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EXECUTIVE SUMMARY

The Nuclear Regulatory Comunissie (NRC)
and the Execctive Direcior for Operations
mstructed the NRC siaff 19 work wath the nuclear
utility industry to define the scope the coment of
accident inanugement plans and 1o c'evelop guid-
ance for their development and implememation.
Following these mstmictions, the Office of Nutlear
Regulatory Research is conaacting a rescarch pao-
gram ‘a) 1 estoblish the attributes of a severe
accident management plan that will ensure effec-
tive cesporse 10 cvedible severe accidents and (b)
to recommend critera that can be @ sed 10 thoes
Jughly assess these plaus.

As particigrants in this research program we
hav. developed nn approach comprising four
phases to ideutify the important attributes of a
severe aecident raanagement plan and, using these
attributes, 10 develon assessment criteriu;

Phase i ldennfy the geaeral ntributes o\ ai aci-
dent monagemant plan

Phase 2. Integrate the general atiributes into a
prototype prowess that facludes the steps nec-
essary to dovelop wl impienent an accidert
management plan

Phase 3. Validate the capabilitis of the prototype
process through its upplication

Phase 4 ldouote osessment critena based on ihe
important vitarac eristues of the validated
process.

Initiad results from Phases 1 and 2 were docu-
inented in NUREG/CR-5543. Preliminary assess-
rent criferia were 3'so reported.

This cep st summarizes results from the per.
{ormance of Phases ? and 4 and is designated as
Volume 2. The prototype process ard preliminary
¢riteria from MUREG/CR-5543 wil be moditied
to reflect resoits from the process validation
(Faase 3) and veissued as Volume | of this
NUREGAT?.

n

The protstype process for developing accident
Maigement plans is shown o Figure ES-1. Dt
ing Phase 3 ap evaluanion of this process was por
formed under conditions similar to those which
would be found at a nuclear rovier plant to estab-
lish its capatihties 2o devalop an cutal accident
man.gement plan for that plunt.  The objectives of
this cvaluation are to determine Jhevwer: (1) the
activaties deseribed for each step provide the prod-
ucts nee dea, and (2) the steps are integrated 1o pro-
vide the mformation necessary for a techn. ally
accurate (nd effective acoident management plan.

Initial plans for assessing the capabilines of
the prototype process included the pancipation of
persormet from a nuclear utility,. However, we
were not able 10 obls.n the agreeraents necessay
fo+ their participation, and consequently, it wis not
possible to obtair & complete set of plant hardware
and operations information.  To allow the evalua-
tion 10 proc., =d, plants weee identified for which
necessary mformanon was available. The Zion,
Unit | plant was selected based on the availability
of hardware and operational niormacon and the
Anowiedpe that project personnel possested on
this and similar plams.

A team approach was used during  we 3 w0
avsess the profotype process because it s e most
likely method that would be used for the develop-
ment of an acoide't managesoent plan at & nuclear
power plant.  Although it was not p ssible 10 exact-
ly duplicate the knowledge and expertise of unly
Jersonnel, a taam was selected from Idabe National
Engineerin:: Laboraiory personnel with extensive
nuclear cxperience  This eam was compased of a
wechunical engineer  vith thermal-hydraulic safety
anulysis, severe accident anaivsis, and aocide.t
management program devel  ment expeninhor; an
electrical engineer with PRA experience, a proce-
dures and training expert with a broad background
in human tactors; @nd an operations expert with a
PWR senior reactor operators license and krowi-
cdge of plant operations. A1 work used the team
approach with some mdependent assi 2nments given
and then reported back to the leam Jor integration.
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Fiqure SE-1, Frucess for developing an accident management plan

The following arc general results from the

evatuation of ¢ prototyne process followed by
results that are specific 1o mdividaal process steps:

Gener 4l Prototype Process Applicaiion
Results

I

The lack of uulity partivipation restricted our
abihity to sdequatcly evaluate all sieps of the
prototype process asing Jdetaiied plant hard-
wire and operations mivmation  As & vonse -
quenve, evaiuation of Steps | through 4 wis
cowpieted ard there was @ partal evicestion
of Step 5. It was not possible 1o perform an
evaluation of Steps 6 through 8.

The general content of Steps ! theough 5 ol
e pro‘otype process are adeguately ‘ntegral-
ed. Some moditications to the individusd
steps were identified to correct shopcornings
in the process and cake @ more efficient

NUREG/CR-6009

Using these madificanons Steps | throagh 5
will prodisce the vesults described in the proto-
P PTOCess,

The teamn approach was very effective 1o per-
forming the steps of the protolype process
because it helpod generate synergism and cre-
ativity. especially when identitying plant
capabilities and potential strategies. We
expect thut this approach would e even more
effective in a setting where plant personne!
with a Frgher level of plant knowledge and
expertise were involved.

Specific Prototype Process Applica-
tion Resuits

The mathed for caegorization of sequences
desonbel in Swep 2 was not effective because
it defined un excessively large number of
seauence categories. Wo calk inded that cate-
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gories of severe accident oehavior based on
events that oocur daring severe accidents pro-
vide move insight tnto possible acvident man-
agement actions than categories that are
defined through sequence categorization or
sequence hirming. Three alternate methads of
deve.oping catrgorics were examined,

The first method used the events direcily from
the event trees 10 act as severe accident manage-
ment eviluation categones. The categones in
this approach would be easy to weatify and
would produce a reasonable number of cate-
gories.  The second methad used the struciure
of the safety objective trees described ip
NUREG/ACR-5543 to define important events.
Mechanisms that can cause chalienges to plant
safe'y tunctions were selecicd to define he
weessmient categovies,  Examples of categones
based on mechanisms are. Inadequate RCS
inventory, Inadequate Containment Heat
Removal, Core Concrete intevaction, Failure o
Isolate Containment, and Interfucing System
Los ~of cootumt Accidents. In the thurd method,
we transcribed the severe accident s squences fur
Zxom, Unit | onto the safety ob.jective trees anl
found hat the meuharasms contaned all of the
events associated with these sequences.

We comclude that all methods could e suc-
cessfui o) categorizing sequencns bui we pre-
ferred the method that transcribed events 1o
the safety objective tree mechenisms because
it was easy o relaie the avrssment categones
o both plant safe'y fuetions and o possiale
strategies, through the safery vbjective tree
siructurte, This is the method used i the
apphication of the protoiype process,

Identification of plant capabilities wos deter-
maaed 1o be & very waportant step in develop-
ing an accident management plan. We found
it was difficuls 10 separate the identification of
plant capabdlities and the identificanion of how
these capabilities could be used to snprose
accident management for the plant. The
methud described for the prototype process
was determined to be mefficieat. 3 more
structured approacy was developed using -

P S SEREEERLTESERERAT Y
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guestion-ansy ¢ format which proved (o be
effective n wentifying plent and personnel
capabilities and how they could be used to
prevent or mitigate conditions affecting the
sequence categonies. The questions developed
are general and could be applied direcily or
easily modified ‘or wentilcation of capabifi-
ties for other nuclear power plants,

3. Abouat thity-five strategies with the poiential
10 IMPIoL e severe acciient inanagament were
identificd us'ng a process similar to that
described wn Step 4 of the prototype yrocess.
Results from the gaestion-answer ‘ormat used
to dentity plant capabilities were used to
gutde the 1 lentification of powential strategies
and to help determine how they should be
structured.

4. Development of prelimirary procedures in
Subrstep 5.1 was sucvessful in determining the
personnel. bardware, and invtramentaiton
involved in potential sirawegies.  Although
there was not enough mformation 10 thorough-
ly assess Step S of the prototype process,
Evaluate acd Select Strategies and ldentify
Enhancements, our judgement is that the
process dascribed Jor evaluation and ranking
would be effactive,

The obective of Phase 4 18 to finalize 3 set of
criteria that can be used 1o assess: (1) the adequa-
¢y of methads suggested tor develoming severe
accident managemer. plans, and (2) the adequacy
of muposed or implerented severe accodent man-
sgement plans. The preliminary set of criteria
were reviewed by the tcam after completion of the
process assessment. Criteria for Steps | through 4
and Substep 5.1 were reviewed mndividually to
determine whether they were compatible with the
reshats from the prototype process evaluation.
Maodifications to criteria for these steps were made
and new criteria were added (2 account for
changes in the process. it was not possible to
update the criteria associmted with Substeps 5.2
through 5.7 and Steps 6 through 8 because they
were nol evawated during the validations effoct
(Phase 3). Yhe predamary criteria developed for
these steps dunng Phase 2 are judged to be ade-
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Developing and Assessing Accident
Management Plans for Nuclear Power Piants:

Evaiuation of a Protoiype Process

1. INTRODUCTION

The Nuclear Regulatory Commission (NRC)
instructed the NRC staff 1o "Work with NUMARC
[Nuclear Management and Resourves Council] to
define the scope and content of an acceptable acci-
dent management program and 1o develop a plan
for incorporating plant-specific actions into such a
program (Chilk 1989)." In response to these
instructions, the Office of Nuclear Regulatory
Research (RES) is conducuing a rescurch program
to (1) establish those attributes of a plamt severe
accident management plan necessary 1o ensure
effective response to credible severe accidents and
(2) recommend criteria that can be used 1o assess
the adequacy of accident management plans and
their impleni2ntation.

As participants in this research program, we
developed a four-phased approach to identily the
important attributes of a severe accident manage-

ment plan and, based o these attributes, to pro-
duce assessment criteria.  Our approach is shown
in Figurs 1. The rectangles in the figure represent
e information sources used: the circles represent
the four nhases or objectives that must be accom-
plished, The objectives are as follows

Phase 1. ldentify the general axtributes that s
implemented accident management plan should
include, based on the stated accident management
objectives and other pertinent information, for
example, the NRC secident management {rame-
work elements.

Phase 2. Intcgrate the general attributes into a
prototype process that includes the steps necessary
to develop and mmplement an effective accident
managemen:’ rlan,

NRC
ob’ “ztives
/‘\ //
NRC identity Deveiop validste I 2ntity
framework gureral ) protoype process eusessnen!
elements attributes \ process capabilities criteria
—-/ \N--.-—— \-—/ ""“——-
!
| Currant
occldent
manage ment
I

Figure | Approach for develop ng criteria for an accident management plar

NUREG/ CR-6009
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Phase 3. Validate the process throagh un appli-

cation that uses information that would b avil
able at a nucle.r power plant.

This application is intended 1o idenify problems
with the process and to develop improvements 0
comrect them.

Phase 4. ‘dentify criveria. based on the impor-
te. ot characteristics of the validated proor s, tha
can be used to assess the 2dequacy of = dem
munagement plans and their implementation.

We provided initial results from Phases | and

2 n April, 1991, and documentad the resulis in
NUREGAR-5542 (Hanson 19913, Prelirinary

NUREG/CR-6009
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assessment critexia were also developed and
reported, based on the Phast 2 prototype process.

This repont, Volume ©, summanzes the results
from the vahdation process (Faase 3) and preseois
orierie that can be used (© assess the adeguacy of
wrerdent management plans (Step 4).  To accom-
plish Phase 3, we evalvated the prototype process
by cpplying it 10 a nuclear power plant using the
information that should be available at u plamt
Based on the results frosa Phas. 3 and the prelini-
nary criteria produced ir Fhase 2, fingd ovitesia waere
developed (Phase <) 10 assess accident management
plans. NUKEG/CR-5543 will be moaified 10
roflect resules of the process assessment and oy
<vedl as Volame | of this NUREG/CE.
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2.1 The Eight-Step Prototype Process Step 2
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Step 3
4
AN 'S % S o o ) ’s" » .‘ -
g ik F3so SR o At LN RS Ty e 3



R A e e e T T
% {

L G Dty TR | B . o Tl S SRy B e N e L Bt gy T S\ § - Y
o h e ie X - s e 57

“in Step 2. These ¢ apabilities will be used in Steps

4 andt § 1o identify and evaluae strategies.

- Step 4. Identify strategies that have (he potential

1o prevent of mitigate the consequences of the car
egorized sequences deniified in Step 2.

Step 5. Evaluaie the poteniial strategies identi-
fied in Step 4 and seleet those that would be most
effective. The results of these evaluations can
then be ased 1o select strategies that wili be effec-
tive in addressing the sequence categores. Once
strategies have been selected, identify the accident
management enhancements necessary for imple-
mentation of all selected strategies. Enhance-
mients are those changes i the plant hardware and
aperations necessary to implement the selected

strategias.

Step 6. Use the information developed in the
four previous steps to implement tie accident
management enhancements. Although each plant
muy have a unique process for im lementation,
there are only a limited number of methods that
cun be used to : oplement accident mansgement
enhancements. Uhese methods include changes in
one or moie o the following ateas: (4} procedores
and guidance. (b) delincation of decisico-making
responsibility and authority, (¢) equipment and
enginecred systems, () computational aids. (e)
instrumenanon, (f} training programs.

Step 7. Validate the implemented scaident man-
agement plan, ncluding the steategies, procedures,
guidance, compatational aids, enginvered meth-
ody. decision-making structure, and training. The
methods are similar to the validation tasks identi-
fied in NUREG-US99 for implementation of the
symptom-pased emergency operating procedures.

Step 8. Identify and moorporale new Severe anci-
dent information in the implemented accrlent
mansgement plan.  This is accomplished by (a)
identiiying new sovere-g:cident information that
has not beon considered in the implemented acci-
dent management plan, b) determinming how this
new infonnation influen-es the mmplemented accy-
dent manageinent plan, and (¢) identifying needed
improvements, it any.

NUREG/CH-6009
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The two final phases of the proc: s have
intended to evaluate the capabilities of 1 s eight
step process (Phase 3) and o wdentify final assess
ment criteria (Phase 45, The following is a bnet
description of the approach used w accomplishing
these final two phases.

2.2 Phase 3 Validate Process
Capabilities

The objective of this phase of the program
was 1o evaluate the prototype process by applying
it 1o a nuclear power piant to determine whether
(87 the activines described for each step provide
e products specified, and (b) the steps ire inte-
grated to provide the information needed to devel-
o a techmcally accurate and useful accident man-
agement plan.

In the early planning stuges ol this program.
we recognized that it was importamt to apply the
process under conditions typicsl of those found at
a nuclear power plant. Consequently, our desire
was o establish a cooperative effort with @ nuciear
wtility to evaluate the grototype process. This
anrangemen. would allow us 1) drew on their plant
hardware and operations knowledge 1o (a) provide
the detailed plant informaton we needed and (b)
evaluate the suitability of the prototype process for
apphication w8 utibty environment. However, we
were not able 1o obtain the agreements necessary
for participation of a utility n any ol our work.
As a result, the amount of detatled irformanion on
plant hardwa 2 and operations avarlable during
Phose 3 wos restricted 1o what was publicly avail:
able and readily accessible. The lack of detail in
this informaiion bmited our ability 10 evaluate all
steps in the prototype process, Evaluation was
completed for Steps | through 4 with a partial
assessment of Step 5. No evaluation was possible
far Sieps 6 through 8,

Alternaze sources of detailed plaar hardware
and operations information had to be idendfied
because utility participation was not possible. A
wi. e range of plants were reviewed to determine
whetlier the following types of information were
publicly available. (a) « recent probabilistic sk
assessment (PRA), (h a readily available Final

S —

—
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Safety Analysis Report, (¢) det  d drawings of
the plant layout and hardware, end (d) a set of
plant operating procedures. We foundd that an inte-
grated sel of deiled plant information is dificuli
to uhtain foi most nuclear power planis. There-
fere, a plant was selected based on the amount of
information that was readily available wn cach of
these four areas and the knowledge that project
personnel possessed on the plants. Zioe Uzt |
was selected as the refor nee plant.

We chose to assess thie prolotype process
using 4 team approach because we believe that it
is the method that would be most likely used at a
nuclear power plant to develop w6 aocident man-
agement plan. The composition of a team and the
way the team applies the procuss are important
because they car mnfluence the results obtaned.
Although it was not possible to exuctly duplicate
the knowledge and experience uf utility personnel,
our team v as selocted from personnel with exten-
sive nuclear expenence. Our teum was composed
of a mechamical engineer with thermal-hydraulic
safuty analyns, severe accident analysis, and acci-
dent management program developnent experi-
ence; an elecincal engineer with PRA exjerience;
a procedur s and training expert with a broad
background in human factors; and an uperations
expert with a FWR senior reacior operator's
license and knewledge of plan: opirations. Maost
activities wave performed as a group to ensure that
& runge of perspectives was considered, Some
independent assignments were performed anc the
wadividuals reponed back to the weam for integra-
tion of their contribution.  One obstack for team
members was the lack of adeguate resources to

Approach

draw upon when information was not available
Resources to supply the follo ving detailed infor-
mation would have heen very beneficial:  ~ddi-
tionul dtails for the PRA event trees and fauht
trees; Jetatis on plant hardware capabilities, Lami-
tations, location and operanon: utifity organiza
tion; decision-making authonty and respansibility;
plant operations; training practices and proie-
dures; a..d emergency planmng.

Availability of typical plant mformation and
expertise restricted this assessment 1o the first five
steps out of the eight steps that comprise the pro-
Olype Process,

2.3 Phace 4 Identity Assessment
Criteria

The objective of Mase 4 1s 1o producy a set of
eriterta that can be used to assess (a) the “Hfequacy of
methods suggested for developing severe accident
managemcnt plans, and (b) the adequacy of pro-
posed Cr implemented severe accident management
plans.  After an evaluation of the protonyne process
was compicted, each of the preliminary criterion
was reviewed and discussed 1o determine wheiher
ta) it was st applicable. (b it should be revised to
recognize Changes identified during the process
evaluation, and (©) additional eritenia were needed.

The preliminacy criter:a Yor process Steps |
through 4 and Substep 5.1 were modified to reflect
lessons learned dusing the process evaluation.
Since an evaluation of Substeps 5.2 through 5.7
and Steps O through 8 was not perfrrmed, these
preliminary oriteria Were aof revise .,

NUREG/CR-6009
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3. VALIDATION RESULTS FOR EACH STEP

This section describes the resulis from evalu:
ating the approach presen*=4 in Scction 2 Tof each

process step. The stepe are presented in the
soques e of Figure 2. hygndighted with icons

Step 1. Ammﬂundlnmm.wmm

[ L e . |
" Vaiktate 1

R .. "'.earm L_v,. M
ol ) FL__.J., Al

Catmgorire Idesitily Implemaen ' Incotporate
{2 LEQUBNODE 'l‘ w«m 'onhmamm!' L’ m’on:ubw* g

Infoamantion for Zion Unii 1 was assembled (o
familiarize the tern members with the charaoter-
ics, capabilities and hmitations of the plant
hardware and personnel thut would be involved i
accident managoment. Tehle | lists the inforna

T
Table 1. Sources of infarmation wwb for '
process validation |
¢ and Related informa fon |
Piping and instrument” on Diagrams i
Westnghouse Emergency Prooadure Guide |
! ines |
| Normal Ciperating Procedures (Partai) '
Abnos sl Operating Procedures (Partia) ‘
Emergency Operating Provedures '
Final Satoty Analysis Report
Renulatnry Guidelines
It “RA Resulis
NUREG 115¢
NUREG/CR-4850 vol. 7 Rev. 1 (Zion imemal
Evnts)
NUREQ/CH- G878 (Zion Simplitied Comainment
Event Trees)
Ad.iona! Severe Accident information
| NUAEG/CR-4550 Vol 3. Rev. 1 (Sutry loter-
nal Evenis) |
NUREG/CR-4551 Vol. 3, Rev. 1 (Surry Con. |
tainmert Analysis)
NURCG/ICR-4624 Vol 5
IDCOR (Industry Degraded Core Rulemaking |
Sialety Program) Results |
...... b B+ e e TR
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tion outained, reviewed, and used in later steps.
Some information was not sulficiently complete
(o tepresent the information availubly at a plant
For example, in the area of probabilistic risk
assessment, there are computer models of the
accident progression event trees, but the team
miembers were ot sufficicotly famibar with then,
10 obtwn information that would help in evaluat -
ing the nrocess. Most information descriving the
severe accident progression beyond core damage
was from simplified contawmment event trec: (Sl
nson and Hall 1490) developed w assess contain-
ment pecformance issues. Consequently, the PRA
information we had available was not as detatled
as information we would exnoct avinlable 1 a
plant.  As indicoted in Table 2, some plant nper:
ating procedures used for the gssessment were
also ot complete. Table 2 Lists information iden-
tified during the evaluation that would have

i — o i ki i it

{ Table 2 Umvdanbmnmofmwmnm
would have improved Drodes; assessment

Prant and Related information

Administrative procodures

Fmor?oncy plan implemen:ation progedutes
(EPIP

Training material

All normal and abnormal aperating proceduros

INPO significant event repons

IPEPRA Results

PRA event tree and faull tree computer models
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added substantia’’ v 1o the quslity of the bdorma
thon we developed.

The prototyne process recommends that the
plant aformation be placed in & database. We
established a liYary of the information coliected

Validation Approach for Each Step

but did not evaluate the ase of a database because
the information set wis no. complete and we were
not 0 @ plant setting A complete database evalu-
ation would also require informanon on the skills,
knowledge, and abilities of e accident manage-
ment ieam members, which was not available

Step 2. Categorize Severe Accident Sequ-nces

ST,

r

1 smn g

Three substeps were definc 1 in the prototype
process for categonizing sequences. The first sub-
step defines the sequence categ’ o based on the
possible severe accidents identited for the plant,
Severe wcoident sequences are then selected and
assigned to the appropriate categoies, In the final
substep, typice! sequences are dentified for each
category so they can be used in laler process sieps
o evaluste accident management ¢ pabilities and
enhancements, A descripiion of tl ¢ assessment
and results from these substeps follows.

