-556 Stm Gen Narrow Range Lev. Trans. IFW91AA/AB/EA/EB, IFW74AB IFW700 B.3.3
ILT-557 Stm Gen Nurrow Range Lev. Trans. IFWIIBA/BBR/FA/FB, IFW74BB IFW703 8.3.3
'LT-558 Stm Ger. Narrow Range Lev. Trans. IFW9I1CA/CB/GA/GB IFW702 B.3.3
ILT-559 Stm Gen Narrow Range Lev. Trans. IFWIIDA/DB/HA/HB, IFWI03A IFW701 B.3.3
1QPGO57A Butterfly Isol. Valve, Motor Op. N/A 19G092/093 B.3.15
19G079 Butterfly Isol. Valve, 3% Mot. Op. N/A 1PG156/203 B.3.15
1@G080 Butterfly Isol. Valve, 3" Mot. Op. N/A 1PG162/164 B.3.15
19GO8 | Butterfly Isol. Valve, 3" Mot. Op. N/A 1PG167/169 B.3.15
IPT455 Pressurizer Pressure Transmitter IRY34AA/AB/DD, IRY82A, IRY9ISA IRY199 B.3.4
1PT456 Pressurizer Pressure Transmitter IRY W4BA/BB/EC IRY203 B.3.4
1PT457 Pressurizer Pressure Transmitter IRY3CA/CB/CC/CD/CE/CF/CG iRY207 A.3.4
IPT458 Pressurizer Pressure Transmitter IRY WCA/CBJICC/CD/CE/CFICG IRY211 B.3.4
1PS9354A Globe !sol. Valve, 3/8" Solenoid N/A (See Note 1) B.3.1
1PS9355A Globe Isol. Valve, 3/8" Solenoid N/A (See Note 1) B.3.1
1PS9356A Globe Isol. Valve, 3/8" Solenoid N/A (See Note 1) B.3.1
IPS9357A Globe ':ol. Valve, 3/8" Solenoid N/A (See Note 1) B.3.1




TABLE B.2.2.1

COMPONENTS INSIDEE CONTAINMENT EMPLOYED FOR SAFE SHUTDOWN
WHICH ARE DEPENDENT ON CARLES OR SENSING LINES

(continued)

Analysis
Sensing Line No. Cable No. Subsection
Component No. Component Name L (if applicable) (1f applicable) __No.
CATE-SLIA RCS Narrow Range Temp. N/A IRC340/341 B.3.6
ITE-411IB RCS Narrow Range Temp. N/A IRC346/347 B.3.6
ITE-42LA RCS Narrow Range Temp. N/A IRC381/382 B.3.6
ITE-4211 RCS Narrow Range Temp. N/A IRC387/388 B.3.6
ITE-431A RCS Narrow Range Temp. N/A IRC415/416 B.3.6
ITE-843I8 RCS Narrow Range Temp. N/A IRC421/422 B.3.6
ITE-441A RCS Nuirow Range Temp. N/A IRC433/434 B.3.6
ITE-4418 RCS Narrow Range Temp. N/A IRC439/440 B.3.6
IPT-40} RC Pressure Transmitter IRCU42AB IRC224 B.3.5
IPT-405 RC Pressure Transmitter IRC4288 IRC226 B.3.5
IPT-406 RC Pressure Transmitter (See Note 2) (See Note 2) B.3.5
1PT-407 RC Pressure Transmitter (See Note 2) (See Note 2) B.3.5
IPT-408 RC Pressure Transmitter (See Note 2) (See Note 2) B.3.5
IPT-409 RC Pressure Transmitter (See Note 2) (See Note 2) B.3.5
IRCOI14A Globe Valve, I" N/A IRC620/621 B.3.16
IRCO14B Globe Valve, I® N/A IRC623/624 B.3.16
IRCO14C Globe Valve, I" N/A IRC626/627 B.3.16
IRCO14D Globe Valve, I* N/A IRC629/630 B.3.16
IRE100} Diaph. Isol, Valve, 3%, 2 Solenoid N/A (See Note 1) B.3.1
IRE9159A Diaph. Isol. Valve, 3/4" Solenod N/A (See Note 1) B.3.1
IRE9160A Diaph. Isol. Valve, 1" Solenoid N/A (See Note 1) B.3.1
IRF0O26 Plug Valve, 2* Solenoid N/A (See Note 1) B.3.1




Component No.

IRHB701A
IRH8701B
IRHE702A
IRH87028B

IRY455A

IRY&56

IRYS000A
IRYB000B
IRY802¢
ISA033
IVPOICA
IVPOICH
IVPO1CH

IVPOICD

TABLE B.2.2.]

COMPONENTS INSIDE CON TAINMENT EMPLOYED FOR SAFE SHUTDOWN
WiiiCHl ARE DEPENDENT ON CABLES OR SENSING LINES

Compx nt Name

Gate Isol. Valve, 12" Motor Op.

Gate Valve, 12" Motor Op.

Gate Isol. Valve, 12" Motor Op.

Gate Valve, 12® Motor Op.

PORYV, 2 Solenoids

PORYV, 2 Solenoids

Gate Valve, 3" Motor Op.
Gate Valve, 3®" Motor Op.
Globe Isol. Valve, 3/8" Solenoi

Globe Isol. Valve, Solenoid

Prim. Cnmt. Vent Systen
Fan, Motor

Prim. Cnmt. Vent Systen
Fa Iy Motor

Prim. Cnmt. Vent System
Fan, Motor

Prim. Cnmt. Vent Systen
Fan, Motor

d)

Sensing Line No.

(! applica le)

Cable No.
(1f applicable)

IRHO024/027/028
IRH033/037
IRHO045/069
IRHO060/061/057

IRY246/247/268)
269/388/426

IRY252/253/254]
255/389/427

IRY002/004/401
IRYO007/009/403
(See Note 1)

(See Note |)

IVP002/004
1VP024/026
IVPO46/0438

IVPO6GR/070




Component No.

IVQOOIA

1VQO02A

1VQO04A
1VQO05A

IWO056A
IWO0565

IRE-AROI]
IRE-AROI2

(Notes | & 2)

Note 1: Cabie numbers are not listed. Failure of these cables due to jet impingement will result in the valves failing in their safe shutdown position.

TABLE B.2.2.1

COMPONENTS INSIDE CONTAINMENT EMPLOYED FOR SAFE SHUTDOWN
T WHICH ARE DEPENDENT NSING CINES

‘ON CABLES OR SE

(continued)

Analysis
Sensing Line No. Cable No Subsection
Component Name (if applicable) _(if applicable) No.
Butterfly Isol. Valve, Actuator N/A IVQO86/263/264/ B.3.12
266/088/271/233/
091/272
Butterfly Isol. Valve, Actuator N/A 1VQI113/282/283/ B.3.12
284/114/289/290/
122/238
Butter(ly Isol. Valve, Solenoid N/A (See Note 1) B.3.1
Buttertly Isol. Valve, Solenoid N/A (See Note 1) B.3.1
Gate Control Isol. Valve, 10" N/A IWPI87/189 B.3.13
Gate Control Isol. Valve, 10" N/A IWP192/19% B.3.13
Containment Radiation Monitor N/A IAR022 B.3.20
Containment Radiation Monitor N/A IARO28 B.3.20

Note 2: These transmitters are scheduled for installation at the first Byron Unit | refueling outage.




TABLE B.2.2.2

INSTRUMENTS OUTSIDE CONTAINMENT EMPLOYED FOR SAFE SHUTDOWN
WHICH ARE DEPENDENT ON SENSING LINES

INOA3IAA/AR

Instrument Analysis
__Number Instrument Name Sensing Line Numbers Subsection No.
IPT-514 Main Steam Pressure Transmitter IMS72AB R.3.8
IPT-515 Main Steam Pressure Transmitter IMS72ER R.3.8
IPT-516 Main Steam Pressure Transmitter 1MS7278 R.3.8
IPT-524 Main Steam Pressure Transmitter IMS72R3R B.3.8
IPT-525 Main Steam Pressure Transmitter IMS72FR B.3.8
IPT-526 Main Steam Pressure Transmitter IMS72KB B.3.8
IPT-534 Main Steam Pressure Transmitter IMS72CHB B.3.8
IPT-535 Main Steam Pressure Transmitter IMS72GB B.3.8
IPT-536 Main Steam Pressure Transmitter IMS72LB B.3.8
IPT-544 Main Steam Pressure Transmitter IMS72DR B.3.8
IPT-545 Main Steam Pressure Transmitter IMS72HB B.3.8
IPT-5646 Main Steam Pressure Transmitter IMS72M%B B.3.8
ILT-930 RWST Level Transmitter ISI99DA/DB BR.3.9
ILT-93]| RWST Levei Transmitter ISI99CA/CBR B.3.9
ILT-932 RWST Level Transmitter 1SI99BA /BB B.3.9
ILT-933 RWST Level Transmitter ISI99AA/AB B.3.9
IPT-934 Containment Pressure Transmitter Not Numbered R.3.10
IPT-935 Containment Pressure Transmitter Not Numbered B.3.10
IPT-936 Containment Pressure Transmitter Not Numbered B.3.10
IPT-937 Containment Pressure Transmitter Not Numbered B.3.10
1LS-DO033 Diesel Oil Level Switch IDOAIAA/CA, IDOA2AA/CA, B.3.21



TABLE B.2.2.2

INSTRUMENTS OUTSIDE CONTAINMENT EMPLOYED FOR SAFE SHUTDOWN

WHICH ARE DEPENDENT ON SENSING LINES

(continued)

Instrument Analysiq

__Number ____Instrument Name ) Sensing Line Numbers Subsection No,

ILS-DO036 Diesel Oil Level Switch INOAIBA/DA, IDOA2BA/CA B.3.21
IDOA3IBA/BR

IPSL-AF05I Auxiliary Feedwater Pressure Switch IAFO7AB/IAFI8AA/IAFI9AA B.3.23

IPSL-AF055 Auxiliary Feedwater Pressure Switch IAFO7BB/1AFI18BA/IAF19RA B.3.23

22
22
22
7
.22
22
.22
.22

IFE-VA003 HVAC Flow Element Not Numbered
IFE-VAOO4 HVAC Flow Element Not Numbered
IFE-VAQDOS HVAC Flow Element Not Numbered
IFE-VAD06 HVAC Flow Element Not Numbered
IFE-VAD07 HVYAC Flow Element Not Numbered
IFE-VAD0S HVAC Flow Flement Not Numbered
IFE-VADO9 HVAC Flow Flement Not Numbered
IFE-VAOI0 HVAC Flow Element Not Numbered
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B.2.3

Scope of Analysis Explanation and Validation

The scope of this assessment is limited to cables inside containment and
sensing lines inside and outside containment as indicated in Section 1.0
above.

The scope was divided in this manner for the cables due to the differences
in analysis methods used inside containment versus outside. The
structural compartmentalization outside containment lends itself to strict
definition of high energy line break jet hazard zones (HELB zones).
Alternate safe shutdown success criteria are defined after postulating
complete failure of cables within a hazard zone plus single failure. Inside
containment, where jet hazard zones cannot always be strictly defined by
structures, analyses must be performed by examining the locations of
various components within an area relative to high energy line breaks.

Jet impingement effects on cables located inside containment can legit-
imately be analyzed separately from those outside containment and vice
versa, because the containment wall serves as a high energy line break jet
barrier. No HELB jets which emana’e from within the containment can
impinge on cables located outside. Similarly, no HELB jets which emanate
from outside the containment can impinge on cables located inside.
Therefore, since only one initiating HELB event at a time must be
postulated, independent jet impingement assessments inside and outside
containment are valid.

The sensing lines inside containment are addressed in this assessment,
since attention must be given to jet interaction between cables and
sensing lires inside containment to make a valid assessment. The sensing
line/cable interaction outside containment did not have to be considered,
because none of the safe shutdown sensing lines outside containment are
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located in HELB zones. The analysis for sensing lines outside containment
are included as part of this assessment to provide a complete reference

for all sensing line analyses.

Jet Interaction With Other Components

Outside containment, safe shutdown instrument sensing lines are not
located in HELB zones as indicated previously. Therefore, jet interaction
between these sensing lines and other safe shutdown components need not

be considered.

The Summary Report addresses HELB jet interaction between functional
groups of cables and sensing lines and other safe shutdown components
inside containment to demonstrate that safe shutdown can be achieved

fo!lowing any HELB scenarios.

Analysis Format

Section B.3.0 of this assessment contains the actual jet impingement

analysis for the cabling inside containment and the instrument sensing
linres inside and outside containment. Tables B.2.2.1 and B.2.2.2 list the
components which cables and sensing lines are analyzed for. The Tables
also reference the applicable subsections of Section B.3.0 which contain

the analysis for each functional group of cables ard/or sensing lines.

Each analysis subsection describes the safe shutdown function of the
components which the cables and sensing lines support. The specific
HELB accident scenarios for which the components are required to be
functional are defined. The general methodology used to disposition the
cables and sensing lines is outlined. This outline includes a description of

the considerations which must be addressed relative to cable, sensing line
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and other component interactions. Finally, a detailed analysis is included
in each subsection to verify that the functional groups of cables and/or
sensing lines can achieve their safe shutdown functions after the specific
HELB scenarios for which the functions are required. The Summary
Report verifies that an adequate number of functions remain unaffected

Jy jet impingement such that safe shutdown can be achieved.

Accident Scenarios

The components listed in Tables B.2.2.1 and B.2.2.2 are not required for
all HELB scenarios. This discussion is to identify the specific HELB
accident scenarios after which the components analyzed in this

assessment are required to be functional.

Table B.2.6.1 summarizes the HELB scenarios which could occur inside
containment. The HELB scenarios outside containment wiii not be
tabulated in this assessment since no safe shutdown sensing lines outside
containment are located in HELB hazard zones. These scenarios are,

however, tabulated in the Summary Report.

Table B.2.6.1 lists the safe shutdown instruments from Tables B.2.2.1 and
B.2.2.2 and indicates the HELB scenarios after which the instruments are
required to be functional. The instrument functions required after each
HELB scenario have been indicated and subdivided into ESF/reactor trip
functions and monitoring functions. The jet impingement dispositions for
safe shutdown component cables and sensing lines inside containment will

utilize this information as necessary.
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Sensing Line and Cable Supports

Sensing line supports, conduit supports and cable tray supports do not
require individual jet impingement assessments. The jet impingement
assessments for sensing lines and cabling conservatively envelope the

associated supports.

Unlike major piping systems, the sensing lines and cables are conveniently
routed along major containment structures tO0 minimize support

extensions. This design feature is evident when examining Instrument

Location Drawings (Reference B.5.1} and Electrical Installation Drawings

(Reference B.5.2). These drawings illustrate that sensing lire and cable
routings closely follow the perimeters of major containment structures
such as the containment wall, the missile shield wall, the fuel pool
enclosure, the steam generator enclosures, the pressurizer enclosure and
structural steel. The Conduit Support Drawings (Reference B.5.12) and
the Cable Tray Support Drawings (Reference B.5.13) illustrate that

supports are local to these major structures.

