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Robert Minogue, Director
Office of Standards Development

Yictor Stello, Director
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This memcrandum transmits the results of completed research describing

an improved method for analyzing accident sequences. The metnod is
demonstrated by applying it to determine the operator's information

needs during accidents., The results are relevant to the revision of
Regulatory Guide 1.97, "Instrumentation for Light-Water-Cooled Nuclear
Power Plants to Assess Plant and Environs Conditions During and Following
an Accident." Appendix A summarizes the results and Appendix B 1s the
detailed documentation on which this Research Information Letter is
based,

1.0 Introduction

The accident at Three Mile Island in March 1979, and the results of
subsequent investigations have reemphasized the importance of reactor
operators and the role they play in determining the level of safety
associated with nuclear power. At the same time, the adequacy of some
longstanding regulatory approaches to safety, such as design basis
events and the single failure criterion, is being questioned. Alternate
methods, some employing insights from probabilistic risk assessment, are
being proposed to broaden our perspectives on reactor safety.

This research introduces an analytical approach which could make signifi-
cant contributions to accident analysis. As an illustration, the approach
s used to fdentify the necessary and sufficient set of 1ight water
reactor instrumentation needed by analyzing the appropriate operator
response to specific plant states associated with risk significant
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accident sequences, The resultant set of measurable parameters is
compared to the 1ist of such parameters in Regulatory Guide 1.97, "Instru-
mentation for Light-Water-Cooled Nuclear Power Plants to Assess Plant

and Environs During and Following an Accident.”

Criterion 13, "Instrumentation and Control," of Appendix A, “General
Design Criteria for Nuclear Power Plants,” to 10 CFR Part 50, "Domestic
Licensing of Production and Utilization Facilities," includes a require-
ment that instrumentation be provided to monitor variables and systems
over their anticipated ranges for accident conditions as appropriate

to ensure adequate safety.

Criterion 19, "Control Room," of Appencix A to 10 CFR Part 50 includes a
requirement that a control room be provided from which actions can be

. taken to maintain the nuclear power unit in a safe condition under

accident conditions, including loss-of-coolant accidents, and that
squipment, including the necessary instrumentaion, at appropriate
locations outside the control room be provided with 2 design capability
for prompt hot shutdown of the reactor.

Criterion 64, “Monitoring Ragicactivity Releases,” of Appendix A to 10
CFR Part 50 incluces a requirement that means be provided for mnitoring
the reactor containment atmosphere, spaces containing components for
recirculation of loss-of-coolant accident fluid, effluent discharge
paths, and the plant environs for radioactivity that may be released
from postulated accidents.

Regulatory Guide 1.97 describes a method acceptable to the NRC staff for
complying with the Commission's regulations to provide instrumentation

to monitor plant variables and systems during and following an accident

in a light-water-cooled nuclear power plant, The most recent version of
the guide (Revision 2 dated June 1980) contains a 1ist of variables to

be measured together with the associated measurement range and purpose

for the measurement. The design criteria (e.g., qualification and

display requirements) for the associated instrumentation are also identi-
fied. This 1ist was assembled by surveying the NR" staff and by reviewing
accident response procedures involving preplanned manual actions during
design basis events. Interactions among the staff, the Advisory Committee
on Reactor Safeguards, licensees, applicants, vendors, and other interested
members of the public have resulted in modifications to the original

1ist. For the most part it is a product of eng1neer1n? judgment based

on past experience and on the perceptions of individuals as to the
significance of particular parameters and the impacts of implementation.

“«a pesearch described herein developed a more systematic approach to
ining instrumentation requirements. The application of the technique
to confirm the reasonableness of the 1ist generated via engineering
ent. It also identifies, however, differences whose significance
id be reviewed by the staff,
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2.0 Discussion

The analysis reported here is based on two observations concerning the
enhancement of operator capabilities:

1. The operator's capability to diagnose and respond correctly to
accident conditions is sensitive to the amount and quality of
information available to him through the plant instrumentation.
Accordingly, one of the primary objectives of this analysis was to
determine systematically the necessary and sufficient set of plant
instrumentation which would satisfy the operator's informational
needs during accident conditions.

