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CEAPTER 1
INTRCCUCTICN

The Systems Interacticn Methcdology Applications Program
is being performed for the Cffice of Standards Development
of the U. S. Nuclear Regulatory Commission. The program is
intended to be a contributing element to the resoluticn of
the problem being addressed by Task Action Plan A-17 entitled,
*Systems Interaction in Nuclear Power Plants®. The lead
respgonsibility for this task action plan is the Division of
Project Management, Cffice of Nutlear Reactor Regulation.

The ocbjectives cf the Systems Interastion Methodology Appli-
caticns Program are to develop an indevuendent methedology for
identifying and evaluating systems interactions in light
water reactor commercial power plants and to assess the
Standard Review Plan to determine its comp’' ~ness regarding
systems interactions.

This is the third interim repcrt and documents work completed
since the last report sucmitted in March 1979. Work during
this period has included: plant lecgic andel (fault tree)
development, further development cf the systems interaction
analysis technigues and apgplicaticn of these techn gues to
the logic medels, and assessament of the Standard Teview Plan
for one of the three function logic mcdels.

In review, there are three functions being modeled:
achieving or maintaining reactor subcriticality (RS), decay

heat removal (CHR), and protecticn of the reactor coclant
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System pressure boundary (RCPB). These functions are boing
developed for all plant modes except refueling and for the
Condition I ar (ANST N13.2) occurrences which reguire
shutdown or reamaining shutdown. This will be discussed further
in Chapcer 2.

Although the logic models and analysis technigues are
applicable to a much broader scope of situations than are being
addressed by this program, the extent of what is be.ag covered
is limited to allow greater emphasis on development of the
methodolegy. A summar/ of the score is given in Table l-1.

The status cf the basic tasks necessary to complete Phase I
of the program, as of August 31, 1979, is given in ~acle 1-2.
Tasks through 4 have been previcusly ccmpleted ani are not
shown. Tasks 5 and 6 have been merged sc tha!. the :tatus is
Cest r~ported relative to the specific mcdels. Siz larcly
Tasks 7, 8, and 9 are closely related tasks which are essentially
complete. Task 1l is to assess the Standard Review 2lan.
Task 12, the Phase I report, will not be started until
mcst of the preceding tasks are complete, thus it is net shown.
This report describes all tasks for the reactcr ccolant Fressure
Soundary (RCPB) functien. Chaptesr 2 covers tasks . and §;

Chapter 3, Tasks 7-9; Chapter 4, Task ll; and Chapter 5, Task 10.

1126 (06
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Plant Tygpes
Number of Units
Per Site

Radicactive
Material Scurce

Plant Functions

Plant Conditions
(ANSI N18.2)

Eavizonmental
Conditions
(ANSI N18.2)

Interactions

Table 1-1. Program Scope.

Within ScoEel

westinghouse Pressurized
Water Reactors (PWR)

Single
Reactor Core

Reactor Ceclant
Pressure Boundarcy
Reactor Subcriticality

Cecay Heat Remo+*’

Normal Cperations
Incidents of Moderace
Freguency

Ncraal

Physical Connecticon=
Motive Power
Control Power
Actuation
Ceooling
Lubrication
Eydraulic

Spatial Connect
Pluid
Thermal
Mechanical

ions (Locatiocn)

Methodology A:clicable1

QCther FWR
Boiling wWater Reactors (BWS

Multigle

Spent Fuel Pool
Radwaste System

Other Safety Relatad
Functions Regquiring
Bigh Performance
Reliability

Infrequent Incidents
Limiting Faults

Fire, Earthgu« ke,
Burricane, Tornado,
Floed, Sabctage

Human Ercors
DCesign and Censtruction
Procedures
Cperation
Test and Maintenance
Physical Connections
Water Bammer
Spatial Connecticns
Barrier Penetcaticn
Crainage
Radiaticn
Characteristic
Commen Manufacturer
ané Technolcgy
Aging aad wWear

IWx'hxn scope indicates those things incl ded in the logic mcdel.ng. therefore,
Seing treated exglicitly in the study.

Zﬂet hodolcgy apglicable indicates the n
logic mocdels, but which could be ::eated By the ana-:-i-a- techniques if it
was desired to exgand el

se things whic

the logic mod

te not included in the

S at some later dazte.



Table 1-2.

Tasks 5-6
Fault Tree Models
Computer
Structure = .
nere X X
DhiR X X

K&

911

-

L

Systems Interaction Analysis

Task 10

Generic  Specific
X X
X

Task Status (X = Completed).

Task 11
ASBess Btandarq Review Plan




POOR ORIGINAL g

FAULT TREE CEVELOPMENT

The fault trees (logic models) form the basis for- the
system interaction analysis. The three basic function fault
trees describing canditions potentially leading to unacceptable
core damage which are to be developed for various plant operating
modes and ini*iating cccurrences are: £failure to achieve or
maintain react- subcriticality, failure to remove decay heat,
and failure of tne reactor cococlant system pressure boundary.

The purpose of the fault trees is to model the combinations
of components which if failed would result in loss of any cf
the above three functions anéd by assumption result in the
gotential for unacceptable core damage. These fault trees
thus are vehicles for the search and evaluaticn of system
interactions which could influence significantly nuclear power
plant safety.

Each fault tree is developed from the function at the
top of the tree to specific components at the bottom of the
tree that are directly applicable %o the success ol that function.
Cnly those parts of systems which affect “he undesired tcop
event are included. Not all systems are identified explicictly
ot mcdeled in their entirety.

The fault tree models identify ard delineate the necessary
and sufficient functions to respond to an initiating occurrence.
The requirzed systems degend on the initiating occurrence and

the zlant amcde at the time of the cccurrence. There are five

2=-1
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plant modes and four occurrence categories (from ANSI N18.2)
resulting in twenty potentially different sets of circumstances

for which the plant safety systems are called upon to prevent

unacceptable core damage. These are: .
Plant Mode Qccurrence Category

Fower Cperation PO
Loss of Qffsite Power LOP

Startup SU

Loss of PCS Condenser PCS
Bot Standby SB X

Normal Shutdown NCR
Bot Shutdown g8S

All Cther Cccurrences ACC
Cold Shutdown cs

In each case the three basic functions are connec.2d logically
as shown in Pigure 2-1. Each of the three basic functions are
modelled serarately and apply to all of the twenty circumstances
through the use »f notes on the fault tree plots designating
specific applicability of branches or events not applicable

in all circumstances.

Although the fault trees develcped represent the exemplarcy
plant (Watts Bar), generic names were used to reflect that
these fault trees can be used as a general guideline for other
PWR plants.

There are numercus acronyms used in this chagpter in order
that the information can be presented concisely, especially
cn the figures. Thus a glossary is giver in Table 2-1.

Simplified logic diagrams for two cf the three functicns
are given in Pigures 2-2 and 2-3. The reactor ccolant pressure

boundary (RC28) fault tree has already Seen sent to the NRC.

2=2
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The decay heat romoval fault tree is being sent under secarato
cover. Figures 2-2 and 2-3 show major branches cof those fault
trees which in some cases are designated as separatr figure
(i.e., fault tree plot) numbers. The purpose of dividing the
fault trees into more than one plot is due to the size of the
plot and convenience in handling. At the top of Figure 2-3

is an exclusive CR gate showing that there are two separate
fault trees, one for all plant modes from power operaticn
through hot shutdown (POES) and one for cold shutdown (CS).

The thizd functicn, reactor subcriticality (RS) is currently
in development.