Sensing lines and cables which are analyzed in Section B.3.0 and found to
be outside conservatively determined jet zones of influence are separated

- +

from jets by structures or by significant distances., Based on the

conservatively determined separation and the sensing line and cable

support localization, these supports require no further assessment.




B.3.0

B.3.1

B.3.2

B.3.2.1

B.3.2.2

ANALYSIS

Fail Safe Valves

Safe shutdown valves listed in Table B.2.2.1 which reference this
disposition section are active valves that are designed to fail in a safe
position upon loss of air and/or electrical pcwer. The safe position is the
position required for these valves to perform their safe shutdown
functions. Failure of cables to these valves due to jet impingement
effects would result in the valves moving into or remaining in their safe
shutdown positions.

Pressurizer Level Sensing Lines and Cables

Purpose

The purpose of this section is to determine the effects that jet
impingement and single failure have on the sensing lines and electrical
cables for pressurizer level transmitters ILT-459, ILT-460 and ILT-461.

Shutdown Basis

Pressurizer level transmitters are employed for sate shutdown monitoring
under certain HELB scenarios. These scenarios do not include large
LOCA's or pressurizer steam side LOCA's. The level transmitters are not
required for large LOCA's since the pressurizer level would be depleted
rapidly. The transmitters are not required for a pressurizer sieam side
LOCA since the LOCA would result in a "toil up™ and an erroneous level
indication. The transmitters are not required for ESF actuation. The
pressurizer level transmitter safe shutdown function is to provide level
indication. One functional transmitter is adequate to support this

monitoring function.
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Sensing Line and Cable Installation

The pressurizer is provided with three sensing line taps located circum-

ferentially at Elevation 450'-8" and three more located similarly at

Elevation 407'-4"., One vertically aligned pair of taps provide input to

reactor protection Channel RI Transmitter ILT-459. The second vertically
aligned pair of taps provide input to Channel RII Transmitter ILT-460.

The third pair of taps provide input to Channel RIIl Transmitter |LT-461.

The transmitters are all located outside the missile shield wall.
Transmitters ILT-459, 460 and 461 are located rear columns R-12, R-16

and R-7 respectively above the Elevation 377" floor.

The cables for Transmitters ILT-459 and 461 are routed upward until they
penetrate through the Elevation 412" ‘loor. From this point, they are
routed to the respective containment electrical penetrations. The cable
for Transmitter ILT-460 is routed upward and toward the electrical
penetration area above the Elevation 426' floor. The transmitter cables

are always located outside the missile shield wall.

Analysis Method

Demonstrate that physical separation and barriers prevent any HELB jets
other than those emanating from large LOCA's and steam side LOCA's
from disabling sensing lines and/or cables that support more than one of
the level transmitters. Failure of one transmitter due to jets emanating
from breaks other than large LOCA's and steam side LOCA's inside
containment plus a single reactor protection channel failure leaves at
least one functional transmitter which is acceptable for safe shutdown as

discussed in section B.3.2.2.




B.3.2.4.1

B.3.2.4.2

B.3.2.4.3

B.3.2.5

Jet impingement effects on the sensing lines and cables will be performed

systematically in three parts as follows:

Sensing Lines

Demonstrate that physical separation and barriers prevent jets emanating
from HELB's other than large LOCA's and steam side LOCA's from
disabling sensing lines supporting more than one of the three transmitters.

Cables

Demonstrate that physical separation and barriers prevent jets emanating
from HELB's other than large LOCA's and steam side LOCA's from

disabling cables supporting more than one of the three transmitters.

Sensing Line/Cable Interaction

Demonstrate that physical separation and barriers prevent jets emanating
from HELB's other than large LOCA' and steam side LOCA's from
disabiing cables and sensing lines supporting more than one of the three

transmitters.

Analysis

Analysis Sections B.3.2.5.1, B.3.2.5.2 and B.3.2.5.3 below, correspond to
Analysis Method Sections B.3.2.4.1, B.3.2.4.2 and B.3.2.4.3 above.
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B.3.2.5.1

Sensing Lines

Based on the "as-built"™ Sensing Line Drawings (Reference B.5.4) and

Instrument Location Drawings (Reference B.5.1), the upper tap sensin
g Pl p g

lines for the three level transmitters are routed down through the
pressurizer enclosure. Based on the HELB Location Drawings (Reference
B.5.3), HELB jets that could affect the inner enclosure area emanate from
the pressurizer spray line (Line IRYOIB) and the pressurizer pressure
relief lines (Lines IRY02A/B, IRY03AA/AB/AC and IRY06A). Based on
Section B.2.6, pressurizer level indication is not required following a
pressurizer steam side LOCA., HELB' in any of the lines listed above is a
steam side LOCA in which the level indication is not required. Once
outside the bottom of the pressurizer enclosure, the upper tap sensing
lines diverge and eventually penetrate th¢ missile shield wall, HELB's
closest to the diverging area inside the m.ssile shield wall are located on
the pressurizer surge line (Line IRYIIA), the pressurizer auxiliary spray
line (Line IRYI8A) and the loop 4 main feedwater line (Line IFWO03DD).
The pressurizer surge line break is considered a large LOCA after which,
pressurizer level indication is not required. The auxiliary spray line breax
is considered a pressurizer steam side LOCA after which pressurizer level
indication is not required. All upper tap sensing lines are located outside
the jet zones of influence of the feedwater line breaks. The lower tap
sensing lines are also located in the same diverging area at a lower
elevation. Only one lower tap sensing line (Line IRY34DB to Transmitter
ILT-459) could possibly be affected by the Loop | and Loop 4 main
feedwater line breaks. Based on the divergence and separation of the
sensing lines after they leave the pressurizer area, there are no HELB jets
inside the missile shield wail which can disable the sensing lines to more
than one transmitter in a HELB scenario that requires level indication.
Based on the above, no HELB jets inside the missile shield wall could
result in the loss of more than one level transmitter in a HELB scenario

that requires level indication.




B.3.2.5.2

Qutside the missile shield wall, all pressurizer level sensing lines are
located below the Elevation 426' floor. Based on the "as-built" Sensing
Line Drawings (Reference B.5.4) and the Instrument Location Drawings
(Reference B.5.1), the sensing lines located outside the missile shield wall
which support Transmitter [LT-460 are of minimal length. Based on the
Break Location Drawings (Reference B.5.3), there are no HELB' in the
area of these sensing lines. No HELB jet could disable sensing lines
outside the missile shield wall to Transmitter ILT-460. Based on the "as-
built® Sensing Line Drawings (Reference B.5.4) and the Instrument
Location Drawings (Reference B.5.1), the sensing lines outside the missile
shield wall which support Transmitter ILT-459 are within the zone of
influence of a Loop 4 main feedwater HELB jet and a Loop | steam
generator blowdown HELB jet near Column R-7 above the Elevation 377'
floor. The remainder of the sensing line routing outside the missile shield
wall for Transmitter ILT-459 is outside all other jet zones of influence.
The sensing lines outside the missile shield wall for Transmitter ILT-461
are outside the main feedwater and steam generator blowdown HELB jet
zones of influence which affect the sensing lines for Transmitter ILT-
459. Based on the above, HELB jets outside the missile shield wall could
not disable sensing lines to more than one of the three pressurizer level

transmitters simultaneously.

No HELB jets inside containment other than those emanating from large
LOCA's and pressurizer steam side LOCA's could disable the sensing lires
to more than one of the three pressurizer level transmitters

simultaneously.

Cables
Based on the Electrical Installation Drawings (Reference B.5.2), all

pressurizer level transmitter cables are located outside the missile shield

wall. The cable for Transmitter |[LT-460 begins near Column R-16 above




the Elevation 377" floor and is routed upward to Elevation 410'. There are
no HELB jets in this upward routing area. The cable is then routed under
the Elevation 412' floor counterclockwise around the containment from
Column R-16 to Column R-12. The only HELB's in this area are main
steam and feedwater breaks and a steam generator blowdown line break as
shown on the HELB Location Drawings (Reference B.5.3). Based on
application of NUREG/CR-2913 (Reference B.5.5), the cable for
Transmitter ILT-460 is located outside the jet zones of influence in these
areas. The cable is then routed up to Elevation 439' to the electrical
containment penetration. Main steam line Break CO22 has the highest
probability of affecting .ne cable. Detailed examination of the drawings
shows that the cable is located outside the main steam jet zone of
influence. No HELB jets are capable of disabling the cable for
Transmitter ILT-460.

The cable for Transmitter ILT-459 begins near Column R-12 above the
Elevation 377" floor and is routed upward to Elevation 424'. The cable is
then routed counterclockwise around the containment between Columns
R-12 and R-8 to the containment electrical penetration at Elevation
422.' The only HELB jets near this cable routing emanate from a Loop 4
main feedwater break and a l.oop 4 SI accumulator line break. The cable
may be affected by the feedwater jet, and is outside the SI jet zone of
influence. The cabling for transmitter ILT-461 is outside the main
feedwater jet zone of influence which could affect transmitter ILT-459.
Based on the above, no HELB jets could affect the cabling to both Trans-
mitters ILT-459 and ILT-461.

Based on the paragraphs above, no HELB jets can affect the cable for
Transmitter |LT-460. No HELB jet can affect cable to both Transmitters
ILT-459 and [LT-461. Therefore, at least two of the three level
transmitters will not be affected by jet impingement effects on cabling.
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B.3.2.5.3

B.3.2.6

Sensing Line/Cable Interaction

Pressurizer level transmitter cables are only routed outside the missile
shield wall. Based on this arrangement, sensing line/cable interaction
inside the wall need not be considered. Sections B.3.2.5.1 and B.3.2.5.2
above indicate that no HELB jets can affect the sensing lines or cables to
Transmitter ILT-460 which are located outside the missile shield wall.
These sections also indicate that only Loop 4 main feedwater and Loop |
steam generator blowdown HELB jets outside the missile shield wall could
affect sensing lines or cabling to Transmitter ILT-459. These HELB jets
do not affect sensing lines or cables for Transmitter ILT-461. Based on
the above, no HELB jets could disable a combination of sensing lines and
cables that would render more than one of the three level transmitters
inoperable.

Analysis Conclusion

In conclusion, cable/sensing line interaction only needs to be considered
outside the missile shield wall. No HELB jets outside the wall could
damage the sensing lines or cables that support Transmitter ILT-460. No
HELB jets outside the missile shield wall could disable cables and/or
sensing lines that render both Transmitters ILT-459 and ILT-46l
inoperable simultaneously. No HELB jets inside the missile shield wall
could disable sensing lines to more than one of the three transmitters.
Theretore, at least two pressurizer level transmitters will not be damaged
as a result of HELB jet effects on cabling and sensing lines inside
containment,
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B.3.3

B.3.3.1

B.3.3.2

Steam Generator Narrow Range Level Sens.ng Lines And Cables

Purpose

The purpose of this section is to determine the effects that jet
impingement and single reactor protection channel failure have on the
steam generator narrow range level sensing lines and cables.

Shutdown Basis

The steam generator narrow range level transmitters serve a dual purpose
for safe plant shutdown. First, in the event of a main feedwater line
break or a steam generator blowdown line break inside containment, any
two of the four narrow range level transmitters on the affected steam
generator are required for ESF/reactor trip actuation. An affected
steam generator is one which is no longer capable of heat removal due to
the initiating HELB. Two transmitters on the affected steam generator
would be required following a main feedwater line break. Two out of four
transmitters may or may not be required for ESF/reactor trip actuation in
the event of a steam generator blowdown line break depending on whether
the main feedwater pumps can compensate for the blowdown break fluid
discharge. Rather than calculate the blowdown rate and compare it to the
pump margin, this assessment will conservatively assume that the steam
generator is affected and t(wo out of four transmitters are required. The
second transmitter functional requirement is monitoring. Any one narrow
range transmitter serving an unaffected steam generator is required
following any HELB scenario except a large LOCA. None of these
transmitters are required following a large LOCA since all four steam
generators would be affected.
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generators 1S provided with

four level sensing line
Elevation 449' and four lower taps at Elevation 429'. The four

of sensing lines for each steam generator provide input to four
narrow range level transmitters located outside the missile shield wall.
The four transmitters are supported by reactor protection Channels RI,
RII, RIII, and RIV. A total of sixteen narrow range SG level transmitters
exist for the tour SG' and are relatively equally spaced around the outside

perimeter of the missile shield wall.

Each transmitter has able which is routed completely outside the
missile shield wall The cables are routed either clockwise or
Ckwise around the outside perimeter of the missile shield wall

to the appropriate containment electrical penetration areas.

Analysis Method
aly e

\

The analysis

B.3.3.4.2) for the two unique narrow range

functional requirements. The requirement for one functional transmitter
an unaffected stean generator will bDe addressed in JSecCtio

B.3.3.4.1. The requirement for two functional transmitters serving an

affected steam generator will be addressed in Section B.3.4.4.2.

Function One Aralysis Method (Monitoring)

§en;1r:ﬁl.‘.m"~3

Demonstrate !'hat physical separation and barriers between SG narrow

g p——— ’ — ’ vhirkh ”
range sensing | | il n nsmitter whic serves an




B.3.3.4.1.2

B.3.3.4.1.3

B.3.3.4.2

B.3.3.4.2.1

unaffected steam generator to remain functional after consideration of
jet impingement from any HELB and single reactor protection channe!
failure.

Cables

Demonstrate that physical separation and barriers between SG narrow
range level transmitter cables allow at least one level transmitter which
serves an unaffected steam generator to remain functional after
consideration of jet impingement from any HELB and single reactor
protection channel failure.

Sensing Line/Cable Interaction

Demonstrate that physical separation and barriers between SG narrow
range level transmitter cables and sensing lines allow at least one level
transmitter which serves an unaffected steam generator to remain
functioral after considering jet impingement from any HELB and single
reactor protection channel failure.

Function Two Analysis Method (ESF)

Steam Generator A

Demonstrate that no more than one Steam Generator A narrow range
level transmitter can be rendered inoperable due to Loop | main
feedwater line break or Loop | steam generator blowdown line break jet

impingement on sensing lines and cables inside containment.
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B.3.3.4.2.3

B.3.3.4.2.4

B.3.3.5

B.3.3.5.1

B.3.3.5.1.1

Steam Generator B

Demonstrate that no more than one Steam Generator B narrow range level
transmitter can be rendered inoperable due to Loop 2 main feedwater line
break or Loop 2 steam generator blowdown line preak jet impingement on

sensing lines and cables inside containment.

Steam Generator C

Demonstrate that n ! than one Steam Generator C narrow range
level transmitter can be rendered inoperable due to Loop 3 main
")xc- ter ne hre ) | )11 ; tean generat AOWT
[eegwalter iine preaxk or Loop stea generator DIOwdOw]

(line Dreak jet

impingement on sensing lines and cables inside containment.