" EF'IIIIW% '".M 2.1 Detine
L sy ,' Seauence Categories

The objective of this subsiep is to condense
the celatively large number of severe accident
sequences into categories that can be used 1o con-
veniently identify plant capabiities and aid in
selecting and evaluating strategres. To accomplish
this objective, the prototype process proposes the
following functional approach to establish
sequence categories by following the progression
of challenges 1o the plant safety functions. Fig.
ures 3, 4, and § are the PWR safety objective wrees
that show the safery functions, challenges, and
mechanisms used in the following example In
NUREG/CR-5543, & hypothetical example is giv-
en of a severy accident sequence involviug the
loas o1 @'l feedwater conmounded by the Joss o
injection and the !s of containment cooling for a
PWR with a large dry containnent. The prototype
provess uses the sequence of mechanise © result-

e ¢l - i,

L

S it -l e |
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[‘ WM‘” %mm'm J | 8 Crmeton ] |

Incorporate J

Mt e Wb ) 444 4

g i challenges to the safety functions 1o define

the sequence category. For this exemple, the

mechanisn - adentified in Volume | were inade- ]
auate secondary inventory, inadequate reaclor
conlant system (RCS) inventory, non-coolable
relocation, insufficient containment energy
removal, and aerosol dispersiun,  Other sequences
with the sime progression of challrages and
mechanisms would be placed in this category,
unless Mhere was u signilicant difference in one or
morc of the following: timing of key cvenis: major
differences in key RCS or conwinment corditions;
the unavailability of support systems, for eqample,
electrical power, instrument air, or service water,
G the existence of adverse environments, for
cxample, radiation Yields or floading.  Signiiicant
difterences in any of these areas could warcant
establishing addinonal categone.. The discussio
presented in Volume | estimates that this method
of categon: stion would resolt in about [weaty ©
thirty sequence categorizs, Sepending on the
severe accident sequences identified tor the plant.

We assessed the proposed method of estab-
lishing sc pience categones using the severe acci-
dent sequences from the Zion Level | PRA (Satti-
son and Hall 1990) wnd the Zion simplified con-
tainment event trees (SCETs) (Kelley 1990), A
detailed examination of the Level | event treos
was not performed because they are based on the
prevention of core Jamage, whercas this wecidur
managcment evaluation is doected 1oward the mit-
tgation of severe secidents,

NUREG/CR-6009
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Figura 3. Safety objectiv: tree. mtigale fission product reierse from vontamment.

Zion SCETs are uvailable for each of the dom-  Melt Ejection, and Core Conerete Inferaction.

inant plam damage states: (a) loss-of-coolaut
necidents, (b) sugtion blackout, (¢) transients
including enticipated transient without scram, and
(d) comainment bypass. Each of the Zion SJETS
were examined to determine what sequedce ate-
gones would be aefined. We charted event uce
sequences onto the safety objective trees by indi-
cating the mechanisms, challenges, and wnlety
functions affecied. As an example, Figure 6 1s »
portiou of the suaplified containment event tree
for th* station blackout transient initiator. The
sequence to be charted is highlighted, uppermont
sequence on the tree. Events thut occur dering
this sequence are Preesisting Containment Lesk,
Steam Genermur Tube Rupture, Yessel Breach,
Early Containment Heat Removi., iNigh Pressure

NUREG/CR-6009

These ¢ 2nts have a closs corespondance with the
wechanisms on the safety objective trees, In wddi
v, events on the Level | event trees indicate that
the lnadequate Secondary Invencory, Inadequate
RCS inventory, and Non-couolzple Relocaiton
mechanisms would also be importent,

Mechanisms on the satety objctive trees were
marked with a dhagonal slach 10 indicate that there
1 an event that shows they occur during the
sequence heing evaluated (see Figures 7 and X ay
examples). The comtainmen! Failure to Isolate
mechanism {Figure ¥) v marked with 4 slash
pecause the Precaisting Containment Failure event
would indicate this ntechanism has occurred,
However, the containment Insufficient Energy

10
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Validation Approach for Each Step

Removal mechauism is not shown witn a slash
because Early Contaiament Heat Removal is
shown on Figure 6 to be active for this sequency.
The challeuges that are caused b these mecha-
nisme and the safety functions that are being chal
lenged wore also marked wth a slash 1o highlight
which safery functions woald require acciden:
management action:  Based on the proposed
sequence categorizstion method, this sequence
would be given the fo'lowing designators: Inade-
quite Secondary Inventory, Inadeguate RCS
Invemtory, Noncoolable Relocation, Direct Con-
winment Heating (DCH), Core Concrete Inter ¢
tion, Failure to Jsolate. und Steam Generator Tube
Rupture. Examination of the remnining 62
sequences displayed in Figure 6 show that no wwo
seguences would have the seme designator.
Although sequences on evont b 2es for other plant
damags states ay have similar designators, the
nymber of sequence categorios would still remain
very large using this categorization mewhod,  We
concluded, therefore, that this method of vatego-
rizing 1equences would not meet our objective 1o
significantly condense the severe accident
sequence inforrmation,

Since the PRA has the scsvences categonzed
into plant damage states and accident progression
bins, ey wee considered us a poteatinl se uence
categorization method for acoident management.
Although s method produced a relatively small
number of categories, they are very broad aind
thecefoie make it difficult to develop insights into
what safety functions are being challenged, what
stralegies might be effective, or what instrumenta
tion shoud be monitored 1o help identify the chul-
lenges to safety functions or the cSectiveness o
preventi, e or miigative strategies.

Two altermative methods were identified that
categorize severe accident bohavier into & form
that satisfies the objective of this subsiep. For the
first method, we ceacluded that the events on the
evens trees can be used as categonies becanse al
sequences comprisad a series of these cvents,
Thyy method would produce a reasonable number
of categories and could be used to identify and
evaluate possitls accident management strstegies
that could prevent or mitigate the effects uf each

NUREG/CR-6009

evenl. We chose fo vall these categories asses -
ment - ategunies, rather than sejuente cotegunies,
becruse they allow a sessment of the Carrent accis
dant management conditions und future accident
management rmprovements for all sequences
cludod in a particular evert. The second method
uses the mechanism from the sefety objective trees
as assewsment categories  We reasoned that the
mechanisms represent pnigue identfier. of chal
lenges 10 plant safety functions ard that strate gres
with the potentia) © prevent or mitigate chalicnges
to safety functions con be related direc’ly 1o theae
mechanists,  There i« slso pood correspondence
between the events (o the cvent trocs and the
mechanists on the safety objeetive trees. To bets
ter understand e relationship ctween the events
from the event trees and the mechaniams from the
sufely objective woss, we charind the ¢ ents a4so-
chnted wath the sequences from the simplificd con-
tainment event treey onto the safery objective rees
in the same way, as showt n Fogures 7 and 8,

To help identily relationships between indi-
vidual assecsment categorics fevents charted as
mrechanisms) in the seqrences, a hyper-ext tool
was used to track the relationship among the
mechamsms sechuse more than one mechanism
for event) could be crusing chullenges to prant
safety functions for a PRA sequence.  An under-
standing of de relationship among assessment cat-
eguTies may be important, since stratey es that
may be beneficial for one ar-essment caegory
must be cuecked 1o ensure ibat they Go not cause
negat! e ffects Jor related assessioent categories.
The hyper-text tool tallied the ¢r-occurrence of
the tmechanisms causing chatienges to the safety
functions for the assessmernt categories, For
example, for the steam gonerator tube rupture
nsessmer category, wr found that failure to iso-
labe contanment co-oceurred 27 times, and direct
vonti ament heating co-occurred 39 tmes Tt s
intended that vihis information be veed an later
steps 1o ansess the potential vegative effects of
nroposed stratagies and provide insights into how
strategies might be combined (o maximize bene-
fits,

The mechanisms thet vould repres nt the
assessent categores an. fisted in Tabie 1. This

14
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uncovery, Phase 2-Initistion of core melt 1o rolo:
cation into lower plecaumn, Phase .Lower head
fuilies, Phase 4-Contuinment heatup and pressur-
ization and Phase S-Contunment failure and fis-
sion product elease. We attempted 1o use the rec
ommended table but found that s structure made
the iderahed niformation difiicult to present and
understand.  Major problems incladed nability to
display and understand the information when put
in the recommended column format and difficul:
tes in subdividing the assessmeot categories inlo
the Fv. accident phases.

Since the prototype process was not adequate,
twai possible appros oes for identifying accident
management capabilities were developea and
asscssed . Our intial approach was 1o combine
team discussions and brainstorming with a modi-
fied 1able format 10 organize the rosults. The sec-
ond approuch was 1o develop and ask a set of
questions that required detailed answers 1o orga-
nize and provide structure to the identification
process. Both approaches relied co the expertise
of & team cumprising persomse! with operations,
severe accident analysis, thermal-hydraulic safety
analysis, poocedures, training, human factors,
PRA, ana accident management experience to
develop the des.ced information. In both cases,
the amount of information was limited because
some docu:aentation was not available. This step
would have produced better infornation on plant
¢opabilities, and would have taken much less
time, if pecsonnel with detailed knowledge of
plant hardware and operations had bren partic
paung,

For the witial approach. the table for the pro-
tlype process was 1o Lse the five ames described
i substeps 3.0 through 3.5 as the basis for orga-
niziig and displiying plant capabilities. For a par-
ticular assessment category, ideas for the use of
plant capabilitics for each of the five aress were
discussed in a mecting of teamn members. | ro-
posed plant capabilities were described as well as
the rurpose or use of these capabilities. Results
desciibing proposed additional uses of the plaat
vapabilities were therefore an important part f Uhe
rasults. We anldy reviewed a sampling of assess-
ment calegones because cur primary objective is

F o e e TSN RSN -

Validation Approach for Each Step

to evaluate thz cupabilities of the piototype
process, not to develop a complete accid 4 man-
agement plan

Table 4 15 an example of the information for
the Swam Generator Tube Rupture assessment
cutegory, which was identified in the PRA as
potential contributor 10 risk. Related assessment
categories and contwnment falure modes ident -
tied by the hyper-text (ool s co-occurnng are alss
listed. Capabilities are then described for the five
ares, recognizing that there are existing proce-
dures and eguipment to mitigate the effects of
steam generator tube rupture. Capabilities that
wolld support other possible mitigative actions
are also described. The decision making and
training areas wre not completed because there was
msufficient information available. Appendix A
presents the tatdes developed for a'' of the assess
ment categoros that we reviewed

After 4 thorough review of the capabilities
tables developed using our imitial approach, we
concluded that the type of information and the
amount of deiall presented were no. sulficiently
detailed for the remaining steps of the prdotype
process. To provide the desircd detanl, a more
structurad approach was develaped wung a gues-
tion-answer format for each of the five weas. All
questions were structured so that the answers
would ot be a simple ves ar no, but would con-
tain specific, detailed information on plant capa-
bilities, We found that answering Lie questions
not only focused the attenon of the v om mer-
bers on the ¢xisling plani capabilities it miso
helped Ciem to become aware of «apotiuaities 1o
improve or suppiement thece capablties. Cone-
quently, guestions were modified or added 10 wWen-
tify how plant hardware ana personnel might be
used in nev or uniyue way. to provide addinonal
accident management capahilities. Table S lists
the questions vied in our assassment of the current
capabilities, These questions are general and
rould be (oplied for mther cemmercial reactor

plant types.
Capab. ity questions {or selected assessment

categonies were answered. Individual te?*m merr-
bers were assigned 10 asswer questions for spacif-

NUREG/CR-8009
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g
| Tahbl Information on plant accident management capabilties (ceveloped by team brainsturming) 1
for pre assessment Catogory.
Accident Managem~it Capabiiities
Assassment Category Steam Generatur Tube Pupture
Related Categories
Late Recovery of Containment Energy Ramoval, Vary | ate Recovery of Contanment Enorgy Removal,
Temperature Induced Degradation. Direct Comiainment Heating, Steam Explosions, Cormbustible Gas
Detonaton, Fallure 10 1solate ‘
Containment Faliure Modes

Alpsa Mode Fo'ure, Basemat Melt Through, Late Containment Overpressiure
1. Procedures

a Current Procedures

Extensive procedures exist 10 deal with steam generator isoiation and depressurization o the
! ACS.

J; b Pussible Additiona! Procedures

Provide guidance on strategics that can be used if isolation of the affected sleam genarstor fails
For uxarnple:

: - Increase the inve:dury in the steam generator 10 submerge the rupture location and scrub bie
; sion products

Consider possible problems i there (s @ rupture of a relatively large number of tuber. For
example, there would be a much earlier depletion of the BIVET.

’ Provide guidance on ways of estimating where the release location (s and the quantity ¢f fission
prodiucts baing released.

2. Decision Making

| & Currently Described Decision Making 41 Authority

i;'( insufficie ¥ itormation available

b, Additional Nacision Making That May Ned.d Claritication

Insutficien? infarmation avallable.

A ST S I A ST DY R s
NUREG/CR-6009 18

| £ =
T Y A TR LY g SR R N I e S AORL N ] BIIRE L D TSI (L e 4 hialhoan ol b b ool bl Ly B P R 1 VW S SR A -

et e i s . e e e e a A B e L e am en L e e e e i sl e e i A e e e e

il B e ol e d e MRl b L e



|

|

Validation Approach for Zach Step
a1y (... g . T EE——
3. Equipment

o Existing Equipment

Steam ganeralor dump valves. pressuncer PORVs. all valves necessary for steam generalor isola-
tion, normal and auxihary feedwater punips and re'siud sguipment

b Potental use of equipient nut specifiod

Normal or auxiliary fesdwater systems used 10 submerge the ube treax locaton  Diesel-drivern
fire water pumps or portabile punps should also be considered  Exercise cauton in conrolivig th
lovel in the steam generator 1or some piar. s to avoid fHooding he stearm line, which would cause it
10 tad. Atornate methods of praventing steam line failure could also by _onsiderad, such as addl-

tiona’' analysis and. possibly, the placement of additiona!l suppons

Fire uprays, both existing and augmanied, used on falled dump valves and satety reaie! valves 10
raduce the amount of fission products Nscdping from the steam generator(s) The need for protec:
tive clothing and equipment should be nonsidersd if strategies call for personnel actions near
ponte of release. Positioning Ihis eyuipment near the waations where it will be needed shoukd be
considere.

4 Instrumentation
a  Exigting Instrumentation

Steam generator pressure, leve! woperature: RCS pressure. Reactor Vessel Level Monitoring
Svutem (RVLMS), hot leg temperature: plant and site radiation monitc s

b Potental Instrumentation

incicalons that the stean ger:vator PORYs or SAVs are stuck open. For example, downsteam |
femperal res, vi'eos of atmosphenc release ports and radiation monitors.  All mnstrumentatior |
that couid be used In mitigating ths effects of @ sleam generaiu’ tube ruptute should be roperly
grouped asd displayed in the control roum
5. Training Capability

a Cu ent Training

Insutficient information available.

b. Patential Additions 10 Training }

Insufficient infonnatior: available

6. Possible Interactions with Related Assessment Categariet

8. Sirailar 10 an ISLOCA
|
{

.J

b, Desive 1o depressunize RS rapidly may run counter 1o consides 4hons 1or preventing steam axplosions

——a— ¢ — - N—
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- Table & Questions fo. assessment u! general accent management capabiites

? Procedures

. These questions should be applied 10 each assessment category. Feoh question would be preceded
vy the prirase. “For this sssessment categery.  °

by 1. Which of the current procedures are 2pphcabie 1or prevention or mitigation o the severe accidant con-
l ditioris?

2 What changes could be made to the current prucedures and guiuance 1o enhance the capability to pre-
vant or mitigate the sevare accident conditions?

i T R e ST

3. i aemale systems and equipment are important, what procedures arc guijance exist to facilitate their
use?

».  What procedures consider long-ierm recovery actions that mdy ba necessary for accident manage-
men? (Exarnples would be establisting long te.m core cooling o/ long-term comainmant cooling. )

5 What procedures and guidance provide instrictions on how to avaluate information. either from instry:
mentation or from other sources, that s apparently corllicting?

6. What additional procer ves could be added 1o enhance tha capability 10 prevent or mityate plar gamage?
Decision Making

These questions should be applied 10 each assessment category. Fauh question would be precedec
Ly the phrase, "Fur (tis assessment category, .. °

1. What are the current assignments of responsibiliny and authonty for decsion rmaking®

2. How were the currently used lines of communication hetweesn the control ronm and the techrical sup-
pe 1 certer and other emeryency response and planning taciit es evalualsd and validated?

4. To what exten! is iongerm accident management considered in the dewsion-making process includ-
ing the basis for determining when the rec svery phase 1s complete?

| 4 Wnat decision making is defined in the current jirocc Jures and guidance”

' §  Whal decisian points are identifiod for expediting administrative contrals 10 tacilitale the repair of reco\

.' ory of equipment?

6. What guidance is niven 10 decision makers for priofitizing alternate actions, identifying and avoiding
potentia. negative eflecis. and evaivating long-term plant recovery ?

7. What changes in the assignments of responsibility and authority could be mady 12 increase the capa-
bility to prevent or mitigate plant damage?

Equipment

These guestions should be applied to sach assessmant catepory.  Euch question would be preceded
by the phrase, "For this assessment category, . "

N T e

NUREG/CR-6009 20

iy o) G
T R L N T i Iy v S Sy U (e N Y Su D o SOy T Y G A

B Te— T

e e . s R N R R R R RTINS~ j



iy ! Validation “pproach for Each Step

Table 5. (Continued)

’ 1. What axisting plant equipment could be usmd 1o parform the tunction of faied ©afety systems, for sxampie,
non-safety grade equipnent that coukd supply water of jJumpenng to make available alterrale sources of
power?

| #. What are the ultimate operaung limits for the exshng eq inment that could be used as alternates
E 10 salety-grade equipment?

2. Whal provisiuns could be made to aciitale repair or replacement of taled equipment for this assess-
thent category? Corsider both the uvailability of parts and *he capability © gain acceso 10 faind oguin-
mant expoved 10 severe accident environmants

] a.  Whet replacer ont sguipment and spase parts have been identified, including their location and
, meary of transpon and instailation within the time availuble?

b, What advance oreparation of hardware, 'or exemple, spool penes, pre-positoning of equipment.
ofc., would fucilitase the use of existing alternate equipment 1o provide a significan! increat.y in
equipment capability?

¢, What oYsite teaourcus are there that could be dentified and adequately prepared for transport (o
the site unde~ accident conditions

3. What resow es can be nianaged, such as batter; power or oorated water, 1o prevent ur delay ~ ave. .
accident consaguency s, and 'viat 5 the technical bass for thelr use”

a s equirment available that has the capability 1o replenish e«hausted resources within the time
frame avallable for recovety. Ave suppliers of essential resources identified?

b.  What orfaite resources are thare that couid be dentified and adequaisly prepared for transport to
the site under acaident sonditions?

4. What potec.tial optiuns for use of equipmant from another unit have been Can~ Jerad anc optimized? l
5 What acditiona! equicment would enhance the carabllity (0 Crevant or 1. tigute sever: aooiderts.
Instrumentation

These questions should be applied 10 each assessment catepory. Each quastion w o \d be jreceded |
by the phrase, “For this assessment category, . "

S P L e,

1. What instruments are necessary .0 identify the syraptoms and applicab'e strategies thal will enable
accident management personnel 10 prevent or mitigate severe ancident cong:ivns? |

| 2. What are tha limitatiors 0N tie instrumentation 1o provide needeu formation on plat severe accident
| behavior and how are they communic.ted to accident managemen: personne!?

3. What means (protection from hareh enviionments, opera's aids, etc ) have been deveioped 10 ensure
oxisting instrurnents can be used under the expected s era accident conditions?

4 What methodologies have oeen estadlished 10 dentify unrehable data from instrumernts under severe
acckdent conditions?

5 What chunges could be made 1o the cunent instrument systems to anhance the capabiiity 1o prevent or
mitigate severe accident conditions?

21 NUREG/CR-6000
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Validation Approach for Each Step

Ao

! Table 6 (continued)

Decision Making

Answer

Note wer: judged 10 be adequate for severe socident management, although the seres 531, 3.2,
3.3 and ECA-31, 32, 39 may address recovery. They do cover cote and containment cooling
actions for design basis conditions that should be considered shon 1o intermadiate 1erm recovery
actions {or &9+ ¥we accidents

What procedures and guidance instructing how to evaluate information, either from instrumaentation or
tecm othar sources, apparently conthet? |

Answer
Al prroedures are good at specifying parameters that help o diagnose and guide, bul none seem 10
priovitize or give guidance for conflicting evicence They do adaress it in that If & person lollows a

course o! action based on faulty evidence, the procedures are des'gned 1o bring him or her back into
line with additional irformativn  Tne rrouble 18, valuable time is lost

What additional procedures could be added 10 enhance the capability to provent or mitigate plant dam-
age?

Answer.