The definition cf plant mcdes and the RCS Pressure/temgeratur
limizations 1s shown in Figure 2-4. A point of interest is =he
relationship of cold shutdown and hot shutdown with the residual
heat removal system (RERS) capability. It is assumed that
cold shutdown is defined as reactor coclant system temperatures
less than 200°P; however, the RERS carn be operated at temperatures
UpP to 350°F and this is scme*.mes refered to as cold shutdown.
Inherent in the fault trees (s the concept that RERS agclies
enly to cold sautdown, and if decay heat removal (DER) fails
whille 1in cold shutdown, the plant can be brought back to het
shutdewn 1f necessary so that other CER systems are functional.
Celd shutdown for the reactsr coolant pressurce Scundary (RCPFB)
fun :icn relates to lower pressure limitations and a lower sets
point for the pressurizer relief valves, i.e., 1200 psig rather

than 2335 psig.
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RCPB Fault Tree

The RCPB fault tree is discussed in this repurt since it

is the basis of the analyses presented in Chapters 4 and 5.

Event trees are used to explain the fault tree contents.

To start wich, a functional event tree is given in Figure 2-5.
This is nnt a typical event tree on the left side since it

dep’ *s the circumstances leading to the necessity for the

RS, DER, and RCPB functions. On the right side is the functicnal
relationship of these three functions and RCPB mitigatien.

The right side of the event tree at this level cf detail is
regeated fSor all of the other circumstances te.low.

For this report only the RCP8 function will be develoged.
Failure of the RCP?3 can occur by coemponent failure under normal
RCS pressures and as a result of overpressure. The normal
RCS pressure casea is straightforward; therefore, cnly the
overpressure event tree is develcped in detail. The circumstances
affecting the RCPB funciion have been combined on Figure 2-§
alc 3 wicth some of the events necessary tc arrive at cverpressure.
This is nct a traditicnal event tree since its Sranches represent
choices in the circumstances rather than success or failure of
functions or events. The causes are those events, such as
an inadvertent pump startup with and without the availabilics:
of alternate water sources, which may result in overpressuce.

The gesignators 271 etc. at the right of Figure 2-6 are used
only to reference the remainder of the event tree shown in
Figures 2-7 and 2-8. After each line is an S for success, i.e.,

NO Overpressure, Or the overgressure case found in the fault tree.

i=4
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The event tree method does nct show that letdown as an
event must be matched to the particular initiating event.
This is done in the fault tree. Also under CS cases 1, 3,
and 5 neither water solid or alternate source availability
were considered to have a significant affect on the outcome.
It is further recognized that several cases could be
separated allowing for a finer discrimination of the level of
overpressure.

The final ceport will include a set of system and subsystem
diagraas. While not as detailed as the plant diagraa, tley
will show the compconents included in the fault trees. Figure 2-9
is a simplified diagram pr-sented here to demonstrate the multiple
use of systems zroviding ingut to and letdc from the RCS.
Although most of the ccmponents are not showr 1t is worthwhile
to note the combinations of sources, pump traias, and paths
tc the RCS and the normal paths for letdowr. and relief of the
RCS. These systems and subsystems will appear also in the

DER and RS fault trees.

2=3
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Table 2-1. Glossary of Acronyms and Abbreviations

CER
RCPB

SU
SB

PWST
BAT

RWST
BCRV

CsSv

Reactor Subcriticality Function

Cecay Heat Remcval Function p
Reactnr Cooclant Pressure Boundary Function
Power Operation Flant Mode

Startup Plant Mode

Bot Standby Plant Mcde

Ect Shutdown Plant Mcde

Cold Shutdown Plant Mcde

‘All Plant Mcdes from Fower Cperation Through Hot
Shutdown

Loss of Cffsite Fower

Loss cof the Power Conversion System Condenser
Cccurrences Requiring Normal Plant Shu:down
All Cccurrences Other than LCF, PBCS, or NCR
Condition where the Pressurizer has a Steam Bubble
Coriition where the Pressurizer is wWater sclid
Reactor Coolant System

Event Tree Transfer I *=ol

Prassurizer Relief Tank

Boldup Tank

Volume Control Tank

Primary Water Stcrage Tank

Boric Acid Tank

Refueling Water Storage Tark

Fressurizer Power Crerated Relief Valve:

Pressurizer Code Safe:y Valves

2=-6
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P

UEI ACC

8L
<L
RV
SG

i
L5
O

I

(4]

z
O
o
O

mn

(2]

Table 2-1 (Continued)

Pressurizar

Cprer Heat Injection Accumulation
Hot Leg

Cold Leg

Reactor Vessel

Steam Generator

Residual Heat Removal Pump Number 1
Safety Injection Pump Number 1
R0or2n Injection Tank

Alternate Charging

Normal Charging

Plow Contrzol Valve

Centrifugal Charging Pump Number 1
Cnacceptable Core Darage

Positive Cisplacement Pump
Centzifugal Chargirg Pumps
Pressurizer Eeaters

Safety Injection Pumps

CUprer Head Injection System
Reactor Cooclant Puap

Relief Valves Fail Closed

Safety and Relief Valves Fa:il Closed
Letdcwn

Normal Spray

Auxiliary Sgray

Aux...ary Spray Cutput Valves Cnly

ALT SCURCE Alternate Source of Water Inadvertently Available

2=7

1126 (15

7



UNACCEPTABLLE
CORE DAMAGE

L - 1
DHR RS RC P::“m T
i FiGs 8.3 MITIGATION

VAN

FIGURE 2-1.

| i
rRCep RCPB
MITIGATION

JAN

UNACCEPTABLE CORE DAMAGE FAULT

—

TREE

TYNIJIH0 400d



(10 9211

DECAY HEAT
REMOVAL
FIG. 5.1

/\

DHR-SECONDARY
HEAT REMOVAL

DHR-PRIMARY
HEAT REMOVAL
SYSTEMS

&

DHR-SECONDARY
HEAT REMOVAL

DHR-LOSS

SECONDARY-AUX
FEEDWATER
SYSTEM
rIG. 5.1-2

DHR-LOSS
~ OF
INVENTORY

OF
SYSTEMS CIRCULATTON
SECONDARY - '

STiENDBY
FEEDV ATER

o

FIGURE 2-2,

DECAY HEAT

rsummmlw-
FIRE

PROTECTION

o

JAN

REMOVAL FAULT TREE

TYNISID ¥00d



91|

i
A=

REACTOR
COOLANY
PRESSURE

A

|

RCPB-PONS
FIG. 5.3

RCPB-CB
FIG. 5.3-7

VAN

L

RCPB
RCS
COMPONENTS
e

W e

COMPONENTS
IN U8 LOOPS
FilG. 5.3-1

PRESSURIZER

|

|

RCPB
PRESSURIZER
SAFETY AND

RCPB RCPB
HREACTOR INTERFACING
VESSEL BYSTEMS
Q ;
LOW PRESSURE 11GH PRESSUR CVCS
IUTERFACING INTERFAC ING, INTERFACING
SYSTEMS HYSTEMS PIG. 5.3-5

PRESSURIZEN
COMPONENTS

—— e

FIGURE 2-3.

1

OVERPRESSURE
FIG. 5.3-2

JAN

AN

REACTOR COOLANT PRESSURE BOUNDAR' FAULT TREE

1NIDI0 ¥N0d




SU
2485
[
. +
RCS P/T LIMITATIONS 58 PO} 2235%4p
547 577
1500 Jfo= = o= = o o = - PO  POWER - OPERATION
SU  STAR™ UP
SB HOT STANDBY
Hs HS  HOT SHUTDOWN
CS  COLD SHUTDOWN
THESE PLANT MODES APPLY TO THE AREAS
s U ENCLOSED BY SOLID LINES IN WHICH THE
490 s N i R NAME IS PLACED.
S
100 = = — = = = = == = = cdon - o - - —— v -
200 350

RCS TEMPERATURE, °F
FIGUE 4. KCS PRESSURE TEMPERATURE REGIONS FOR REACTOR OPERATING MODES

TYNI9I0 §00d

~o
S

r~
-



PLANT RCS OCCURRENCE RCPRB
MODE STATE CATEGORY RS DHR RCPB MITIGATION
S = SUCCESS
e Te— S
s
)
NOR ueD
. ucn
PO AQC
PCs
LOP
S0
SHUTDOWN * S8 I
Hs i
S8
AN - CS B L
o
- WS e e
'~
FUNCTIONAL EVENT TREE

FIGURE 2-5.