2. MWhile there exist many diverse aspects of the general operator/plant
interface problem, any efficacious changes to present designs and/or
procedures must be based upon a foundation consisting of a thorough
understanding of the plant response to accident events and a carefu!
delineation of the specific responsibilities of the operator as the
accident ssgquence progressss, Therefore, an additional objective
of this analysis was to develop such a foundation upon which both
this and additional anzlyses concerning enhanced operator capability
could be performed,

The technical approach used in this analysis to accomplish the objectives
outlined above was based on evaluating appropriate operator response in

a logical progression of events, This approach can be succinctly summarized
by addressing three fundamental questions.

1. What actions can (or must) the operator take in response to the
accident condition?

2. wWhat information is required by the operator to take this action?

3. wWhat instrumentation is necessary and sufficient to provide this
information?

By translating the general objectives into these three interrelated
questions, the analysis cou'd be performed systematically, increasing
assurance that important operator informational needs will not be overlooked.

'
The approach is diagrammed in Figure 1. The seven accident sequences |
analyzed were determined to dominate risk in the previous risk analyses

from which they were selected, All sequences involved system failures ‘
in excess of the single failure criterion, 1

:h sequence the physical response of the plant 1s defined in terms

ssurable parameters., The time-dependent variations and the interrelationships
ese parameters generate an "accident signature," a uniquely characteristic
y which can be used to evaluate the status of the plant,
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The development of the event trees began with the trees as they appeared

in the original risk analyses. The events in each sequence which involved
operator action were identified and in some cases broken down into addi-
tional events in order to highlight individual operatcr tasks. In
addition, the sequences were expanded (events added to the event tree)

to include additiona) operator actions which could be performed to

prevent core melt, but were not taken credit for in the original analysis,
These additiona) events included "repair events," where the operator is
given the opportunity to attempt to restore Or replace a particular
function, an¢ "delay events," where the operator is called upon 0 delay

an inevitable melt as long as possible or to perform some other consequence
mitigating action. The result of these efforts was an “operator action
event tree" which identified success paths and which logically displayecd
the role of the operator throughout the progression of the accident.

Figure 2 presents a simple example of such a tree developed for interfacing
systems LOCA (V) sequence of WASH-1400.

Once ths event ic and physical response of the plant are established,

it is relatively straightforward to identify the key operator actions

and the operator's informatiun requirements, This is done Dy characterizing
the s*atus of the plant on ea:h branch of the tree and associated appropriate
actions in terms of pnysical'y measurable parameters. Table I summarizes
this information for ti.2 Y-s5equence.

-
it
5

Prior to presenting the resu’ts, it is important to point out that this
work represents a first-ofea-kind study conducted over a short time
period, As such,there 2ie limitations involved and refinements to be
mace in the analysis, These are delineated in Appendix B, Section 5.

3.0 Results

The results of this study pertinent to the revision of Regulatory Guide
1.97 are summarized in Appendix A, The table 1ists the variables derived
from the analysis, indicates the significance of each, and identifies
those not contained in the Revision 2 to Regulatory Guide 1.97. This
study yields results which compare quite favorably with Revision 2
despite the major variations in technical approach., There are, however,
some specific differences worth noting, especially PWR reactor vessel
water level, containment sump water temperature, process parameters
associated with the low pressure injection system, and positions of
various valves,

Spezking more generally, this research introduces some important new
-~apts and technical approaches which, 1f properly developed and
, could make significant contributions to accident analysis. It
izes the perceptions of the operator, the needs for information
ae alternative successful actions one might take given various
nations of component failures, Beyond determining instrumentation
Airements, the methods have important implications with respect to

W ———— - ~r——
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Summary of Key Operator Actions and Information Requirements for