New procedures could be added to provide guidance on what specifically are the most re..able iIndica-
ons of an SGTR and cow 10 imerpret and diagnose them  ( fhic is pernaps more of a traiming func-
ton-though a procedure for training should exist in any case

Procedures would be needed for severe accidents thal starl with core melt  Procedures bacome
vague i core melt conditions. Directions to depressurize uo not tell the operalor how 1o deprossurize

They just say ‘depressurize’ (ove ES-1.2, Steps)

Thase ruestiong shoukl be applied w each assessment category. Each question would be preceded
by the phrase, "For this assessment category, . . . °

What are the current assignments of responsitility and authority for decision making?

Sogwer

Information available is insutficient.  Access to emergency plan organization, sic. would give more
getails. nmmmmum)mmmmmwmm.uommmmmwwa
severn accident, that the Shift Supervisor would be in charge--beyond that there is not enough infor-
mation

Mow were the currently use lines of communication between the contral room and the technical sup-
panwm(M;wmmmymmmm'mmmm-nuvmv

Answar
Information avallable is irsufficient. Occasionally there are sieps 1femng to TSC, etc.

TommmummmwmmmMmmmnmmwm.mw-
ing the basis for determining wnen the recovery phase is complete?
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Table 6 (continued)

@ What are the ultimate operating hmite for the existing wquipment that could be used as after-
nates 10 satety grado squipmont?

Answer

: ity are 1O available o us  Addvional information would be necessary 10 answs . is
Guestion.

2 Wnat provisions could be made 10 taciitate repair or replacement of failed squipment (o1 this assess-
ment category.  Conger both the avaiabilty of parts and the caf ability 10 gain acoess 10 lailud squip
mart exposed 10 severe accident environments”

Answet:

Not much is said in the EOPs about this, other than, 6.9, "I you don't have AC pewer, then rapair it
olo. 1t & not clear that repair and replacermant cunsiderations during accidents are proceduralized.
They ma; be part of the normal process 1or maimtenance but they are not relerenoed.

a  What replacement eauipment and spare parts have baun identified, including their locabon and
maans of transport and (nstallation within the time availahle?

Angwer
information avabable is insuficien’ 1o answer this question

b What advaince preparation of hardware. for example, spnol pleces, prepusitioning of equipment,
olc., would lacitate the use of existing alernale squipment to provide a significant increase in

o0 pment capanility?
Answer:
Info mation available |3 insutficient (o answer this ques1on

6. What ofiaite resources are ‘here that cou'd be identified and adogyuately pre ared for  anspon 10
the site unde. accident conditions?

Answer
Infarmatic:n gvailablke ‘s invutficient 1o answer this question.

4. What resources can be managed, such as battery power or boraled water, 1o prevent of delay severe
accident consequanca s, and what is the technical basis for thelr use?

Answer:

Step 39 of €-3 directs one 1o App ndix C, page 5J. to shutdown un: veded equipment for porer con:
servation. but vonservation o! other resoirces are not ientified

a i equipment available that has the capsbility 1o /& Bnish OxAAUSI reSIUICRS within the lime
frame available for recovery. Ars supphiere of essential resources identitied”

Ansrer

mmmom.mmsmbamﬁmngmMTVMmdotahamgc‘veﬂonMMowrythmom.
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Validation Approach for Each Step

Table 6 (continued)

L What offsite resources are thars inat could be iderified and adequately prepared for transport (o
the site under acciden! conditions ?

Andwer
Informatio Hie is inaraquate
4 What potertial ¢ . Jor use of equiprnent from another unit have been considered and o, timized”
Answer

Thig plant is n double unit ancl has apportunity for one un' 10 suppl, tha other, bul procedur:  don
indicate any formal approach tor SGTR.

8§ What additional equipment would entiance 1he capabiity 10 breveni of mitgate severs accidents
ANSWE

Mo addl onval egupment beyord thet discussed in the answers 10 Previous Questinns was identifing
fumps o aher maans of adding water 19 the steam generalor secondary side couk! e used 1o reduce
the releuse of fission products.

Instrumaentstion

vmwmmuwmnmmmmm Each question would be precaded
by the phrase, ‘For this avsessment category.

1. What instruments are necessary 0 identily ihe symptoms and ap Yicable strategwes that will gnable
aciden! managemant pa. sonnel 10 praven! or mitigate severe accident conditions?

Answer

This instrumentation i+ taken hor pacsdure £.3 Some of the other recovery procedures, nuch as
ES01. 32 33 and ECA3.1, .32 3.3, as well as 1he genaral procedures, will recuire some nadi-
tional informatior  Fullowing are the instrunants dentified.  ~ondenser air ejectar or stearr gany ‘ator
(5(3) blowdown radiation detector. SG level. men steamiine rad ation monitor. 8G cheinistry san jxes
S pressure, MEV and Dynacs indicato. 3, POMVS and block valv position indicators. teed flow, AC
buses power (hcators, S1 status indicators (vanous blooks actuation status elc ), alr COMPressor run
ning indicators and status of air system, indication of pressunzer heaters and sprays, core exit thermo-
ocouples. steam dump And condenser status indcaltors. hot log resistance temperature detector (R170),
primary pressure, pressunzer leval, Irp status of rods and renc.or coolant pumps (RCPs), status of
vilives in auxiliary spray lineup, status of charging aump, charging flow, charging it pressure, ¢iatus of
resioual hoat remaoval (RHRA) pumps and valve lineups, RHA heat exchanger. s.atus of (VEW valves.
ng flow and valve inaup status, spray pumps status, containment spray valve positions, VCT
control, diesel generator sluius, HCP cooling status, reacior coolant pump (RCP) labyrinth P,
Steam stalus, waste water traqtmont status, condenser hotwell overfiow 10 CST isolatior. sta-
source range nudiear detector, mtermediale range detectors, containment prassure and iempora-
ture, accumulator levels and pressiures. Service v ater statug (~dioations (Including pucip, valve pres-
sure, and flow indications .

Hi

2. What are the limit tions un the instrumentation 10 provide needwd iiormation on plant S aceidert

behavicr and hov, are hwy communicated o accident management pe: sonnel?

a7 NUREG/CR-6008
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Table 6. (corinued

} |
; Answor
: We do not have acoess «© doouments with a discussior of instrument limialions 10 #*her design basis
| o Levers acoidents 1t is uncedain wiether an anzlysis for severe accident corditions has been per-
e, 16

I
5 4 What means (protection from harsh anvironments. operalor alds, €' ) have been ‘psoloped \u use
| existing INStruments undmt e ex ested savere acoident conod 57

Angwer

Information avallable 1s ir. adequate, exvept that satety grac s instrumentation are requirsu 1o meet evi-
i ronments’ conditions based on the desgn basis accient  How thiy relales 10 severs acciden! condi-
: tions is not in the information available for tnis plant

4 What methodrlogles have been eslablishad to identty unredable data from instruinents Unoe kevere
accident conditions? g

Answer
Information available (s insufticient

5. What changes could be made 10 the cunent instrumen: systems 10 would anhance the capability 10
prevent or mitigate severe accident conditions ?

| Anawer:

-: frformation available is insuthicient 1o Raawes s question. 11 is nat clear whather the instrurient sys-
. tems are ‘nadeqguate, so it & difficult 1 identity chunges  Thera is the possibiity that the ngtrumen's
shoiid be protected \1om a harsh severe accident environmental

6. What additonal instruments would enhance {'e capability to preven! or mitiga sevary accidant nondi-
tions?

o Answer

Inclications that stearn generator dump valves or satety reliel valves are siuuk open, @ .1 Jownstream
eMperatures, 10levISIon cameras 10 monitor aimosphenc release points, ‘adiation manior

Traink g

These guestions shou'd be applicd 10 each assessmont category. Each question woult be precedud
by the "hrase. “For this assessmont category, . °

1. Hew does the training provide personnel nvolven in anciuent managemeant with an understanding of

4 the expecing plant behavior, and 18 this training given at the prope: levals and in *he detail required 1o
i faciitate decision making?

Answer:

Information a/allable is inadeguate.

£ How are all personnel invalved with the training simulator mnde aware of the limitatiu 18 in representing
| severe aocidunt nonditions and is it made clear when the simulation 18 no longar vald?

- e . by )
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Validation Appreach for Each Siep

Table 6. (continued)

Answer

Limitations 0.1 perormance are noted in Discrepancy Reponts  During testine if nwvalid perfor nance is
noted,  is idenified and reported.  The se raports were not avallable. The degree fu which these in
tations would apply tor the severe accident oonditions identified as importam o1 the plant ~ould
deperd un whether a detalled evaluation had been Jerformed of the simulator canabilities for the
MavOre accident seque’.ces identfied as important for the plant

How are personnel trained 0 proceed I ingoumen's gives what appears (o be conflicting readings?
Angwer

information availatie is inadequate

How does the training for all personnel (rvoived in accident management ansure st all important |

actions of decisions for sevare acoident manag ~ment are noluded?
Angwar
Information available s Inadequate.

Wha training is provided for all accigent management persomw! on the possible imitations of equip:
ment, instrumentation, and plant information?

Angwer:

Information available is inadeyuate.

What auditiona! trainina is proviged 1o i plemant the use > alternative aystens and equipmart”
Angwer

Information available 1s insdequa.e.

How do drills and simulator exercises consider the following potential restrichons  Inhibitled wer wss 1o

nm" uuu!to' terng “rature or radiation levels, imited lighthg or loss of i #sources such

an tne availabiiity of personnel with the prope, skills?

Drills and simulations may not incorporate actual real-time performance a'lributes = adeguale opre-
sentation ¢! the imiting tactors of radiation fieids, lighting or loss of other resources. EOV iInsvections
by NRC does ieok at this and the AOP/EQP should incorporats thi ivtormation in the actions

What are ine that have been mac . 10 the current traming program to &’ hance the cacability
o prevent or plant damage?

Training material was not available tor evaluation. 1 yeneral, a more in-gepth approach to problem-
zmm‘rqmmmmmwwmmmwvmmuwrMnommmm

What adddional training has been provided to enhance the capaniiity to prevernt ar mitigate plant gam-

"W TPIRERT T T B
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Validaticn Approach for Each Step

Step 4. 'dentify Potential Girategies

The objeciive of Step 4 is 1o dentify accident
management srategics that have the potential w
prevent or matigate the consequenc s of the se ere
accidents in the assessir ot categories werdifi d i
Step 2. There are thiee substeps in the prototype
process for Step 4. (1) determine where additional
seatcgies would be beneficial, (2) develop pro-
poved strategies, and (1) ldentify proposed strate-
gy charactenstics. In the first substep, the chal:
lenges 10 plant safety functions are ceviewed 1o
identify imporiant phenomenologica! belavior,
persennel actions, or hardware performance that
are influencing those challenges. The second sul..
sep proposes identitying potentiai strategies by
examining how plant capabilides can be usad to
elimmare challenge 1o safely funstions and by
revivwing the anplicability of strategies from
sources outsiiv of the n'ant. Information on
mplementation o) the propased strategic s is doou-
aented in the final substep,

We found it more efficient 1o combne Sut-
wei 1 and 2 hecause the questions and inswers
for the assessment categones developed during
Step 3 aiready integrated the necessary informa-
tion, ' e tesng reviewed vack answer for the
ASHE SN M Calcpories to identify ootential new
strategies in the e arcas: procedwies and guide-
lines, decision disking, equipment, instrumenta-
tico, and taining, Consideration was aise given 10
repaiv or replacement of xisting equipiaent, con-
servation of resources, capabilines of plant person-
ne), use of altermate equiprment, and use of altemate
resources. A ast of ponccnal new stregie: was
Geveloped bas+d on this review. This list was then
compared 1o a list of strategies (rom sources out-
side o« the plant, which was comniled primaiiiy
using the "A and B strategies” develuped by the
NRC (Luvkas ané “/andenkieboom 1390) and
stretegies that had been consnidered and evaluated
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in Sweden, Germany, and France.  In some cases,
e atrategies from external sources required major
hurdware changes, which is not within the defini
tion of accident manags mont in the United States,
but they ware included in the fist 10 highhgh
strafegies that others consider importint

About wdrty-five potential stiategies were
wdentified for all assessment categories using the
procuss.  These potentinl strategies, listed in
Tuble 7 cover a vide range of possible changes
or additions to plant procedurcs, hardware, or
analys.s aid. Several involve using the capabili-
ties of the second unit a1 the Zion site to provide a
source of additional coolamt (vlection or §rovide
additional water 1o lenginen the period ot injec-
tion. Most modifications would not involve the
addition of muyor pieces of hardware. However, a
major excep.don is the prop.sed use of contain-
ment venting, which is included to reflect an acci-
dent managunent approach common m Earope
The nun.er of potental siratzgies would liely
bave been larger if there pad been more informa-
tion avatlable in the areas of decision making and
Lraining.

The utent of the final substey is 10 describe
the potential strategies in sufficient detail that fur-
ther asse ssments can be performed. Since identifi-
cation of sirstegy characteristics for all of the
potentinl strategies would require a substantial
amount of time, & sample of six poteniial strute-
gies were selec »4 to cover a varety of different
strategy types. The pedential strategies selected
for devalopment of more detailed information are
as tollows:

+  Reactor vessel cavity flooding system (Direct
Containment Hea!'ng, Strategy 2. Core Con-
crete Interaction, Strategy 2)

£ = R
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Tabiv 7 Potential strategies for selected assassmant calegones

%

e e e e oy

Potent'al Strategies for Sieam Generator Hea! Flemoval

Depressurize the steam generalor and use diesel driven Yirewater System pumps 10 Provice Teadwi e
10 the steam generator

Deprocsurize the stear generator and use low hoad portable numps of fire engines to provide leed
wate: 1o the steam geners'o

Frovice the capability (procedures and hvirdware) 1o cross tie the auxiliary teedwater frum the second
unit 1o provide feedwaler to the steam generator

Provide the capability (procedures and hardware) (o cross tie he auriliary feedwater to the cnndensate |
storage tank of 1e second urit. :

|

{

Frovide aiteriiate wals: souw cns, tor example, potable water, for refilling the condensats storuds ‘ank %
Potential Strategies tor RCS Inventory Control :

Implement procedure changas 10 acoess other water sourcey, 107 example, pnmary wals* slorage tank
or demineralized wider storage tark (boration of 1" s waler may be necessary)

Modify *he reactor < oolard purnp seals and the injection sysiens to prevent inventory 1088 undo” acci
dent conditions. |

Provide the capawuiity (procedures and hardware) (o crus. tie the salety injection systerns from he
senond unit 1o provide injection to the RCS.

Mrovide the capability (procedu@s and hardware) 1o cross e (he safety injoction systers 1o the borat-
ed water storage tank of the sedwid urit.

Identity portable pumps and make arrangements to ransport them 1o the facdity and provide connec-
tions that will allow them 1o inject into the RCS,

Potential Strategies ‘or Containment Heat Removal |

Devalop procedure modifications (ana possibly some hairtbvare thanges) 10 tie service wate: nk: the
fan cooler heat exchange:: . {

Use digsel-driven fire purnps o suppl; water 10 the v, cooler heat exchangers.

Enable servicy water and, possibly, comiponent cooling water o be shared between unis during acce's
wents.

Provide the capability (procedures and hardware) to align e diesel dnven spray pump 10 the conain-
mant SUmps.

Frovide the capabitty (procedues and hardware) to align tne RHA pumps 1o the containment spray |
system. ]

Ingtall a filtered containmant venting system similar to those on European reactors (Sweden, Germany,
France)
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'rm 7. (W rtinued)
Potential Strategles for Direct Contatnment Heating /DCH)

1. Add information 1o the ot aceduies i the furm of a caution of 3 note 10 alert the operators 1o condilicns
that indicate the approach 1o DOM and potential consequences. and discuss strategies thal could mit-
gate ‘he effects of DCH including MCS Cepressurzation (nd the possible eflectiveness ¢ cavity floud:

ng.

2. Flood the \ver vessei cavity 10 delay of prevent lowe! head fallure and to cool the effiuent of A high-
DressLTe Core Mel ejection

| 3 Add a lurge cugacity vent systen) (patterned aher the Swedish or German designs)

4. Invall barriers along the telease path from the reactor cavity (o other parts of the containment 1o
reduee core Jispersion inlo the veria et

5 install instrumentation 1o ndicate lowy head temperature and analysis aids for predicting iower head
fuiure Ume.  Both could be used % indicale wher strategies should be intigled. for example cavity

flsoding.
Potential Sirategies fo- Comtustible Gas [

1. ¥ hydrogen is delected as inreasing through the alarm iésp” nse procedurss, sleps should be added
to eite: S3O1-8. which would Inliate early nookp of the recombiners and other actions that couid Us

effective against hydrogen deflagration and detonation

2 Swategios such as igniters iInside the comtainm.ant or veniing of *he contanment shold be considered
sinoe there are restrictions on the use of recombiners when contwinment pressice exceeds 10 psig of
hydrogen concamnration exceeds « %

3 Develop on analysis »id 1o predict steam, hydrogen, and exygen concentrations 1o estimate the timé
thal the hydrogen concentraticn will reach geflagration and Jetonation limits.

| & A dedicated powsr source shouid be made avalahle 1o towe the recombiners so that they are avall-
able during slatio: blackouts.

8. mnmtmwuwmmmmmunmmmmmmwm
| combustiblo gas burns

Potential Strategies for Core Concrete interaction (CCH

1. Add infarmation G 1he procec s in the form of @ caution or a note 1o aler the onerators 10 conditions
thal indicate the agaroach to CCI and potential consequences. and provide a dincussior of srategis
the t could mitigate the ettacts of CCI, including the eft-ctiveness of cavity flooding.

2. Acavity looding system shouid be corsidered 1o limi ihe progressing of CCI and to scub fission prod:
uets that are released during CCL

3. Develop the capability for additional sampling 1o obla) carbon dioxide and carbon monoxide concen:
trations an” an analysie aid 10 estimate the amount of concrete ablated (this could give an indication af

the potential for hasemat meitthrough).
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Table 7. (ow;md)
Potential Strategies tor Steam Generalor Tube Rupture
f.

Proposition fire hoses 10 spray expacied steam generalor rélense points (1or kxample, the dump valve
and safety relie! valve release points) 1o reduce the release of fission products. Develop procedurs
for uge of thess trehoses.

Provide the capability (proceduies and hardwoie) 10 cross-be the satety injecthion systems 10 the BWST
of the other U *0 pronide adoed inves ory to make up 1o inventory lost through the steam ganeralors
w.uch may not b4 in the containment,

Potentia! Strategies for Interfecing System Loss-of-Coolant Accldent

Incorporate instructions in the procodures on how to integrate and interpret the following instruments 1o
n'd in ISLOCA diagnosis: soecific auxiliary building area radiation alarms, ausiliary bullding sump lev-
@ls, contaw, nent sLmo level, fire alari . v the ruxiliary building, room or area temperatures in the aux-
(hary bioding.

incorpo dte the capability (procedures and hardware) 10 crost cornect the salety njection systems 1o
the second unit borated water storage tank (BWST).

Duvelop procedural steps that wil' ingtruct the Hperator to conserve safety injection (G1) water
reSOurces when sy mptoms indicate that RCS inverdery 16 being loat but is not showing up in the con-
tanment. Develop procedures 1o use these pathways

Identify pathways for returning insentory from the auxiliary building sumps 10 the containment sump s
the water can be recirculated 10 cool the vore. Develop procedures = v hardware 1o use thase path
ways.

Identity imerta 'ng system valves necessary for isolation and ensure (through analysis and poss die

6.anges 10 autuatess) that they will close for the full range of iInterfacing systen brea.. sizes.