*Cause the reactor to be shutdown
or maintain the shutdown state as applicable.

TUNIED 400



POOR ORIGINAL

OCCURRENCE

PLANT RCS ( QFFSITE
MODE STATE POWER

) CAUSE

H

ALT -
SOURCES

ace

QHE

-

LOP

g

r-i—w

~ —
Yo
-1 cee
PRESSURE -\-s
o s s s

NS

FIGURE 2-6. OVERPRESSURE ZVENT

AW & W W

W0 w

(W S

'; CEUVEUNUEBUNURBURUNORY l'; (D} '3 ™mm
#3063 #3603 v 030303 v3 03 03 3 13 3

e -~ =

: B |
- -~
-
&-52
-
ET13
- e
ET14
B
714
-
2710
 aan B |
- -
=9
ET4i4
R



d

LET AS NS

POOR ORIGINAL

RV-C

(PCHS)

SRV=-C

4
nmmgmmm
wn
™
w

2

(POHS)

S
S
-
i CASE 8 (PCHS)
S
| S
.- CASE 7 (POHS)
S
)
ET3 s
S
r - - - / \
- — ‘:AQL - \?CL!SI
3
S
r S
ok CAS. 6 (PCasS)
S
274 =
CASE 4 (PCES)
S
CASE 3 (PCES
=75 I )
L CASE 5 (PCES)
T )
— CASE 2 (PCQES
S
S
ETS S
S
CASE 6 (PCES




PO0R ORGINAL

SRV LET AS NS

s
Bc _* __ CASE 4 (POEHS)

SRV=C r
CASE 3 (PCHS)

A

1 CASE 9 (CS)
ETS S
R'=C !
L CasSE 8 (Cs)
S
- S
- | - CASE 13 (CS)
ET9
S
f - o
& CASE 12 (CS)
! 1 -

- awm = M)
pnl_ CASE 5 (CS)
- - W s

l - \

— CASE 1 (CS)

T S

- CASE S5 (CS)
o s

< -

| — CASE 3 (CS)
ET13 CASE 2 (CS)
1 CASE 4 (CS

S

'3 . - - - -

& CASS CS
L R .

. S

r ~n .- Fd -~ -~

= CASE 6 (CS

FIGURE 2-3. CVERPRESSURE EVENT TREZ - PART III



PORV

— __,__, e e e e e

*NUMBER OF LOOPS

THAT

ARE

PRT
—— f CSV
unl . EXCESS LET 1
ACC |
e CVCS LET Hr
| .
4+ L t vCT
"L ‘ >————, - 4 ,
RV P S5G
" WST
4 4 1 1 2 1 1
!l ' 0 @
} ﬁ NORMAL
SPRAY
BAT
AUXKILIARY o
SPRAY ():
{><1~-<:§ WST
ALT NOR s el g
CONNECTED CHG  CHG - fL ”
E?Rl
——— — aane —— E"‘RZ
_{'11

FIGURE 2-9. SIMPLIFIED DIAGRAM O

CHARGING, LOSS OF

INVENTORY ,

j‘;IZ

SUBSYSTEMS INVOLVED IN EXCESS

PRIMARY DHR, AND BOHRATION

THNISIYO H00d



CHAPTER 3
FAULT TREE ANALYSIS TECENIQUES

The previous chapter has described the developme.t of
legic medels for important plant functicns. When completed,
these logic models must be analyzed to determine their
susceptibility to potential systeas interactions which could
pPrevent or sericusly degrade the performance of a particular
vital function. The technigues used to identify these potential
Systems interactions are discussed in this chapter.

Two types of analyses will be undertaken in order to
accomplish two principal objectives:

1. To assess the Standard Review Plan and its supporting
documents to determine the completeness of the plan
regarding the identification and evaluation of potential
systems interactions which could impact the performance
of important plant functicns.

2. To demcnstrate how tiae methodoleogy weuld be applied
0 a specific facility in order to determine its
Susceptibility %o the potential interac:ions def. ‘ed
within the scope of this program.

Secticn 3.1 describes tasks which are germane to both analyses.

3.1 General Analvtical Procedures

3.1.1 Logic Mcdel Evaluaticn
The fault trees identify systems an cemponents which

are necessary to tle completicn of a particular glant funcsion.

1126 025



The structure of a tree is determined by relationships between
the events (components) which identify the success/failure

mcdes of the .unction., GEHence, the fault trees are graghic
representations of Boolean logic relaticnships between- events.
The Set Egquaticn Transformation System (SETS),l a computer

code which performs Booclean algebra manipulation, will be used

to derive the minimal cut sets for the fault trees. The mir mal
cut rets are thcse distinct ccmbinations of events which wi.

lead to the top event of a tree.* The SETS code determines

all of the minimal cut sets, witlout consideration of prcbabilities
or of the total number of events which must occur. The final
output of this task is a list of all the unigue combinations

of events which will lead to the top event, in this case the
failure of a vital glant function. It should be noted that

the logic mocdels that have teen develcred are large and therefore
have large numbers cf cut sets. If systems interactions werce

nct being considered, one weculd probably choose not to eramine
ticse cut sets which contain many independent events. Ffor

this study, a.l of the cuts sets are teiny retained and reviewed.
This is to ensure that r systems interactions are overlocked
which could reduce a cut set with many 2vents to one that

ccntains consideradly fewer independent events.

*Tc avoid cconfusion, all occurrences identified on the faul:
trees will De termed events rather than failures. Although,
mcst of the events are compeonent failures, some cther tvpes
of occugrences such as inadvertent or continued cgera%icn
do exist.

3-3



3.1.2 Determination of Linking Characteristics

A system interaction is only possible when there is
some connection between the systems. These connections
generally exist at the compcnent level. The connection may
be physical: a direct and tangible link such as electrical
wiz ing or hydraulic fluid. Spatial connections also exist
in which components are linked by environmental conditions,
i.e., high temperature or £flocoding.

The general categories of characteristics which provide
possiole physical linking Setween components are:

Motive Power

Control

Actuation

Cocling

Lubrication
Motive power includes AC and OC electrical power, air,
steam, and hydraulic power. Contzol power includes AC and
CC electrical power and in scme instances air or hydraulic
powar. Actuation is considered separately from contzol to
account for gossible commcnalities in sensing and initiaticn
circuitzy which could cause an interacticn. Cocling consists
of indirect and direct cooling, with or without an external
cooling medium. An example of direct cocling using an external
medium would be the use of component cocling water £or pump
seals. Cther components are cooled by air handling units

which may oOr may not use cooling water. Finally, components

3=3



requiring lubrication may derive their lubricant from an
internal or external source.

location will be used t» describe possible spati- .
connections between components. The locations considered
are rocms. pipe chases, and gereral ars s that obvicusly
provide an environmental connection. Certain types of
interactions may involve locaticn domains that are not as
covious, i.e., a fire may spread between rocms, Sut these
interactions which reguire special domains are not within
the scope of this study. In the first step of the spatial
interacticon analysis, only the lccation is considered. The

pecific envircnmental conditicns which could lead to an
interaction need only be investigated after the important
locations have been identified. Table 3-1 delineates tle
linking characteristics which could be associated with the
types of components on the fault trees.

Assumptions were made when these linking characteristics
where applied to the actual analyses. Manual valves are
assumed to stay in their normal position and assumed not O
change position due to any systems interactions. These valves
are retained as possible independent failures or as causes
of an envizonmental interaction, i.e., a leaking stem resulting
in moisture accumulation in a room. Check valves have Ceen
excluded because the failure modes of the check valves postulatec
i +=he tree (fails open or fails in the reverse directicn)
éo not appear =S be subject to any credible external system

interaction.