V-Sequence

APPROPRIATE OPERATOR

INFORMATION REQUIRED

PLANT SYATE DESCRIPTION OF INFORMATION REQUIRED AC1!ON FOLLOWING YO TAKE
(See Figure 2 PLANT STATE TO TDENTIFY PLANT STATH STATE IDENTIFICATION | APPROPRIATE ACTION
€)) Rupture of check e RCSP,T Prepare for actions |See states(2} Q) (@)
valves results in LPIS|e Pressurizer water |[illustrated in Fig.4.8 and(5)
overpressure and level
rupture e Centainment P, T,R
o Aux. Building T,R
e LPIS P, TR}
@ Reactor scram; decay |Control Rod Position |Initiate core melt RCS P,T
power level; RCS pres-|Neutron fiux delay actions and vessel water level
sure rapidly decreas- isolation HPIS flow
ing to HPIS actuation Accumulator flow
level Accumilator Tank level
LPIS flow from RWST
CSIS flow from RWST
RUST level
isolation valve(s)
position
¢3 Reactor not scrammed; | Control Rod Position |Monitor approach to Primary system
power level above Neutron Flux cladding fatlure; radiation level
capacity of HPIS to RCS P,T initiate consequence |Aux. Building R
remove heat; core meit mitigation systems
assumed to follow
€) Minimim sufficient RCS P, T Initiate {or continue)| Isolation valve(s)
flow from HPIS to keep| Vessel water level isolation actions position
core covered and RWST level
prevent melt LPIS flow from RWST
CSIS flow from RWST
& Either insufficient |Same as(®) same as(3) Same as(3)

HPIS flow or excessive
draw on RWST

-z.



Table I.

PLANT STATE DESCRIPTION OF INFORMATION REQUIRED
(See Figure 2) PLANT STATE 10 IDENTIFY PLANT STAIE
@ [LOCA successfully Isolation valve
isolated before core position
it occurs RCS P
LPIS flow
Pressurizer water lewel
da Isolation fails after |Same as(d)
laying action core
1t occurs when RWST
epleted
ab Isolation fails; no Same as 3
laying action has ‘
curred; core melt
curs more quickly
than 4a
® ong-term heat removal |RCS P,T
stablished Steam gen. level
Aux. FW flow
€a ong-term heat removal |RCS P,T
ot established; no Steam gen. level
orrective action Aux. FW flow

ssible

{Continued)

APPROPRIATE OPERATOR
ACTION FOLLOWING
STATE IDENTIFICATION

INFORMATION REQUIRED
TO TAKE
APPROPRIATE ACTION

Initiate long-term
heat removal

RCS 7,7

Vessel water level

Steam generator water
level

Auxiliary FW flow

CST level

Reactor power level

Monitor approach to
core melt and initiate
conseguence mitigatior
actions

Primary system

radiation level
RWST level

Aux. Building R

Same as @3

Same as fa

t
Initiate consequence
mitigation systems

P = Pressure

R = Radiation Level

T = Temperature
F = Flow Rate

W ——— e —
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developing emergency procedures, generating training simulator exercises,
and designing operational aids, including computerized diagnostic systems.
Therefore, the methodology ftself, as described previously in Section

2.0, should be viewed as a major result of this research.

4.0 Recommendations

The following recommendations are made with respect to the results
reported here:

1. The regulatory and standards development staffs chould review the
concepts and technical approach described in Appendix B and advise
the research sta®f as to the value and validity of these techniques,
areas for their improvement, and suggested topics for their application.
Assuming the methods are deemed promising, the regulatory staff may
also want to encourage licensees and applicants to apply them to
their own facilities,

2. The regulatory and standards development staffs should review these
results and assimilate them into the technical basis for decisions
relative to tne revision of Regulatory Guide 1.97. Appropriate
considerations should be given to the limitations of the study
which generated these results.

In the meantime, RES is continuing this research. Additional accident
sequences are being analyzed as s 2 broader spectrum of reactor designs.
Furthermore, the development of best-estimate codes to calculate the
physical response of plant systems during accidents continues to provide
updated information on which to base these analyses.

The RES technical contact for this work is Raymond DiSalvo.