———

Analysis aid to project lower head failure
(Direct Contsinment Heating, Strategy 4)

Croxs-tie of secondary Condensate Storage
Tanks becween units (Steam “enerator Heat
Removal, Strawe gy 4)

Use of fire voater spray 1o reduce off-site releas-
es (Steam Generaror Tube Rupture, Strategy 1)

Change to procedures and instrumentation for
ISLOCA (ISLOCA, Strawegy 1)

Change *0 procednres to provide access (o
other water sources ( RCS Invenmary Control,
Strategy 4).

g L N L R I e [y YRR U NSy Laa B B e

1

Oree the potential strategies were (dentified,

we tollowed the process proposed in the final sub-
step 10 ideivify the strategy characterist'cs, Team
members described the charactenistics of each of
these potential strategies by documenting the foi-
lowing informaion:

]

Assessment categories for which the proposed
strategy is oxpected to be used

Plant hardware and operations necessary (o
carty out the proposed strategy, including
changes in the traditional ways »f using exast-
ing hardware or operatious or additions to
hardware or operations that would be needed
0 accomnlish tise strategy

NUREG/CR-6009
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Validation Approach for Each Step L

s » Information and instrumeniation needed to Takle 8 is an example of the strategy charac-
e determine whether the sirstegy s effective teristics determined for one potential strategy, *
;_ Cross-tie of Secondary Condensate Storage

o The resources noeded in terms of the person-  Tanks Retween Units, The identified characternis-
nel and equipmant having the capability 1o tics for all six of the propoused strategies selected
resaore the sefety tuactions and the water,  for evaluation are included in Appendis. C.

gl power, air, and oth ~* resources necessary These characteristics will be used in Step 3 10
| evalunte and select strategies and identily
e The expocied tim - the key phenomena  enhancewieats.
ki and the influence of this Lning on the effec-
gt tiveness f th strategy.
' PRSP ——— R e S - e e
: Teble 8. Exampie of characerstics of one proposad stralegy. t |
i o Proposed Stiutegy Characierisiics ‘
i Crary-lie of Secondary Condensate Storage Tanks Between Units |
i

1. Sequerse categones for which strategy may be effecive
The expected suquencas in which this strategy s expeciod 10 be used inciude

| & Loss of Heal Sink (extended steam generator heat removal)
: b Steam Generato® 1. Rupture (Maimain covarage of break)

andt 1o a lesser extent

i ¢ ISLOCA (extunded 5G feed. if needad, and bleed to maintain low system pressure).
’ ' ¢ Direct Contammant Heatl g (heat removal to accomplish or enhance ACS depressunzation)

; 2. Changes or additicns in plant hardwar -~ aperation

No Changes to plant hardware are notad to be required. The following cross-te capabiiity tor the Unit
1 amndl Unit ? secondary condensate storage tanks (C8T) exist:

a. A 4inch cross-tie (2FWD027) in the turbine builaing between each CHT awliary leedwater recircu-

{ation ling return to the CSTs 1HCDN0S & 0CDOES) with a singyle isolation vaive 0FWO189 (narmally |
4 ciosad). This appears 'o be a line that laps into the CSY at a relatively high elevaton, but may |
L) provide & limited source of water flow o the ~ther tank.

e D ) WS ¢

b A set of 12 ingh rr0ss-ties axist on the non-seismic portion af suction piping to the Condansate
Maki-up Pumps in the lurbine tuilding. Unit 2 pipe (2CD272) ties into the Unit 1 suction header
(0SCO)1) isolated by vaive UCDA38S (normally closed), and Unit 1 pipe (1CD278) ties into the Unit
2 suction header (20D278) solated by vaive 1CD0366 (normally closed). This piging can be iso-
lated irom a ruptured CST by closing the appropriate CST isoiation (CCD0101, 0CDO100).

W L T N e

¢ Aset of 12 inch cross-tias exist on the Condenser overiow iines returmning to the CST piping head-
er:. It appears that the Unk 1 and Unit & CST3 are croas-ied at this point, and one of these ines
is normally open. This may aliow tor level equalization. Unit 1 pipe (OCDOET) ties into the Unit 2
CST header (2CD279) with vaive 0CDO37S normaily open. ars Unit 2 pipe (0CDO03E) tas into the
Unit | CST header (0CDO0E8) isolated by vaive 0CDO394 (normally closed). This piping can also
be isolatud fram a ruptured CST by closing the aporopriate CS T isolaton (0CDU101, 0CDO100;. 4

| J

——— . — —

R e ] e e e
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Table 8 (continued)

e T—— e T IR A AT o A . SRR hide ¢ s e e i e e R N B e e

Validation Approach for Each Step

et — - -r— - S e T S Pt S e bt e O ot - -

1

d. A 12 inch cross-tie (OCDOHS) axists in the turbine building prior 1o entry of the CET pyuing into the |
auxiliary builoing and the suction headers for the AW pump:. (his “e ‘s isolated by va've
0CDO370 (normally closed) and can be 'solated rom a auptured CSY piping in the turbine building
by cinsing the appropriats: manual (turbine buliding) ealation vaives (10O, “CNHNZEY)

@, An 8 inch cross-tie (0SWUS8) exists on one of the service waler emergency s :pply headers to tha
motor driven AFW pumps. This ine s vormally open (valve 0SWO0670). CST suppled 10 the AFW
pumps is normally flowing through this pipi'g and can be supplier 10 the other maur-driven AFN
pump via the normally open service water cross-tie of £an bo supphen to all APW sumps via the
normally open CST suction headers. Thia nortion can be isolated Irom ruptured UST pip«'g in the
turbine twilding by closing the appropriate manual (turbine buliding) isstation (i CD0369.
2CD036Y), or an individua' pump may be isolatd by chasing its dischaige is0l Hon vai'e of su tinn |
isolation vaive, or both

The influesce of the cross-tie on the operaton of the second unit Mus, be determinad 1o ensure
that there are no negat 7e effects on the satety of that unit. Restrictious on the op/vation of the
second unit may be necessaiy when thie stralugy s implementad it nag ative eflucts are identifed

Information needat and instrumeation available

Inforrnation needed 10 keep appr 3aci of CST cuiditior.. = currently avalable and used 'o encur s AFW
suction by monitoring CET level, AFW pump aiction pressure, and service watar supply 10 the &FW
system. Current operator actions are deiineated in CAUITIONS containe within \wocedures of the
ECP network that direct restoration o iavel in acvordance with ACP -4 3 it CST level is Lass thav 3 feet,
and snsuring service wate: is alignad 10 accordance with AUP-4 3 it CST level falls below 0.5 fest
(An example s CAUTION at top of page 10 of 1 R-, .1, lesporse Tu Lose Of Seoondvy Heat Sink’)

Regources needed

Currently, parsonnel are directed 1o perform some reguired actions | e .. AOP-4.3 provides instruc- {
tionis ‘0 aligning service watar (SW) to the AFW Lumps]. it s expecisd no addiuonal personnel would
be required to complete tasks to cross-tie the CSTs to provide an extandnd sourse 1 the AFW pumps
Some decision making on which cross-connect would be bes! 10 use, hasad on current plant conditior.a
and projected plant conditions, will be aquired privr to reazhing the 0.5-fo0t limit in the ane CST. fro-
cedures :nay be redirectad 1o ensuring the inventnries of tie CST am raaximized for suppiy 10 the AFW
systermn. Additional training in the use of the pruc . iures woud be required.

Expected timing of key uvents

Timing is important 1o maxmize available water resources 1or SUpoiy 10 the AFW systern and to protect
from @ loss of bath CST inventories. Adequate tims i allowed "y alerting t'1e cort ol room operator via
low level alarms and cauticn steps witnin the EOPs It is expected that &)l Jperaor actions could be
completed within a haif-hour if at least 2 persons are Lasignead to tha task.

) |
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Vaiidation Approach for Each Step
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Laak ut AFW
pump ino
5
"
|
; isolate atiected Isokee 4t iect
WWWJ Ut makeup Nerder unit AFW section

”-'.e'
Go o procedure
( n ettect )

Figura 8. Flow diagram for the preliminary procedure.

and pipe breaks). Steps 3 and 5 throagh 7 define
corrective actions to isolate the leakage flowpaths
while ensuring adequate secondary waer supply to
the steamn generators through a cross-tie of the CSTs
at un appropriate location.

The chosen strategy could supply eddiiional
wates for several assessinoni categories. [t was there-

fore difficult o develop a tmeline for this straegy.
Comparing the time availabie to implement the cross-
tie 1o the time expected to be available, we concluded
that tirne should not be a factor in implementing this
strategy. The preliminary procedurcs contain suffi-
cient information that developing a timcline based on
the process described 1 Substep 5.1 was not neces-
sary for this particular potent'si strategy.
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Table 9. Equipment and instrun« ntatior. ‘'dentified in Example Procedure AOP SEC-1

1
(CAUTION)

CST makeup valve - 1 )LCV-CD139 4 in
Air-oparator tan-closao

Makeup Jemincralizer booser pumps
OMUO11{0A)12(08)/57 (3) [non-satety].

CST migke up valve bypasas - 0CDO121
[2CD0373) B in. manual glube valve normally
closea.

totwell nunnad makaup vaive - 1(2)LCV-
CDOBA 4 in Air-pperator tall- closed.

Hotwell emergency makeup valve - 1,2)LCV-
CDOBB 6 in. Air-operator ful-niosed.

Motwell manual makeup valve - 1(21CDCO3L
éin maual globe valve normally closed

CST Jutiet solin - 0CO01(0CDO100) 20
in. gate vaive with bellows seal (diaphragm
vaive) normally opan.

Makeup header isolation valve - 1(2)CD0368
13 in. gate valve normally onen,

Maksup headar downstream £r08s-He vaive -
OCDO37Y 1< in. gate valve narmally closed.

Makaup header upstream cross-e vuive -
0CDO3YS 1 in. gate vaive rormawy open.

Makeip header isolation valve | 1(2)CD0368
4s in S1ap § ove).

AFW suction header fro n SW manual cross-
tie valve - OSW/.E70 8 in, gate valve normally
open.

MOAFW suction header from SW cross-tie
vaives - 1{2IMOV-SW108, 1(2)MOV-SW107
8 in. ser"s NOtor-operator gate vaives nor-
mally open hetwsen suction haaders to the
motor-driven AFW pum ps [satety -related]

AFW pump suction isolation vahes
H{2IMOV-FWO074, \2IMOV-FWO076 8°
mo'or-operator e valves nurmally open
[salety related); 1(2)MOV-FW0OT76 10
motor-uperator gate valves normally open
1safety relatad]

W?.';‘. :

COY Level - 1{2LT-CO138 (standpipe).
H2L-CD (tank)

Makeup de ningralizer 1o CS 1 flow -
OFTIMULL (recorder - green pen);
OFQMUIUS (flow totalizer) at demin. con-
e panei,

Hobael 1{2)A level  1{2)L1-CDO8 [Non-
Sataty]

Hotwell makeup line fiuw slament with
output to 1{2)FR-CL08, point 1,

IHntwell makeup line flow element with
output to 1(2/FR-CDOS, point 2

o .8 o 8 i o S
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One of the onginal tasks in Step 2, cagoriza-
ticit of sequenwes, selecied a “typical sequence”
for each susessmeont category 1o reduce the amou v
of work necossary for assessing strategy. W
moved that task to this substep bzcause it was rot
clear that sclecting a typical sequence would be
necessary for evicy proposed strotegy. For the
proposed straiegy, cross-tic of the STy, typical
sequences were ot selected because the strateyy
does not require gxteasive sequance evaluadon to
Judge its effectiveness. The effectiveness could be
evaluated based on ihe assessment categories, but
Liete was not enough information available.

The equegpment and instrumentation identified
in the ¢xample preliminary procedure are listed in
lable 9 with their relationship to the instructions
or sicps This information 18 wsed in Substeps 5.2
through 57 to evaluate the potential strategy and
rank it against the other potential strategies.

Substep 5.2. Evaluate
Phenomerclogical
Behavior

The objective of this substep 1s 10 judge the
effectiveness of the proposed strategics by evalu-
ating the thermal, hydraulic, radiclogical, and
chemical phenomena. For the proposed strategy
to crovs-tie the CSTY, as long as specified levels
are maintained in the CST, the important phenom-
eny are sinctly related to single phase water flow
in the piping and components that connect the two
tanks. An assessment of the flow resistance of the
cross-tie paths hetween the urits should be per-
fonued 10 assess the possible flow rates between
the twe CSTs. However, we were not able to per-
frrm these calculations becuuse we do not have
detailed infor-astion on the length and routing of
the interconnecting piping, the pressure drop cha-
acteristics of the valves, ov the boad-flow charac-
teristics of the pumps that would be ysed. No oth-
er phenomenological analysis was judeed 1 be
recessary for this strategy.

§.3. Evaluate Human Per-

The ovbjective of this substep 15 to estimate the
likelihood that the personne/ would seccessiutly

Validation Approach for Each Step

wnplement the proposed strategy and 1o iJdentify
what might be deae 10 increase the Fielihood of
success. For this 0 wsed strategy, the expentise
of our tearn membe: - » aded operations, human
factors, and systems engineering.

The first step in evaluating buman perfor-
mance was 1o review the nming and 10 review
procedural guidelines. Because this is not a time-
driven seque* ce--several hours could puss
tetween the ir:tial low-level alarms and the time
that the CST would essentially empty-- there was
no adverse effect of timing on successfuldly imple-
menting the strategy.

The second step was to model the strategy, as
defined by the prelininary procedures, using
human reliability analvsis tecuniques. A simpli-
fied analysis was performed *o estimate the proba-
bility that the plant personnel would fail 1o imple-
ment the strategy. The resulty are shown in Fig-
ures 10, 1], and 12, Probabilities were estimated
based on experience with similar human reliabilicy
analyses. They are to be considered order-of-mag-
nitude numbers. The total failure probability for
this se quence is estimated 1o be 3.1 x 1073, which
15 judged an acceptable rate for human perfor-
mance v situasions of this type. Figure 10 shows
the overall ree, which inclades detecting the loss
of level in the CST, and then estabiishing the
make-up path. Figure 11 shows a fauit tree for the
level irstrumentation signals available 1o the oper-
ator o detzct the loss of level in the CST, any one
of which would be sufficieut to detact that the lev-
¢l was decreasing. The protability velue from this
tree is then combined with the value from Fig-
ure 12, which shows a fault ‘ree that repiesents the
failuze to establish the make-up path. Two activi-
ties are required to establish the make-up path,
The Jiest 18 to establish the tlow; the second is to
wolate any leak or Joss of flid from we system.
The failure probabilities were estimated taking
into coasideration the number of possible paths
and sources of leakage.

The fiasl step was 10 ascertain whether any
changes might be pelpful to improve e overall
probability of success  Fine tuning of the proce-
dure is not possible wunour the ability to actually
walk down the procedure in a facility. Instumen-

NUREG/CR-6009
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Valigauon Approach for Each Step

Detoct ioss In CST A/\ a. Fall 10 detect loss in ©5T (0.0001)

/

Fetablish make-up path : b. Fail 10 estatish inake-up put (0.003)

Total failure rate = 0.003

0.0001
0.003
0.0031

Figure 10. Response 1o the ks of CST leve!,

| Fail to detect
lous in CST
00001

-

-~

(]

[

Cail to getect Full to detect [ Fall 1o notice
CST low- CE'f Low-low- CST levs!
ievel alarm level alarm o opping
30,001 0.001 0.001

Figurs 11, Failure to detec* a loss of leve. in the CST.

tation as ideskiied in the nrocedure is adequate.
and we & uot believe thar any equipmant madifi-
cationg will make significant improvements.
Theretore, no reanalysis o the sequence 1s war-

The ohjeciive of this substep is to detrrmine
whether Jie equiprnent used to cross-tie the CSTs
will perform the necessary functions for the straie-
g5 to be successful. Equipment LWnportant for this
strategy is ident.fied in Tuble 9. Although we de

NUREG/Cit-6009

not heve inforination n the design charactenstics
and limitations of this equipment, a review of the
equipment (ypes and the expected single-phase
flow condive s would indicate that these 1s a high
likelihood 1.4t the equipment widl perfurm satis-
factovily. An evaluation f the effect of loss of
support systewns, such as electrical power or plam
air, was not possible with te information avail-
able to us. This type of ussessment should be
made and compared to the assessment calegones
to determtine whether the loss of support systems
would significantly affzct this strategy. The
squipment would oot be located svhere harsh envi-
roncaents would be a major contributor o equip-

40



Fail to
z4lablish
make-up path
0.003

Validation Approach for Each Step

1 1
2% T [~
a',:u':h Fail tu isolate ]
leak
o make-up path
{ 0.001 0.002 j

0

MO e s 1
Fail 10 detect Faill to 1solate
lgak 0.001
0.001

Figure 12 Failure 1 estabilih a make-up path.

ment performance. No other equpment pevfoe-
mance evaluations were judged to bu necessary fur
‘hiﬁ Steate !‘:)'.

L5 Tvatuate irstrument
Pe:tormance

A rweview of the instrumentation identified in
Table 9 for the petential strategy under evalue-
tiom indicates that it should pe adequate 1w denti-
fy that the ST level is decreasing under ace -
deat conditions. her: is also sufficient instru-
mentaton to monitor whether the potential sirat-
egy has been iniplemented. If success is defined
as the refilling of the affected plant's CST, then
there is “wlicient {nutrumentation to indicate
that the level is increasiug or is within the
wesired operating band. With the plant informa-
tion we have available, it is nou clear how a loss
of electrcal power or a loss othe* support ser-
vices wondd affect these instruments. An assess-
ment of this effect should be mwade based on more
dezailed information.

Substep 5.6. Select
Sirategies

The objective of this substep is to rank the
powential srrategics and select thuse that vhould be
implemented. Jince we aid not have sufficient
aformation to thorough!'' evaluate any of the
potentiel struegies, ouly oue trategy was evaluat-
ed, and that as & tmial of vhe process stevs. There-
fore, it was not possibie 1 rank poteptial strategies
and cvaluate the prototype process fos this sub-
sten. Following is an example of how the infor-
mation developed in the pravicus sebsteps would
he used for ranking the potential sirategy 10 cross-
tie the CSTs. ihe following five aveas are sug
gested in the potential provess substsp

Likelthood of Succescful Implementation.
The resulis indicate 1t:at the potential straiegy
should bave a high likelihood of successfully
establishing a cross-tie for the (wo uniis if the sup-
port systoms (electric power, air, etc., are available
or their loss 18 compenswzied for.

NUREG/CR-6009
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4. REVISED ASSESSMENT CRiTERIA

Step 1. Assemble and Intagrat2 Inrormatlion

i v w——

4 inugrate

Nt IManoR

" A
6, g
e e e ———————y— e - viodnadintees ey PR —— A <
I e ’ ol o . - — -~ “
Criteria: Step 1 l}
1 A The information shoidd wearty idevtdy those severe accident sequences to wh
{ vould be valoerable. including ki h-consequ enct w-nrababiity sequences LG
with o high probability of core damags
I, e cach accident sequence, the information should be suffic letaile
impoertant faveres of eguipraesnt o HUMman ervor, iImportant evems anad 1
vurrent and net~gtial preventative or mingative actions
1. Detailed descriptions of the plant vquipiment, strumentation neral 3
should be availabie, Fhese descripiions ms s include design and operationas |
> . NN \ A\ X \ v R




Revisea Assassiment Criteria

Step 2. Categorize Sevure Accident Sequences

ztlmm;z ' : Iy :
SOguarnd ' ¢ ’ G e tormat

5 (RN :
1 &
; ¢ ‘ ] | 3" { !
b } i : ; PE \
\ N by .
i : " "
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\
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| y [ L 1
% 4
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é Critervia: Stop 2

Fout'

1. Ascessmen! cotegories should represent sovere sccident beliavior that would cause chal

'

lenges to the niany safety Yanction

<

§ 2. The sssessment categories shauld correlate with the o L IPY or PRA results to vasure

(hat £l severe gecident beha vior thin wiay chatlenge e plant safely functions are includ

ed in the set of categori

F A Assesvnent catogorivs shosld be separate it Cignsficant differences are noted in timing of

key evenls, system cond’tions, suppoct yystem evailability, or system envirent ieniial cond’

Hons




Fevised Assessment Criteria

Step 3. ldentity Acrident Management Cs,. . litins for Sequence Categories

e ! ISR SRR
| {7 vaidatle |
shatogies | { J
- ...._«f;—.. - L....._y —— ‘.‘:__
: W e I
i | i .
rategorize [ idoctity | Imrie Tt | s Incorporate |
Lz sequences | | "‘""‘9’”_” ;Gonhancemm | 8 i ormation |

Preliminary Step 3 criteris idenafied arcas
where rlant capabilities (ho 4 be exainad bat
they were not cles on bow capabilities shoutd be
ientified, Bused on ik finiiags from valuation
of the prototype priroess, the preliminary on'enia
were revised and are presered below. The puipose
of the firet revised cniteon is 10 clanfy the method
of idem:fying c:pub'ities, Forhons of the vralion

The second criterion was added becauie wy
found tnat identifying traprovemanis v plant
capabilities was a natural externsion of the identifi-
cation of the capabilities themselves, The purpose
of this criterion is *o ensure thot identification and
improvement of capabili’ies are considered i dye
sarne step 50 that svoergisr is included in the
Provess

Ly criterta were c=wined o - appler. ent mforma-
tion in areas when. (apahlities should be evaluatad.

A AR Y A A S A T WA B
Criteria: Sten 3

1. The method of identifying existing acciden! managemenc ~opabilities should be formal,
An example would be 2 structurcd set of goesiions dusigead tu determine accident man-

agemeat capabilities in the following areas:

a. Procedures. A procedures and guirdelines available to (e operations nnd (:chnical
suppurt team staff acessary to manage wocidents should be identified.

b. Decision Making. All information that 6-scrive the rofes of the personne! tavelved in
accident wanagement (for example, tne pusnt operations stafl, corporate ¢chycal Jup-
port teams, 21c), with emphasis on the decizion-making respor sibifities and duties dur.
ing sever ¢ aecident conditions, iould be identified.

¢. Equipment. Key equipment and systems (hat can be repaived Hn site should be Jdeuti-
fied, along with the estimeced time requires and the procedures 2 silable to ~ffect the

repair.

Equipme o that can be used to supplement or replare safety-related eynipmen suould
be identified.

d. Instrumients. The key {astruments installed in the plant (hat have the capakility to iden-
tity the inistion. 2nd 10 follow the progreision of the plant accidents shwoli be Fdenti.
fied.

£ Trairving. (raining that provides an understanding of the nccident assessimn! - ate-
gorics or that is used to identify or manage them should! be identifie:).

2. The wmethoad for identifying accident management capabilities should conside: chauges
that have the potential for preventiog r mitigating challenges to plant safety functicos tor

e - -
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Revized Assessment Critens

Step 4. identily Potential Strategies

FLARBERE SIS | R— P AT e =
] 4 Integrate | ; 3 Detarmine | ‘ g Seact 57 Vaiidete |
{ irmormation capabiites | ! sirutegies | ! !
RS AR e ._._.....\:_._ | P g o st | (S o e g
R " \ ' g N
k. SRR o : A AR A ST -
| 1 |
i 9 GCategonze | ) implemen 8 Incomporate |
{ '* sequences | 3 enhancement | L information |

The preliminary criteria previously developed
for Step 4 wers Jound o be adequate and are
repeatcd below, Based on the revised process,
dgetailed beckground information for identifying

potential stratogies is developed in Step 3. Step 4 tive for each of the assessment categories.