3-4
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3.2 Generic Analvsis

The first goal, the assessment of the Standard Review Plan,*
will be accomplished through the generic analysis. This task
will identify tyres of systems interactions which are important
and determine whether or not they are addressed in the Stinda:d
Review Plan. Although., the logic models were constructed around
a specific plant, this analysis should provide information
in such a manner that many potential interactions would be
identified for any Pressurized Water Reactcr. The analysis
will not be inclusive; however, as design differences in slants
otler than a westinghouse, four lcop zlant could give rise %o

acdditional tyrpes of failure modes.

3.2.1 Generic Linking Characteristics

In this part of the analysis it is important to use broad
categories of linking characteristics, in order for the Standard
Review Plan to be truly tested. Each component will be given
SUppOrt systems which it would need to perform its function.

The Standard Review Plan will be studied =o determine whether
Or not it acts to separate these suppor: systems ané thus
Frevent interactions.

Table 3-1 illustrates the categories used for the generic
analysis as well as their apgplicaticn to specific components.
Each tyre of component is given linking characteristics which

are sormally occurring supgort systems for that tyge of cemponent.,

£ and of

=

*The Standard Review Plan consists of the plan itse
all 1ts supperting and referenced documents.

3=-3
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All of the components are given a complete set of characteristics
although it is realized that specific components of that type
may not axhibit the complete set. For example, mctor operated
valves are given the characteristics of AC power, DC power,
actuation, and location even though not all motor operated
valves require OC power. In this analysis, only three locaticns
were used: the containment, the auxiliary building and cutside
the preceding two. These locaticns were determined by giving
each component the location where it is normally expected %o
occur.

When a particular column in Table 4.2 is read down, it
establishes all the types of compenents which could be linked
Dy a given characteristic. BSence, every motor operated valve,
turbine driven pump, actor driven pump, air operated valve,
hydraulic valve, and relief valve in the plant could potentially
te linked through the characteristic of COC power. While it is
realized that this is not ever the case, this gross categerization
provides an excellent method £or reviewing the Standard Review
Plan. Vital combinations of compcnents are determined through
tle Ccut sets, and the Standard Review Plan is relied upen =2
prevent any potential systems interactions.

It is alsc realized that certain linking characteristics
cculd be ruled out by factors other than the Standard Review
Plan; these include good engineering design and gractical
equipment layout. These other factors are not considered
as we wish only to determine tihe completaness ¢f the Standard

Review Plan in regard to these gotential interactions.

3-8
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3.2.2 Cut Set Sorting

Cnce the cut sets for a particular fault tree are deterained,
each component in the tree is renamed giving it each attribute
shown in Table 3-l1. The computer is then used to searth all
of the cut sets and provide new cut sets treating each linking
characteristic as an independent event. For example, assune

that one had the cut set
Bl ° B2 * B3 * B4 * &S
anéd the table gave linking characteristics as follows:

El - Location A, Actuation

E2 = Lecation A, Actuation, AC Power
E3 - Location A, AC Power, OC Power
E4 - Location A, AC Power, DC Power

E5 = Location A, AC Power, DC Power

After a computer sort, new cut sets would be determined as
follows (terms in brackets indicate which events are now

replaced by a single syste s interaction event):

Number of
Indecendent
New Cut Sets Events
Location A[El, E2, E3, E4, BES] 1
EL * AC Power(£2, E3, E4, ES] 2
Actuation(El, E2] * OC Power[E3, E4, ES] P
El * E2 * OC Power (23, E4, ES] 3

Note: The other ccmbinations of failures wnich are subsets
of the ones given above are also generated, i.e.,
Location A[E3, E4, ES] + Actuation.

3=7
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The same cut set that once appeared to consist of five
independent failures may now occur in a number of different
ways, cne of which consists of only one independent event

anéd other which are less than five events. 2

3,2.3 Interacticon Grouping
The Standard Review Plan is for the meost part written

in general terms, i.e., systems or trains of systems rather

than in terms of individual components. FPor this reason, all of
the information attained through the sorting technigues for the
generic case needs to be coalesced into broader categories.

The reviewing task is also made easier in that many Cut set
containing potential interactions are reduced to far fewer

cut sets containing potential systems interacticns. Using our
previous example, suppose that events E2, E4 and ES are components
in Train A of system Q, and that E3 is a component in System R,

and finally that El is a part of train B of system Q.

Event Systenm

E2 Train A, System Q

£4 Train A, System Q

4. Train A, System Q

B3 System R

El Train B, System Q
Cne would now review the cut sets listed in section 3.2.2
in teras of systems rather than ccmponents. Forl Qxaiple,

instead of reviewing to see if individual pumps and valves



represented by events El-25 are excluded from sharing a common
location, cne would review the Standard Review Plar to determine

if:

Train A of System Q
Train B of System Q

System R
are precluded from all sharing a single lccation.

>.2.4 Review Procedure

The zost significant potential interactions are those that
involve all the events of a cut set. This would indicate that
there exists a potential for a single failure which would
compromise the completion of a given plant functicn. The
szevention of sinale failures is the philosophy that deminates
the Standard Review Plan and its completeness in the evaluation
of potent.al single failuzes is of principal importance.

Cther systemr interactions may alsc te imgortant, as there
are undoubtedly cases in which the or=nrrence ¢f two or mcre
indegpendent events is mocre likely than a single event. The

tandarzd Review Plan will ailso be examined to determine if
other interactions which are elements of cut sets with otlher
independent events are evaluated. This will b2 carried out
as far as practible to cases where three incegendent events
aust occur. Preliminary results, however, indicate that gotential
interactions which lead to the tcp event of a tree oﬂ;y 3£

t«0 other indepgendent failures occur are generally nct covered
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in the Standard Review Plan. This is principally due to the
single failure philosophy and the general rather than sgecific
nature of the document.

TLe output of this task is a list of the important potential
interactions and their coverage in the Standard Review Plan
and its supporting documents. Specific statements w:ich preclude
certain interactioas will be documented. If t .e only reference
to a potential interacticn is in inference toc a general statement,
i.e., no sing’e failure shall prevent operation of a system, it
will be documented as such. PFinally, potential interactions

nct mantioned in any manner will be pointed out.

3.3 Specific Analvsis

3.3.1 Interaction Characteristics

The second goal of the analysis, the application of the
technigue to a specific plant, is being realized through another
analysis. Although similar to the first, this analysis is
based on a specific rclant and deals with auch finer detail.
Each component which is an event in a cut set is being analyzed
to determine its true supporting systems. The same categories
are being used, but their breakdown is ccnsiderably more specific

as defined below:

1. AC Jcower - Train A and Train 8. The AC power is divided
into the two emergency divisions. Wwhile it is realized
that aany potential interactions exist at a more
detailed lavel, a conservative approach is taken

By linking all ccmponents deriving power f£rox a

3-10



particular train. For example, two valves on Train A
may share a circuit breaker which could result in a
potencial interaction. This interacticon, however,

is a subset of the potential interactions that exist
for all components on Train A.

CC Power - Train A and Train B.

Cooling. Por the first analysis, only the broad
categorization is being used. In this manner, the
importance of cooling certain components will fir<.g

be identified through the cut sets. The infecrzati -
regarding the specific cooling systems cf *hese
components can then be used to search for interacticons.
Comgressed Air. All components needing compressed

air will be linked by this attribute.

Actuation. The individual electrical schematics are
being reviewed when available. External inputs into
the control circuits of components are being identified
25 possible actuation links. PFor examgle, many CVCS
valves receive autcomatic actuaticn based on systenm
conditicns (Velume Control Tank Level, etc.). All
components which have the same ingut into their circuits
are being linked by that circuit.

dvdraclic. Any ccocmponents needing external hydraulic

power are teing identified.