Thomas E. Murl
Office of Nucle

Enclosures:

1. Appendix A: Summary of Variables
Identified in Sequence Evaluations

2. Appendix B: LWR Status Monitoring
During Accident Conditions (NUREG/CR-1440)



APPENDIX A

APPENDIX A - Summary of Variables Identified in Sequence Evaluations

Major Purpose for Indicated PUR Accident ‘equence

Measured
Variable v $,¢ S MF namas” Comments
Control Rod loVerification of scram Same as ¥ Same as ¥ Same as ¥ Provides primary Indication
Position of successful scram
Neutron Flux eyerification of scram Same as ¥ Same as ¥ Same as ¥ Indicates shutdown in;
fmportant efter Inftia
fallure to scram, might be
unreltable under voiding
conditions
RCS Pressure *Diagnosis of Inttiat- eidentification of | Same 23 S,C |eindication of tran-
ing LOCA event initiating small stent initiator
eDetermination of need break sindication of in-
for and effectiveness eheiermination of tegrity of primsry
of ECI need for and ef- system
SProyides, along with tect lveness of eProvides, along
RCS temperature, de- (0l and ECR with R(S temperature
gree of subcoollag ®Provides, along degree of subcooling
e indication of break with R(CS temper-
fsolation ature, degree of
subcooling
RCS Tesperature [®Provides, al with Same as ¥ Sane as ¥ *Provides, along Measurements of both hot
RCS pressure, degree with RCS pressure, and cold leg temperatures
of subcooling

Pressurizer Lkyve

®indication of Initiat-
ing event

eindication of isolat-
ton of Lreak

®indication of
inittating event
eDiagnosis of size
and location of
break

Same as ‘»2(

degree of wbmolln,
®indicator of natura
clircutation

¢ Indication of ini-
tiating event

useful for natural cir-
tulation

L=¥



Measured
Variable

SzC

Pressurizer Relief

Valve position,
discharge line
flow, or drain
tank level

Yessel Mater level{®indication of need for

Frimery System
Hadiation level

Boron Concentrat-
fon

and effectiveness ot
£C)

eindication of iso-
lation of breat

®indication of approach
to core melt
eAssessment of extent
of core damage fol-
fowing restoration

of vore cooling

®indicattion of shut-
down margin

e indication of
inftiationg event
eindication of
need for and
effectiveness of
(18]

Same as ¥V

Same as ¥

Same as S0

Same 45 V

Same as ¥

maie”

Summary of Variables Identified in Sequence Evaluations |

Major Purpose for Indicated PUR Accident Sequence

Comments

eVerification of
pressuvizer rellef
valve reclosure

eind i atfon of int-
tialing event

evor tiflcatton of re-
Htet valve closure

tatning adequate
Higutd taventory

Seww as ¥

Same as ¥

and success of main-

Other parameters designed
to indicate RCS integrity
can be used as back-wp to
these direct Indications

Mt b baded In Bey Golde | 97

Other thermodyramic persmeters .

fe.g. R(S pressure end tem-
perature} can be used for
st accident conditions.
further snalysis 13 required
1o determine {f these para-
meters ave suffictent for ald
significant accident condt-
tions

tn-line timely messurement
sre necesury! sys:n shou‘d

recatn opersble under all
eccident conditlons including
tontalnment fsolation

Could be usefu! back-up I
acc ident progresses to con-
ditions which make neutron
flux monitors unreliable

A |



Measured

Major Purpose for Indicated PR Accldent Sequence

Summary of Variables Identified in Sequence Evaluations

Yarisble v 5,¢ S N e’ Comments
Contetnment oDiagnostis of inftiat (ilagnosis of megnous of Lvmmuuoa of
Pressure tng LOCA inttiating break | initiating rellef valve

indicatton of breask vec tosure
515 fatlure, rovides, tn leindication of
repair of (SIS, combination contalimment in-
and effectiveness | with sump tegr ity
of (SRS water temp-
rovides, In eratuyre, In-
combination with [ dication of
sump water temp- adequate NUSH
erature, In- for ELR pumps
dication of sindticatton of
adeyuate NPSH for | contalnment
ECR pumos . integrity
Indtcation of eindication of
containment in- (SRS fallure
tegrity or effective-
ness
Contatnment Ler"ln contalin- | Sames as 52( Same as Szf.
isolation Valve went isolation to
Position preclude trans-