[
-

Criteria: Sten 4

Potential strategic s that ronld enhance the capability to prevent or mitigate the challenges
to safety functivas shoold exist based on the accideat mancgement capabilities described
for the seouence categories in Siep 3.

Fotential stratesies should consider. but no be limited (o

a. Repair and restoration of eqeipment
0. Use of 2 4craate eqguipment

¢. Ustofal wuate risonrces

a. Concervation of resourves

¢ Timing for effectiveness

A minimum of so poleniisd strategy should he identifind fov each of the assc.sment cate-
gories identified in Step 2. Whenever possible, strive for redundancy and divessity in the
strategies identified,

The potencial strategies shoub! be described in terms of the personnel ~esources, equip-
mend resousves, and the informatior needer to undeystand plant status,

NUREG/CR-5009 a5

uses this information and combines it with consid-
eration of various methods for using existing equip-
ment. mstrumentation, and other plane resources (o
formulate potential strategies that would b effec-
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Criteria: Substep 5.1
| I he tasks necessary 1o execute en nh rroposed strategy sh i be 1w et d listed
4 }'»'n ! 3-2-‘||fl‘ 1 Lasks nouid b it N ey {I(* time ¢ irait sheuld be wviimined and
) fimvelinie Tor each of the assessment 144 gl } be used where time determined

16 be a factor
| L here snould b lear defimition of who 18 responsinle for inttiating isks and wh

respotesihle fon ‘n!‘:d(lll(l‘_: the Lasks Iincluded 1in it CLIMINAry 1 ures and gud

ance
4 i he need fou ﬁp'.;uli LGOSS, Matarials ntormat | i Dla TN | i SSAry repa
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5. CONCLUSIONS AND RECOMMENDATIONS

A prototype process for develaping acc ident
management plany was evaluated through a wrial
applicrtion under conditions similar to those
expected at a nuclear power plant. The objective
of the application was not 10 develop an accident
management plan but to determine whether (a) the
activities described for each step provide the prod-
ucts specilivd, and (b) the steps are integrated 1o
provide the information necessary for a technical-
ly accuraie and useful accident manage ment plan,

We were not able 1o obtain the asreements
necessary for the participation of a utility in this
evaluanon. Without this participahon, it was not
possble 1o obtain a detailed set of integrated
information for an individual plant. Lack of
detailed information restricted the extent of the
evaluation,

The following are peneral sesuits from the
evaluation of the prototype provess, followad by
results that are specific to individual process steps.

General Prototype Process Application Results

1. The Yack of wdlity participution restricted our
ability to adegnately evaluate all sieps of the
prototype process using detailed plant hard-
ware and operaticns information. As @ conse-
quence, evaluation of Steps 1 through 4 wes
canpleted but Step 5 was only partially evalu-
ated. It was not possibie to eviloae Steps 6
theough 8,

2. 'The general content of Steps 1 through 5 of
the prototype process are adequately integrat-
ed. Some modificauons w the individual
steps were identified te correct shortcomings
in the process and make it more efficient.
Using these modifications, Steps ¢ through 5
will produce the reslts described in the proto-
Lype process.

3. The team approach was very effective in per-
formuig ‘he steps of the profetype process
because ic helped gensrate sync. gism and cre-
auvity, especially when identifying plant capa-

NUREG/CR-6009

bilities and potential sirategies. We expect
that this approach would be even more effec:
tive in & seting where plant personnel with a
higher level of plant knowledge and expertise
were involved.

Specific Prototype Process Application Results

[. The method described in Step 2 for categoriz-
ing sequences was not effective because it did
not adeguately group sequerces, but rather
resulted in the definition of a large number of
sequence categories. We conciuded ihat the
events that lead 10 severe accident conditions
provide more insight into possibie accident
management actions than categores wnat can
be defined through sequence categorization or
sequence hinning, Three alternate methods of
developing categories were examined that
considered the individual events as important
indicators of opporiunitics to manage the acci-
dents.

The first method useu the events directly from
the event trees 1o act as severe accident nian-
agement evaluation categories. The categories
for ihis approach would be easy to identify
and would produce a reasonable number of
categones. The second method used the struc-
rure of the safety objective trees desenbed in
NUREG/CR-§343 to define symportant events
Mechanisms that can cause challenges to plant
safety functions were selected to define the
assesament calegones. Examples of cate-
gories based on mechanisms are inadequate
RCS inventory, inadequate containment heat
yewioval, core concrete intetaction, tnilire to
isolate containment, and interfacing system
loss-of-coowant accident. In the third method,
we trar. oribed the severe accident sequences
for Zion Unit | onto the safety objecuive trees
and found that ali of the events associated
with these sequences were uwccounted for by
the safety objective tree mechanisms.

We conclude that ali methods could be suc-
cessful in categorizing sequences, but we pre-
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ferred the inethod that transcribed events
ihe safety objective tree mechanisms because
11 Was easy to relate the assessment categories
to kotk plant safety functions and 1o possibie
strategies, through the safety objective tree
structure. This is the method used in the
application of the prototype process.

2. Identification of plant capabilities was deter-
mined to be a very important step in developing
an accident management plan. We found it was
difficult to separate the ideatfication of piant
capabulities and the identification of how these
capabilities could be used 10 improve accident
management for the plamt. The method
described for the prototype process was deter-
mised to be inetficient. A more swuctured
spproaach was developed, using a guestion-
answer format that proved to be effective in
identifying plaat and personnel capabilines and
how they could be used to provent or mitigate
vonditions affacting the sequence categories.
Thy ¢ sestions developed are general and couid
be @ 2 d for identification of capabilities Tor
other Cuclear pover plaats.

3. About thirty-five strategies were identified

w ' the potential 1o improve severe accident
T gemwent, using 2 process similar 10 that

ek il
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Conclusions and Recommendations

described for Step 4. Results from the Gue:-
ton-answer session conducted as pant of Siep
3 focused the identificaninn of potential strate-
gies and helped o determine how they should
be conducted.

4. Development of preliminary procedures was a
suceessful first step in determining the person-
nel, hardware, and instrumentation involved in
potenrial strategies, Alihough there was not
enough mformanon to thoroughly as.ess Step
S. our judgment is Uiat the assessment and
ranking process described would be effective.

A final set of evaluation criteria were devel-
oped after completion of the process evaluation,
The preliminary criteria for Steps 1 through 5
were reviewed and discussed to determine
whether they were compatible with the findings of
the evaluation, they should be revised to account
for changes that were made o the process, and
whether the addition of criteria was necessary, {t
was not possible to revise the critena associated
with Steps 6 through 8 because these steps could
a0t be evaluated o identify potential areas of
improveinent. The preliminary critena developed
for these three sieps aie judged to be adequate for
severe accident management plan development
and evaluation,

NUREG/CR-8009
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Apreadix 4
Teble A-1. Accident management capubilities for loss of secondary heat sink.

Sequemc Caregory: Loss of Secondary Heat Sink

Related Soquence Categories.  Restricted  RC3  Bleed, Iradequate RS Inventory,
Noncoolable Relocation

“uniainment Failure Mode : Alpha Made Fuilure, Basemat Melt Through

1. Procedures:
a.  Procednres currently include:
MFW - AI'W - Depressurization to use Condensate Booster Pumps - CST Inveatory
Crossties to other units CST, service water, Paimary Feed and Bleed, Charging Pumps
and SL
b, Possitle additional procedures:

Depressurization (¢ use Fire Pumps

b

& :

- Use of portable pumps ¢ g., fire engines.

N

3 Allernate scurces of wates (other units CST, refill CST)

2 Decision Muking:

: a.  Important decisivns that will need ciear lines of responsibility and auchority are:
é\f There is insulficient information in this area. Possible important decisions are
E'- |

il Decision on Crossties te other unit.

Decisions ca Repair or Replacement uf failed equinment.

3. Equipmeni:
¢ Exsting equipment:

Feedwater pumps, Auxiliary feedwater pumps, Diesel drives firewater punps, Condensate
storage tauk, Dump valves. Safety relief valves.

i b Potential use of equipment not currently specificd:

{ Availability of portable pumps ¢ supply feedwater, planned Jocation and methou of tie in
’ 10 the fegdwater syster, for portable pumps.

o NURBG/COR-60X6 Ad
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. Appendix A
_ Table A1, (continued)
' o Capability for repair or replacer.znt of electrical or mechanical equipmen..

4. instrumentation:
8. baisting instrumentation:
SG Level (wide and narrow ), Hotwell Level, CST Level, SG Prossure, AFW & FVW Flow,

e Core Exit TCs, RCS Hot Leg RTD, MF & AFW pump discharge pressere, charging pun.p
and SI parameters, RVIMS, Prescurizer level.

i,

3 S, Training Capability:

‘ 8. Current training:

There is insufficient inform stion in this arca.

| 6. Posuidle Interactions with Related Sequence Categories
a.  Steam Guaerator Tube Rupture

!': !
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Table A-2. Accident manage - ent capabilities for inadequate RCS inventory.

Sequence Category: Taudequate RCS Inventory

l‘« : L
’ A Related Secuence Categoties:  Inadequaie Secondary lnventory, Restiicted RT3 Bleed, RdR
Vo Syrtems Opeiable, SCRAM Failure, Noncoolable Relocation

4 Containaeat Failure Modes.  Alpha Mode Failure, Basemat Melt Through, Overpressure
; Failure

1. Procedures:

a.  Proovdueres currently include:
: Fxisting piocedares oot use of the chaiging system high head pumps and the trarsition
[ to S (internediate head), and iransition 1o RHR (lower head). Procedures also exist {or
switching tc recirculation and fo: refilling RWST.
h.  Possible additional procedyres:
Aiernate methods o refill the RWST should be examinod,
yul 2. Mecision Making:

. Important decisions that will need clear lines of responsibility and suthority are:

LB st

There is insufficient information in this area. Posuble importapt dezisions are:

i Ak

Decisens egardine preparaiion of horated water or the use of =~ n-borated water
for extended periods of ime.

Decisions regarding ase of contamment sprays versus RCS injection.

i Decisions on which instruments 1o trust and which procedures 1o identify or give
guidance.

b.  Possible additional Decision Making

Based on the Lmited information, additional guidance vould ve beneficial on apy transition
reeded trom corrol room responsihility to Techaicsl Support Center | sporsibility.

R LRI e T st e s T Sl (VIS T L A e T T e O Pl T T v Y T e Ty e
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Anpendix A

 Tuble A2 (continved),

3. Equipment:
».  Existir, equipment:

High and low pressure injection systems, RHR sy.tem, charging system, containment spray,
cross-connects 10 second unit, means o refill RWST.

,';f_ b.  Potential use of equipment not specified:

5 y Use of portable pumps or dinsel driven flue pumps 10 refill water siorage tanks or inject
i*to system (capability 10 borat may be needed.

4. Instrumentation:
a.  Existing instrumentation:

{ore exit thermocouples, pressure, RTDs, RVLMS, ELLS instrumentation (levels,
pressure, flows, tempetatures)

b.  Possilde additional i trumentadion:

Bottom head thermocoupies, TV cameras for lover head visual obscrvatons, analysis aide
to estimaie core lovel by interpreting raclear instrumeniadon (source range or SPNDs).

5. Traming Capability:
4 Current traiving:
Sutficient information not available
b.  Puossible additional training:
Based on 1he limited information available, potential additional training may be:

Use of allernate sources of water

Additional cross-connects 1 other wiits
Meanirg/sigmficance of instrumentation readings
6. Possible Interactions with Related Sequence Categories

a.  Possible interactions with long tenn conlainment “ooling for some severe accidents.

ALY NUREG/CR-6009
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Table A-3. Containment heat remeval.

- et

 Sequence Category: Containment Heat emoval (kary, Late, Very Late)

Related Sequence Cav.gories:  OCL Steam Generstor Tube Rupture, DCH, Combustible Gas
Detanation, Steam Explosions, Noncondensible Guas Buildup

s Containment Failure Modes:  Basemat Medtthrough, DCH Early Containment Failure, Late
: Containment Overpressure.

,J | 1. Poocedures:

& Procedures currently inciude:

Guidance is provided on spray initiation
LA Guidance is provide on the use of the Fa . i
b.  Possible additional procedures

o Guidance should be given or the use of aliernate pumping systems for the sprays or

b alternate sources of water

- Additions! guidance shou)! be provided ca alternate means of supplying cocling 10 the
; heat exchangers

2

} Guidance to help evaluate the capability of cortamment neat removal options for the
' possible sequences using a damage control matrix format

i’

: 2. Tacsion Makivg:

P A Important decisions that will need clear hines of responsibility and awhority

Thore is insufficient information in this area, Possible important decisions arx:

; ' Decisions cold be needed on whether aprays sbouid be user! to remove heat when
3 there may be problems with hydiogen detonation or Jeflagration

-"E.

; A decision structure could be incorparared for prioritizing strategies consistent with
i% _ a damage control matrix

i

'r Decsions could be needed on the wse of containment venting W it is an adopred
! strategy

:
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Table A-3. (continuea).
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Appendix A

4.

5.

f 3. Equipment:

a.  Existing equipment:
The curieni spray systems and [an cooler systems provide diverse means t0 remove
containment heat.

b, Poential use ~f equipment not currently identified:
Consitwr how 10 use alternate svsiems to supply sprays. Fxamples are diesel diiven fiie
pumps, mobil: pumps, or firc enzines. A determination will be needed 1o assess the
effects of these systems on the poteatial for recriticality.
Consider alternate sources of water, either 1o the sprays or 10 the heat exchangers used
by the fan coulers.

Instrumentation:

a.  Fxisting instrumentation:
Conwiinment pressure, wemperature, «nd radiation levels will supply information that can
be used 10 make decisions to initiate and regulate coatainmient cooling.

b.  Potential use of instrumentation:
Additional instruinentation that would detenmine where the containment s breached
Additional instrumen ation to detenmine the location of the core materisl one it has lefy
the vessel and v in the containment
The capability 0 identify wlich instruments are reliable o technigues 0 read damaged
or instruments beyond their range would enhance accident management

Training Capability:

a.  Curremt trairing

Sufficient wformation not available.

A9 NUREG/CR-6009
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 Apnendix A
Table A-3. (continued).

4 Possible Inteactions with Reiated Sev;uence Categories

i . a  Spray nduce the inerting in the containment an increases the tikelihood of hydrogen
i detonation ar deflngration.

b. Sprays will be very effective in scruohing out radioisctopes from the containment
atmosphere.

]
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Appendix A

Table A-4. Dircet contsinment heating.

Sequence Categrry: Direct Containment F . ating

Related Sequence Categories:  CCL, Late a4 Very Late Containment Heat Removal, Steam

Explosion, Combastible Gas 1 detonation, SGTR

Contsinment Faluce Modes:  Failure  To  Isolate, Basemat Melithrongh, DCH  Early

Conmainment Failure, Late ¢ ontainment Oveipressure

1. 2Proxcedures:

Procedures currently include:

RCS depressurization is initiated using PORVs and upper head vents when core exit
thermocouples are greater thun 1200 F,

Possinie acditional procedures

The existing precedures should specifically recognize the consequences of DCH and alent
the operator to sel2eted mitigative strategics

2. Decision Making:

&,

Important decisions that will need ciear lines of responsibiy and authority a 2

There is insuflicient information in this arca. Pessible imperiant consideradons are:
The existing decision making procuss may not recognize DCH o its potential effects
With the current procedures calling for RCS depressurization, decisions on effects of
depressurization (mitigation of large pressure rise due to dispersal of core material verus

an ircreased likelihood of in-vessel steam explosions) must be considered prior to an
accident.

3. Equipment:

Existing equipment:
PORVSs and the upper head vents,
Potential we of equipmieat not currenily specified

Positson shields or other cquipment 0 deflect and minimize dispersal of flows from the
ower head

A-11 NUREG/CR-60(9
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Table A-4
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Appendix A
Table A-8. Combustible gas burns

Sequence Category: Combustible Gas Burns

Reliied Sequence Catogorias: | ate and Very Late Recovery of Containment Heat Removal,
SGTR, Steam Explosions, DCH, CC1

Centainment Faibure Modes:  Basemat Leeltthrough, DCH Eerly Containment Failure, Late
Conte'oment Overprassure,

1. Procedures:
A Procedurer corrently include:
Operanng Procedures are available for operation of Recombiners and the nydrogen purge.
b Possible additional procedures

Procedures that apply if the hydrogen concentratior is greater than 3 12% or if the
containment pressure is greater thao 10 psi

2. Decision Making:
4. Imponart decwions that will need clear tines of responsibility ana authorit, are.
“here s dns - Micient information in this & za. Possible important decisions arc:

A decsion that the Hydeogen concentration is within limits is required for use of
recombiners.,

As the concentration of hydrogen increases, the dociez: an whether  inftiste or continue
containment sprays will hecome more complex since sprays will reduce the quantity of
steam which could result in hydrogen conee sirations that ace in the deflagration or
detonation regions,

Dxcisions on the effects of containment compartments on its vulnerability 10 hydregen
deflagration or detonation.

3 Equipment:
A Existing equipsient

Hydrogen (ccombiner & kydiogen purge systems will be adequate if the concentration of
hedrogen renains lov and there is sufficient time o utlize these system:.

A3 NUREG/CR-6009
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el Table A6, (continued)

-

& b, Potential use of equipment not curiently specified:
]
A Use sprays 1 reduce containment pressuie and lission product inventory (or alternatives
- that would reduce pressure).
E‘-‘" | Find ways to pressurize the location where leak is emanating from,
L
# Pre-position portable fire hore spray nozzles o spray on possible release poirts so that
f. they could be actuated 1o reduce the fission product release.
o)
E | 4. Instrumentation;
F ‘ a. Exsung instrumentation:
l Radiation detectons, pressures, and lemperatures
| b, Potentia! use of instrumeaiation:
i Locate portable radistion detecy s in general arcas where they can be re-positioned barod
I on individunl circumstances.
;. S, Training Capability:
! a  Current Training
[ Sufficavni information is not avai'able.
¥
! 6. Possible Interactions with Related Soquence Categorics
i
' y
h. 8. Reduction ot pressure in containment will eliminate or reduce consequences ol preexisting
fr o leak. Containment sprays will reduce pressure and scrub the stmosphere, but will create
? un environment the would inciease the likelihood of a hydrogen explosion.  However,
i' hydrogen explosions did rot show up #s a relaied sequence e’ mory.
[j‘ b.  Decause there is already o leak (dopending on the magnitude) there is Ioss worry about
o things that would fail the contuinment than things that will reduce fission produc: release,
vk core melt, or high pressure  The best strategy for prevention of fission produc release
F' = would be 1o prevem core damage since the containment is alrcady breached.
N
£
2
. NUREG/CR-6009 A-16
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Appendix A
Table A-7. Sicam genostor tube ruptuse.

Sequence Category Steam Generatos Tube Ruplure (SGTR)
Related Catcgories: Law Recovery o Containment Energy Removal. Very Lat: Recovery of
Containment Enerpy Femoval, 7o npernture Induccd Degradation, Diret
Containment Heating, Stzam Explor'oas, Combustible Gas Detonation,
Failure to Isolate

Containment Paldure *Modes:  Alpha  Mode  Failore, Busemat Melt Through, Lae
Contanmont Overpressure

1. Piocedures:
a.  Procedures currently include:

Extensive procedures exist to deal with steam generator isolation and Jepressurization of
the RCS.

b.  Possible additional procedures:

Provide guidance on strategios chat can be used if isolation of the alfected steam gersrator
fuils. For example:

+ Increase the inventory in the steam generator o submerge the rupture location and
scrub fission pooducts.

«  Corsider posuible privslems il there is o tupture of a relatively large number of tuher,
For example, there would be a much earlier depletion of the RW3Y

Provide guidence on ways of cstimating where the release lozation is and the guantity of
fission products being relei.ed.

2 Decsion Making:
a. Currently described doecision making und authority
Insufiicient information availabl».
S Additional wecsion making that may need clarification

There is insufficient information in this arca.

A-17 NUREG/CR-6009



C Appendix A
iy Table A-7. (Loniinued).

1 Equipment:

a.  Existing equipment:

-

Steati generator dump valves, pressurizer PORVs, all valves necessery for steam generator
isolation, normal ana auxiliary feedwater pumps and related equipment.

Potential use of equipment not specified:

Use of notmal or auxiliary feedwater systems 10 submerge the tuoe break location. Use
of digsel driven fire water pumps or portatle pumos should olso be considered.