Luscicaticn. If a ccaponent requirces lubrication from

an external source, it is being given this characteristic.
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8. Location. The specific locations, be they rooms,
pipe chases, or general areas are being .identifiea

for all the components in the c't sets.

3.3.2 Cut Set Analvsis

The zomputer sorting technigue used in the generic analysis
will alsc bDe used for the specific analysis. For the specific
analyses, all new cut sets generated by the potential interaction
sorting will be reviewed if the new cut sets now consist of

three or less indegpendent failures. For example, the cut sets

Number of
Indegencent
New Cut Se:s Failures
Location Cl00([E6, E7, EB8, E9] 1l
E6 * Power AC Tczain A[E7, ES8,E3] pi
E6 * E10 * ©C Power Train B(El2, E13, El4, El1S] 3
El4 * Actuation Circuit A22 [E1l6, EL7) °
Location Al2(El9, E20] 3
Location P(El8, EZ0] °
Actuation Cirzrcuit [(E22, E2S] °*
Fower AC Train A[(F7, E8, E9, E10] 3

would all be retained for further review, while cut sets like:

El5 * E26 * El7 ° EZ8

ElS * E17 * EBE22 * Actuation Cirzcuit AZ4([E23, E30]

would not be retained as they involve more thap three indegendent
failures.
The cuts sets s$O retained will then De analyzed =0 determine

whether o7 not an interacticn truly exists. Special attention
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will be paid to the potential location interactions, as location
by itself dces not imply failure. The rocms or areas which are
det mined to be important (through the cut sets) will be reviewed
to identify credible events in that room which could bring

about an environmental condition that could affect all the

members of a cut set. When support systems have been divided

into trains, these trains must also be analyzed to ensure

that they are truly independent.

3.3.3 Interaction Review and Ranking

Finally, after a list of cradible gotential interactions
has been compiled, an attempt will be made t> assess the
significance of these potential interacticns. It should be
empha<ized that up %o this point the only gquantitative reduction
in che data occurred after the specific sorting when the list
wa® reduced to cut sets containing three or less independent
events. All of the cuts sets were reviewed for potential common
modes, no matter how large. After fina. compilatiosn of all
laportant potential systems interactions, a more gualitative
review will take place in order ts rank these potential interacsions
and for compariscen %o non-interactive failure modes of the system.
Ihis ranking will be relative and base”d on a number of factors.

If the interactions are single failures which would cause
the top event, the type of interactions purposed will be ranked
Dased upon .:perience. Those types of ‘-teractions which are
similar to failure mcdes which have been seen would be ranced

above interactions which do not agpear to relate =0 any xnown

3-13
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failure modes. For the other cut sets which involve combinations
of independent failures and potential systems interactions, the
inte actions wi'’ *st be ranked by the method above. Then th.ls
list will ¢ incegrxte with a ranking of the independent events
that mus oceur with each interaction. These rankings of
s"Cdepende. : events will o relative and based upon industry
experience, i.e., a motor ,perated valve failure is more likely
than a check valve failure.

Finally, these rankings wiil be reviewed in terms of the
non=interactive cut sets. These regresent the . éependent
failure modes wnich could prevent the operation of a function.
For example, if the function could fail by means ¢f two independent
failures that are failures of the type that have been experienced
in other systems, this could be used to put some highly unlikely

potential interactions into perspective,

=14
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CHAPTER 4
STANCARD REVIEW PLAN ANALYSIS

The generic analysis techniques described in Chapter 3
have been applied to the logic models of the Reactor Coolant
Pressure boundary functicn. There were two fundamentally
different fault trees for this function, one dealing with the
Flant operating mcdes of power operaticn through hot shutdown,
and the other for the cold shutdown mode. In addition, each
©f these trees has a slightly different structure for the Loss
of QOffsite Power trunsiant. The cut sets for all four of these
logic medrls were cbtained and analyzed for potential interactions.
Questions were then formul:ted wnich enccompassed the types of
potential interactions seen in the cut sets. Sections 4.1
through 4.3 discuss the re;ults of the Standard Review Plan (SRP)
analysis as to its coverage of the tyres of interactions seen.

Cue to the large variance in types of failure modes of this
function, the relevance of the questions asked of the SRF reviewer
is not immediately obviocus. Section 4.4 discusses the reascns

for the gquesticns and the significance of the review results.

-

4.1 Power OQceration Through Hot Shutdewn

4.1.1 Potential Single EZvents Leading to 3reach of Reac=or
Coclant P

b ftessure 2Qungcacy

Dces the SRP and its supporting documents:
1. Prevent a gower operacad pressurizer relief valve
and its asscciated isclation valve from sharing a

comaon actuation signal?

-1



2. Prevent a power operated pressurizer relief valve
and its associated isolation valve from sharing
a commor Jocation?

3. Prevant the redundant RER suction valves from sharing
a common actuation circuit?

Tn review of the SRP and suppcrting documents, the basic
approach was to fi.st review the basic system SRP sections
which address the pressurizer relief valves and RER sucticn
valves themselves., FProm an overall system viewpoint these
are sections 5.4.13, 5.4.12, 5.4.10, 5.4.11 and 5.4.7. These
further reference other SRP scctions, Branch Technical Pesitions,
Gener:l Cesign Criteria, Regulacory Guides, IEEE Standards,
and sa:cticns of the ASMZ ccde. These were scanned to determine
what :dditiconal requirements were izpcsed by these documents
whick would imgpact the gquestions above. The results of the
review is as follows:

No statements specifically related to the first two guestions
could be found in tae SRP or referenced documents. A number
cf general statements which might imply answers tc the first
twO Questions are summarized below:

- Prom 5.2.2 (III.l) - The piping and instrumentaticn
diagrams are examined to determine the numter, tyre,
and locaticn of safety and relief valves ... (Sowever,
it is not clear what tne examiner reviewing £or.)

- Prom 5.2.2 (I) - EICSB, as described in SRP 7.6,
evaluates the adegquacy of contrels and instrumentation

of the overpressure protection components ...

—
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From 7.6 (II) - The acceptance criteria discuss in
general terms the requirements of redundancy,
single failure criteria, and functionability.
Related documents such as IEEE 279 and others °
elaborate on these requirements but no specific
mention is made of the design relationship between
power operated relief valvos.and their isolation
valves. Cne statement related tc the relative
physical location of components (in general)

is found in 7.6 (II) which state§ the AS: reviews
the physical arrangement of cocmponents and stiuctures
related to "other instrumentation systems required
for safety® ... and determines that single events
will not disable redundant parts of these systems.
Prom ASME Code, Section III, Article NB-7000
(ceferenced in SRP section 5.2.2) ... redundancy
and independence of pressure relief devices and
their associated ... systems must te employed to

preclude loss of overpresrsure protection ...

As a result, it appesrs that general statements may apecly

¢ the first two questions, but no specific references to such

design reguirements can be found.

With regard to question $#3:

Prom BTP=-RSB S5-l1 (referenced in 5.4.7) - Items 8.1 (a)
taru B.l (¢c) apply specifically to this gquestion %o
assure that the RER system can not be inadvertently

gened to RCS pressure by discussing the need for



two valves on the suction line which have indegpendent
diverse interlocks. Other references to single failure

criteria and redundancy are alsc made.

4.1.2 Potential Interactions Involved in Cut Sets with 2

ndecrencent tvents

Does the SRP and its supporting documents:

l.

Prevent both power cperated pressurizer relief valves
and their isclation valves f:om sharing common AC
and/or I'C power scurces?

Prevent both power operated relief valves from sharing
a common actuation circuit?

Require that power orerated relief valves be used?
Require that pressurizer relief valves not share
actuation circuits with CVCS letdown and charging
systems?

Require that pressurizer relief valves or their
isolaticn valves not share actuation with CVCS
charging pumps?

Require that pressurizer relief valves or their
isclation valves not share actuation with pressurizer
relief valves?

Require two trains of high pressure injection system?