Steam Generator D

one Steam Generator D narrow
transmitter can be rendered inoperable due to Loop 4 main
[eegwate

impingement on sensing lines cables inside containment

248 Le

Function One Analysis (Monitorir

7 )

EA /

Sensing Lines

Based on examination of "as-built™ Sensing Line Drawings (Reference

B.5.4) and Instrument Location Drawings (Reference B.5.1), Steam

Generator A and D sensing lines are separated from Steam Generator B

ang C sensing li 5 D é 1 jral barriers suc




B.3.3.5.1.2

walls, fuel pool enciusure walls, reactor enclosure walls, steam generator
enclosure walls, head laydown enclosure walls and pressurizer enclosure
walls. These barriers prevent HELB jets emanating from the western half
of the Byron Unit | containment from disabling SG narrow range level
sensing lines located in the eastern half of the containment and vice
versa. The only exception to this separation is between columns R-16 and
R-17 at Elevation 412' outside the missile shield wall. However, jets
emanating from the CV system HELB' in that area could not damage
level sensing lines located across the east-west containment boundary
since the sensing lines are located outside the CV jet zones of influence.
The jet emanating from the SI system HELB in the area is directed in the
opposite direction from the sensing lines located across the east-west
containment boundary. Based on the above, no HELB jet could damage
sensing lines to more than two steam generators. Single reactor
protection channel failure would still leave at least three functional level

transmitters on each of two unaffected steam generators.

Cables

Based on the Electrical Installation Drawings (Reference B.5.2), cables
from the SG narrow range level transmitters located in the south half of
the Byron Unit | containment are routed counterclockwise behind the
missile shield wall to the containment electrical penetration area at the
east side of the containment. Similarly, cables from the SG narrow range
level transmitter located in the north half of the Byron Unit |
containment are routed clockwise behind the missile shield wall to t.e
containment electrical penetration area. This design results in a low
cable density in the west half of the containment and a high cable density
in the areas near the containment electrical penetrations. By examination
of the Electrical Installation Drawings (Reference B.5.2), it is obvious that
only HELB jets affecting the two high cable density areas near the
penetrations would have any possibility of damaging a significant number
of level transmitter cables. One of the two areas is located between
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columns R-11 and R-13 between the Elevation 412' and 426" floors. The
second area is located between columns R-8 and R-11 above tne Elevation

426" floor.

Based on examination cf the HELB Location Drawings (Reference B.5.3),
no HELB jets affect the first area. The closest HELB' are on the Loop |
Sl accumulator lines. Howe rer, the unidirectional jets emanating from
these breaks are either directe 1 away from the high density cable area, or

are separated from the cable area by the main steam line enclosure v alls.

Based on examination of the HELB Location Drawings (Reference B.5.3),
only one HELB exists in the second high cable density area. The break is
on the Loop 4 SI accumulator discharge line just above the Elevation 426'

r

b 3 T - LN ¢ \r 1 ™ mart - (28 o 1 -
tloor. The unidirectional jet emanating from this break is directed dowr

and away from all t evel transmitter cables.

Based on the above, at least one narrow range level transmitter will
remain functional on an unaffected steam generator after consideration of
HELB jet effects on cables plus single failure

Sensing Line/Cable Interaction

Based on the Electrical Installation Drawings (Reference B.5.2), all SG
narrow range transmitter cables are located outside the missile shield

wall. Sensing line/cable interaction inside the missile shield wall need not

be considered.

Based on Section B.3.3.5.1.1 above, all sensing lines and transmi
SG's B and C are located in the west half of the Byron

Containment. The E trical Installation Drawings (Reference B.5.2) show




that the cables serving these transmitters are located in both halves of
the containment. No cables or sensing lines serving SG' A and D are
located in the west half of the containment. Even in the event that a
HELB jet could disable all sensing lines and cables in the west half of the
containment (which is impossible due to separation and barriers), at least
three transmitters would remain functional on each of unaffected SG's A
and D after consideration of single failure. Sensing line/cable interaction
therefore requires no further consideration in the west half of the
containment.

Based on examination of "as-built" Sensing Line Drawings (Reference
B.5.4), Instrument Location Drawings (Reference B.5.1), and Electrical
Installation Drawings (Reference B.5.2) for the east half of the
containment outside the missile shield wall, only four of the 16
transmitters (Transmitters ILT527/537/517/547) have cables and sensing
lines routed below the Elevation 412' floor. Even in the unlikely event
that a HELB jet could disable the cables and sensing lines of the four
transmitters and a single reactor protection system channel failure
occurred, at least two transmitters per steam generator would remain
functional. Based on further examination of the above drawings for the
east half of the containment outside the missile shield wall, 10 of the 16
transmitters have cables and/or sensing lines routed above the Elevation
426' floor. Even in the impossible event (due to separation and barriers)
that a HELB jet could disable the cables and sensing lines for the 10
transmitters (Transmitters ILT556/548/557/558/527/537]
517/547/519/549) plus a single reactor protection channel failure
occurred, at least one transmitter would remain functional on each of two
unaffected SG's.

Further examination of the drawings for the east half of the containment
outside the missile shield wall shows that all 16 of the transmitters have
cables and/or sensing lines routed between the Elevation 412' and 426’
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B.3.3.5.2

B.3.3.5.2.1

floors. However, the cables and sensing lines are d'stributed throughout
the area and relatively few HELB's exist. The breaks that could affect
the area are those on Line ICVIOCA-3, and those on the Loop | and Loop
4 SI accumulator lines. Based on application of NUREG/CR-2913
(Reference B.5.5), the CV breaks have only a 30" zone of influence. The
only SG narrow range level sensing lines or cables within the 30" of the CV
breaks are the sensing lines for Transmitter ILT-556. The Unidirectional
Loop | SI jets could only damage sensing lines and/or cables to
Transmitters ILT-556 and ILT-518. The jet emanating from the Loop 4 SI
accumulator discharge line break is directed downward and could not
damage any of the SG narrow range level sensing lines or cables.

Function One Conclusion

Based on the sensing line/cable interactions outside the missile shield wall
and the jet effects on sensing lines inside the missile shield wall, a more
than adequate number of SG narrow range level transmitters will remain
functional for safe shutdown monitoring after considering HELB jet
impingement effects and single failure.

Function Two Analysis (ESF)

Steam Generator A

Transmitters ILT-517, ILT-518, ILT-519 and IL1-556 are the four narrow
range level transmitters which serve steam Generator A. Jets emanating
from any one of Loop | main feedwater line Breaks C050 through C055 or
Loop | steam generator blowdown line Breaks C800 through C807 must
not damage cables or sensing lines to more than one SG-A narrow range

level transmitter.




€050,C801,C802,C803,C807

The breaks listed above are those on the Loop | main feedwater line and
the Loop | steam generator blowdown lines which could result in HELB

jets outside the missile shield wall. These breaks are located at or below

Elevation 394'. Outside the missile shield wall all cables and sensirg lines

for Transmitters ILT-518 and ILT-519 are located above the Elevation
412' floor and would not be affected by the jets emanating from the
HELB's listed above. One of the sensing lines for Transmitter ILT-556 is
located below the Elevation 412' floor. This sensing line is always located
at least six feet from breaks C80! and C802 which is outside the jet zones
of influence. The sensing line is always located at least fifteen feet from
Breaks C803 and C807 which is outside the jet zones of influence. The
sensing line is always located at least twenty feet from break C050, which
is outside the jet zone of influence. Portions of the sensing lines and
cabling for Transmitter ILT-517 located outside the missile shield wall
are below the Elevation 412' floor. Breaks C80!1 and C802 are the only
breaks of those listed above that are near the sensing lines and cables.
However, the sensing lines and cabies in this area are always located at
least twelve feet from breaks C801 and C802 which is outside the jet
zones of influence. None of the sensing lines and cables located outside
the missile shield wall for the Steam Generator A narrow range level
mitters could be affected by jets emanating from Loop | main
feedwater or steam generator blowdown HELB's.
C051,C052,C053,C054,C055,C800,C804,C805,C806

The breaks listed above are those on the Loop | main feedwater line and

the Loop | steam generator blowdown lines which could result in HELB
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jets inside the missile shield wall. All narrow range level transmitter
cabling is located outside the missile shield wall, therefore, only the
sensing lines need to be evaluated for jet effects inside the missile shield

walil,

Sensing lines inside the missile shield wall for Transmitters ILT-518,
ILT519 and ILT-556 are all located above Elevation 419'. The main
feedwater line breaks listed above are all located at or below elevation
408' in horizontal pipe routings. The steam generator blowdown line
breaks listed above are all located at or below Elevation 409'. Based on
the above, the subject sensing lines are all located outside the jet zones of
influence for the HELB's listed above. Sensing lines and cables inside the
missile shield wall for at least three of the transmitters would not be

affected by main feedwater and steam generator biowdown HELB'.

Sensing lines and cables inside containment for at least three of the Stean
Generator A narrow range level transmitters would not be affected by

nain feedwater and steam generator blowdown HELB jets.

Steam Generator B

Transmitters |LT-527, ILT-528, ILT-529, ILT-557 are the four narrow
range level transmitters which serve Steam Generator B. Jets emanating
from any one of Loop 2 main feedwater line Breaks C056 through CO61 or
Loop 2 steam generctor blowdown line breaks C808 through C815 must not
damage cables or sensing lines to more than one SG-B narrow range level

transmitter,

C056,C811,C813,C814,C815

2 main feedwater




the Loop 2 steam generator blowdown lines which could result in HELB
jets outside the missile shield wall. These breaks are located below
Elevation 407'. Outside the missile shield wall, all sensing lines and cables

for Transmitters ILT-528 and ILT-529 are located above the Elevation

412' floor and would not be affected by jets emanating from the HELB's

listed above. The sensing lines and cables outside the missile shield wall
for Transmitter ILT-527, which are located below the Elevation 412
floor, are separated from the HELB's listed above by the missile shield
wall plus at least sixty feet. One of the sensing lines outside the missile
shield wall for Transmitter ILT-557 is located below the Elevation 412’
floor. This sensing line is separated from the breaks listed above by the
nmain steam barrier wall except for breaks C811 and C815. The sensing
line i1s always at least twelve feet away from these HELB's which is
outside the jet zones of influence. Based on the above, none of the
sensing lines and cables located outside the missile shield wall for the
Steam Generator B narrow range level transmitters could be affected by

jets emanating from Loop 2 main feedwater ¢ am generator blowdown

The breaks listed above are those on the Loop 2 main feedwater line and
the Loop 2 steam generator blowdown lines which could result in HELB
jets inside the missile shield wall. All narrow range level transmitter
cabling is located outside the missile shield wall. Only the transmitter
sensing lines need to be evaluated for jet effects inside the missile shield

wall.

Sensing lines inside the missile shield wall for Transmitter ILT-529 are
always located above Elevation 419'. The main feedwater line breaks
listed above are all located at or below Elevation 407' in horizontal pipe

routings. The steam generator blowdown line breaks listed above are all




located at or below Elevaton 409'. Based on the above, the sensing lines
for Transmitter 1LT-529 are all located outside the jet zones of influence
for the HELB's listed above due to vertical separation,

Sensing lines inside the missile shield wall for Transmitter ILT-528 are
located above Elevation 420' except in one area. The portions above
Elevation 420' ure outside the jet zones of influence for the HELB's listed
above due to vertical separation. The only portion of sensing line for
Transmitter ILT-528 which is located below Elevation 420' is located near
Column R-19 at the missile shield wall at Elevation 414'. This portion of
sensing line s always located at least twenty feet from the nearest steam
generator blowdown HELB listed above which is outside the jet zones of
influence. Four of the main feedwater breaks which are on horizontal
piping are located below Elevation 404' and could not affect the sensing
line due to vertical separation. Break C061 is located at Elevation 407",
Based on the vertical and horizontal separation between the break and the
sensing line, the sensing line is outside the jet zone of influence. The
sensing lines inside the missile shield wall for Transmitter ILT-528 are
located outside the jet zones of influence for the HELB's listed above.

Sensing lines inside the missile shield wall for Transmitter ILT-557 are all
located above Elevation 419' except in one area. The portions of sensing
lines above Elevation 419' are outside the jet zones of influence for the
HELB's listed above due to vertical separation. The only portion of
sensing line inside the missile shield wall for Transmitter ILT-557 which is
located below elevation 419" is located near Coluumn R-5. This portion of
sensing line is separated from the HELB's listed above by at least fifty
feet. Based on the above, the sensing lines inside the missile shield wall
for Transmitter ILT-557 are all located outside the jet zones of influence
for the HELB's listed above.
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Sensing lines and cables inside containment for at least three of the Steam
Generator B narrow range level transmitters would not be affected by

Loop 2 main feedwater or steam generator blowdown HELB jets.

Steam Generator C

Transmitters ILT-537, ILT-538, ILT-539 and ILT-558 are the four narrow
range level transmitters which serve Steam Generator C. Jets emanating
from any one of Loop 3 main feedwater line Breaks C062 through C066 or
Loop 3 steam generator blowdown line Breaks C816 through C823 must
not damage cables or sensing lines to more than one SG-C narrow range

level transmitter.

C062, C063, CO64 C819, C823

The breaks listed above are those on the Loop 3 main feedwater line and
the Loop 3 steam generator blowdown lines which could result in HELB

jets outside the missile shield wall. These breaks are all located at or

below Elevation 390'. Qutside the missile shield wall, all sensing lines and

cables for Transmitters ILT-538 and ILT-539 are located above the
Elevation 412" floor and would not be affected by jets emanating from the
HELB's listed above. Portions of the sensing lines and cables outside the
missile shield wall for Transmitter ILT-337 are located below the
Elevation 412' floor. These sensing lines and cables are separated from
the HELB's listed above by the missile shield wall and at least fifty feet.
A portion of one Transmitter ILT-558 sensing line outside the missile
shield wall is located below the Elevation 412' floor. This portion of
sensing line is separated from the HELB's listed above by the missile
shield wall and at least forty feet. Based on the above, none of the
sensing lines and cables located outside the missile shield wall for the

Steam Generator C narrow range level transmitters could be affected by




jets emanating from Loop 3 main feedwater or steam generator blowdown
HELB's.

C0e65, C066, C816, C817, C818, C820, C821, C822

The breaks listed above are those on the Loop 3 main fcedwater line and
the Loop 3 steam generator blowdown lines which could result in HELB
jets inside the missile shield wall. All narrow range level transmitter
cabling is located outside the missile shield wall. Only the transmitter

sensing lines need to be evaluated for jet effects inside the missile shield
wall.

Sensing lines inside the missile shield wall for Transmitters ILT-538 and
ILT-539 are always located above Elevation 417'. The main feedwater line
breaks listed above are all located at or below E'evation 407" in horizontal
pipe routings. The steam generator blowdown line breaks listed above are
all located at or below Elevation 409'. Based on the above, the sensing
lines for Transmitters ILT-538 and ILT-539 are all located outside the jet
zones of influence for the HELB's listed above due to vertical separation.

Sensing lines inside the missile shield wall for Transmitter ILT-558 are all
located above Elevation 420' except in one area. The portions of sensing
lines above Elevation 420' are outside the jet zones of influence for the
HELB's listed above due to vertical separation. The only portion o.
sensing line inside the missile shield wall for Transmitter ILT-558 which is
located below Elevation 420' is located near Column R-5. This portion of
sensing line is separated from the HELB's listed above by at least twenty-
five feet. Based on the above, the sensing lines inside the missile shield
wall, for Transmitter ILT-558 are all located outside the jet zones of
influence for the HELB's listed above.
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Sensing lines and cables inside containment for at least three of the Steam
Generator C narrow range level transmitters would not be affected by

Loop 3 main feedwater or steam generator blowdown HELB jets.