Caution may need 10 be exercised in controlling the level iu the steam generator for wome
plants 1o avoid floodin g the stear line which would cause it 1o fail. Alternate methods of
preventing steam line fuilure could aho be considered, such wi additional analysis and
possibly the placement of sdditional supports

Use of fire sprays, hoth existing and augmented, on failed dump valves and safety relict
valves shoult he considered to reduce the ameunt of fission product: eseaping trom the
steam generaton(s)

The need for protective clothing and equipment should be considered if strategies call for
personnd actions near points of relzase,  Posiconing this equipment near the locitions
where it will be needed should be considered.

lustrumentation:

Existig instrumen.ation:

Steam generator pressure, level, wmperature: RCS presswe; Reactor Vessel Level
Monitoring System (RVLM3): hot leg temperature; plant and e rdiation, monitors

P tential use of Instromentation:

Indications that the steam ponerator PORVs or SRVa are stuck oren. For example,
downstrean: tanperatures, adeos of atmo, aeric tlease points, and radision mor tors.

All instrumentation that could be vsed in, mitigating the effects of 4 steam generaio” tube
rupture shouid be properly grouped ang displayed in the control ioom.

NUREG/CR-6009 A8

o ~
I B I R B e R = Vi (T ST | as R ————— - - " o o ol o b 'y TP -



Appendix A
MAJ. (contimed ).

5 - a  Current (ra'ring

h Sufficiont information not available.
r ,_-."‘ 6 Possible Interactons with Related Assessment Categories
a. Simiar 1o an ISLOCA

it b Desire 10 depressurize RCS rapidiy may run counter to considerations for P eveniing

A9 NUREG/CR-6009




Table A8 Intcrfacing loss-of voolant seeidont (ISLOCA),

..

Sequence Cateyory: 15LOCA

Related Sequence Categorice:  Failure to Isoate, Steam Explosion,

Containment Farture Mod=s:  Alpha Mode Failure, Basemat Mcht Through

1. Proe Jures:

Procedures currently include:

There are extensive procedures on SLOCA

Possible additional procedures:

Ensure that the procedures contain specilic steps for identification of ISLOCA symptoms
using contzol room instrumentation.  Sequence identification is necessary since the
strategies for this sequence category ave different frna those used for other LOCAs,

Add specific steps in the procedures (or prevention and mitigation strategics.

Grudanue on wisys of estimatng the release ¥ cation and the quantity of fissicn products
reieased.

2. Decision Muking:

a

Important decisions that will need clear linos of responsibility wnd authority arc:
There is insufficient information in this arca.  Possible importani decisions ase:

Diecisions on selection of solation methods including the potential effect: of isolaton and
the critena for initiadng isolation and deterr ming whether it s successful

3. Equipment:

o

E.dsting equipment:
Isolation vaives, 81 pumps, charging pumps, RWST
Potential use of equipment not currently specified:

Actuators of valves that have the potential (o isolate an ISLOCA should be sized to close
under the high How and presure conditions calculated for the vange o0 expected break
sizes,

NUREG/CW.-6009 A-20
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TINO N‘.. (continued).

Use of fire sprays, both excting and sugmented, should be conside red to reduce the escape
of fission procdfests (oo the ausiliony budding and the contaiament.

Strategies for returning liquiv from sumps in the suxiliary building 1o the containment
should la examined

Mcans of flooding the location of the break and submerging the beeck to scrub fission
products should be examined.  Possible negative effects on equipment of this flooding
should be conswlered.

4. Instrumeniation:

a. Exsting instrumentation:

Radiation detectors, RCS pressure, Auxiliary building fire system status, containment sump
level, RVIMS, preasurizer leve:!

b Potential use of instrumentation
The tollowing auxiliary building instrumentation should be available and displayed in the
coptrol room: sump levels, radiation alarms (stack gas monitor and area matdtons), area
temperature, arca fire alarms.

5. Training Capability:
a. Current Truiniog:
Sufficient intormation not available.
6. Possible Interactions with other Sequenc: Categories

a.  Diffcrentiating between [SLOCA and SGTR and other LOCAs is important in order to
carry oul actions in timely manner and minimize damage and a release. Symptoms will be
similar but actions will be different.

b, Jeorder to reduce the release 1o the envicoamert it may se necessary (o reduce pressure.
This action is somewhat contrary to maintaining minimum subcocling and also creating
adverse conditions for wi-vessel steam explosions.

¢, There should be an effort o cuaserve injection inventory since the injected water will be

going o a location outside of the containment where it can not e cecirculated,  This
couservatinn may be contrary to sonie progeduralized actions.

oSN ERT
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Apperndix B

Assesament Category Quastions
for Framework Application

This apr lix presents examples of info:mation develc ped by the assessment team who, in this
instance, wicw a question-answer formal to iduntify the accdent manag :ment capabilities of Zion
Unit 1. The team comprised pereonnel with operations, severe aecwhent analysi., thermal-hydraulic
saluty analysis, procedures, traiing, huian factors, PRA, and accident managem af capetience. They
developed a table based of the following five areas th orgunize 1ad display the plant capabilities,

¢ Procedures and guidelines

¢« Delineate Decision-Making Authority or Responsibilities

«  Equipment

*  instrumentation

o Training

Anstvers 10 the capability Juestions were dev loped for sclected  assessment categosies.
Individval team men; oers were ascigaed (o ansy ot questions for spocific assessment categories, wh'ch
were thon reviewed by all team members 10 provide sddidonal infosmation from theie individual ar 2as
of expenise. We found that answering some of the guestions reguited more information thw was
aviitavle to the team.  Tais lack of informeion is particularly cvident for questions converning
training and decision making. The information deveioped in answering these questions is our best
understanding of the current plant capabilities together with possible changes that could improve the
current accident management situation, based on the information »varlable.  Information presented
in the answers contaiis details that may be difficult (o understan® without a warking knoviedge of
the plant procedures ard opeations. Since these answers are only intended (0 serve as examples,
the: procedures necessary tor conpletely understanding them is not precented in thic seport. Tables
for the following assessment categories are preseaied:

¢ Loss of Secondnry Heat Sink (Table B-1)

*  Inadequate Inentory Control (Tubke B2

*  Continment Heat Removal (To'se B-3)

*  Direct Containment Heating ( [able B-3)

. Combustibie C s Burns (Tanle B-5)

. Core Concrete Interactions (Table B-6)
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Appendix B
o Steam Generato: Tube Ruplure (Table B.7)

¢ Interfacing System Loss-of-Coolant Accident (ISLOUA) (Table B

NUREG/CR-6009 B4



o ‘
'w,"' st

‘;h,- bl Appendix B
=68 b "‘_»'
i il Tahle B1. Scquence category questions for framework application for Joss of secondary heat
L : ’
ol Prouxdures
P Note: These questions should be appiied 1o each seuence category. Each question weuld be
1 proceded by the phrase, 'vor this se/uence categoty, .. "
L 1. Which of the current procedures are apydicoble fon prevention or mitgation o the severe

i ¥ aceident conditions?
A Answor:

! Main procedure FR-H.1 and F-0.3
? FR-HL1 entered from:
f L-OStep 10
;‘ ES-0.1-Step 4d
FA0.5

FR-H 1 an lead into E-1, AOP-4.3, SOI-10, ES-1.5

What changes could be made to the current proceds; es and guidance to enhance the capalility
to prevent of mitigate the severe accident conditions?

)

.

As the @ cident progress toward core damage the procedures inchade Jess and less detail,
Having proceduras for seoere accident conditions that integrate well with the cxisting EOPs but
give more deteded guidance for the prevention and mitigation of severe acc'dent conditions
would be an improvement. They also nees to be based on improved 1echnical detail,

1 bl 3. H altermaie svstems and equipment are important, vhat procedures and guidance exist 10
j fucilitate tioir use?

Answer:

LV

vrosedures cover wsing Main Feed, Emergency beed, and Condensate Feed Primary feed and
bleed, changing & SL Procsdures could not be found that would facilitate the usc of alternate
equipment th provide water 2 the s'cum gererators suth as diesel fire water system pumps,
porable pumps or lire engines pumps and water sources.

R el e T Ny -

4. What procedares consider Jong term recovery actions that may be necessary fur accident
munaygement? (Examples would be establisking long term core conling or long term containmunt
cooling )

b$ NUREG/CR-6009
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Appendix B

Yable B-1. (continue).

2

-

How were the currently used lines of communication between the control room and the
lechnicar suppoyt. center and other emergency rospon € and planning Lacilities evaluaed and

Answer:

Our inform.tico indicates that EPIP 440-1 covers this subject but it was not svailable 10 us for
v luation.

To what extent is long term accident manggement considered in the decision making process
including the basis fon determining when the recovery phase is complete?

Qur information indicates that the EPIPs address this, however we did not have access to the
uecossary EPTPy

‘Vhat devision making is defined in the current procedures and guidance?
Answe:

EOTs essentinily crecae a binary type of decision process that leads «he operator throug b the
procedures, Bascd on our review of  limited, ‘acomplets set of the EPIPs, they use decison
uoes for recommended protective action (inchuded in EPIP 100-1 and perhaps other EPIPs as
weli). The ccovery phase has boen relatively wiell delined by odher utiivies EPIPs an we
believe the same 1o be true here, but e conild not venify this (EPIP-100 -3 covers this but was
not available ).

What decision poinis are identified for expediting adminisicative controls to fagilitate the repair
of recovery of eeriipment?

Angv: or:

Sufficien’ miurmution was not availatle. Our expevience with somie other E-Plans is that sach
things are sccounted for but the amount of detail varies from plant-to-pleat.

What guidsnce is given to docision makers for prioritizing alternae actions, identifying and
avoiding potent’al negative effcats, and evaiuating lo~g term plant recovery?

Ansvaer

The BOPs basivally guide the operaton but don't provide guidance on prioritizing alternate
actions.  We corld not find anything n the limited set of EPIPs available tha provides

prioritizatior.

B-7 NUREG/CR-6009
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, g Appendix 6

E. Table B-1. (continued).

o Answor:

&

K We have no information on how existing irstrumentatior would be considersd for use under

| severe aceident conditions.

f 4. What methodologies have been established (¢ identify unreliable daa from instraments under

) severe accident conditions”

5 Answor

1

: We do not $ave sdequate information 1o atswer ths question. None were identified.

{

‘ S, What changes could be made 10 the current insirument systems that nhance their capability

E o prevent or mitigate severe accident ronditions?

| Answoi:

| it is difficult 1o tell from the available informac .n The feedwater and steam fow as well as

| level information would be most critical.  We are pot sure whether thoy would be operational
when containment conditions are se ere.

A

% 6, Whan additional instruments would enhance the capalbiility 4o prevent or mitigale severe accident
conditions?

?‘ Answor:

X

Y A measure of steam flow out all possible flow patns. Aiso @ measnre of all possible water flow

3 pathe into the stcam generator,

b

. Training

e
"5 i y
g A e R R,

Note:  These questions should be applied "o cach sequence category. Each question would be

preceded by the phrase. “For this sequence category, .. "
Answer:
How does the training provide personne! involved in accident management with an
understanding of the expected plant Sehavior, and i this training given at the proper levels ana
in the detad required to facilitate dec sion making?
Answer:

We do nov have sufficient training information to answer this question.

Bl NUREG/ACR-6009
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l

‘4

A

;,g 4 Table B:2. Scquence category yuestions for (tamework application for inadequate RCS inventory.
iy

|

Procedures

These @uestions should be applied 1o each seguence categary. Bach question would be
preceded by the phrase, "For this sequence category, ... "

Which of the current procedures are appicable for peevention or nitigation of the severe
accidunt conditions?

Answer:
EOPs

B steps 789 check for Z0CS flow 1o ROS, step 15 checks for PORV position, step 26
checks PRT conditions for leakage into PRT.

E.1: Foldout page list ECCS renitiation criteria including Par level; step 7 cheeks Par leved
as part of S termination criteria; step 14 evaluales long-term cooling/recirculation mode bascd
on RHR pumpsivalve power and directs o ECA-1.1 LOSS OF EMERG. COOLANT
RECIRL, step 18 evaluates plant status including ECCS operation and need to refill RWST
(refers 10 SO1-2); step 17 provides conditions 1o transition to ES8-1.3 TRANSFER TO COLD
LEG RECIRC. based on RWST volume,

ES1.2: step 9 depressurizes RCS 10 allow ECCS refill of Par; stops 12,13,17,18,19 check Pa
level as ECCS pumps stopped and normal charging established: step 23 verivies addine ECCS
NOT reguired.

ES-1.3: steps provide for transfer to recircalation mode for ECCS,

1-3: Foldout page list ECCS re-nitiation criteria including Par level, step 7 checks PCRY
position and provides transition 0 FCA3) SGTR WITH LOCA - SUBCOOLED
RECOVERY. step 15,16 provides transition 10 ECA-3.1 SGTR WITH LOCA - SUBCODLED
RECOVERY; *step (8 depressurizes RCS (0 rainimize primary 1o secondary loss; step F3
checks Par level as BECCS pumps stopped and normal charging established; step 26 verifies
addition ECCS NOT re-quired; step 31 provides decision chart for halancing the $G (ruptured)
and Pzr Jevels based on S and Per levels; *ES-3.1, 3.2 and 3.3 provide POST-SCVTR cooidown
methods based nn availability of equipment, limiting contamination, water inventories and time.

E-2 identifies all three metheds in step 43 stating as directed by TSC or Shit Engineer. Basi:
for seiection are identified in Background Document.

ECAQ0: step 3 veridies all paths from KOS are isolated to maximize water inveriory until
ECCS flow can be establithed (LOSP); step 7 locally isolatos RCP seal and cooling paths
(primarily therma! shock prevention but does isolate possible leak pathy, step 16 hustructs
depressuri saion of $G 1o lower RCS pressure (o allow Sl Accumulators 1o inject ond provide
thuir water volume; step 32 identifies recovery procedare based on ECCS reyuirements
including Par level,

9 NUREG/CR-6((9 B14
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Yable B-2. (continued).

BCAD.2 steps 1,23 check RWST inventary and FCCS alignment and provides instruction for
establishitg recire based on RWST leve!,

ECA-1L.1: Step 2 provides instructions tor makeup to RWST, including alternative sources
{Other Unit RWST, SFP, Primary Water, Demineralized Water, Fire water) if ecire cannot be
establnhad, Entite procedure looks a ways of ensuring adequate Nlow to RCS yet maintaining
maximum source capability.

F0.6 CSFST: looks at Ter level and RVLIS inventory.  All are yellow path since the major
inventory corcerns are addressed by other CSF concarns (Core Cooling and Integrity).

FRAC.1: steps 2,34,00.22 check Dlow; step 6 verifies SI Accumulator availability; steps 7,17,24
check RVLUIS if available; step 11 checks ROCVS vent paths isolated,; steps 12,20 depressurize
L0 0 cause Accumulator injection.

FRC2: steps 2,3,4,17 chieck ECCS ow, step S checks RCS vent paths isolated; steps 7,9,20
checks RVLIS indication; step 10 verifies ST Accumulator availability; step 12 depressurizes SCs
to cause Accumrulstor ingection.

FR-C3: swega 2,34 check ECCS flow; step 8 checks RS vent paths isolated.

FR-H.1: steps 1418 establish Primary Feed & 5! wd with ECCS,

FR-L1 HIGH PZR LEVEL ditects concern to limiting low into RCS, establishing letdown and
controlling RCS prescure (nossible PTS).

FR-1L2 LOW PZR LEVEL directs concern toward ensuring letdown isolated and normal
charging flow esinblished. step § includes alic rratives 1o normal charging including operating
S1 pumps and estaklishiog BIT M or transit,on to E-1)

FR-1L3 VOIDS directs concern toward insuring normal letdown and charging in service,
maniaining adequate Par level tor pressure control and void collapse.
AOFws

AOF-L1: step | directs the star o addition charging pumps and incrense in charging Mow based
on dec. _aving Par level. Directs SEimitiation {f level connot be maintained.

Whiat changes could be made 10 the current procedures and guidance to enhiance the capabiiity
to prevent of nitigate the severe accident conditions?

Auswer:

ldentification of other sonrees of water and how they should be accessed could be identified end
procedurally incorporated {(soe 1. GCA-T 1)

815 NUREG/ACR 6009
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Table B-2, (continued).
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a  What replac.ment equipment and spare parts have on id. atified including their 'acation
and reans of transport and installation w; then the time available?

b, What advaace preparation of hardware, for example, spoc! pieces, pre-positioning of
equipment, etc. would facditate "he wse of exivting olternate equipment 1o provide a
sigraficant increase in oquipmient . pabitity?

(3

What offsite resources are there tist could be identified and adeanazely prepared for
transport o the site under accident conditions”?

Answer:
We did not have adequate information available 10 answer this guestion.

What resources can be managed, such as battery power or borated water, o prevent or delay
severs secikent onsequences and what is the tochnical basis for their use?

a. Is equipment available that nas ihe capadi 'ty o replenish exhausted resources within the
time frame available for recovery. Are suppliens of essential resources identified?

b, What oftsite resources are there that could be identificd and adequately prepared for
transport to the site under accident con litions?

Answer:
We did not have sufficient information available 1o answer this question.
& None noted. They are possibly in Administrative Proceduies not available to us.

b, None noted. Use of portable pumps, fire engines, or other portable cauipment was not
considered in the available information,

What potential options for use of equipment from another umit Lave heen considered and
optimized?

Answer:

Use of the BWST from the other unit is included via Admimstrative Control.  The crosstie
would be made using permanent plant equipment. No reference could be fo . ad in the current
procedures to considur the use of pumping systems from one unit 10 supply injection 1o the
other unit,

What o ditional equipment would enhance tie capability to prevent or mitigate severe core

damage”

B-19 NUREG/CR-6009
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Appendix B
Table B-2. (continued).

Answer:
Adequate infermation was not availsble 10 answer this question,

How dces the training for all personnel wvolved in accident management cnsure that all
important actions or decisions for severe accident pamagement are included?

Answer:
Adequate information was not avails 1o gwer (his question.

What training is provided (or all accideat managrment personnel on the possible limitations of
equipment, instrumentation, and plant information?

Ansy.orn

Material for evaluation was not availzhle.  Individual lesson plans cover the ecuipment ad
strumentation on a system and component leve!. Some lisaitations may be covered during this
presentation,

Wha. zdditional trmning ie proviaed 10 implemen: the use of alternative systems and equipment”

Aunswur:

Alternative sctions and local operatoy sctions are not evaluated during mest simulator scenarios.
The ability 1o make decisions and utilize local operators is evaluated. Some TPMs moy cover
these local actions but are penerally based on JTs covered by existing procedures. RiNOs and
alternate sctions that do not &st specific instructions or are not co « ed in AOP/SO{ are not

performed.

How do drilis and simulator cxercises consider the follow'ng pe. _atial restrictions:  inhoited
aucess (¢ equipment as u resu’t of high temparature o radiation levels, limit-d lighting or loss
of resources such as electricity, and constraints on the svailability of peisonnel with the proper
skills?

Answer:

Drilis and simulations may not incorporate actual real-time performance attributes or adegeate
represcntation of th limiting factors of radiation fieldy, ligating or loss of uther resources. EOP
inspections by NRC does ook ai this and the /A OP/ECP should incorporate this information
in the actions.

What are the changes that have been made to the current training program to cahiance the
capability to prevent or mitigate plant fimage?

NUREG/CR-609 B-22
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Table B-3. Sequence category questions [or framework applcation for containment heat removal.

Proceturcs
b Note:  These questions should be appiied o each sequence eategory. Lach question would be
é—.um preceded oy the phrase, "For this seguence category, .. .
: 1. Which of the cusrent procedures are applicable for prevention or mitigation of the severe
- acadent conditions?
]
b

V5 Answer.
The following EOPs:

.
F E«) step § check of ECCS egripment lineup; step 11 cheek of Containment Spray (based on
g containment pressure).

F ‘ E-1: siep 11 check of Containment Spray; step 15.c check of ECCR equipment (nonspecilic),
‘ siep 19 check of RUR spras.

:’ ES-1.3: step 2 check of Containmont Spray; siep '3 alignment of RER spray.

E E-3: step 27 check of Contament Spray: step 40 places RCEFCs 10 noial operation (hased
f on containment prossuie ).

F

? ECAQ0: step 20 RNO checks Containment Spray pumps (DG pump requires cooling of SW
l & clectrical dischagge valve OFEN),

L ECA0.2: steps 2 & 3 set conditions for running and start RCFCs; step 6 set Containmens
{ Spray pump hand switches in STBY.

i

| F0.5: Status Tree for Contamment checks pressure and water level,

g FR-Z.i: siep 3 checks containmens spray flow. step 4 checks KHE spray flow. step 3 checks
[3; RCECs onvsation (3W valve position & fans running in LOW),

i 2. What changes could be made 1o the surrent proceduyes and guidance 1o enhance the capabitity

10 prevent or mitigate the severe seeident conditions”

Answer:

Operation of the RCFCs with or withou! cooling water (SW) availability is not covered.

3. I alternate systems and equipment are imporiant, what proceduies and guidance exist o
facilitate their use?

NUREG/CR-6009 B-24
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e Appendix B
. Table B3, (continucd).

Answer:

Containment air press: e (SR), temperature, humidity; Containmont sump levels. RCFCs: SW
outiet rad monitor; SW valve positions,  Containment Spray:  outlet header valve positions;
suction pressure; discharge pressure; flow. RilP:  heat exchanger inletoutlet temperatur s,
spray header discharge valves; flow.

o

Wizt are the limitatons on the instrumentation 1o provide needed information on plant scvere
secident behavivr and how arc they communivated to accident nianagement personnel?

Answer;

We do not have acvess 1o documents with a discussion of instrument limitations for either design
5 basit or severe accideats. 1t is uncertain whether an analysis for severe accident conditions has
¥ been performed,

3. What means (pro.ection from harsh envirorments, operator aids, etc.) have bean developed 10
| use existing instrumeats under the expected severe ucvident conditions?