(In this case, this would be the CVCS pumps.)

Further, does t:2 SRP address the guestions below:

2

oo

Can all of the CVCS be on cne pcwer source or one

control and actuation ¢cizeuit?



9. Is any mention made of sucticon sources for the CVCS
sharing actuation circuits with the letdown paths?
10. Are all letdown and excess letdown control valves
allowed to be on the same actuation circuit? -
11. 1Is any mention made of the Primary Water Makeup
System and its relaticnship to the CVCS?
With regard to the ti;st two gUzsticns above, the same
references and statements apply as for gquestion #1 and #2
in the previocus section.
For gquestion $3, the fcllowing statements can be made:
- From ASME Code, Section III, Article NB-7000
(referenced in SRP section 5.2.2) - Any of the
following types or combinaticns of tyres of pressure
relief devices may be used to secure the reguired
relieving capacity:
a) Safety valves meeting the reguirements of NB-7610;
D) Pilot operated pressure relief valves subject
to meeting the requirements of NB-7620;
C) Power actuated gpressure relief valves subject to
meeting the requirements of NB-7630;
d) Safety valves with auxiliary actuating devices
meeting the reguirements of NB-7640.
Besides the SRP sections and related documents reviewed
for potential single events, SRP section 3.3.4 (CVCS) and
referenced dceccuments were examined relative to guestions #4

and $5S above. The follcwing result was cbtained:



- No mention of shared actuation circuits between the
CVCS and pressurizer relief valves or isolation can
be found.

To the extent that portions of the CVCS may also be the
high pressure injection system, SF, ections 6.3, 7.3, and
related documents were reviewed in addition to 9.3.4 for
questions $#6 and $#7. wW.ith regard to question #6, no direct
reference to sharing actuaticn systems can be found.
Bowever:

- Prom IEEE 279 - section 4.6 (referenced in SRP
section 7.3) - requirements for channel indegendence
apclies ... between redundant ESFAS ccmgonents and
inter faces between ... ESFAS and nonsafety-grace
systems ... This statement implies that safety
system independence is reviewed. The specific
interaction in question 6 might be -eviewed since
it involves an ESFAS interface.

For question #7:

- SRP sections 6.3, 7.3, 9.3.4, and related dccuments
all have statements ccocncerning redundancy, single
failure criteria, and independence which apgear tc
adeguately address this gquestion.

SRP sections 9.3.4, 7.3, and related documents were

reviewed for guesticns $#8, 9, and 10. Questicns $3 and #.0
are tco detailed and are not specifically addressed. ' Scwever,

the many references to redundancy, single failure criteria,

and independence would seem o generally address these concerns.
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With regard to gquestion 8, the safety rclatod'pottionl of the
CVCS must meet the single failure and redundancy requirements.
- Por guestion #l11, specific reviews of SRP sactions

9.3.4 and 9.2.3 were conducted. There appear =0 De no
specific design relationships required between the
makeup system and .he CVCS other than the assurance
that each functions properly and that (from 9.2.3):
... a malfunction or failure of a component will not
have an adverse effect on any safety-related system
or ccmponents.

4.2 Cold Shutdown - Potential Interacticn Involved in Cut

Sets with Incdecencent Events

Does the SRP and it supporting documents address the following

guestions:

l. Are the pressurizer heaters and the CVCS crarging
systems required to be separate in actuxtion:

2. Are the pressurizer heater control and the pressurizer
valves (especially alte.nate spray) required to be
separate in location?

3. Are the pressurizer heaters required tc be independent
in actuation frem both power cperated relief valves
and their isolation valves?

4. Wwhat are the isclation reguirements for the ugrer
head injection system? Can one actuation signal
be used to initiate tue system?

S. Are the letdown and excess letdcwn paths reguirzed =0

Se indegendent in actuation and motive gower?
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6. 1Is the boric acid tank required to have two trains

¢f heating?

For questions #1, 2, and 3, SRP sections 5.4.10, 5.4.13,
9.3.4, 7.7, and related documents were reviewed. No specific
references to these possible interactions could be found.

The major concern £or systems such as the pressurizer heaters
is taken from 7.7:

- Prom 7.7 (II) = The control systems not required
for safety are acce’ 1ble if failures ... would
not significantly affect the ability of plant safety
systems %0 function ... or cause plant conditions
more severe than those for wnich the plant safaty
systems are designed.

Questions #4 and $#6 agpear to be adequately addressed
by the following:

- Prom 6.3 (II) - Many statements exist concerning single

failure requirements and redundancy of these systems.
For example, ... actuation nust be initiated by signals
of suitable diversity and redundance ...

- Prom 7.3 - Many more and similar statements as the one
above exist in this SRP secticn. IEEE 279 provides
sufficient guidelines in this area.

With regard to question $5, the following result was

ottained:

- No specific menticn of two lezdcwn paths is made.
Sowever, similar general statements as nenticned for

other Questions appear to aprly. More specifically:

11726 (47




- Prom 9.3.4 (II) = The reviewer ... determines that
the system can sustain the loss of any active
component and meet the minimum system requirements

for site snutdown or accident mitigation.

4.3 General Conclusions Concerning SRP Review

Those questions concerned with the requirements of two
trains or two actuation signals for a given system appear
to be adequately covered by the SRP and related documents.

Cther guestions, particularly thcse affecting possible commen

mcdes Detween systems are prcobably not well adidressed. Further,

many of the guestions are too detailed to be specifically
addressed by the review process. “"Motherhocd®" statements
concerning redundancy, single failure criteria, and cthers

may implicitly cover the particular concerns; however, this
probably depends on the degree of detail covered by the reviewer

when examining each system.

4.4 Significance cf SRP Results

The two previous sections have cutlined the results of the
actual SRP review process. These results do nct alone provide
useful informaticon. The origins of the guestions and their
relation to failure of the function need =0 be explained.

In section 4.5 these results will alsc be put into persgective;
that is, comgpared to cther failure mocdes of the function.

Table 4-1 summarizes the results of the SRP review.

The first three items in the tatle are mcst imgortant, as these

Tegresent potential systems interacticns which could cause
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breach of the pressure boundary in a single event. The Residual
Heat Removal (RER) suction valves provide a direct interface
between low and high pressure piping. The cut sets identified
these valves as being subject to a potential interacticn if they
were to share an actuation system. The SRP specifically states
that these valves must be redundantly interlocked to prevent
their inadvertent cpening.

The other potential single events involved the pover
operated pressurizer relief valves. These valves and their
associated isolation valves were identified with possible
linking characteristics of actuaticn and locaticn. Neither
of these items were ccvered specifically in the SRP. Certain
general statements could possibly imply that these situations
should be reviewed for. The failure modes being considered
involve a possible actuation or environmental link between a
relief valve and its isclation valve that could result in
a small LOCA that could not be isclated.

All of the other questions are derived from cut sets which
involve more than a single event. In addition, all of the
Cut sets that these originate from resul: in overgressurizaticn.
A series of events leads to scme level of overpressurizaticn
but the failure of the boundary will not occur in every case
(its probability is, however, higher). The cnly coverpressurization
Sranches actually reviewed involved overcharging to a water
sclid state. This was a direct result of the fact that the
system mcdeled had three ccde safety valves, each of which

was considered to te an indegendent failure (when failing

4-10
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in a closed state). Therefore, more than three indpendent
failures would have to occur before the system pressure could
get above 2485 psi in all cases except the water solid case.
The information obtained in the analysis of this logic model
is general in nature, and much of it applies to reactors which
might have less than three safety valves.