P r—— gy

port of radio-
active material
through contain-
ment penetrations

£y



Messured
Yariable

Ma jor Purpose for

Summary of Varia

Szt

Conte inment
Temperature

Contsinment
Radiation Level

Containment Su=p
Mater level

Containment Sump

Mater |e-oent|m.T

e Dlagnosis of inttiat
fng LOCA

eDlagnosis of tnftiat.
fng LOCA

eliagaosis of

infttating bresk

e lndication of

€518 fatlure,
vepatr of CS1S,
or effectiveness
of (SRS

Same as ¥

eindicate avail-

ahility of water
for (CR and (SRS

®in conjenction

with contain-
menl pressure,
indicates ade-
quate WPSH for
(SRS and ECR
pump operation

. _s'm

of) lagnos Iy of
tnitiating

Lir vak
olndtcation of
(SRS fatiwme
or etfective
ness

Same as ¥

elndicate ab-
sense of
coclent flow
bDetween upper
and Tower
conpar tment
and suciess
ful restor
atton ot flow

Same 3% S)l

Ll

bles ldentified in Sequence Evaluations
Indicated PN Acc ldentl Sequence

o ———

Comments

oyer 1t ication of
reliet valve
red losure

(ontainment humidity can

be used as ¢ highly velisble
backup to containmsent
pressure and teaperature

to indicete primary system
integrity

Serves 83 backup te con- 1
talpeent pressure and :
temperature for indication of
loss of primary boundary
integrity

Can 8150 be used as indicator
of inttlating break

p——

Mot included in Reg. Gulde
1.9

vy



Summary of Varigp

Hew .
varisble

Major Purpose for Indicated [WR Acclden

S

2¢

tUpper Contalmment
(onmpartment
Water Level and
Drain Yalve (be-
tween upper and
lower compart-
wents) position

Steam Generator
Level

Steam Generator
Pressure

Stesm Generator
Safety/Relief
valve Pesitions

Main feedutu:
Flow

® Indication of cap-
ability of long term
decay heat removal

—— e ey,

® Indication of
feedwater system
per formance

®indication of (mblan eindication of

ot | ter= decay heal
reamal

feadwater system
per tormance

elndtration of
sezondary system
Integ ity

o indirations of

integi ity

seconndary systes

oindicatton of
ma jur tause
for TOLS
rec hrculation
fatlure
ejndication ot
repale and
restorat ton
ot 1low

Sanw 4, \‘,f

Same as S.C
.

Lanw ac 's‘.‘

t Sequence

les Identified in Sequence Evaluatﬁiims

L

Cosments

eindication of inttl.
ating transient

eindication of per-
turmance of sux-
1i5ry system

eindication of per-
formance of feedwater
system

elndication of cap-
anitity of wsing
Condensate poss

fim )

Sane 8% 32(

eindication of Intti-
aror, success of
vepaly, or wtilizs
tion of condensate
pusps (for 114 )

Mot specifically identified
in Reg. Gulde 1.97 but only
applicable to plents with
stmilarly designed contain-
went dralin system

Pung discharge pressure
{not tecluded on Rey. Gulde
1.97) could be used as
thackup Indication and
assist in specifying couse
of fatlure for M

Sy

r.



Swrviary of Variables Ideatified in Sequence Evaluations

Hater Purpose for Indicated PR Aceilent Sequence
L] i .

Varie. e v ;¢ Sy THL/TH B Comments
Auxitiary Feed- ®indication oi adequate [e®indication of same as S0 {®indication of AfwS Pump discherge preisure
water Flow water flow to stesm adequate flow to tatlure and delwy- could be used 83 backup:

generators for fong steam generators mination of & flow control valve positions
term decay heat remaval | to enhance heat storation could be useful in de-
removal termining cause of AFWS
fallure and in requiation
of restored AfWS
Condensate Pump efotentiatly useful Not tncluded in feg. Guide
flow or Discharge tn dlagnosis of 19
Pressure initiating event
e indicatton of
ettectivenass of
us ing condensate
pumps to supply feed
waler to steam gen
erators for some ML
tnttiators
Steam Supply to ®itagnasis of AFW Mot included in Reg. Gulde
hEW turbine tatlure cause and 1.97
driven pumgp subsequent repalr
Accumulator Tenmk | ®Indicate Injection Same as ¥ Passive system; indirect
level, flow rate, | after inftiator indication of performance
snd/or isolstion can be obtained from other
valve position parametess
Condensate Stor- | ®indication of ability Same as ¥ Same as ¥ Same as ¥
age Tank Level to use AFM as heat
removal system