Steam Generator D

Transmitter ILT-547, ILT-548, ILT-549 and ILT-559 are the four narrow
range level transmitters which serve Steam Generator D. Jets emanating
from any one of Loop 4 main feedwater line Breaks C068 through C072 or

Loop 4 steam generator blowdown line Breaks C824 through C831 must

not damage cables or sensing lines to more than one SG-D narrow range

level transmitter.

C068, C069, C070, C825, C826, C827, C82

The breaks listed above are those on the Loop 4 main feedwater line and

the Loop 4 steam generator blowdown lines which could result in HELB
jets outside the missile shield wall. These breaks are all located at or
below Elevation 407'. Outside the missile shield wall, all sensing lines and
cables for Transmitter ILT-549 and ILT-559 are located above the
Elevation 412' floor and would not be affected by jets emanating from the
HELB's listed above. A portion of one Transmitter [LT-548 sensing line
the missile shield wall is located below the Elevation 412' floor.

g line is separated from the HELB's listed above by at least

The cables and sensing lines located outside the missile shield

wall for at least three of the Steam Generator D narrow range level
transmitters would not be affected by jets emanating from the HELB's

listed above.




€071, €072, C824, C828

The breaks listed above are those on the Loop 4 main feedwater line and
the Loop 4 steam generator blowdown lines which could result in HELB
jets inside the missile shield wall., All narrow range level transmitter
cabling is located outside the missile shield wall. Only the transmitter
sensing lines need to be evaluated for jet effects inside the missile shield

wall.

ensing lines inside the missile shield wall for Transmitter ILT-548, ILT-
549 and ILT-559 are always located above Elevation 420'. The main
feedwater line breaks listed above are all located at or below Elevation
408' in horizontal piping. The steam generator blowdown line breaks listed
above are all located below Elevation 409'. Based on the above, the

lines for Transmitters [LT-548, ILT-549 and ILT-559 are all

outside the jet zones of influence for the HELB's listed above due

to vertical separation.

Sensing lines and cables inside containment for at least three of the Stean
Generator C narrow range level transmitters would not be affected by

Loop 4 main feedwater or steamn generator blowdown HELB jets.

B33t e Function Two Conclusion

At least two SG narrow range level transmitters remain functional on
affected SG's for ESF actuation after considering jet impingement effects
the transmitter cables and sensing lines and single reactor protection

channel failure.

B.3.4 Pressurizer Pressure Sensing Lines and Cables

|




B.3.4.1

B.3.4.2

B.3.4.3

Purpose

The purpose of this section is to determine the effects that jet
impingement and single reactor pretection channel failure have on the
sensing lines and cables for Pressurizer Pressure Transmitters IPT-455,
IPT-456, IPT-457 and IPT-458.

Shutdown Basis

The pressurizer pressure transmitters are required to generate ESF signals
for reactor trip in the event of a large LOCA, smali LOCA, pressurizer
steam space LOCA or a main steam line break (MSLB). Low pressure
signals from any two of the four transmitters are required in the event of
a LOCA. High pressure signals from any two of the four transmitters are
required in the event of an MSLB. The transmitters are not required for
safe shutdown monitoring, since the reactor coolant wide range pressure
transmitters serve this purpose.

Sensing Line/Cable Installation

The pressurizer is provided with three sensing line taps located circum-
ferentially at Elevation 450'-8". These taps and the associated sensing
lines are shared by the pressurizer pressure and level transmitters. One
tap provides input to reactor protection Channel RI pressure Transmitter
IPT-455. The second tap provides input to reactor protection Channel RIl
Transmitter [PT-456. The third tap provides input to reactor protection
Channel RIIl and RIV Transmitters IPT-457 and IPT-458, respectively.
The sensing lines are routed downward through the pressurizer enclosure.
Once outside the bottom of the enclosure, the lines immediately diverge.
The lines are then routed through different sections of the missile shield
wall to the transmitters.
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The cables for Transmitters IPT-455 and IPT-456 are routed upward from
the transmitters and counterclockwise around the outside of the missile
shield wall to the containment electrical penetration area. The cables for
Transmitters [PT-457 and IPT-458 are routed upward from the
transmitters and clockwise around the outside of the missile shield wall to

the containment electrical penetration area,

Analysis Method

Two separate analysis methods will be discussed below to verify that the
two unique transmitter safe shutdown functions required after LOCA's and
MSLB's can be accomplished after consideration of jet impingement and

single failure.
Function Cne Analysis Method (LOCA)

Sensing Lines - Demonstrate that jet impingement affects on the

pressurizer pressure transmitter sensing lines need not be considered for

LOCA"s.

Cables - Demonstrate that no jets en znating from LOCA's could damage

more than a cable to one pressurizer pressure transmitter. Failure of one
4

to a )et plus single reactor protection channel failure leaves

two of the four transmitters functional as required.

Sensing Line/Cable Interaction - Demonstrate that jet irnpingement
SCTIHING =i Shtefaction J

Interaction between pressurizer pressure sensing lines and cables need not

be considered for LOCA's.

Function Two Anal 'sis Method (MSLB)




B.3.4.4.2.1

B.3.4.4.2.2

B.3.4.4.2.3

B.3.4.5

B.3.4.5.1

B.3.4.5.1.1

3.4'5.1.2

Sensing Lines - Demonstrate that any jets emanating from a main steam
line break carrot damage sensing lines which support more than one

pressurizer pressure transmitter.
Cables - Demonstrate that any jet emanating from a main steam line
break cannot damage cables which support more than one pressurizer

pressure trancmitter,

Sensing Line/Cable Interaction - Demonstrate that any jet emanating

from a main steam line break cannot damage cables and sensing lines
which support more than one pressurizer pressure transmitter.

Analysis

Two separate analyses will be discussed below to verify that the two
unique transmitter safe shutdown functions required after LOCA's and
MSLB's can be accomplished after consideration of jet impingement and
single failure.

Function One Analysis (LOCA)

Sensing Lines - Any two out of the four pressurizer pressure transmitters
are required to generate an ESF signal upon low pressurizer pressure.
Failure of the transmitter sensing line pressure boundary due to jet
impingemenit will result in a low pressurizer pressure signal. Failure of
any number of the sensing lines would not prevent the transmitters from
accomplishing their intended safe shutdown functions. No further
consideration is required for LOCA jet impingement effects on thas
sensing lines.

Cables - Failure of one pressurizer transmitter cable due to jet impinge-
ment plus single failure is acceptable for safe shutdown. The transmitter

cables are all located outside the missile shield wall, therefore, only jets
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emanating from LOCA's outside the missile shield wall

considered. The onl OCA breaks outside the missile

Breaks C725, C726 and C727 on the CV system letdown line. Baced on the
HELB Location Drawings (Reference B.5.3), these breaks are located west
of Column R-5, The closest pressurizer pressure transmitter cable is
located on the east side of Column R-5. The cable is located farther than

30 inches from the breaks (which is the jet zone of influence) and the

jets are not directed toward the cable. Even if the jet could damage this

. 48

cable, the remainir ;'7 three cables for the three redundant tr insmitters
% t | K | . g y O\ ~ % ) > ¢ rar Y re ~ |
would still be avail e, E‘)d s€ on the above, none of the transmitter Ldbx‘.)‘)

could be damaged by jets emanating from LOCA's inside containment.

Sensing Line/Cable Interactior

A jets between pressurizer pressure transmitter sensing
need not be considered for the same reason given in
1.1 above. Failure of the sensing lines does not prevent

mitters from achieving their safe shutdown functions.

Function One Conclusion - Jet impingement effects on pressurizer
runction vne Lonciusion F

pressure transmitter sensing lines and cables plus single failure do not
prevent the transmitters from performing their safe shutdown function
following a LOCA.

Fu:c ion Two Analysis (MSLB)

Sensing Lines - Inside the missile shield wall, the pressurizer sensing lines
are routed downward through the pressurizer enclosure until they emerge
from the enclosure below Elevation 426 ft. No MSLB's could possibly
affect any of the sensing lines in the enciosure. Tte remaining sensing
line routing inside the missile shield wall is below Elevation 426 ft. Since
the only MSLB's that could affect the area inside the missile shield wall

are located above Elevation 460 ft., no further consideration must be
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B.3.4.5.2.2

B.3.4.5.2.3

B.3.4.5.2.4

given to the sensing lines inside the missile shield wall. Outside the mis-
sile shield wall, the only MSLB's are at the containment penetrations and
at the top of the missile shield wall. Based on the "as-built" Sensing Line
Drawirgs (Reference B.5.4) and the HELB Location Drawings (Reference
B.5.3), the only pressurizer pressure transmitter sensing lines close to any
of the MSLB's are those for Transmitter IPT-455. However, the sensing
lines are protected from the MSLB jet by a main steam line enclosure
wall. No jets emanating from any MSLB's could damage any pressurizer

pressure transmitter sensing lines.

Cables - The pressurizer pressure iransmitter cables are only routed
outside the missile shield wall. The only cables near MSLB's are those for
Transmitter IPT-456 located at Elevation 439 ft. and for Transmitter |PT-
455 'ocated at Elevation 390 ft. However, these two cables are located
near two different MSLB's. Since only one initiating HELB must be

postulated at a time, no more than one cable could be affect

Sensing Line/Cable Interaction - Based on Section B.3.4.5.2.1 above, no

pressurizer pressure transmitter sensing lines could be dam~aged by a
MSLB jet. Based on Section B.3.4.5.2.2 above, no more than 2ne pres-

surizer pressure transmitter cable could be damaged by a MSLB jet.

Therefore a jet emanating from any MSLB jet could not damage -ables

and sensing lines to more than one transmitter.

Function Two Conclusion - No jets emanating from any one MSLB could

damage cables and sensing lines inside containment to more than one
pressurizer pressure transmitter. Considering single failure of a reactor
protection Channel, two out of the four transmitters would always be

available to perform their safe shutdown function following a MSLB.




B.3.).2

B.3.5.4

RCS Wide Range Pressure Sensing Lines and Cables
A € Rang L :

The purpose of this section is to determine the effects that
impingement and single reactor protection channel failure have on

sensing lines and cables to the RCS wide range pressure transmitters.

Shutdown Basis

The RCS wide range pressure transmitters are used after all HELB
scenarios for monitoring RCS pressure during shutdown. One functional

transmitter is acceptable for safe shutdown monitoring. The transmitters

are not used to provide any input to ESF/reactor trip functions.

Sensing Line/Cable Installation

sensing lines utilize two pressure taps located on the RHR suction

1

£4 ik s oo b 1 - wal 1 . bt a — S 2
{ the reactor coola LOOpP | and LOOop 3 hot .t"ga on Opposite siges
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)

the reactor enclosure. The Loop | sensing line provides input to reac-
tor protection Channel [V Transmitter IPT-403 which is located outside
the missile shield wall, Similarly, the Loop 3 sensing line provides input ‘o
reactor protection Channel RI Transmitter |PT-405 which is located out-
side the missile shield wall. Each transmitter has one cable which is
routed upward and clockwise around the outside of the missile shield wall

to the containment electrical penetration area.

Interim Justification

The existing Byron Station design utilizes only the two pressure

transmitters discussed above. Based on the response to FSAR Question
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B.3.5.5

B.3.5.5.1

B.3.5.5.2

B.3.5.5.3

B.3.5.6

B.3.5.6.1

10.57, CECo has agreed to install four additional transmitters (IPT-
406/507/408/409) at the first Byron Unit 1| refueling outage. Jet
impingement effects will be considered in the final sensing line and cable
design arrangements at that time.

Examination of the HELB Location Drawings (Reference B.3.3) imme-
diately indicates that a HELB jet could disable one of the sensing lines.
The existing transmitter design, therefore, does not meet the single
failure criteria. However, in the interim period prior to the first refueling
outage, RCS pressure could be ascertained to the practical degree
necessary by using ECCS discharge pressure in the unlikely event that the
above scenario occurs.

Analysis Method

Sensing Lines - Demonstrate that physical separation and barriers exist
which prevent jets emanating from a single HELB from disabling the two
sensing lines which serve Transmitters |IPT-403 and IPT-405.

Cables - Demonstrate that physical separation and barriers exist which
prevent jets emanating from a single HELB from disabling the two cables
which serve Transmitters iPT-403 and IPT-405.

Sensing Line/Cable Interaction - Demonstrate that physical separation and

barriers exist which prevent jets emanating from a single HELB from
disabling a sensing line and a cable which serve Transmitters |IPT-403 and
IPT-405.

Analysis

Sensing Lines - The sensing lines to Transmitter |PT-403 and IPT-405 are
separated by at least thirty feet and one or more of the following
structures: reactor structure, refueling structure and missile shield wall.
Based on the above and =2xamination of the HELB Location Drawings
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B.3.5.6.3

(Reference B.5.3), there are no HELB jets which could damage both of

these sensing lines.

Cables - The cables for the RCS wide range pressure transmitters are
located behind the missile shield wall. The cable for Transmitter IPT-405
begins between Columns R-l and R-2 and is routed upward to Elevation
425 ft. The routing then proceeds clockwise around the containment to
the containment electrical penetration near Column R-8. The cable for
Transmitter IPT-403 begins between Columns R-5 and R-6 and is routed
clockwise around the containment to Column R-8 where it then rises tc
Elevation 435 ft. and the containment electrical penetration. The only
area where the cables co-exist without significant separation is near
Column R-8 between the Elevation 412 ft. and 426 ft. floors. Based on
the HELB Location Drawings (Reference B.5.3), no HELB jets affect this
area. Therefore, no jets emanating from any one HELB could damage

cables that support both RCS wide range pressure transmitters.

Sensing Line/Cable Interaction - No RCS wide range pressure transmitter

cables are present inside the missile shield wall. Sensing line/cable

interaction only needs to be considered outside the missile shield wall.

The following discussion demonstrates that no HELB jets can disable the
sensing line to Transmitter IPT-403 and the cable to IPT-405. Based on
the ™as-built" Sensing Line Drawings (Reference B.5.4) and Instrument
Location Drawings (Reference B.5.1), outside the missile shield wall, the
sensing line for Transmitter IPT-403 is located near Column R-6 below the
Elevation 412 ft. floor. The cable for Transmitter IPT-405 is below the
Elevation 412 ft. floor near Column R-2. Based on examination of the
HELB Location Drawings (Reference B.5.3), there are no jets which could
possibly affect both the sensing line and cable. The two are always
separated by at least a floor in all other areas.

The following discussion demonstrates that no HELB jets can disable the
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B.3.6

B.3.6.1

cable to Transmitter IPT-403 and the sensing line to Transmitter |PT-
405. Based on the "as-built" Sensing Line Drawings (Reference 8.5.4) and
the Instrument Location Drawings (Reference B.5.1), outside the missile
shield wall, the sensing line from Transmitter IPT-405 is located near
Colur n R-2 below the Elevation 412 ft. floor. The cable for Transmitter
IPT-403 is below the Elevation 412 ft. floor near Column R-6. Based on
examination of the HELB Location Drawings (Reference B.5.3), there are
no jets which could possitly affect both the cable and sensing line. The

two are always separated by at least a floor in all other areas.