Answer:
Pressure is post-accident qualified instrument for design basis coaditions. {ts survivability under
| severe accident conditions is not known.  Most other instruments Tor this category are not
g subject 10 extreme conditions, uther than possibly radiation.

: 4. What methodologies have been established 1o identify unccliable data from insituments under
; sevete accident conditions?

?. Answer:
None noted based vn the mauwrial availuble to s,

5. What changes could be made to the current instrument systems that would enhance the
capability to prevent or mitigats severe accident conditions?

Arawer:

We did not have suflicient information available to wnswer this question,

6. What additional instruments would enhance the capability 10 prevent or mitigate severe ace ident
conditions?

B-24 NUREG/CR-6N03
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Appendis B
Tabk. B-3. (continued).
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Answer:

Conta ament liner temper sture sensors might eaable betier tracking of containment heating/lack
of adequate cooling.

Traini

Note: I'hese quesdors should be applied to cach sequence category  Each uestion would be
preceded by the phrase, “For this sequonce category, ... "

i.  How does the training provide personnel involved in accident menagement with an
unrderstanding of possible severe aceident plant hehiavior, and is ths truining giver at the proper
levels and in the detail reguired to focilitate decsion making?

Answoer:

‘The trassing materia! available was not adequate to make s evaluation. EOP training yearly.

2. How are ad perso~nsl wsolved with the training simulator made aware of the limitations in
represen‘ing severe accident conditior s and is it made clear when the simulation is no longer
vaudid?

Answes,

Limitations on performance are coted in Discrepancy Reports.  During testing il invalid
performance is noted, it is ideatified and reported. These reports wer: not available to s, The
degree to whish these limitations wouli! anply tor severe aceident eoaditions would depend on
whether a detailed evaluation had been porformed of the simulator Capabilities for the severe
acciden! seguences ideatified as important for the plant.

3. How are personned trained to proceed if instruments give what appears to be conflicting
readings”

Avswer:
Material for evaluation was not available 1o us.

4  How does the traiuing for all personnel involved in accaident management ensuie that all
important actions or decisions for severe accident management are included?

Ansaer:

Muterial for cvaluation was not availabie to us.

NUREG/CR-6009 B-30
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Fppendix B

' Table B-a. Sequence calegory questions for direct coatainmeat neatin: (DCH). |
Procedures

¥ Note: These questions should be applied to eaci sequence category. Each question would be

f ; precede d tw the phrase, "For this sequence category, ..

1. Which of the cunen! priwedures are apphzable for jo2vwation or mitigation of the severe

accident conditicas?

Ansves;

¥ The proee 1 res that we hove do not specifically ciscuss the possiole consequences of DCH (
foi exemple that & can cavse rapid oresemzation of the coutamment). I DUH hac occurred,
upeiator actwmn: woald have Fitle effect on whe ther the coutainment [rile L the shodt terin,

RCS depressurizdion is in the procedures. 1t e & tiated asing PORVs and upper head vents
when core 2xit hermocouples are greaer than 1200 F.

2. What changes souid be made to the current procedures aral guidance Lo enhance the capability
=& 10 nrevent ¢ r vdtizate the severe accident coaditions?

Custions on the likeiihood and consequences of DCH if the RCS rressere remains high

? fautions on (he Laelihood of steam ceplosions may alsn be needed if rescarch indicates sto.am
¢ . .

| explosions at low pressures would have negrtive conogquences.

b 3. I alierpate sysiems and equipment are unpartant, wiat procedures and guidance exisi i
| facilitate thoir use?

.“

.

;" Answar:

|

There aie ne zlternate sysiems and g rpiment that ave re.ognized as being specifically ased for
2 DCH and conseyuently, there are po procedures.  RUS depressarization 15 nue preventative
mc wur for DCH that s already included ia the provedures.

4. What procedures consider npg term recovery actions thet may be necessary fov accident

mavagemem? { Exampies wouid b cstablishing long torm core cooling or long term containment
cooling.

ok NUREG/CR- 6009
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Appendix B

1

iy T R Gy p e

Py  Table B 4. (continued).

Nin

Answer:

Oniy depressurization is currently included in the procedures and it v ould not be considered
1o be long term. Based on the information we have available, the current prosrtures do not
seen 10 stress Jong Lerm recovery actions. They do cover core and contaimnent cocding actions
for design basis scodent conditions '+ it should be considered short o intermediate term
neerwery achions for severe accidents,

What procedures acd ouidance provide instructior s on how o evaluate informatioz, either from
instiatwentation or from other sourves, that s apparently conflict ag?

Answor

The curtent procaduces do not specifically give guidance on by *o eviluate information thai
may be contlicting for DCH. The procedures are constructed such that you are lead from one
step 1 another with a basically binary (ves/no) decision privess. 1 an instrument was providing
erroreous information that leads dowa a wrong parh, later steps should guide you back. We
do not have encugh information to determine whether they do an adequate job duing severe
acerderts.

What additional procedures could be added 1 enhanice the capadility o prevent or miigate
plant damage

Answer:

Procedural fixes to DCH could only help if the = was 2 means to identify that the lower head
was heating up and a way to prevent lower head ‘ailure, such as cavity flooding, or 1o mitigate
the effects of lower head 1ailure.

Docwsion Making

o These questions should be applied to 2ach sequence cawcgory. Each question would pe

preceded by the phrase, "Foz tha sequence categors, .. "

What are the cucrent assignments of respoasibility and authority for decision making”

Answer:

[a the information availabie to us, there are none directly for DCH.  Indirectiy, the operator
wiil follow the procedures and has the responsibility and authority to initiate RCS
depressmiization using the FORVs and upper head vents.

NUREG/CR-6009 B-34

P PR RSN TN TR R R RRERRRRR\nmrIreNn R e TR = S Y N RS SRS RTREE T Shar BoNRESN Sy SRR RSN N RGN SRR RSN RERSES o W SR TR TS, AN

UE N ERITE W



\L.
L
'y
R

e M W I g

T e o

ETH AT Ve A RS T e w

Appendix B

Table B-3. (continued).

2

A

b,

How were the currently used lines of communication between the control (oom and the
technical support vnier and other emergency response and planning facilities ¢ valuated and
validated”?

Arswer:

We do not have sefficient information availoble to answer this question for this sequence

category.

To what extent is lung term accident managament considered in the decision making process
incie-ling the basis for determining when the recovery phase s complete?

Answes:

We do not haw sulficent information available to answer thix quastion for this sequence
cutegory,

What dezision meking i= ¢cfined in ihe current procedures and guidance”
A nswer:

We do not have sufficient information avaiiable to answer this gquestion for this sequence
category.

What decision points are wlentified for expediting adrministrative controls to facilitate the repair
or recovery of equipmen’?

Aunswer:

Fauipment repair will not prevent or mitigute DCH divectly It could have and indirect edect
by preventing or mitigating conditions that Jead to DCH.

What guidance is given to decision makers tor prionitizing alternate actions, identitying and
avoiding potesnitial negative effects, and evaluading long term plant recovery?

Answer

We do not bave sufficient anformation available o answer this question for this sequence
categrry.

What changes in the asagnments of responsibility and authoniy could be made to increase the
canability to prevent or witigate plunt damage?

o tTUREG/CR-6009
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Appendy B
Table B-4. (continued).

Answor:

We do not have sufficient inforination available 10 answer this quesiion for this suquence
category.

Fyuipment

Note: These guestions should e applied to each sequence caicgory. Each quest:on would be
preceded by the phrase, "For this sequence category, . ",

1. What existing plant equipiaent could be used to perform the function of failed salety systems,
for exawnle, nonsefety-grade equipment that could supply water, or jumpering t~ make
aviilable altenaie sources of power®

a.  What are the uitiraate opcrating dmuis for \oe existing equupment that could be used as
alternates 1o safety grude enuioment?

Answet

Frovention of DCH has the potential to be accomplished in several ways: (1) preveation of
core melt, relocation, end vessel falure, (2) ¢nsur'ng that the RCS ‘s at a jow presyare prior o
vessel fakare, sud (3) flooding the cavity surrounding i resctor ves ol v cool the vesser and
prevent failure. Uxisting plast equipment that would be applicable for (he Lirac way wouw 0
addressed in the aucssinent of segeend @ calegerics essociated with the Prevent Core Dispersal
trem Vesse! Safely Objective. The use of existing eyaipment to depressunze the ROS, nember
two above, could be accomplished using the PORV and the upper head vents. a0 is no
alternate equipniant on the RCS taat the operator has direct control over. D :pressarization
using sevondary coaling may be an cptioe if there is sufficient corlant temaining in the RCS to
transport large amounds of €rergy 10 the sicam geperators, Asternate equpmer: in this cuse
vould be use of the atmospheric dump valves, sevandary PORVs, turbine bypass, ana main
steam control valves. There would slse need to be maans of feeding the steu™ 2enera.ors.
These huve been discussed for other sequence categorios #nd wpage from avxiiany feedwater
1> the vse of diesel driven fite pumps, Flooding the cavity surrounding the reactor vessel vould
“hely be accomplished wsing contanment ‘prays.  No alternate equipment was identified w
acromplish this task.

Mitigation of DCH may not be praciend since « acnurs over a very siet e period. [nerting
the contasinment coukl clisudnate some ¢ *ae voergy addition resulting from hydroger burns but
the yeducton i energy addition may not te sufficien o prevent high pressures and possible
comainment faare, Some European counssies ave mstalled large ven! ines with rupti re disks,
The efflueat would not be filtered so a relesse (o the eevironment would be certain,  There
would pot be sliernate equipaent that could accon plish thas task since the peessudization is so
rapid.
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F: e Table B-4, (conunued).

N wiEak

Answer:

The instrumentation in the vessel is likely qualified 1o 2500 F which means it will fail prior o
significant core degradation and relocation. RCS pressure could ail sometime later, dopending
on the containment conditions. We do not have access (o documents with a Jiscussion of
instrument limitations for either design basis or severe aceidents. §t is uncertzin whether an
analyss for severe accident conditions has been performed.

) 3. What means (protection from hersh emvironments, operator aids, ete.) have been developed o
i use xisting lastruments under the expected severe accidont conditions?

§
L Answer
None were identified rom the information we had available. .

4. What nethodelngies have been established to identify unrehabie data from instrumeats under
severe acadent conditions?

Ansvwer: 1
Naae vere idertified from the wlarmation we had available,

S.  What changes coud be made to the current instrument systems that woulc ¢nhance the
capability 1o prevent or mitigate severe acrident conditions” ;

T | T S T S T e e —— T e L

Answer:

The lack of instrume mation that wali indicate all important RUS conditions as the ¢ove begins
to melt and reiccate could be compensacea for by the development of nalysi. aids thet can be:
n used to help project the possible dming of the accident including vessel water level, core
| reneation, and failure of the vessel lower head.

pressure 10 ilentily the tming ol lurge pressure Lacreesce ocwurent with increases n the
soutce range monitor output or the hot leg RTDs. Theae results snould signify the rele ation
of core material {(the potertial for large increases from sources other than DCH would hi < w
| be examined und characterized).

l

l

y One means of indicaling significant in-vassel even's woala be to track the trends in RCS
[.

I

?

6. What addiiona! instruments would eanhance the capability to prevent or mitigate scvere ace'dent
conditiors?

Answer:

A measurement of Vessel Lower Heud Temperature would indicare when the core has relocated
and when the Jower head 8 approacting its tailure pomt,

B-39 MUREG/CR-6009
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Note:  These questions should be applied © cach sequence category, Each guestion would be

ll

b=

preceded by the phrase, "For s sequence category, ... "
How does the training provide peronne! involved in acodden! minagement witl: an
understanding of the possible sevore accident behaviar, and is thie treining givea at the proper
levels and in the deil reguired 1o facintate decision making”?
Answer:
Sulficicnt information was not avadable 10 us 1o answer this guestion.
How are all personnel involved with the traivng simulaior made aware of the limitations in
represeniing severe accident conditions and is it made clear #hen the simulation is oo longer
valid?
Answer:
Limitations on pertormance are noted in Liscrepansy Reports.  Daring testing of invaiid
performence s noted, it is identified and reported. These reports were not available 19 us. The
degree to which these limitations would apply for se ere accident conditions would depend on
whether a detailed evaluation had been performed of the simuiator capabilities for the severe
aceident sequences deatified as important for the plant,

How are personnel trained to proceed it instruments give what appeats to be conflicting
readings?

Aaswer:
Sufficient information was not availsbie to us to answer this question.

How does the training for al! personnel involved W, accident management ensure that all
inportant actions o decisions for severe acendent mznagement are included?

Aaswer:
Sufficient information was not available to us to answer this uestion.

What training is provided for all accident maragemen! pewsonnel on the possible limitations of
equipment, insirumentation, snd rilant wntormation?

Answer:

Suffr o information was not available o w0 answer this quest,on.
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Teble B-5. Scquence category questions for framework application for combusiiblz gas bu.n.

Proeedures

Note: These questions should be applied 1o each seqaeace category. Each questior would be :
preceded by the rhrase, "For this sequince category, ... " ]

ot L. Whish of the current pruceduses are applicable (or prevention or mitigation of the severe
accident conditions”?

! Answer:

: EOPs

’ E-10 step 1540 cads for notification of Rad Chem 1o aligr Post-arcident Hy analyzers, |
: ECA. 3.1 step S.b calls for notification of Rad Chem 1o siign Post-aceident 1, analyzers.

FR-C1: step 8 calls for wotilication of Rad Chem to aligs Fost-accident Hy anal,zevs, and

: dete:mination of cuions based an H, concentration (refess o TRC).

4 FR-Z.1: sten 8 calls for ootif:.ation of Rad Chem fo aligr. Post-accident H, analyzers, and

3 determination of acdons bassd v H, concentration (refers ic TSC); step 9 calls for actifivation

of Tech Siaff of B, concent:aiion: siep 1) calls tor periodic monitoring of H, concentration.

:

; SOls

1

) SOIS. sectiop 4.5 provides criteria for wse, system alignment and operation {or *he idydrogen

. Purge Fans (second backup to tue recombiners ), sevtion 4.6 provides systenn alignment o nd

5 oper:i'ion fov the hydrogen recombiners, including limits ot operation.

r.

: ARPs

i Annvnciator Panel 1 4E:  Anwonciator alarm response for possible BIGH i, concentration

1 wluding reference 10 SO, |
'[ 2 What changes could be made 1o th2 anrent procedures and guidance 10 enhance the capability i
1 o ptevent o mingate e severe acadent conditions? |
o :
i Answs:

p.

E Better igep ification of methods and strategics available for H, reduction. ALARM Response

Pracedure only instructs on vse of recombiers if directed by EOP.

)

3. I alternate sycemrs and equipment are fmportant, what procedures and guidance exist
facilitate their use”

NUREG/CR-6009 bga

TN st T




\pp
Table B-5,
I ¢
8, ) A T
§od
b Wi | i
* ' L
‘ > ANEWCT
,'v"‘
A '

\
3 A nsw
K [ ,
L
A0 A CLE : ‘
o . i i Y 5
v
£ y
e i i {
P '
\
¥
3
"\r(
e\
X ‘\
i
P . }
’
| 1
3! ecwon Makine
Ne
A
4




P g ., =Y

;i.
A7
5
I‘..

Appendix B
Table B-5. (continucd).

Answer:

We do not have sufticient information to answes this question.  Specified in EPIPs and ZAPO
section 8.1 and ZAP-5-51-3A section 3 & Appendix A (specitic for EOP respousibilitics).

How weie the currently used lines of commonication betweca the control room and he
technical support center and other emergency response and planning facilities evaluated and
validated?

Answir;

This wlormation is iypically specified in EPIPs and communications sysiems evaluated in
EPIP-440-1. We do not have safficieat information (o answer this question,

To what extent is long t 'm secident management conmidered in the decision making process
including the hasis for determining when the recovery phase is compleie?

Answoer:

Based on the mformation available to us, decisson making guidance is limited. The guidance
izt exist is specified in EPIP-10M-1 (section 8), EPIP-330-1 CLASSIFICATION OF GSEP
CONDITIONS and EPI®-100-3 RECOVERY, REENTRY AND TERMINATION (not
available). Some guidance existing ircludes categories for classilyng and review; PAG
recommendations: identification of operating equipment; core damage assessiaent; dose
assessmenl. Mitigabon strategies are not identified.

What devision making is defined in the current procedures and guidance?

Answor

See the answer 1o guestion 3, above,

What decision points are identified for expediting administeative controls to facilitate the repair
ar recovery of equipment?

Answer
We do not have sufficient information available to answer this question.

What guidance is given to decision makers for prioritiznng alternate actions, identifying and
avoiding potzntial negative effects, and evaluating kong term plant recovery?
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Appendix B
Teble B-S. (continued).

i L ¢.  What offsite resources are there that could be identified and adequately prepared for
7 transport o the site under acvident conditions?

None noted based on ine imited informatio available,
a.  None Noted based on the Iimited information available.

4 b, Some of these items exist as delin sted in SOIY. Location anct pre-positioning are not

discussed in our Pmited information,
! None noted based on the limited information available.

3wt resources can be nanaged, such as battery power or borated water, to prevent or delay
seve & acvident consequences and what is the sechnical hasis for their use?

a  Is cquipment available that has the czhability to repienish exhausted vesources within the
time frame wvadable for recovery.  Are suppliers of essential rescurces identified?

b.  Whar offsite resources are there that could be identified and adequately prepaied for
transport 10 the site under accident conditions?

e . )

e & A 2 Aoy 4

Answer:
None noted based on the limited information available.

a.  None woted tased on the limited information available. Fossibly m Administrative
Piocedures that were not availahle.

= vl Tl Nr e T

b, Based on the limited amount of information, there were note noted.

>

o

What potential options for use of equipment from another unit been consilered and optimized?

None notad based on the limited amount of mformation available.

N
v

What additional equipment would enhzace the capability to prevent or mitigate severe core
dancage”

SO TN Bl LI T ey,

Answen

None noted based on the limited amount of information available.
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Table B-5. (continued).

Instrumentaiion

Note: These questions should be applied 10 cach sequence category. Each question would be

preceded by the phrase, "For this sequence category, ... "

What inst-uments are necessary to dentidy the symptoms and applicable strategies that will
enable accident management personnel o prevent or mitigate severe accident conditions?

Answer:

R, maaitors, conmainiaent pressure containment temperature; recombiner inlet pressute, flow
and catalytic bed/outlet temperatures, power, Damperivalve positions.

Whet are the limitations on the instrumentation to provide needed information on plant severe
accident behavior and how are they commumcated 1o accident management persoanel?

Answer:
We do not have aceess to documents with » discussion of instrument himitations for either design
basis or severe accidents. It is uncertain whether an analysis for severe accident conditions has

heen performed.

What means (protection from harst environments, operator aids, ¢te.) have been developed to
use existing instruments under the expecied severe accident conditions?

Answer.
Pressure is post-acvident qualificd instrument for design basis conditions. We do not have
sufficient infhrmation to determine what means have heen developed for severe accident

condithais.

What met! cdologies have been established to identify unreliable duta from instruments under
severe accident conditions?

Answer
Nouse noted in the informatior that we have available.

What changes <ould be made to the current instruinen. systems to would enhance thy capability
o pievent or mitigate severe accident conditions?

B.47 NUREG/CR-600¢
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Appondix D
Table B-6. (continued)

Answer.

Sulticient information was not available (0 us 10 arswer this guestion.  Long term recovery
actions that could be ne auasary as @ result of CCL would nclude setions 1o mitigae the cffects
of the large quantities of noncondensibles, actions 1o mitigate the effects on the subsoil und
goundwater i basemat molt heongh, and actions 1o mitigate the continued release of fissios,
products if the containment <hiel! has (ailed. Based on the information we have available, the
curtent procedures do no' sceir 1o stress long term tecovery actions. They do cover core an
conteinment cooling actions for design basis accident conditions that should be consid cred short
1o intermediate 1orm recovery actions for severe aceidents.

What procedares atd guidance provide instrucions on how 1o evaluate information, eithet {.om
instrumentation or irom other sources, that is apparently conflicting?

Answur:

No procedures und guidance wes found in the information sviclable 10 us to deal with
conflicting infurmation resuiting from CCL Howsver, situaions where not identified where
onlicting information would be developed as % result of CC1 and the need for additional
procedurcs and guidance for this situation is not clear.

What avditional procedurcs nd puidance could be added o enhance the capability to prevent
or mitigate plant damage?

Answer:

Proce Jures and/or guidance srould be added that would sipport recogniticn of the need for the
addition of water to the cavity if it appears that Jhe vessel is approaching fsilure vongitions and
CClmay oceur. Additional procedures and guidance should also be incorporated 1o carry out
waer addition 1o the cavity using containment sprays of alternate means.

Lacision Making

Nowe;

These questions should be applied to cach sequence category. Each question would be
preceded by the phiwse, For this sequence entegory, .. "

What are the current assigntments of responsibility and authority for decision making?
Answer:
There was not sufficiont infurmation available to aaswer the question for this sequence category.

How were the currently used lines of communication between the control room and the
technical support center and other cmergency response and planning faciiities evaluated and
validated”

NUREG/CR-600% B-52
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Table B8, (continued).