In Table 4-1 the potential interactions ocutlined in
questions from section 4.1.2 all involve similar failure mcdes.
All are combinations of overcharging, insufficient letdown, and
insufficient pressure relief which lead to an overpressure
state. The combinations of ways in which this can take place
are numerous as evidenced by large numbers of cut sets. The
questions specifically address interacticns which could reduce
the number of independent failures necessary to bring about
this sequence of events. This mode of overpressurization could
occur in one event if the CVCS charging and letdown, and the
pressure relief devices were linked %o a common actuation
circuit. This particular type of interaction may not be reviewed
for in the SRP. The postulated interaction would probdably
CCCUr 1n a pressure sensing circuit., Even if all three of these
sutsystems did share a common gressure sensing device, one
must postulate a failure which would cause the system to overchargse,
the letdown to close, and the power operated relief valves to
stay closed. 1In conclusion, a potential interaction has ceen
discovered which may not be specifically reviewed for. 7Thi
interaction does not, however, appear to be particularly likely

€0 occur.
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Cther interactions involving this sequence of overgressure
were also reviewed. These are basically subsets of the interaction
above. Once again, the sequence involves overpressurization
through overcharging, insufficient letdown, and insufficient
pressure relief. A systems interaction which could reduce
the number O0f events in this sequence would be a tie between
CVCS charging and letdown. This does not appear to e covered
in the SRP and dces appear to be highly plausible. Bowever
even if the overcharging and insufficient letdown occur as
a result of a single event, two other failures must occur:
pressure relief failure and failure of the boundary due %o
excessive gressure.

The questions which are listed in section 4.2 all invelve
cvergpressurization in the cold shutdown model of cperaticn.

Unce again, rupture of the system is not assured through
overpressurization, whica is defined in this case as any
pressure over 400 psi. Cne method of overpressurization
invclves cvercharging. The potential interactions invelvine
overcharging and insufficient letdown have been discuss. above.

Ancther method of overgressure in this case .nvclves
excessive heat input. Potentials for interactions were found
to exist if the heaters and CVCS system were to share actuation.
This interaction was not specifically reviewed in the SRP and
aprears to bDe possible. A low pressure sensor failure could
Se postulated which would cause the heaters %2 start and the
CVCS to charge the systea. £ the pressurizer is nct subseguently

sgrayed down, the pressure would continue to rise. The normal

4-12
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charging path must close or the spraying will be inadeguate

due to the fact that the water would primarily be entering

the system through the normail charging pata. 1In conclusicn,

a potential interaction has been found which does not aprear

to be covered in the SRP and which could lead to an undesirable
pressure rise in the cold shutdcown state.

The pressure rise in th) previous case would be limited
1f the power operated relief valves worked. A failure mode
that would cause the heaters to come on, the CVCS to malfunction
and the ér.ssu:c relief valves to fail closed, all in a single
event, appears unlikely. This is because the heaters and
charging would react to low pressure while the relief valves
would react tc high pressure,

The pressurizer heaters (or at least some their electricail
S-¢POrt systems) share a commen location with She pressuc.-er
Spray valves. This does not appear to be reviewed for in the
Standard Review Plan. However, once again it is difficult to
postulate a failure mode due to an environmental condition
which would cause the heaters to fail in the on pesiticon and
the spray valves to fail in a closed position.

In the colé shutdown state, the system could be subjected
"0 a pressure surge if thr upper head injection system were to
inadvertently discharge. Tt~ SRP specifically reviews the
isclation of these types of systems and riguirzes that they

Se redundant and free from single failures.
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4.5 (Conclusions - Generic Analvsis of Reactor Coclant Pressure
Boundary

A number of potential interactions were discovered which

do not appear to be covered specifically in the review process
outlined by the Standard Review Plan. The signiticanc; of these
potential interactions can c(aly be determined when the event
sequences are reviewed and compared to nen-interactive failure
modes of the system.

The potential interactions involving the power operated
sressurizer relief valves and their isolation wvalves appear
t: be significezat; principally because a single event, either
in actuation or environmental, could result in a small LOCA.
Ccher non interactive LOCA's are also possible in a single
event, i.e., the sticking open of a safety valve.

Scme prtential interactions which appear in cut sets "ith
other i‘.adpednent events were also identified. Many cf these,
especially those involving the CVCS charging and letdown, could
result in overpressurization coccurring as the result of two
or three independent events., These potential interactions
S0 not agpear to De toc impertant when cne realistically
reviews the sequence of events. The cause of the over-
pressurization, te it heat addition or inadvertent purmp cperation,
must De continuous and the cperator is assumed either to not
tZy Or %0 not be able to turn off the cause of the overpressurization.
This assumption is highly conservative. 1In addition, these
overpressurization incidents result in pressures abov§ tecanical

sgecificatiocon limitations, but would seldcm se expected =5
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tise above the static test pressure. The failure of the boundary

at these higher preassures is more likely but not assured.
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Table 4-1

SHP Review Kesults

Section  Question

Number

4.1.1

Potentlial
Number System Involved Interaction SKRP Coverage Other
Specliiic Gener Not Events in
S Statements Statements Covered Cut_ Set

1 Power Operated Actuation Yes Possibly None
kel ief Valves

2 » location Yes Possibly »

3 RHR Suction Actuation Yes -
Valveas

163 Power Operated Motive Yes Possibly Overchargirg
Rellef Valves Power

2 - Actuatioa Yes Possibly ”

485 Power Operated Actuation Yes Possibly Overpressure
Reliet Valves Induced
and CvCg hupture
Letdown and
Charging

6 Pressure Same Yes Overcharging
Reliefl
7 High Pressure Motive Yes Pressure
. Injection Power ’ Reliet
8,9,10 CVCS Charging Actuation Some Possibly Pressure
and Letdown Relief
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Table 4-1 (Continued)

Sectlon Questlon Potential
Numbet Number System Involved Interaction = SKP Coverage Other
Specific Genera Not Events in
L Statements  Statements Covered Cut_Set
4.2 1 Pressur i zer Actuation Yes Possibly Fressure
Heaters and Reliet
Cherging
4.2 2 Pressur i zex Actuation Yes Possibly »
Heaters and Location
Sprays
4.2 3 Pressur izer Actuation Yes Fossibly Prezsur lzer
I. aters and Sprays
Pressure
Relieft
4.2 4 Upper Head Actuation Yes None
Injection
4.2 5 Letdown Actuation Yes Inadvertent
Paths «nd Motlive Jump
rower Operation
4.2 6 Boric Aciqa Actuation Yes Pressure
System and Power Rel lef



Table 4-2
Generic Analysis Conclusions

Systems Interactions

Interactions Not Tovered in the SRP and Considered Somewhat
Isportant

Power Cperated Relief Valves = Actuation
Relief Isolation Valves and
Location

Interactions Not Covered in the SRP and Not Considered Important

CVCS Charging = CVCS Letdown Actuation
Motive Power
Pressurizer BHeaters - CVCS Charging Actuaticn
Pressurizer Heaters - Pressurizer Sprays Actuation
Location
Power Operated Relief Valves - Actuation

CvCs Charging

Interactions Covered in the SRP

RER Suction Valves Actuation

CEIS Isolation Actuation

‘ o



CEAPTER 5
EXEMPLARY PLANT ANALYSIS

Information on the exemplary facility was obtained and
utilized as described in Chapter .. The reactor coclant pressure
boundary function was divided into two basic logic models;
one dealing with the plant operation modes cf power opercation
through hot shutdown, and the other covering tle cold shutdown
mcde. The specific analysis was done separately on these two
models. In addition, the loss of offsite power transient was
recegnized as providing different failure mecdes than otaer
transients. For this reason, both of the lcgic mcdels were
analyzed twice, with and without the availapility of offs:cze

power.

S.1 Legic Model Qverview

Before discussing the results in detail, an overview of
the reactor coclant pressure boundary is necessary for persgective.
The mitigating systems were nct modeled.* The exclusicn of the
LCCA mitigating systems results in two characteristics of this
analysis which should be emphasized: 1) the occurrence of

the top event of the reactor coolant pressure doundary trae

»

does ot necessarily lead to unacceptable core damage, <) any

systems interacticn which causes the pressure boundacy to fail

*We were not tasked =0 model mitigating systems due to tie
amouns 0f attention that these systems nave received in otler
tudies.