Based on further examination, the only HELB jets inside containment that
could affect either one of the RCS wide range pressure sensing lines or
cables emanate from LOCA's and safety injection HFLB's. The smallest
LOCA jet that could disable one of the sensing lines or cables emanates
from a six inch diameter RCS line.

Analysis Conclusion

Based on the analysis above, no jets emanating from any one HELB inside
containment could disable the sensing line and cables to more than one of
the two RCS wide range pressure transmitters. Only jets emanating from
LOCA's and safety injection HELB's could affect any of these sensing lines
and cables.

RCS Narrow Range RTD Cables

Purpose

The purpose of this section is to determine the affects that jet
impingement and single reactor protection channel failure have on the
cables to the RCS hot and cold leg narrow range RTD's.
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B.3.6.3

B.3.6.4

Shutdown Basis

The RCS narrow range RTD's are required to initiate reactor trip in the
event of a bypass feedwater line break. In the event of a bypass
feedwater line break, the main feedwater flow may compensate for the
excess steam blowdown without a significant main steam pressure re-
duction. The RCS narrow range RTD's would prevent reactor overpower
by sensing a high temperature difference between the RCS hot and cold
legs. Two out of the four pairs of hot and coid ileg RTD's are required to
initate a reactor trip signal. The RTD’'s are only required to generate a
reactor trip signal on high differential temperature for safe shutdown.
The RTD's are not required for any other HELB scenarios or any other

safe shutdown functions.

Cable Installation

Each of the four RCS Loops are provided with one narrow range cold leg
manifold RTD and one hot leg manifold RTD. Loop | RTD's ITE-411A and
411B are supported by reactor protection Channel RI. Similarly the Loop
2, 3and 4 RTD's ITE421A/B, ITE431A/B and ITE441A/B are supported by
Channels RII, RIIl and RIV, respectively. The cables for the RTD' on
each loop are routed to a common conduit such that four conduits exist
for the four loops. The conduits are then routed through the missile shield
wall to the containment electrical penetration areas.

Analysis Method

Demonstrate that no bypass feedwater line breaks inside containment
could damage the cables to more than one pair of RCS narrow range
RTD's.
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Inside the missile shield walls, all bypass feedwater line breaks are located
at or above Elevation 436 ft. The RCS narrow range RTD cables are
located below Elevation 426 {t. inside the missile shield wall. Based on
the above, no bypass feedwater line breaks could possibly affect the RTD

cabling inside the missile shield wall.

Qutside the missile shield wall, the bypass feedwater line breaks are
postulated only in the two areas near the bypass feedwater line con-
tainment penetration areas. Based on examindation of the Electrical
Installation Drawings (Reference B.5.2), only onz of the RTD cables is
routed near either of these areas. The cable in this area is located at
Elevation 410'. The highest bypass feedwater line break in this area is at
Elevation 395'. The cable is outside the jet zones of influence. All RCS
narrow range RTD cables outside the missile shield wall are located

outside the bypass feedwater HELB jet zones of influence.

Analysis Conclusivn

None of the RCS narrow range temperature RTD's could possibly by
affected by jets emanating from bypass feedwater HELB's. The RTD's
will therefore be capable of performing safe shutdown functions for the

HELB scenario which they are required for.

Reactor Core Exit Thermocouples




B.3.7.2
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The purpose of this section is to determine the effects that jet
impingement and single failure have on the cables for the core exit

thermocouples.

Shutdown Basis

The core exit thermocouples are used for safe shutdown temp - ture
monitoring. The thermocouples are only required for temperature moni-
toring and are not used to generace any ESF or reactor trip signals. The
thermocouples are used for shutdown following any HELB scenario. The
thermocouples are supported by Electrical Division 1l and Division 12
power. Thermocouples supported by either one of these power divisions
are adequate for safe shutdown temperature monitoring. In the event that
a HELB jet disables all Division Il or Division 12 cables to the
thermocouples and an electrical division failure occurred, the RCS hot leg
wide range RTD's could be used in lieu of the thermocouples. The wide
range RTD numbers are ITE-413A/B, ITE-423A/B, ITE433A/B, and ITE-

443A/B for RC Loops |-4, respectively.

The reactor vessel is provided with 65 core exit thermocouples. Thermo-
couples T1-T33 are supported by electrical Division 11 power and T34-T65
are supported by Division 12. The thermocouple cables all leave the
reactor head and are routed upward to the connector plate between
Elevations 428' and 435'. The cables are then routed eastward from the
connector plate to the dividing wall between Steam Generators A and D.
From this point they continue in the same direction, however they are
embedded in the wall until they penetrate outside the missile shield wall

at Elevation 430'. Once outside the wall, the Division 11 and 12 cables




B.3.7.4

B.3.7.4.1

B.3.7.4.2

Bedid 2

B8.3.7.5.1

conerge I1Into two condguits ch routed to two containment
B

ciectrical penetrations.
Analysis Method

Thermocouple Cables

Demonstrate that no HELB jet could damage any

thermocouple cabling inside containment,

RTD Cables

Demonstrate that adequate separation exists between the RCS hot leg

wide range RTD cables and the core exit thermocouple cables.

Analysis

Thermocouple Cables

The core exit thermocouple cabling vertical routing from the reactor head
to Elevation 430' is always separated from HELB's by either the primary
shield wall, fuel handling enclosure or the reactor head laydown
enclosure. The cable routing from the connector plate to the dmdmg.wall
between Steam Generators A and D is located outside all HELB jet zones

of influence.

The HELB's closest to the core exit thermocouple cable routing outside
the missile shield wall are those on Main Stream Line IMSO01AD-30.25 at
Elevation 461' and SI Accumulator Discharge Line ISIO9AD-10 at Eleva-

tion 429'. Based on the HELB Location Drawings and the Electrical




Installation Drawings, the SI jet could not possibly damage the cabling for

the thermocouples.

The thermocouple cabling outside the missile shield wall at one point is
located horizontally within 12' of main stream line break C022. However,
the HELB jet is directed parallel to the cable. Based on conservative
application of NUREG/CR-2913, no jet effects would be experienced more
than a five pipe diameter radial distance from the jet line of action. Five
pipe diameters is approximately 12' for the main steam piping. This
application conservatively envelopes both two phase and stearn jets.
Closer examination of the NUREG shows that stzam jets have a signifi-
cantly smaller zone of influence than two phase jets. Based on more
precise application of NUREG/CR-2913, no significant jet effects would
be experienced at more than a three pipe diameter radial distance from
the main steam line jet line of action. This more accurate determination
of the main steam jet zone of influence indicates that the core exit

thermocouple cables are unaffected by the MSLB jets inside containment.

RTD Cables

Based on the Electrical Installation Drawings, the core exit thermocouple
cables and RCS wide range hot leg RTD cables are always widely
separated. Based on this separation, the RTD's provide a totally
redundant means of monitoring RCS temperature. The separation will not
be described in all locations since no HELB jets can affect the
thermocouple cables. One area, however, will be addressed to eliminate
any possible concern over the main steam line jet affecting the
thermocouple cables. The hot leg wide range RTD cables are all
separated from this main steam break by at least one wall or floor plus at

least 50'. The break could not affect any RCS wide range RTD cables.
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B.3.8.1

Analysis Conclusion

. S

Based on the above, no HELB jets could affect any core exit thermocouple

cabling. The RCS wide range RTD cables are widely separated from the
thermocouple cables and provide a redundant means of temperature

indication.

Main Steam Pressure Sensin

Purpose

+

[he purpose of etermine the eCcts that jet
impingement and single reactor protection channel failure have on the
main steam pressure sensing lines to Transmitters IPT514/524/534/544,

IPT-515/525/535/545 and 1PT-516/526/536/546.

Analysis and Conclusion

Each main steam line located in the valve rooms just outside the con-
tainment is provided with three pressure transmitters and their associated
sensing lines. All main steam pressure sensing lines for the transmitters
are located completely within the valve rooms. The valve rooms are
HELB exclusion zones which cannot be affected by HELB jets. Jet effects
on the cables for these transmitters are addressed in Appendix A. No jet
interaction effects between the sensing lines and cables need be

considered since jets do not affect the sensing lines.

RWST Levei Sensing Lines




B.3.9.1

B.3.9.2

B.3.10

B.3.10.1

B.3.10.2

Purpose

The purpose of this section is to determine the effects that jet
impingement and single reactor protection channel failure have on the
refueling water storage tank level sensing lines to Transmitters ILT-
930/931/932/933.

Analysis and Conclusion

Based on the Instrument Location Drawings (Reference B.5.1), each of the
RWST level transmitters and their associated sensing lines are located in
the refueling water pipe tunnel. These sensing lines are unaffected by

HELB jets since there are no high energy lines in the tunnel.

Containment Pressure Sensing Lines

Purpose

The purpose of this section is to determine the effects that jet
imaingement and single reactor protection channel failure have on sensing
lines to Containment Pressure Transmitters 1PT-934/925/936/937.

Sensing Line Installation

The four containment pressure transmitters are located just outside the
Byron Unit | northeast containment quadrant. The sensing lines are
routed from the transmitters, through the containment penetrations to the
bellows which are located on the containment wall. Transmitters |PT-935
and IPT-936 are located at Elevation 455' and are separated by 25'.
Transmitters 1PT-937 and IPT-934 are located directly below IPT-935
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B.3.10.3

B.3.10.4

B.3.11

and 1PT-936, respectively at Elevation 430", Transmitters |PT-
934,935,936 and 937 are supported by reactor protection channels RIV,
RIII, RII, and RI, respectively.

Analysis Method

Demonstrate that no HELB jets could damage any of the containment
pressure transmitter sensing lines inside or outside containment.

Analysis and Conclusion

Based on the Instrument Location Drawings (Reference B.5.1) and HELB
Location Drawings (Reference B.5.3), the sensing lires inside containment
could not be damaged by HELB jet effects. The breaks inside containment
which are closest to the sensing lines are those on Main Stream Line
IMS0lA-30.25 and those on the pressurizer relief lines. The main steam
break is not directed at the sensing lines and is located 10' above and 40'
horizontally from the nearest sensing line. Based on conservative applica-
tion of NUREG/CR-2913 (Reference B.5.5), no containment pressure
sensing lines will be affected. The largest pressurizer relief line is 6" in
diameter. Based on the application of NUREG/CR-2913 (Reference
B.5.5), no containment pressure sensing lines will be affected. The relief
lines are separated from the sensing lines by the pressurizer enclosure and
at least 20'. Outside containment, there are no high energy lines in the
area where the sensing lines are located. The sensing lines are unaffected
by HELB jet impingement.

Reactor Contairment Fan Cooler (RCFC) Electrical Cables
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B.3.11.2

B.3.11.3

B.3.11.4

B.3.11.4.1

Purpose

The purpose of this section is to determine the effects that jet
impingement and single electrical division failure have on the RCFC
cables.

Cable Installation

The RCFC cables originate at the RCFC motors at Elevation 385'. One
fan is located in each of the four containment quadrants. The cables are
routed from the motors into the missile shield walls, then up through
embedded cc.: 'uits until they reach Elevation 422'. The remaining cable
runs are routed behind the missile shield wall, through cable pans above
the Elevation 412' and 426' floors to the containment elertrical

penetrations.

Shutdown Basis

Two out of the four RCFC fans are required to be functional for safe

shutdown following any HELB scenario.

Analysis Method

RCFC A

Demonstrate that no HELB jets can damage the safe shutdown electrical
cables supporting RCFC A.
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B.3.11.4.3

B.3.11.4.4

B.3.11.5

B.3.11.5.1

RCFC B

Demonstrate that no HELB jets can damage the safe shutdown electrical
cables supporting RCFC B.

RCFC C

Demonstrate that no HELB jets can damage the safe shutdown electrical
cables supporting RCFC C.

RCFC D

Demonstrate that noc HELB jets can damage the safe shutdown electrical
cables supporting RCFC D.

Analysis

RCFC A

The RCFC A cables located below Elevation 420" are either embedded in
the missile shield wall or are in the RCFC area where no HELB' exist.
No HELB jets can affect the cables in this area.

The cables for RCFC A emerge from the embedded conduit behind the
missile shield wall at Elevation 422 and enter a cable pan. SI accumulator
line breaks and CV line breaks are in this cable pan area, however, due to
the unidirectional non-expanding cold water S| jets, the cable pan would
not be impinged. The cable pan is outside the two phase CV jet zones of
influence. No other HEL .re near the remainder of the RCFC A cable
pan routing.
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B.3.11.5.3

RCFC B

The RCFC B cables located below Elevation 420' are either embedded in
the missile shield wall or are in the RCFC area where no HELB's exist.
No HELB jets can affect the cables in this area. The cables for RCFC B
emerge from the embedded conduit behind the missile shield wall at Ele-
vation 422' and enter a cable pan. SI accumulator line breaks and CV line
breaks are in this cable pan area, however, due to the unidirectional, non-
expanding cc.d water Sl jets, the cable pan would not be impinged. The
cable pan is outside the two phase CV jet zones of influence. The cable
pan continues upward through the Elevation 426' floor to Elevation 447,
then is routed counterclockwise around the outside of the missile shield
wall until it reaches the containment electrical penetration. The main
steam line breaks are the only HELB's close to the remainder of cable pan
routing described above. The closest main steam break is located at Ele-
vation 46l'. The cable pan is located at Elevation 447'. Twelve feet of
horizontal separation exists between the cable pan and main steam line, in
addition to the vertical separation. Based on conservative application of
NUREG/CR-2913 (Reference B.5.5), the horizontal separation leaves the
cable pan outside the jet zone of influence. Based on more precise appli-
cation of NUREG/CR-2913 (Reference B.5.5) for steam jets, any target
located more than a three pipe diameter radial distance from the break
would see no significant jet effect. Three main steam pipe diameters is
approximately 9. The cable pan is located 12' horizontally and 14’
vertically from the main steam break.

RCFC C

The RCFC C cables located below Elevation 420' are either embedded in
the missile shield wall or are in the RCFC area where no HELB's exist.
No HELB jets could affect the cables in this area. The cables emerge
from the embedded conduit behind the missile shield wall at Elevation 422"
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B.3.11.6

B.3.12

and enter a cable pan. The pan is routed horizontally for approximately
12" along the outside of the missile shield wall. There are SI accumulator
line breaks and CV line breaks postulated in the cable pan area. The cable
pan is located outside all the CV jet zones of influence and the SI line
break results in a unidirectional jet directed down and away from the
cable pan. The cable routing continues through another pair of embedded
conduits until emerging from the missile shield wall at Eievation 424' near
Column R7. The cables enter a cable pan at this point which is routed
directly to the containment electrical penetration. There are no HELB's
in this cable pan area. No HELB jets could affect the cable pan.