— e — ————
B -
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Measured
Yariable

Summary of Variables Identified in Sequence Evaluations
Major Purpose for Indicated PHR Accldent Sequence

szc

S |lll

Refueling Mater
Storage Tank
tevel

HPIS Flow

LPIS pressure,
tesperature,
radiastion level,
and/or flow

LPIS Isolation
valve position

elndicatton of avall-
ability of water for
(18}

eletermination of op-
timum use of RNST water
supply in core melt
delaying actions

elndicates success of
EC! fur core melt
detay actions

eDtagnesis of Inftiat-
ing event (different-
fate from other events
with similar RCS re-

sponse )
®ndication of tsolation
of break
eDetermination of break
location

® Indlcatton of success
of tselatton

Contatnment Spray| ®Indication of need to

flow {including
€S1S and CSRS)

fsolate sysiem for
delaying actions

eindication of
avallability of
water fov LUI

e Verification of
ECl operation
following iIni-
tlator

eindication of
fatlure of (SIS
and subsequent
repair

® indicattion

pasime”

Comments

Same a3 il

S 5
Lame A% 1(

of operation
contatnment
heat removal

Pusg discherge pressure
can be used a3 backup
inéicetion of systes
vperation

LPIS pressure, tespersiure,
and radiation level not
inc luded in Reg. Guide 1.97

tot included in Reg Gulde
.97

Pump discharge pressurs can
be used as backup iIndication
of system operation

L=y



Suvm\ary of Varhbles ld«'nnhed n Sequence

Var . ¥ SIC
RR Flow eindication of system Same as ¥
operation for long
term heat removal
Positions of key |elindication of capablii- | Seme as ¥

valves in safety
related systess
(He1S, LPIS,
€S1s, CSRS,
CHRS, RHR)

Component Coeling

water Flow iIn
(HKS heat ex-
changers

ity of systems to
operate when called

wpon
eDlagnosis of fallure

Component Cooling | ® indication of effect-

Water Flow to
RHAS Neat Ex-

changes

Ruxiliary Butld-
ing Tewperature
or Radiation
level

tveness of long-term
heat removal

eDlagnosts of iInitiat-
ing event
epetermination of
successful Isolation
of break

leindlication of
effectiveness
of contalinment
cooling using
(SRS

Same as ¥

S'M

Same as ¥

Same as ¥

Seme as S

Same as ¥

Ma jor Purpuse for Iudluled M Mchleut Sequente

Seme a5 ¥

Same as V¥

Evaluations
4 Te” Comments
Same as ¥ Pup discharge pressure can

te used s backup Indics-
tien of system operation

Not specifically included
in Reg Gutde 1 97

Rustltery Butldiong Temerature ©
ot by Yudedt tn By Catde 1 97

8-y



Measured

Summary f V
Major Purpose for Indicated Fuft

ariables Identified in Sequence Evalyations
Acctdent Sequence

e s R

avallable power source

ftiating event for
My’ and deter
minatlon of re
storation

Variable v $,¢ S WF s’ Comments
Containment elndication ot Only applicable to plants
suxiltiary heat the amount with such a system
removal fan dis- of contaln
charge flow went cooling

which 15

belng per -

t powed and

the require-

wents o

SRS
Status of Class- | ®Verification of safety - v Sindication of ‘:'"'
1E power supplies | <ystem avatlability system avatlability
" Sy Suey gt gy
system components
Status of Ron-
Class-1E Power
Supplies eyerification of Same as ¥ Same as ¥ elndication of in-