F126 0

et
ppey
~t



and also results in the failure of one or more of the available
mitigating systems will not be analyzed.

The pressure boundary functicn is generally divided into
three types of occurrences which could result in boundary
failure: 1) ruptures and leaks of pipec and components,

2) interfacing systems which, if failed, would allow high
pressure fluid to enter low pressure piping, and 3) over-
gressurization. The ruptures and leaks are single events which
immediately breach the pressure boundary. Although missiles
were considered in the lccation analysis of specific components,
nct all pipes within the pressure scundary were reviswed for

the possibility of missile induced zrsture. The justification
for not analyzing all potential miss.les is that these are
reviewed extensively in the safety aralysis and that the most
likely source for missiles and pige '7ip are those high pressure
lines within the pressure boundary. If one of these we.: £0
fail and produce a missile or other effects, it could cause
systems interactions. GHowever, for this analysis the rupture

of the pipe would by itself cause the tcp evert. (These missiles
and pipe whip generated by primary system rupture could be very
iaportant if one were analyzing the ritigating systems.)

The interfacing systems include all subsystems which at
sCme point enter the boundary of the reactor cocclant system.

As previously discussed, check valve failures are assumed nct
0 De subject to potential interactions other than water hammer
ghencmena. In additicn, the failure ¢of the check valves which

Sezarate nigh and low pressure is cenerally enough to cause =he
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top event; hence very few interactions are postulated for the

interfacing systems.

5.2 Specific Results - Pocwer Oreration Through Eot Shutdown

The only potential interaction involving interfacing systems
invelves the RER suction valves. The analysis of the exemplary
facility shows that these valves are not subject to any interaction
within the scope of this project.

Another type of interface with the rressure bcundary
involves the pressure relief capability. Given a transient
which would cause the safety valves to open, there is some
chance that cone or mcre of these valves would fail to reclose.
This was found toc te an independent event and not sutbject to
potential interactions. The power operated relief valves also
interface with the pressure boundary. A potential interaction
was found at the exemplary facility invelving these valves.

The power operated relief valves and their isolation valves

share a common location. Sharing locaticn is Dy itself not a

failure - one would have %o postulate a failure mcde which

would affect the components sharing the locaticn. In this

case, the failure mode would involve the failure of a cower

Cperated relief valve in such a manner that it could not reclose

and at the same time it would leak (szray) its isclation valve

and prevent its closure. It should be noted that this valve

is environmentally qualified for a LCCA in the containment.
Pinally, the pressure bcundary can fail as a result of

overpressurization. Overpressure alcne doces nc: necessarily

p—
-
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cause failure of the boundary; it brings about a situation
in which the likelihcod of failure is increased. Since the
failures of each of the code safety valves were considered
to De independent events, almost all of the overpressure branches
‘ct the logic model involve more than 3 events to achieve a
pressure greater than 2485 psi. 1If water is continuously pumped
into a closed system, the system could be driven water solid
and the pressure could exceed the 2485 psi preassure limit.

For the power cperatiocn mode through the hot shutdown
state, no interactions were found which could result in over-
pressurization in a single event. The cut sets reviewed involved
the following seguence of events:

1. Inadvertent and continued high pressure pump

operation.

2. Closure of letdown and excess letdown paths.

3. Failure of pressurizer relief valves.

4. Inadvertent opening of valves to additional

water sources for the pump.

In some cases, many of the members of a cut set vé:e £ und to
share a linking characteristic. Ffor example, both pcwer ogerated
relief valves, the letdown isolation valve, and the primarcy
water suction valve all are linked by compressed air. Upon
further investigation, hcwever, one will find that no failure
mccde of tlhe air system could fail all the components in the
pesition needed %o bring abcut the failure mcde. All ‘of the
valves would fail closed upon loss of air. For the failure

mcde indicated, the primary water valve needs to fail copen

~o
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in order to suppiy an additional source of water for charging.

In addition, there are two trains of ccmpressed air. The only
interactions found in this part of the analysis were between two
components in a seguence of more than “hree events. These inter-
actions would be expected as they generally occurred within a
single train. 1In conclusion, no potential interactions were found

at the exemplary facility which would result in overpressurization.

5.3 Specific Results - Ccld Shutdown
The cold shutdown case was slightly different in that only

overpressure was considered. Overpressure was defined as
any pressure above 400 psi during cold shutdown. 3Breach of the
boundary could then occur as a result of rupture or through
an interfacing system. The residual heat removal system is
cperating during cold shutdown. This system has an operating
limit of 400 psi and a design limit of 600 psi. Any pressure
transient above these values could result in rupture cf the
low pressure system.
Cnce again, no potential interactions were found which
could result in overpressurizaticn in a single event. In scme
cases all the elements of a cut set were linked By a characteristic
but no failure amcde could cause both events toc hagpen. For
example, scme cut sets invelved heaters failing on and a valve
failing to move. Although both may share a power scurce it is
difficult to postulate a failure mcde which would cause both events.
The interactions which are elements of cut sets Ecn:aining

twQo or more events were not found to be significant.

g

or
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example, many of the valves in the letdcwn path share motive
cower sources, but there are alsc many single events which
coula fail a letdown path. The power operated relief valves
and many of the charging and letdown valves need compressed
air, but there are two trains of this air. If the entire air
system were to “2'1l, the pressurizer relief valves would fail
closed, . u letdown path would fail closed, the charging path
would fail open, and the alternate pressurizer sgray wéuld
fail closed. This, coupled with an inadvertent pump startup
or a heater failing in the on position could bring about excessive
pressures. The compressed air system is currently being reviewed
for its potential for a single failure. The pressurizer relief
valve isclation valves also share a cocmmen location. Cne could
postulate a local moisture accumulation which would cause these
valves to fail closed. The pressure could then raise above
the limit for these valves, but this pressure rise would consist
of one or more additional failures.
S.4 Conclusicns - Scecific Results for Reactor Coolant Pressure
Boundary
The most significant potential interaction found at the
exemplary facility involves the pressurizer power cparated
rel'ef valves. These valves share a common location with thei:s
isclation valves. 1If a pressurizer relief valve were to fail
open and also leak (spray), it coculd potentially fail its own
isclation valve.
No significant interactions were fcund in the other branches

of the tree dealing with the pocwer operation thrzough-hot -autdown
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modes. [he only interactions found were in cut sets with three

or more independent events. In addition, all of these interactions
except for the location interaction potential of the two relief
valve isolation valves involve components within the saze

emergency division, i.e., two components in train A. These
interactions became even less significant when one realizes

that for these sequences of overpressurization to occur, no
operator intervention is assumed in response to the cause of

the overpressurization.

The analysis of the cold shutdown case once again revealed
only interactions’ in cut sets with more than two indepencent
events. These interacticns also mostly involved interactions
Setween components on the same emergency =I in which are known
interactions.

Some potential for interaction was discovered between
letdown and excess letdown. Even if all the letdown were tO
fail in a single event other events such as overcharging, heat
additsion, and failure of pressure relief must occur. These

sential interactions are oversradowed by the non-interactive
cut sets which could bring abcut an undesirable pressure rise.
These include the single events: safety injection gpump
inadvertent startup, CVCS pump inadvertent startup, and reactor
ccclant pump inadvertent startup. There are alsc a number of
double events which include pressurizer heater startup and failuzes
of letdown or spray valves. In conclusion for the cold shutdown
case, some potential interactions wera2 discovered between

events in cut sets. None were judged to e significant when

S=7
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number of fiilures and realism of the sequence cf events was
considered. Etowever, it is interesting %o note that the cuts
sets do identify a number of single non-interactive events
which would lead to an undezirable pressure rise. The
administrative controls on the cold shutdown state should be

reviewed in light of these findings.
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