RCFCD

The RCFC D cables located below Elevation 420' are either embedded in
the missile shield wall or are in the RCFC area where no HELB's exist.
No HELB jets could affect the cables in this area. The cables emerge
from the embedded conduit behind the missile shield wall at Elevation 422'
and enter a cable pan which is routed up through the Elevation 426' floor.
The only HELB in the area is ar accumulator line break from which a
unidirectional jet emanates down and away from the cable pan. The cable
pan continuation above the 426' elevation is routed to the containment
electrical penetration. The only HELB in this area is the accumulator
discharge line break. The accumulator discharge line break could not

impinge the cable pan due to orientation.

Analysis Conclusion

Based on the above, no HELB jets could damage any of the reactor
containment fan cooler safe shutdown electrical cables.

Containment Purge Valves
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B.3.12.4

B.3.13

B.3.13.1

Purpose

The purpose of this section is to determine the effects that jet
impingement and single failure have on the cables for containment purge
Valves IVQOOIA and IVQOO02A.

Cable Installation

The purge valve cables originate at Elevation 462' between columns R-7
and R-9 ard are routed downward to cable pan. between the Elevation
412" and 426’ floors and above the Elevation 426' floor. The cable pans are

then routed to the containment electrical penetrations.

Analysis Method

Demonstrate that no jets emanating from any HELB's could damage any of
the cables.

Analysis and Conclusion

All cabling is located above the Elevation 412' floor outside the missile
shield wall. The only HELB's in the area of the cabling are SI accumulator
line breaks. However, these lines are oriented such that jets emanate

downward, away from the cables.

Chilled Water Containment [solation Valve Cables

Purpose

The purpose of this section is to determine the effects that jet
impingement and single failure have on the cables located inside
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B.3.13.3

B.3.13.4

B.3.13.5

containment for chilled water containment isolation valves | WO056A and
IWO056B.

Shutdown Basis

The valves and electrical cabling are designed to isolate the chilled water
lines in the event of a LOCA to ensure no contaminants cross the con-
tainment boundary. The chilled water system inside containment is a
closed loop piping system. In the event of a LOCA, chilled water isolation
would not be required since the piping system will maintain the
containm 1t pressure boundary.

Cable Installation

The valves and their associated cables are located outside the missile
shield wall. The entire cable installation will not be described here since
the valves are only designed to perform a safe shutdown function
following a LOCA. The only line break behind the missile shield wall that
would result in a LOCA is a CV letdown line break. Therefore, only the
portions of cabling near these letdown line breaks will be considered.

Analysis Method

Demonstrate that no LOCA jets could damage the cabling for the chilled
water containment isolation valves.

Analysis and Conclusion

The only LOCA jets that could affect the area outside the missile shield
wall ernanate from the letdown line. Based on the HELB Location
Drawings (Reference B.5.3) the only CV letdown line breaks outside the
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B.3.14.2
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missile shield wall in containment are Breaks C725, C726 and C727. The
cables for valve I1WO056B are located more than two containment radial
columns from the breaks and are outside the 30" jet zone of influence.
The cables for Valve I1WO056A are located in the same area as the
breaks. The lowest cable elevation is Elevation 403" the highest break is
at Elevation 395'. Based on the 30" zone of influence, the CV jets could
not damage any of the cables to Valves IWO056A and | WO0568B.

Component Cooling Water Contairunent Isolation Valve Cables

Purpose

The purpose of this section is to determine the effects that jet
impingement and single failure have on the cables located inside
containment for component cooling water containment isolation valves
1ICC9416 and 1CC9438.

Shutdown Basis

The valves and electrical cabling are designed to isolate the component
cooling lines in the event of a LOCA to ensure no contaminents cross the
containment boundary. In the e ent of a LOCA, component cooling, isola-
tion would not be required since the piping system would maintain the
containment pressure boundary.

Cable Installation

The valves and their associatru cables are located outside the missile
shield wall. The entire cable installation will not be described here since
the valves are only required to perform a safe shutdown function following
a LOCA. The only line break behind the missile shield wall that would
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result in a LOCA is a CV letdown line break. Therefore, only portions of
the cabling near these letdown line breaks will be considered.

Analysis Method

Demonstrate th-i{ no CV system letdown line break outside the missile
shieid wall could affect the cables for the component cooling water

containment isolation valves.

Analysis and Conclusion

Ba-.' on the HELB Lccation Drawings (Reference B.5.3), the only CV
letdown line breaks behind the missile shield wall in containment are
Breaks C725, C726 and C727. The cables for Valves ICC916 and
ICC9438 closet to the letdown line breaks are located more than 25 feet
away. This is much greater than the 30" CV jet zone of influence. Based
on the above no HELB jets could damage cabling to the component cooling
isolation valves during a scenario in which the valves are required to

operate.

Hydrogen Recombiner Containment Isolation Valve Cables

Purpose

The purpose of this section is to determine the effects that jet
impingement and single failure have on the cables for the containment
isolation hydrogen recombiner Valves 1QG057A, 19G079, 1PG080 and
1QGO81.
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Shutdow. Basis

One of the supply line valves and one of the return line valves must be
capable of opening after a LOCA to ensure that an acceptable hydrogen

concentration is maintained within the containmeat atmosphere,

Cable Installation

The valves and their associated cables are located outside the missile
shield wall. The entire cable installation will not be described here since
the valves are only designed to perform a safe shutdown function
following a LOCA. The only line break behind the missile shield wall that
would result in a LOCA is a CV letdown line break. Therefore, only the

portions of cabling near these letdown line breaks will be considered.

Analysis Method

Demonstrate that no CV system letdown line break could affect the cables

r the hydrogen recombiner containment isolation valves.

Analysis and Conclusion

Based on the HELB Location Drawings (Reference B.5.3) and the Elec-
trical Installation Drawings (Reference B.5.2), the cables for Valves
IPGO57A, and |PGO81 and the letdown line breaks are separated by the
refueling cavity enclosure and the Elevation 412' floor. No LOCA jets
could affect the cables for these two valves. Valves |QG079 and 19GO080
are located near Column R-5 at Elevation 403'. The cables serving the
valves are always located above Elevation 403'. The highest letdown line

break is at Elevation 395'. The cables are outside the 30" CV letdown line
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jet zones of influence. No LOCA jets could affect the cabling for any of

the hydrogen recombiner containment isolation valves.

Reactor Head Vent Valve Cables

Purpose

The purpose of this section is to determine the effects that jet
impingement and single failure have on the cables inside containment for

reactor head vent valves |IRCOI14A, IRCO14B, IRCO14C and IRCO14D.

Shutdown Basis

Two vent valves are located in series on each of the two parallel reactor

- r 4 T \ by 4 LIne 1 1 11 ¢ -1 N
head vent lines. The valves should remain functional during all HELB
scenarios in the unlikely event of non-condensible gas formation in the

reactor head.

Cable Installation

The cables originate at the four reactor head vent solenoid valves and are
routed upward from the reactor head to the connector plate between Ele-
vations 428' and 435'. The cables are then routed east from the connector
plate to the dividing wall between Steam Generators A and D. From this
point they continue in the same direction, however, they are embeddec in
the wall until they penetrate outside the missile shield wall at Elevation
435'. Once outside the wall, the cables are routed to the containment

electrical penetrations.
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'monstrate that no HELB )et could damage any of the head vent valve

ng inside containn

Analysis and Conclusions

The cable routing from the reactor head up to Elevation 435' is always
separated from HELB's by either the primary shield wall, fuel handling
enclosure or the head laydown area enclosure. The cable routing from the
connector plate to the dividing wall between Steam Generators A and D is

located outside all HELB jet zones of influence.

cabling outside the missile
Steam Line IMSO1AD-30.25 at Elevation 461" and
Discharge Line. Based on the HELB Location
ference B.5.3), the SI jets could not damage the cables due to

separation ana orientation.

The cabling outside the missile shield wall at one point is located
horizontally within 24' of the main steam jet. However, the jet is directed
vertically downward. Based on conservative application of NUREG/CR-
2913 (Reference B.53.5), the cables are located outside the jet zone of
influence. The reactor head vent valve cables would not be damaged by
any HEL jets.

RCP Seal Water Retu

ine Containment Isolation Valve Cables
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Purpose
POSE

The purpose of this section is to determine the effects that jet
impingement and single failure have on the cables for RC Pump seal water

return line containment isolation Valve 1CV8112.

Shutdown Basis

The seal water return line isolation valve is designed to close following a
LOCA. Outside containment this line feeds a closed system which is
designed to handle water from the Reactor Coolant System. Isolation is
therefore not required in the event of a LOCA, however, jet effects on

the valve cables due to a LOCA will be investigated.

Cable Installation

Valve 1CV8112 is located outside the missile shield wall at Elevation 395’
near Column R-5. The valve cables go up through a riser to Elevation 420"
and are then routed counter-clockwise around the containment to Column
R-18. The cables go up through another riser to Elevation 440' and
continue in a counter-clockwise direction until they reach the electrical

penetration area at Column R-8.

Analysis Method

Demonstrate that no HELE jets emanating from LOCA's could damage the
cables for Valve ICV8112.

Analysis and Conclusion

All cabling for Valve ICV8112 is located outside the missile shield wall
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B.3.18.1

B.3.18.2

and is protected from LOCA jets emanating from within the wall. The

only LOCA's that could occur outside the wall would be on tne CV letdow:
line. The cables are within approximately &' of the HELB's, however, the
HELB's have only a 30" jet zone of influence. The letdown line is not
oriented such that the jets would be directed at the cables. No LOCA jets

could damage the cabling for Valve ICV8112.

Pressurizer PORV and Block Valve Cables

P urpose
¥ s

The purpose of this sectica is to determine the effects that jet
impingement and single failure 'iave on the cables to pressurizer PORV's

and block valves IRY455A, IRY456, IRY8000A and IRY8000B.

Shutdown Basis

The PORV's are not required for normal shutdown or for shutdown
following any HELB scenario. The PORV's are used when the primary
system pressure must be reduced rapidly. This functional requirement
would exist following a steam generator tube rupture. Tube rupture will
not be considered a HELB scenario in this assessment since no jet
impingement effects would be experienced outside the steam generator.
PORV's can be employed for safe shutdown following a HELB when
utilizing primary loop "feed and bleed”, however, credit is not taken for

this operational mode in this assessment

The block valves are required to close in the unlikely event that a PORV

sticks in the open position. The block vaives are not required to close

following a LOCA since the valves could not isolate any HELB'.
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B.3.18.5

Even though the PORV's and biock valves are not required for safe
shutdown following any HELB scenarios, jet impingement effects on the

valve cables will be discussed beliow,

Cable Installation

Valves IRY455A and IRY8000A are powered by Electrical Division 11 and
Valves IRY456 ana IRY8000B are powered by Division 12, All the subject
valve cables are in close proximity to one another inside the pressurizer
enclosure. The cables are routed out through the missile shield wall to the
appropriate containment electrical penetrations. These cable routings
outside the missile shield wall all span less than 90 radial degrees cf the

containment.

Analysis Method

Demonstrate that the only HELB jets which could impact the PORV and
block valve cables emanate from a LOCA which precludes the need for

valve operability.

Analysis and Conclusion

Based on the Electrica! Installation Drawings (Reference B.5.2), ail cables
inside the missile shield wall which are required to operate the PORV’'
and block valves are located in the pressurizer enclosure on just outside
the enclosure. Based on the HELB Location Drawings (Reference B.5.3),
the only HELB jets that could affect the valve cables inside the missile
shield wall emanate from the pressurizer spray line and pressurizer relief
lines. These breaks are considered LOCA's. Since LOCA's result in RCS

depressurization, use of the PORV's for depressurization would not be

required. Heat removal could still be achieved via the steam generators
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and RHR system which are separated from the initiating HELB by the

pressurizer enclosure and missile shield wall.

*
Outside the missile shield wall, the subject cables are all located above

*he Elevation 412' and 426' floors in the containment electrical pene-
tration areas. The anly HELB's near these areas are on the SI accumulator
lines. However, orientation of these unidirectional jets prevents PORV

and block valve cable damage.

Based on the above, no non-LOCA HELB's could damage the cabling for
Valves IRY455A, IRY456, IRY8000A or IRY8000B.

RHR Loop Suction Valve Cables

Purpose

The purpose of this section is to determine the effects that jet
impingement and single failure have on the cables for RHR loop suction
Valves IRH8701A, IRH87018B, IRH8702A, and IRH87028B.

Shutdown Basis

The RHR loop suction valves are used to achieve normal coid shutdown.
The valves would be used under any HELB scenario except a LOCA. These
suction valves are not required following a LOCA since RHR suction
would be taken from the RWST and containment sump. In the event that
RHR suction valves are not available for cold shutdown, primary or
secondary "feed and bleed" operations could be used. Credit need not be
taken for primary "feed and bleed” since secondary "feed and bleed" would

be available.
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Cable Installation

Valves IRH8701B and IRH8702B are located inside the missile shield wall
near the RC Loop | and 3 hot legs. Valves IRH8701A and iRH8702A are
located outside the missile shield wall near the containment penetrations
for the two RHR suction lines.

The cables for Valve IRH8701B originate at Elevation 391' and are routed
upward to Elevation 398' then east to the missile shield wall. Both cables
penetrate the wall between Columns R-11 and R-12 and are routed up to
the containment electrical nenetration area above the Elevation 426'
Floor.

The cables for Valve IRH8702B originate at Elevation 390' and are routed
to the cable pan near Column R-1 at Elevation 4G0'. The pan is routed
through the missile shield wall at Column R-19 then up through the
Elevation 426' Floor. The cable pan conti.ues counterclockwise around
the outside of the missile shield wall to the containment electrical
penetration.

The cables for Valve IRH8701A originate behind the missile shield wall
near Column R-7 at Elevation 380' and are routed up to Elevation 401",
The cables are then routed clockwise around the outside of the missile
shield wall to the containment electrical penetration.

The cables for Valve IRH8702A criginate outside the missile shield wall
near Column R-4 at Elevation 379' and are routed clockwise around the
containment to Column R-7. The cables then rise to Elevation 424' and
continue counterclockwise to the containment electrical penetration.
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B.3.19.4 Analysis Method

— > M -

B.3.19.4,1 Redundant RHR Trains

Demonstrate that no jet from a non-LOCA HELE can damage RHR loop
suction valves. [f none of the valves can be damaged by a non-LOCA jet,
tlure is postulated in the redundant train, credit can be

+

actuation of the undamaged valves. This credit can be

pi:ant can be maintained in hot standby until conditions

* * s

containment habitability. Once the valve is actuated manually,

et ™ - n f me R ey r
R suction can be taken from the RC system.

B.3.19.4.2 Alternate Cold Shutdowr

that secondary "feed and bleed" is available for cold

the event 1at LB jet damages RHR suction valve

examination of HELB Location Drawirgs (Reference B.5.3) and

lectrical Installation Drawings (Reference B.5.2), the cables for at least
one of the RHR valves is within a main feedwater jet zone of influence.
The following analysis sections will explain alternative valve actuatior

and cold shutdown methods.