6-Y



symmary of Variables ldentified in Sequence_{valuatlons

.
Aan Ma jor hrgo_fe for I_n:liuted (L] AurMeM s:q?e_c:_ COMENTS
Messured 1
Varisble R &
Control Rod
Position eindication of fallure of automatlic scram, and s cess/taliure of manual
insertion of rods
Neutron Flux etndication of fatlure to scram and determination ol effect of manval
shutdosn actions
RCS Pressure eDetermination of effect of delayed scvam

RCS Temperature

Vessel Water
Level

Main Steam Flow
Isolstion
Position

eNeed for and effectivencss of WPCH
et ffectiveness of long term cooling
®Secondary Indication of reactor shutdown

eindization of effectiveness of core couling (In cosbination with RCS
pressure )

®ndication of initiating transient event

®indication of water inventory

eDetermination of need for and effectiveness of emergency core cooling

e Determination of when to secure HPIS and rely on RUIC Tur long term
tN'lng

eindication of Inttlator
eNetermination ot potential core cooling procedures

location of fnstruments not
yet determined, cure exit
tesperature (as Visted in
Reg. Guide 1.97) does not
seem to be best location.
Intended for those accidenl
conditions where cuoolant
tevel measurement might

be expected to be unreliable

oL-v

MS1Y should autometically
close following the in-
itlating loss of feedwater
transient event



Summary of Variables Identl?fed in Sequence Evaluations

Major Purpose for Indicated BWR Accident Sequence

= e e Ao AR COMSENTS
Messured ©
Yerfable L
Safety/Relfef ®indication of effect of delayed shutdown
Valve Positions ®indication of potential effectiveness ¢f menual shutdown using SLCS
in Primary Systes{ e lindication of primary boundary integrity
{including ADS)
Radiation Level ® information for monitoring of core melt
in Coolant ® indication of amount of core damage
Containment eindication of Integrity of primary pressure boundary
Pressure ®indication of contaimnment iIntegrity
-
Containment eindication of Integrity of primary pressuce boundary
Teaperature ®indication of contatlnment integrity
Contetnment e indication of Integrity of primary pressure boundary

Radiation Level

Suppression Poo!
Level

Suppression Pool
Temperature

Boron Tank level

SLCS flow or

punp discharge
pressure

eindication of
®indication of

®indication of

eindicatlion of

eindication of

P ——— e —— -

primary coolant boundary integrity
avallabtitty of water for (R

ability of (ooling system tn puy water

Boron Injection for shutdown

system operation

LL=V



Sunmary of Variables Identified in Sequence Evaluations

Major Purpose for Indicated BUR Accident Seguence

Pe. )
Variabie

1

COMMENTS

Boron Concentrat-
fon

Feedwater flow

Feedwater pump
discharge pres
current 1o pumps,
or controller
position

RCIC valve pos-
ittons

Steann flow to
RCIC turbine

RCIC flow or pumg
discharge presva

HPCS velve pos-
ftions

HPCS Flow, pump

discharge pres-
sure, or current

to pumps

eDetermination of effectiveness of manual shutdowm using SILS,
indication of shutdown margin

eindication of Inftiating event

e indication and diagnosis of cause of Initlatm

® fnsure availability of system
e Indication of adequate flow Lo ensure system opes ation
e indication of successful system operation or cause of fatlure

einsure avallability of system

eindicstion of successful system :perstion or cause ot fatlure

Mot Included in Reg. Guide
1.97. Could be usefu!

backup under accident

condittions which make

neutron flux monitors

less rellable

Mot specifically Included
in Reg. Guide V. 97

Zl=v

Mot specifically included
in Reg. Gulde 1 97




Measured
Variable

Major Purpose for Indicated PR Accident Sequence

1C

RHR valve pos-
itton {valves
required for
pre-warming and
flushing and
flow control
valves)

RIR heat ex-

changer inlet/
outlet teapera-
Lure

HPSH valve
position

HWPSH flow or
purp discharge
pressure

Summary of Variables ldentified in Sequence fvaluations

COMMENTS

oAl low startup of system and subsequent operator continl ot f low

® informat fon necessary for manual startup and indication of subsequent
system per formance

e indication of availability of system

e indication of system operstion

Not Included in Reg.
Gulde | 97

Ei=v