B.3.19.5.1 Redundant RHR Trains

This discussion is to demonstrate that manual valve actuation could be
performed in the event that a non-LOCA HELB damaged the cabling to

one or more of the valves. The basis for this method is that the plant can
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be maintained in a hot standby condition indefinitely until the contain-
ment environment is suitable for access. Sargent & Lundy Calculation
3C10-1083-001 Revision 2 (Reference B.5.9) indicates that no non-LOCA
HELB jets can impinge any of the four RHR loop suction valves. Credit is
taken for manual operation of a valve which is rendered inoperable due to
jet impingement effects on cabling. Credit is not taken for manual
operation of a valve which experiences a single active failure. Based on
the above, at least one RHR train can be used for cold shutdown following
non-LOCA HELB jet impingement effects on cabling.

Alternate Cold Shutdown

In the event that the RHR system is not utilized for cold shuidown,
primacy or secondary "feed and bleed" operations could be used as

alternatives.

The secondary "feed and bleed" operation requires that at least one steam
generator is available to remove heat through RCS natural circulation
transferring heat to either feedwater or auxiliary feedwater. One steam
generator will be available after all non-LOCA HELB scenarios.

The primary "feed and bleed" operation requires that at least one of the
letdown paths or one of the pressurizer PORV's be operable such that hot
RCS inventory can be bled off. Feed can be accomplished via the CV, SI
and/or RHR systems which take water from the RWST or the containment

sump.

Analysis Conclusion

The analysis above indicates that jet impingement effects could damage
cabling to at least one RHR loop suction valve. However, in the event of
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single failure, the valves can be manually actuated. Cold shutdown can be

achieved by diverse means independentlv of the RHR loop suction valves.

Containment Radiation Monitor Cables

Purpose

The purpose of this section is to determine the effects that jet
impingement and single failure have on the cables for containment
radiation monitors IRE-ARO!I and IRE-ARO!2.

Shutdown Basis

The containment radiation monitors are used for accident assessment and
monitoring. The monitors are not required for any ESF/reactor trip

functions. One functional monitor is acceptable for safe shutdown.

Cable Installation

Based on the Electrical Installation Drawings (Reference B.5.2), radiation
monitors IRE-AROLl and IRE-AROI2 are located on the outside of the
enclosures for Steam Generator D and C respectively at Elevation 432",
The cable for monitor IRE-AROI1 originates at the monitor and is routed
along the side of the Steam Generator D enclosure between Elevations
432" and 438' until it crosses the missile shield wall. The cable is then
routed downward, outside the missile shield wall, between Columns R-8
and R-9 until it is below the Elevation 426’ floor. The cable is then routed
horizontally to the containment electrical penetration at Elevation 417'.
The cab.e for monitor IRE-AROI2 originates at the monitor and is routed
along the outside of the enclosures for Steam Generators B and C at
approximately Elevation 428'. Just inside the missile shield wall, at
Column R-18, the cable is routed downward to Elevation 418' and
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continues counterclockwise around the inside of the missile shield wall to
Column R-15. At this point, the cable is routed upward to Elevation 431",
then horizontally along the outside of the enclasures for Steam Generator
A and D to Column R-9. The cable then crosses the missile shield wall
and is routed to the containment electrical penetration near Column R-8
at Elevation 439"

Analysis Method

Demonstrate that no jets emanating from HELB's could damage cabling
for either of the two containment radiation monitors.

Analysis and Conclusion

Based on the Electrical Installation Drawings (Reference B.5.2) and the
HELB Location Drawings (Reference B.5.3), there are no HELB jets that
could possibly affect the cabling for monitor IRE-AROI! above Elevation
426'. Below the Elevation 426' floor, outside the missile shield wall, an
accumulator line break could affect a small area between Columns R-9
and R-10, however, between the Elevation 412' and 426" floors, cabling for
Monitor IRE-AROII is located between Columns R-8 and R-9. No HELB
jets could affect the cabling inside containment for Monitor IRE-AROLI,

Based on the Electrical Installation Drawings and the HELB Location
Drawings, there are no HELB jets that could possible affect Monitor
IRE-ARO12 cabling located inside the missile shield wall due to the high
cable elevation. The HELB's nearest the cable are those on Lines
ICVIOCA-3 and ICVI0CB-3, however, the cable is located outside the 30-
inch jet zones of influence. Outside the missile shield wall, there are no
HELB's in the area of the cable. No HELB jets could affect the cables for
Monitor IRE-AROI2.
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B.3.21.1

B.3.21.2

B.3.22

B.3.22.1

B.3.22.2

Based on the above, no HELB jets could affect the electrical cables inside

containment which support radiation Monitors IRE-AR0Il and IRE-
ARO!12.

Diesel Oil Day Tank Level Sensing Lines

Purpose

The purpose of this section is to determine the effects that jet
impingement and single failure have on the diesel oil day tank level
sensing lines for level switches 1LS-DO033 and 1LS-DO036.

Analvsis and Conclusion

Based on the Instrument Location Drawings (Reference B.5.1), the sensing
lines for these level switches are located inside the diesel oil day tank
room. No High Energy Lines are located in this area. The sensing lines
will not be affected by any HELB jets.

HVAC Flow Sensing Lines

Purpose

The purpose of this section is to determine the effects that jet
impingement and single failure have on the auxiliary building HVAC
sensing lines for flow elements OFE-VAOQ03 through OFE-VAO010.

Analysis and Conclusion

Based on the Instrument Location Drawings (Reference B.J.1), the sensing
lines for these flow elements are located high in the auxiliary building
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B.3.23.1

B.3.23.2

where no High Energy Lines are present. The sensing lines will not be

i

affected by any HELB jets.

Auxiliary Feedwater Pressure Switch Sensing Lines

Purpose

The purpose of this section is to determine the effects that jet

impingement and single failure have on the sensing lines for auxiliary

feedwater pressure switches IPSL-AF051 and IPSL-AF055.

Analysis and Conclusion

Based on the Instrument Location Drawings (Reference B.5.1), the sensing
lines for these pressure switches are located in the auxiliar)
between Columns 15 and 18 and Rows L and N above Elevation 383"
There are no High Energy Lines present in this area, therefore, no HELI
jets will affect the sensing lines.

CONCLUSIONS

Section B.3.0 of this assessment verified the existing plant desigr
approach for HELB jet impingement effects on cables inside containment
and instrument sensing lines nside and outside containment by

demonstrating that:

functional groups of cables and/or sensing lines are outside the zone

of influence of all HELB jets.
functional groups of cables and/or sensing lines are nct required to be

functional for safe shutdown after the specific HELB scenario which

could disable them.
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an adequate number of redundant cables and/or sensing lines withir
functional groups remain undamaged and can achieve their safe

shutdown function after certain cables and/or sensing lines within the

same functional groups are disabled by jet impingement.

outside the functional groups are available for
N

the safe shutdown functions of the cables and/or sensing
&

impingement.

Logic statements |, 2 and 3 above were used throughout the analysis
except in two cases; RCS wide range pressure transmitters and RHR loop
suction valves. In each of these cases, a diverse means of achieving the

shutdown function for these components was identified.

pressure transmitters will be installed at the
outage as indicated in Section B.3.5.4. The
will provide sufficient redundancy such that
cables and/or sensing

¢ Shdels m frinectian aft TS T -
sSnuUtdown unction aiter sustaining

th

.« s | 11 ~ ry D N ) i - -2y + ~ 2 }
Alternate tdown means to the RHR LO\‘U suction valves would be

required only after a highly unlikely HELB event and single failure.

Nonetheless, Section B.3.19.5 identifies three unique alternatives which

rould be employed to achieve the safe shutdown function.

In conclusion, the Section B.3.0 analysis verifies that the HELPh d

approach for jet impingement effects on safe shutdown electrica

Inside containment and safe shutdown instrument sensing lines inside
[ 4

outside containment is adequate,

“
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Appendix C

Jet Impingement Effects On Safe Shutdown Piping

Scope

This Appendix summarizes the reviews which have been completed to
confirm that jet impingement will not result in damage to piping and piping

supports such that the plant's capability to be safely shut down is impaired.



Jet Impingement Effects on Piping Outside Containment

Qutside the Containment, high energy lines have been separated from safe
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energy lines and safe shutdown piping. Piping in these areas is addressed in
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this section.
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located | LN 1lve rooms adjacent to containment. The valve
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postulated in these areas in accordance with the requirements of Standard

Review Plan Sections 3.6.1 and 3.6.2.
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Line Breaks in the Auxiliar
i vUican b

found in the AS System, and small portions of

Radwaste and Boric Acid Systems. The AS lines are not used for safety
related functions and, as a result, most AS break locations are in areas
which do not contain safe shutdown piping. A ful' review of the AS line

routing has been completed (Reference C.4.1). No safe shutdown piping or

supports were found to be adversely affect

ed by postulated jet impinge

ment from AS line breaks.
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C.2.2

C.2.3

C.2.4

Chemical and Voluine Control (CV) System Breaks in the Auxiliary Building

The postulated CV system breaks in the Auxiliary Building result in jets
which are driven by the Charging Pumps or by the Reactor Coolant System
(Letdown line breaks). The limitations of charging pump discharge tlow and
the piping friction losses insure that jet loads from CV breaks in the
charging portion of the CV system are small. Similarly, the flow
restricting letdown orifices limit the mass flow and potential jet loads from
a postulated letdown line failure. A review of potential CV system break
jet impingement loads on Auxiliary Building piping has been completed
(Reference C.4.2). This review verified that Auxiliary Building piping and
supports will not be damaged by jet impingement loads from postulated CV
system failures.

Steam Generator Blowdown (SD) System Breaks in the Auxiliary Building

The SD system postulated HELB locations in the Auxiliary Building are
confined to two areas. These are the Blowdown Condenser Room and a
corridor adjacent to the Main Steam Tunnel where the SD lines enter the
Auxiliary Building. These break locations are sufficiently separated from
safe shutdown piping to preclude the possibility of damage to the piping or
supports as a result of jet impingement. This was confirmed by a review of
the postulated break locations (Reference C.4.1)

Effects on Piping - Jet Impingement on Structure

Block and concrete partition walls in the Auxiliary Building HELB areas
may experience a jet impingement load from the postulated breaks. As
discussed in Appendix D, the majority of these walls are not predicted to be
loaded by jet impingement or have been eva iated to show adequacy for the
loads. A limited number of walls have been reviewed for failure effects
rather than load capability due to the location with respect to safe
shutdown systems. Failure of these walls has been shown to not damage

safe shutdown piping systems or supports (Reference C.4.3).
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C.3.1

Jet Impingement Effects on Piping Inside Containment

Inside Containment the jet impingement loads caused by postulated jets are
generally larger than those in the Auxiliary Building and the number of pos-
tulated HELBs is much larger. Because of the greater potential for jet
impingement on piping, each safe shutdown piping system inside contain-
ment has been reviewed to confirm that, if potentially damaged by jet
impingement, the specific line in question is not required for safe shut-
down.

Piping Inside Containment

To insure that all effects including flooding were considered, the review
initially considered all piping inside Containment. The Station Air (SA) and
Instrument Air (IA) systems were eliminated from consideration because
they contain only air and have no safe shutdown function. The VP and VQ
systems consist only of short piping sections near the containment
penetrations and are not affected by HELBs. The remaining eighteen

systems were reviewed in detail. These systems are:

Component Cooling (CC)
Containment Spray (CS)

Chemical and Volume Control (CV)
Fire Protection (FP)

Feedwater (FW)

Main Steam (MS)

Off Gas (OG)

Process Sampling (PS)

Reactor Coolant (RC)

Radioactive Equipment Drains (RE)
Waste Processing Drains (RF)
Residual Heat Removal (RH)
Reactor Coolant (Pressurizer) (RY)
Steam Generator Blowdown (SD)
Station Heating (SH)

Safety Injection (SI)




C.3.1.1

Essential Service Water (SX)
Chilled Water (WQ)

The review of these systems was performed in two stages. In the first
stage, the systems were reviewed to determine if the piping inside
containment was required for safe shutdown, and if any other potential
effects (such as flooding) would potentially result from piping failure. If
failure could not be judged acceptable in the first stage, a further review
of the potential for jet impingement damage and the consequences of the
damage, if any, was completed.

[n addition to direct failure of a system required for safe shutdown, the
postulated pipe failures (due to jet impingement) were reviewed for the
additional effects of break propagation and flooding. Break propagation
was reviewed with respect to the guidelines of Westinghouse Design
Criteria SS .19 (Reference C.4.4). Potential flooding effects were
reviewed for non-primary system breaks. All potential primary system
spillage is included in the design basis containment flooding (Reference
C.4.5). Of breaks other than primary system breaks, charging system
breaks have the highest operating pressure and, therefore, the highest
blowdown rate per unit break area when conservative assumptions are
used. Reference C.4.6 determined a maximum rate from a 4" charging line
break of 2.9 cfs or about 175 cfm. From Reference C.4.5, the Containment

2 at elevation 377'. As a result, a 4" line

floor free area is over 12,000 ft
break in any system will not significantly affect flooding. This 4" guideline

was used to determine if flooding effects should be evaluated.

The results of each system review is summarized in the following sections
and documented in detail in Reference C.4.7.

Component Cooling (CC) System

CC system flow inside Containment is required only if Reactor Coolant
Pump (RCP) seal water injection (CV system) is lost in a non-LOCA event.
In this event CC flow to the RCP thermal barrier prevents degradation of



C.3.1.2

C3.1.3

RCP seals. Therefore, the CC system piping was reviewed to determine if
the thermal barrier flow would be degraded by non-LOCA jet impingement

effects in conjunction with a loss of seal water injection.

In the event of a HELB inside Containment the seal water injection would
be lost only if the piping was damaged because the other components (other
than check valves) are outside Containment. As a result, CC damage will
affect safe shutdown only if seal water injection piping was also damaged.

The CC piping was reviewed and only one instance was found where CC and
CV seal water injection piping were located in close proximity to each
other and a postulated HELB. This was a location just outside the
secondary shield wall where the Loop 2 seal injection and thermal barrier
supply lines are near a postulated feedwater line break. Both ends of
postulated break are restrained, one by a pipe whip restraint and one by the
secondary shield wall. The calculated nipe movements have been reviewed
with as-built dimensions from field walkdown measurements. The pipe and
restraint were found to act as jet impingement shields which adequately
protect the CC and CV lines in question.

Containment Spray (CS) System

The CS system routing is such that no HELBs are near the CS piping. The
CS system is used only after LOCA. The CS piping is outside the secondary
shield wall and therefore protected from LOCAs. As a result no further

evaluation is required.

Chemical and Volume Control (CV) System

The CV system has different criteria for different portions of the system.
The basic requirements for the CV system piping are:

1) Seal Injection lines between the check valve and pump cannot be
broken by a non-LOCA HELB.
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C.3.1.5

C.3.1.6

2) Seal Injection lires cannot fail in conjunction with loss of
component cooling flow to the RCP thermal barrier.

3) The seal bypass line must be broken upstream of the seal bypass
flow limiter by a non-LOCA HELB.

4) Letdown and excess letdown lines (upstream of normally closea
isolation lines) must be broken by a non-LOCA HELB.

5) Seal water return and leak off lines must not fail in conjunction
with loss of seal injection as a result of a non-LOCA HELB.

These requirements prevent a CV break from resulting in the potential for
Reactor Coolant System Leakage. The CV piping was reviewed to insure
that, dice to the routing and separation of the piping, the above
requirements are satisfied and that postulated jet impingement on CV
piping does not affect safe shutdown capability. The only area found which
required further evaluation was the location discussed in Section C.3.1.1.

Fire Protection (FP) System

The FP system piping is not required after a HELB and is 4" diameter or

less inside containment. Therefore, no further evaluation is required.

Feedwater (FW) System

FW piping is routed such that jet impingement from postulated break loca-
tions on other systems will not impact the FW piping. In a review of the
FW system, two cases were found where a postulated FW break on one loop
could potentially cause large jet impingement loads on a FW line in another
loop. These two cases involve a break in Loop 2 and a pipe in Loop 3, and a
break in Loop | and a pipe in Loop 4. These two cases were evaluated .n
detail (References C.4.8) as discussed in Section C.3.2,

Main Steam (MS) System

Postulated HELBs would not result in jet impingement which affects the
MS piping. The MS piping is routed from the Steam Generators outside the

secondary shield wall to the containment penetration area. Breaks in these
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C.3.1.9

areas will not cause loads on MS piping due to either separation or

orientation of the lines.

Off Gas (OG) System

The OGC lines are potentially used only after a LOCA. No LOCA breaks are
near the OG lines since the OG lines are located only outside the secondary
shield wall. Therefore, jet impingement on these lines will not affect safe
shutdown capability.

Process Sampling (PS) System

The PS lines do not perform a safe shutdown function. The lines are
i1solated by normally closed containment isolation valves. LOCAs do not
affect the containment isolation piping. Other PS system piping failures
will not affect safe shutdown capability.

Reactor Coolant (RC) System

Included in the RC system review were all lines connected to the RC
system but not isolated by check valves or normally closed valves. As a
result, the RC system review addressed the lines which, if damaged, might
result in a LOCA. The following criteria (Reference C.4.4) were used to

complete this review:

1. LOCA will not be caused by a non-LOCA HELB.

2. LOCA will not cause a subsequent break which increases break area
by more than 20%.

3. LOCA will not cause LOCA in another loop.

4. A small LOCA will not cause a LOCA in the other leg of the same

loop.

These criteria are explained in detail and allowable exceptions are noted in
Reference C.4.4. The routing of the RC lines and the location and orien-
tation of the breaks in the containment was examined in detail and, with

the exception of two RC bypass lines, the criteria were found to be met.
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Two locations on the RC bypass piping could not be judged acceptable
based only on a review of the locations and additional calculations were
required. On Loops 3 and 4, a safety injection line break (from the
accumulator) is in the vicinity of the normally closed bypass isolation
valve. These two locations were evaluated in detail (References C.4.8) and
the results are discussed in Section C.3.2.

Radioactive Equipment (RE) Drains

The RE lines are non-safety and ncrmally isolated from the RC System.
The lines are isclated by normally closed containment isolation valves. RE
lines near the containment penetrations are not subject to loading from
LOCA jets. Jet impingement on RE lines will not affect safe shutdown
because the RE lines would contain only a small amount of fluid and are not

required for safe shutdown.

The RE lines are non-safety and normally isolated from the RC System.
The lines are isolated by normally closed containment isolation valves. RF
lines near the containment penetrations are not subject to loading from
LOCAs. Jet impingement on RF lines will not affect safe shutdown
capability.

Residual Heat Removal (RH) System

The only lines inside Containment which are specifically identified as RH
lines are the RHR suction lines from the RC system. The RHR supply lines
to the RC system are designated SI lines and were reviewed with the Si
system. The suction lines are not used after a LOCA and are not located
near non-LOCA breaks. On the RC side of the suction line isolation valves,
all RC system criteria (Section C.3.1.9) are met. As a result, jet
impingement loads on the RH piping will not affect safe shutdown.

Reactor Coolant (Pressurizer) (RY) System

The safe shutdown RY piping is associated with the pressurizer. Included

are the spare lines, relief and safety valve lines, and the surge line. These
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lines were reviewed with respect to postulated break locations and, with
one exception, found by inspection to be separated by distance or barriers
such that the piping would not be damaged by jet impingement.

The singie exception is in the congested area at the top of the pressurizer
enclosure. A postulated pressurizer spray line break is near a Power
Operated Relief Valve (PORV) line. The spray line does not affect the
spray valves and, therefore, the liquid portion of the break can be
isolated. As noted in Reference C.4.4, propagation of pressurizer steam
space breaks 1s not limited to the 20% criteria because of the lower mass
release rate associated with steam breaks.

Steam Generator Blowdown (SD) System

The SD system is a non-safety system. The piping inside Containment is 2"
diameter or smaller. LOCAs do not affect these lines. Non-LOCAs will
not result in SD system damage such that more than two steam generators
wiil blow down. Therefore, safe shutdown is not adversely affected.

Station Heating (SH) System

The SH system is a non-safety system and does not contain lines larger than
4" inside containment. The SH system piping is located outside the
secondary shield wall. The »ortion of the system used for containment
isolation is not located near postulated LOCA breaks. Jet impingement on
the SH piping wili ..ot affect shutdown capability.

Safety Injection (SI) System

The Safety Injection System is used after LOCAs to supply fluid to the
primary system. The safety .njection lines are fitted with runout
protection orifices to ensure that flow is delivered to all loops. These
orifices are located near the secondary shield wall. Therefore, breaks in
the SI line to a faulted looy will not affect safe shutdown capability as long

as the break is downstream of the runout orifice.
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C.3.2

Review of the SI line locations and routings verified that the SI design
prevented jet impingement from a LOCA in one loop from affecting SI lines
to the other three loops and from affecting any Sl lines upstream of the
flow limiters. As a result, jet impingement of SI piping will not affect the
SI safety function. Potential jet impingement with the loop was reviewed
to check for relatively small breaks (4" or less) which might impair high
head safety injection. This was checked because, in certain instances,
damage to a high head SI line by one of these smaller breaks might require
use of Safety Injection pumps after a break which could be otherwise
mitigated by use of charging pumps. This is discussed in Section 2-3-4 of
Westinghouse Design Criteria SS .19 (Reference C.4.4). The review
verified that this criteria has been met.

For non-LOCA breaks, the SI piping required to provide normal RHR supply
to the RC system was reviewed and verified to be designed such that

damage is precluded.

Essential Service Water (SX) System

The SX system supplies cooling water to the Reactor Containment Fan
Coolers (RCFCs). The SX routing is outside the secondary shield wall.
Postulated jet impingement does not affect the SX piping due to separation
from the postulated HELBs.

Chilled Water (WO) System

The WO system is a non-safety system and is not required for safe shut-
down. However, because the system includes piping inside Containment as
large as 10", potential flooding effects were reviewed. An in-depth review
confirmed that postulated jets do not impinge on the WO piping.

Additional Evaluations of Safe Shutdown Piping

In the review described in Section C.3.1 of the piping systems in the
Containment only four instances were found where the potential for

adverse jet impingement effects on safe shutdown capability could not be
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dismissed based on an examination of piping and break locations and, if
needed, very conservative estimates of the potential loading on piping.
These few cases required a more detailed evaluation of the actual
predicted loading and the capability of the piping to withstand this load.

The four cases can be summarized as follows:

Case Break [.D. (Line) Target

1 C515 (1S105DC-6") iRC2IAC-8"
2 C521 (1S105DD-6") IRC21AD-8"
3 C060 (IFW03DG-16") IFWO3DC-16"
- C054 (IFWO3DA-16" IFWO3DD-16"

Loads were calculated (Reference C.4.8) on these piping lines by using
Reference C.4.10 (steam and two phase jets) and Reference C.4.11 (liquid
jets). The piping was then evaluated to confirm that the required safe
shutdown functions would not be affected by jet impingement damage to
the piping.

Jet Impingement Effects on Piping Supports

Piping supports (hangers, struts, auxiliary steel and snubbers) have been
reviewed in conjunction with the above described piping review to confirm
that jet impingement damage to supports will not impair safe shutdown
capability, The safe shutdown piping addressed in C3.2 was categorized
into two groups. The first was piping which had no breaks near or was not
used to achieve a safe shutdown condition after breaks in the vicinity of
the piping. These situations require no further review because damage to
supports was shown either not to occur or to be acceptable. The second
category was pipes which may be used for shutdown following a break in
the vicinity of the pipe. These were evaluated by a walkdown of the area
to determine which supports, if any, could be loaded by jet impingement.
The effect of these support loads on the pipe capability was reviewed to
confirm that safe shutdown capability was not adversely affected. The
walkdown and review is documented in Reference C.4.9. Significant loads
were calculated on one safety injection system support, A detailed review
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Appendix D

Jet Impingement Effects On Structure

Purpose and Scope

The purpose of this appendix is to summarize the structural design
approach for jet impingement loading. The scope includes structural
elements such as walls, slabs, and structural steel, inside and outside of the

containment.
Introduction

The initial structural assessment for jet impingement loading, which was
part of the original structural design, was based upon relative line size and
line energy in conjunction with line location. Using this information, a
review was made to determine which lines in various areas of the plant
could have a significant impact on the structural design. For example, the
chemical and volume control system letdown line in the Letdown Heat
Exchanger room was judged to have a significant jet impingement loading
and was therefore addressed in the original plant design.

In other areas of the Auxiliary Building, jet impingement effects on
struciural elements were considered to be of no concern since either the
potential loading was small relative to the structural capacity in the area
or the structural element involved was considered nonessential since failure
would not affect safe shutdown. In other words, potential damage to the
structure would not affect safe shutdown sys*ems due to the location of the
structure. For example, in reference DI.0 a project decision was made to
provide block walls rather than concrete partition walls around a high
energy line area since there was no safety-related components afiec ted by
the potential wall overstress,

In the original Containment design, jet impingement loads from a
postulated longitudinal break in the vicinity of certain NSSS supports were
judged to be significant. Jet deflectors were therefore designed and
installed to redirect the jet away from these supports.
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D.1.3

Verification Through Final Load Check

Most loadings used in the original plant design, including jet impingement
loading, are based on various assumptions and judgments. The original
structural design is performed early in the plant design process before
many internal system designs are completed. To account for this, a
structural final load check is performed in order to verify the original
assumptions and judgments, and to account for the actual loadings caused
by the plant internal systems, such as piping, which may have been
incomplete at the time of the original structura! plant design. The
following is a summary of how jet impingement loads are included in the
final load check and how the original assumptions and judgments made
about jet impingement loadirg are verified.

Method of Analysis in Final Load Check

Jet impingement loads are considered by one of two methods. The first
method is to assume that a break can occur anywhere in the high energy
line and can hit any structure in a given compartment. This method is
conservative and is only used to minimize redundant calculations of small
loads from many small line breaks in a given subcompartment. An
assessment is made to determine the most sensitive structure in the
subcompartment and its structural capability is determined. This
assessment is based on assuming the load on various locations of each
structural element in order to determine the maximum of each structural
effect such as shear and bending moment. High energy lines which could
produce jet loads which exceed a cutoff load, baed on the most sensitive
structure, are addressed by the second method. For these lines, specific
breaks are postulated and their corresponding jet impingement loads and
structural targets are determined. The jet impingement load is applied to
the target structure as an equivalent static load, including an appropriate
dynamic load factor to take into account the dynamic nature of the load
and the time dependency of the load. An appropriate form factor is used as
required to take into account the characteristic of the target surface,
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D.2.1

D.2.2

D.2.3

STRUCTURES OUTSIDE OF CONTAINMENT

Shear Walls and Concrete Slabs

Shear walis and reinforced concrete slabs are the most common structural
target due to jet impingement loading and provide the separation for the
various safety related systems in the plant. The sizing of shear walls and
slabs is based upon resisting seism.c forces and to provide radiation
shielding. Therefore, jet impingement forc2s on these members are usually
not design controlling. The jet imping:ment loads are summarized as
shown in References DI.1.1 through D1.1.7 The structural final load check
calculations which verify the structural adequacy for =reas with jet
impingement loading on shear walls and slabs are filed in structural
calculations listed in References D2.1.1 through D2.1.24.

Structural Steel

There are only a few zones outside of Containment where structural steel
is loaded by jet impingement. The loadings on these areas are contained in
Reference DI.l.l. The structural final load check calculations which
verify the structural adequacy for areas where structural steel is subjected

to jet impingement loading are contained in References D2.2.1 through
02'2070

Concrete and Block Partition Walls

Partition walls do not support the floors above them and are not part of the
lateral load resisting system., They are therefore treated differently for jet
impingement loading than shear walls which are primary structural
elements. As outlined in the original design, partition walls in areas with
no safety related systems are not required to resist jet impingement
loading since a potential overstress and the possible wall damage due to jet
impingement loading is of no consequence to safe shutdown systems,

The potential effects of partition wall failures with respect to equipment,

cables, piping, and instrumentation was reviewed in detail (Reference
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D.3.1

D.3.2

Do}oZol

D.2.3.6) and shown to not adversely affect safe shutdown.
Calculations for the partition walls which are designed to withstand the jet
impingement loading are filed in structural calculations listed in

References D2.3.1 through D2.3.5.

STRUCTURES INSIDE OF CONTAINMENT

Concrete Walls

Similar to shear walls outside of the Containment, internal Containment
concrete structures are sized for seismic loadings, shielding, and missile
protection. Therefore, jet impingement loads are usually not design
controlling. The jet impingement loads are provided as shown in
References DI.1.7 through DI.1.8 and the structural final load check
calculations which verify the structural adequacy of the Containment
internal walls with jet impingement loading are filed in structural
calculations listed in Reference D3.1.1.

Structural Steel Inside Containment

Structural steel inside Containment was reviewed to confirm that jet
impingement loading will not damage the steel to the extent that
components used for safe shutdown will not function.

Structural Steel Outside Secondary Shield

Outside of the secondary shield wall, the amount of structural steel and the
number of HELBs is limited because of the plant design. A review was
made of the relative locations of the steel and postulated breaks
(Reference DI1.1.9). As a result of the high energy line location and
orientation and the restraints provided at the break locations, no
significant loads on structural steel outside the secondary shield wall will
result from postulated HELBs.



D.3.2.2

D.3.3

Structural Steel Inside Secondary Shield

A large proportion of the HELBs are located inside the secondary shield
wall. Structural steel is located at elevations 390 and 400. The piping
which contains HELBs is routed, for the most part, horizontally at
elevations some distance above or below the structural steel. The relative
locations of the steel and the HELBs was reviewed and only 20 structural
steel components were found to be loaded by jet impingement (Reference
D1.1.9). The steel was evaluated with these loads and it was confirmed
that structural steel failure will not result from jet impingement. These
calculations are listed in Reference D3.2.1.

Reactions From Piping Loaded by Jet Impingement

Appendix C discusses the effect of jet impingement on piping and pipe
supports. For those piping systems which are utilized for safe shutdown
and rotentially impacted by jet impingement, the reactions from pipe and
support loading were determined and reviewed to confirm the structural
adequacy of the supporting member. The support reactions resulting from

jet impingement were bounded by the seismic design loads.
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