Appendix B

Ariwer:
There was not sufficient information available o answer the question for this sequence category.

T what extent is long term accident mana ement onsidzred in the decision masing process
including the basis [or determining when (he cooovery phase s complete?

Answer:

Thece was not sulticient information available to answer the question for this sequence wtegory,
Whist decision making is defined in the current procedures sl guidance?

Avswer:

Ther= was not sulficient information «ailable (o answe the question Lar this soquence category.

Whit decisicn points are identified for expediting wdministiarve controls to facilitate the repair
or recovery of equi; ment”?

Answer:
There was not sufficient information available o answer the guest on for this sequence category.

What guidance is given 1o decision mokers for proritizing alternate actions, identifying and
avding poteatial negative effects, and evaluating long terni plant recovery?

Answer:
There was not sufficient information available 10 answer the question for this sequence category.

What changes in the assignments of teaponsibiing and authonty couid be made 10 increase the
capability 1o prevent or mitigate plant dama,2?

Answer:

There was not sufficzat information available 1o answer the gusstion for this sequence categoe /.

Fauipme

Note:  These questions should be applicd (5 each sequence category. Each guestion would be

preceded by the phrase, “For (s sequeice catogory, . "

B-52 NUREG/CR-6009
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Appendic B

Table B-6, (continued).

Answer:
We do not have sufficient ndormation (o answer this queshion. 1The types of resources that
should be looked for are portable pumps (0 supply water 1+ the spray system or other sysiems

with the capability to flood the cavity. Allernate portable sovrces, such as fire engines should
also be considered.

What potential options for vse of cquipment from another unit have been considered and
optimized?

Amswor:

We do not have sullicient information 1o answer this question,

What additional equipment would enhance the capability to prevent of mitigate severy accidents
Answer.

We do not have sufficient information (o answer this question.

Note: These questions snovkd be applied 10 each sequence category. Each quesiion would be

preceded by the phrase, “For this sequence category, ... "

What instrurients are necessary 1o identify the symptoms and applicable steategies that will
enable accident management personnel 1o prevent or mitgate severe accident (onditions”

Answer:

Containnent pressure and  temperature wounld indicate the possibility of core concrete
interaction but would not be delinitive. Samples of the containment atmosphere vould indicate
high levels of noncondensible graos if the proner analysis equipment is available within a
reasonable timeframe.  Precurser instruments would include core exit thermocouples, hot leg
RTDs, RVLMS, RCS pressure, and ROS coolant activity level,

What are the limitations on the instrumentation to provide needed information on plant severe
accident behavior and how are they communicated 10 aceident management personne!?

Answer:
We do not have access 1o documents with a discussion ol instrunceat limitations ior either design

basis or severe secideats, 1t is uncertain whether an analysis for severe accident conditions has
heen performed.
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RS Table B6. continuca).

a—

3 What means (protection (rom harsh eavironments, operator aids, etc.) have been developed to
use existing instruments under the expected severe accident conditions?

Answor:
; ' ‘ We do rot heve sulficiont information (o answer this question,

4. What methodologies have been esteblished to dentify unreliadle data from instruments under
severe eocident conditions?

: Answer:

'f' . We do rot have sufficient information (o answer this question,

.

i 0 € What changes could be made 1o the curren. instrument systems (o would enhance the capability

{0 prevent or oitigate severe accident conditions?

' Answer:
W do not have sufficient informatinng 1o answir this question. 1 they did not already have the
capabiiity, the containment atmosphere sampling systems could be moditied 1o indicate the levels
of carbon dioxide and carbon monoxide and other gases that would be indicative ol core
concrete interactions,

:3 ) 6 What a'ditional instruments would enhanee the capability 1¢ prevent or mitigate severe accident

o conditions”

i

’\ 1 Insteuments to provide a definite indicesion of vessel breach ould indicate thai molien material

P was in contact with the concrete and would aid in det o ning that core concrete imersctions

L were taking place. Either optical or contact measurements of the lower head temperature coud

8 provide this capability.

L« I Note:  These questions should be applied to each sequence category. Bach question would be

3 preceded by the phrase, "For this sequcnce category, .. "

: i 1. Tlow does the troining provide personner involved in accident maensgement with an

: understanding of the expecied puant behavior, and is this training given at the proper levels and

in the detwil required 1o frcilitsie decision making?
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Appendix B

‘r:' Table 4-6. (m‘iﬂm,—

i We do not have sulficient information 1o answer this guestion,

¥

|'~ 2. How are all personned involved with the fraining simu'ator made aware of the limitations in
. representing severe accident conditions and i it made clear when the simulation is no longer
valid?

A nswer:

3

i!_ Limitations on performance are noted in Discrepancy Reports.  During testing, if invaiid
| performance is noted, it is dentihed an  eported. These reports were not available to us. The
degree (o which these limitations woulc  pply for severe ceident conditions would depend on
whether a detailed eviduation had been performed of the simulator capabilitics for the severe
accident sequences identified as imparant for the plant.

; % How are personnel trained to proceed if instruments give what appears to be conflicting
; readings”?

Answer:
4 We do not have sul” oy omnation o answer Uils question.

4. How does the training for all personne! invalved in aceldent management ensure that all
imporiunt zotions or decisions for severe accident management are included?

" Answer:
We do not have sufficient information 1o answer this quesiion.

5. What training is provided for all sccident management personnel on thie possible limitations of
eqaipment, instrumentution, and plant inforiaation?

Answor
We do not hase sufficient inforaation to answer thes question.

6. What additional training is provided to implement the use of aliernative systems and equipment?
Answer:

'* We do aot have sulficient information to answer this question.
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Table B-7. Sequence category quastic s for stean: genersior tube rupture.

Procedurcs

Noie: These quastious should be apphied to euch assesament categoty.  Each question would be
preceded by the phrase, "For ‘his assessment eotevory, .. "

TR e R
N

v

N5 1. Which ol the eurrent procedures are applicable for prevention of mitigation of the severe l
! sccident conditions?

b |
it l
Et Piocedure that deals with SCTR directly is E-3, |
i" 4 Enter E-3 divectly or guiden there by L0, &-1, 52, ECA-2.1, FR-HL3, ES-1.2 |
i _
I _
i- All these deal with aspects of SGTR recovery, ES-3.1, ES- 3.2, ES33, ECA3Y, ECA. 3,

!'”(x ECA 1.1

£ 4 What changes could be made (o the current procedures and guidance 1o enhance the capability

: to prevent or mitigate the severe acodent conditions?

; |
i . Answer: L
| S.ep 18 of E-0 must be reached o get referred into E-3. Similecly, the following stens must be

:‘ ! resched to be relerred 10 E-3: Step 1in E-1, Step € of B2, Step § in HCA2., $iep 7 in

i FR-H.3, and Step 4 of ES.1.2

f Aliernate nrocedures were examined (or other transic s similar to the stearn generator tube |
| rupture ¢ see i they word "direct out™ of thm procedure anc oo Jhe SGTR procedure. 5
i These procedures do a reasonably good b, However, considering primarily the SOTR, an |
¥ unprovement could be made to reach "direct-out” steps earlier in the proec fures, especially -'
3 in E-0. To ultimately decide the trade-off between an earlier o tater "dircat-out”, risks should :
E%, : be compared for competing events,

i ¢

[ The procedures are primarily written for design basis conditions. They do not cover situations

l very well when the plant is expercicing core damage.

i L
L Procedures could cail out specific valve numbers, breaker 1 whors, equipmend numbcors (e.g., f
A3 Step § of E-) to incresse the likelihood of successiul implementation,

5

3 If alternate systems and cguipment are ingportant. what procadeies and guidance exist 10
i facilitate their we?
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Appendix B
Table 8-/, (continued),

- cma———

Alswer:

Proc Jures ES-31, 32, 37 and ECACAL 3.2 3.3 doa good job of covering aliconate o, 2thods
and equipment for various stages of SGTR recovery, Once again, the procedures do not coves
actiens if there is significant vore damage. The procedures don't spec lically identify shiernate
cquipment so much ws they provide steps that incorporate equipment.

What procedures wnsider Jong term recovery actions thit may be necessar, [o¢ accident
managemeat? (Examples would be establishing lon 3 term core cooling of long term ¢~ nainnm..nt

cocling. )
Answer:

None were jur'ged 10 be sdesuate fur sovere accident management, althougi: the series ES-3.1,
3.2, 53 and BCAAL, 2.2, 33 addiess recovery. They do cover core and containment cooline
actions for design basis acciuert coaditions that shouid be consic'ered short o ntermediate term
recovery actions for severe accidents.

What provedures and guidance provide instructions ¢a how (o eviluate information, either from
instrumentation or from other sources, that i apparently conflicting?

Answer:

All provedures are good at specifying parameten that help to dragnose and guide * 0t none seem
10 prioritice or give guidance for conflictieg evidence. They somewhat address it in that il 2
person follows a course of actions based on [aulty evidence, the provedures are designed to
bring him back into line with additiona’ information. The trouble is, valuable time s love

VWhat additional proceduies coald be added to enhance the capability 10 prevent or mitigate
plant damage?

Answer:

New proceduras couit be added w provide yuid ince on what specifically are the most reliadk
indications of a SGTR and how to interprat and diagaose them. (This is perhaps more of a
training funcion=although a procedure for taining should exist in any case.)

Procedures that pick up at core melt and ¢o on wovld be pecded for cevers acoide s
Procedures become vague at core melt conditions. irections to depressurize are nand 1o fotow
and they & n't reclly say how the operator should depressurize. They just say "depressurize”
(see ES-1.2, Step 9).
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Table B-7. (ontir d). | |
Ducision Making |

Note: These questions shoukd * e applied to cach asscssment category. Each question would be
preceded by the phirase, "For this ass ssment carr gory, ... ", |

- |

What ure the current assisnments of responsibility and authority for decision making? |

R S N P e WL Y RIS R N :
RE A N E e "
e i - '_ '4'__ . o _4;—_
% A g o
" = i <:;.,—_—\-|
=Y
— - |

Ansver:

Jsullicient information availablewi.cess 0 emergency plan arganization, ete, sould give more
Cotails, |

2. ilow were the currently uced lioes of commutication detween the cont ol room and the |
txhnical support center and other ewieigency tesponse and planning facilitics evaluated and i
validated’ ,

Answer: .

e B e e e e ‘__-':-5—7;’.-'2‘_-—‘_“."5."-"
E N X : ' r 1

Insufficienst information available 10 us 10 adequarcly snswer this question.

3. To what extent is long term accident management considered in the de dsion making provess

? i including the basis tor determining when the recovery phase is corup,te? |
I Insufficient information available—accoss 1 the E-Plan organization, and procedures would :
F.. reveal some ¢ the information. ,
; | 4. What decinron meting is defined in the current procedir: and guidance? |
r Incufficient in® rmation available—complete procedures would be necded, %
ll: S Whai decition poiis are identified for cxpadidag adiiinisarative controls to facilitate the repair |
nag: or recovery of equipm . u?
T
, : The cvailable BCTs doa't provide wsch guidance boi some of the E-plan pioced.sres shevtd, |
Fasc ! ¢ © the knowledge that E-lms for other pl ats wddressed this sebjec. ’
6. ‘What guidance s given 0 decsion makers for priofiazing aiternate actions, ideni tying and l

avoiding potential segative affects, and evaiating long term plant recovery.
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~ Appendix 8
Table B-7. (continued).

Answer:
Insufficient information available~Noae could be found in the information that we have,

7. What changes in the assignments of responsibility and authority could be made to increase the
capability 10 prevent or mitigate plant damasge?

Answer:

Inadequaie informatior available. Without access 1o the full E-plan and E PIPs, it is not
possible 10 adequately answer this question,

Eqguipanent

Note:  Thuse questions should be applicd to cach assessment category. Each question would be
preceded by the phrase, “For this assessment category, . "

1 What existing plant equipment vould be used 1o periorm the function of fail.d safety systems,
for example, nonsafcty-grade equipment that could supply water, of jumpering (© make
avila@ble alternate sources of powe) !

A What zre the ultimate opero*ing limits for the existing equipment that could be used as
wlternates 1o sufety grace eqripment?

Anywer:

The procedures do not appear (o address anything that requires jumpering. In some areas, i
gives godance 1o accomplish a requirement if tLe find attempts fails. This can include some
efforts for equipment and some for other ways 1o operate the same equipment (&g, Step 29
in B:3). for evimple, « “veen Step B and 9 of E3 "Caution” points out AOP-4.5 1o use
Service Water o supply AFW. Step 14 uses Condenst ¢ and Steam Dumps. There are two
situations that are not vovered waere existing plant equipment could be used: (1) Ure of AFW
W sabmerpe the break o serub fision products and (2) Use fire sprays (o wash gown releascy
from steam generator dump valves and safety relief vaives.

a  The ultiniate operating limits are not formally recorded or lisied in the informaticn
av.dlable (o us. Additiona! inforiaation would be necessary (o answar this question.

2. What provisions could be made o facilitare repair o replocement of failed equipment tor this

assessment category. Consider both the availability of parts ar d the capability to gain access (0
faled equipment exposed {0 severe accident cnvironments?
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Table B-7. (continued).

Answe

Not much is se'd in the EOPs about this other than, e.g. "If you don't have AL power, then
repair it%, ete. It is not clear that repair and replacement considerstions during accidents are
procedusali. . They may be part of the normal process for mamtenance but they are not
relerenced.

a.

What replacement equipment and spare pacls have been ideatified including their locat n
and means of trarsport and installation witkin the time aviilable?

Answer:

Sufficient information is not avalable to answer this question.

What advance preparation of hardware, for example, spool picces, pre-positiomng of
equipmend, ete, would facilitate the use of cxisting alternate equipment 1o provide a
significant increase in equipment capat. liy?

An.vrer:

Suficient information is not available to answer this question.

What offsite resources are there that could be identificd and adecuately prepared for
transpori 1o the site undor wecident condivons?

Answer:

Sullicient information is not available 1o answer this question.

What resources can be managed, such as battery power or borated water, 1o prevent o, delay
severe accident consequences and what is the technical basis for their use?

Answer:

Step 39 of E-3 directs you to Appendix O, page 39 to shutdown unneeded e iipment for power
conservation. Conservation of other resouices not Jdentified

.

Is eqaipment available that has the capability 1 replenish exhausted resources withia the
time frame available for recovery. Are suppliers of essential resources identified?

Answer:

The same procedure identifies refilling the RWIT, but ro detads 2re givea on how o
carry this oui
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g Appendia 8
';':11' ‘ Table B8, Sequence category questions for inte(acing system loss-of coolant accid-nt.

l' Gt '.I‘ ‘ : - “ —

pE

R

] fi7

5 Note: These questions should be apnied to each sequeace category. Eaclo guestion would be
o preceded by the phrase, "For this soquence eategory, .. "

Ir' ) 1. Which of the current procadures are applicable for prevention o midgation of the severe
It accident conditions?

b Answer:

i The required procedures are B4, ECA 1.2, ECA\1, and E-1.

¢

| 2. What changes could be made to ihe current procedures and guidance o enhance the capability
I' 1o prevent or mitipute the severe accident conditiorns?

l' Addition of specitic steps [or identiflcation of ISLOCA symptoms using instt amemation, ¢,
; vhat rediation alarms in v diary building are indicative of an ISLO A and how they correlate
; with other potential indicators such as fire (high temperature) wlarms,

i 3. I alternate systems and oquipment ace important, what procedures and guiuance exist 1o
i facilivate their use?

Jiiy

'~ i No allernate systerms or equipment were identitied.

4. What procedures consider long term recovery actions that may be necessary for accident
management”? (Examples would be establishing long term core cooling or long term containment
vooling,)

Answer:

After the break s isolated long term mitigative actions vl be isentified through the application
of EO. Whether there actions would be adequate for this sequence category was not
determined. Based on the information we have available, the current procedures do not saem
4 stress lony wrm recovery actions.  They do cover core und contanment cov ling actions for
design basis accident conditions that should be considered short (o intermediate wrm recovery
actions for severe accdents,

8. What procedures and guidance provide instructions on how to evalus'e iniormation, either from
instruaentation or from other sonrees, that s apparenily conflicting?
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Table 8.8, (continued),

F... Answer:

h

i Based on the himited information available, none were dentified

i

E 3 6. What additiona' procedures could be added to enhance the ¢z pability 10 prevent or mitigate
Based on the limited information available, none were identified.,

l'-l':,r

F_'_: Decision Making

i

i Note: These questions should be applied 1o each sequence eategory.  Lach guestion would be

e presededs by the nhiase, “Tor this sequence category, ... "

<

L 1. What arg the curront assignments of responsibitity and suthority for decision making?

| Answor:

i Insufficient information available was answer (s question.

-

i 2. How wyie the lines of conmunication between the coatrol room and the technical support

it cer et and other emerpancy response and ; lanning lacilines evuluated and validated?

b,

ll iasufficient informaton availobiesdt s likzly through the jrocedutes and the E-plan

3 To what extent is lorg term accident manapsment considered in the decision making prosess

l including the basis for determining when the rcovery phase is complete?

:"‘Ll .

i Answes:

i

P Tasalficient information available 1o answer this question.

4. What decision waking is defined in the current procedures. and guidance?

3 Answer:
R
S Insulficient information sve lahes 10 answer this guestion.
' 5. What decision points are icemified for expediting administraiive controls to facilitate the repair

or recovery of eq npment?
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Yable 8.0, (m!li..lhcd).

Appendix B

Acswor:
Sufficie 1t information wiss not available (o answer this question.

What guidance is given 1o decision makers for privritizing alivinate actions, identifying snd
avoiding potentisl negative effects, and evaluating fong term plant recovery?

Answor:

lisulficient information avaiiable to answer this question=there is the potential (o prioritize
potential leak locations using radiation alarms,

What changes in the assignments of responsibility und authority could be made © increase the
capability to prevent or mitigate plant damage?

Answer:

Sufficient information was not available to answer this question.

Faguipment
Note: These questions should be applied (o cach requence category. Each question would be

preceded by the phrase, "For this soquance catepory, .. ",

What xieting plant equipment could be used 1o perform the function of laiied safety systems,
for example, non-safewy grade equipment that could supply water, of jumpering 1o make
available allernate sources of power?

& What are the ultimate operating limits for the existing equipment that oculd be used as
alternates o salety grade equipment?

Answer,

Access 10 the inventory of other water storage tanks, for exam, le the CST, could help 1o
lengthen the time that water is available for injection. I recriticality was found (o be o
provlem, ways 10 borste the water woukl have (o be devised. Means of opening a Now
path from the RCS would have to rely on the $ORV, the upper head vents, and possibly
the pressurizer vents,

a.  The ultimate operating limits are not formally reconded o dsted in thy informaiion
available to us. Add'tional information would be necessary 10 answer this question.

What provisions could be made 1o facilitate repair or replacement of failed equipment for this

sequene catggory. Consider both the avallability f parts and the capability to gain ace ss to
failed equipment exposed 1o severe aceident environments?
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‘Table B-8. (continued).
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What methodologies have been astablished (o identify unicliable duta from instruments ander
severe accident conditions”

Answor:
Sufficient information was sot availsble 10 answar this cuestion.

What changes vould be made to the current instrument systems 10 ~nhance the capability ta
preve at or mitigate severe accidont conditions?

Answer:

Sulticient inlormation was not available to answer this question-but probably the Ihcation of
radiation alarms in the auxiliary building and pechaps groupiug of indicatces for alarms indicative
ol an ISLOCA

What sdditional instruments would cnnance the capability to prevent or mitigate severe accident
conditions”

Answer:
Additional indicators of pressure or ares temperature specifically designed Lo identify ureaks in

the vicinity of low pressure systems where ISLOCA is possible, Water levels in compartments
found to contain equipment tha is valnerable W severe accivents

Training
v',:" Note:  These questions should be appuied to cach sequence category. Each question would be

preceded by the phrase, "For (s sequence category, .. °
How does the traning provide personnel involved i1 sccideat management with an
understanding of the possible severe accident plant bek vior, and is this training given at the
proper levels and in the detail required to facilite ision making”
Answer:
Sufficient information was not available 10 answer this g < don
How are all personnct involved with the training simuletor made aware of the limitations in

representing severe accident conditions and is it made clear when the simulation 15 o lorger
vithid?

B-74

[P N [ oW | e T P T T T T T ———

R e N I N N N R I I R T R R W L= H SN S L S S (S TSNS S = S O By TN S S o S ES






Tahle B-8




Appendix C

Characteristics of Proposed Strategies
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Appendix C

Tabls €-1. (continued).

s

Information Needed and Instrumentation Available

There are no direct measurements that would indicate that core material has relocated to the
Jower plenum and that the integrity of the vessel is being threaicned. However, there are
measurements that indicate that severe core damage i being approaceed:

«  Core exit thermocouples
+«  Hot leg RTDs

*  Source range monitors

+  Reactor Vessel Level Monitoring Sstem (RVILMS)

Of these measurements, the core exit {hrmocouples would provide the most reliable indication
since they are located close 1o the core and can provide ¢ reasonable indication ot the approach
to exiensive core damage. The source range moniters would be the feart reliabie indicator of
core damage since there several different phenomena that can cause changes in the
measurement.  Although these phenomena are indicative of core damage, there is much more
uncertainty in what changes in the measurement mean in relationship to e extent of core
damage.

We could not find any indication that reactor vessel cavity water lewvel is measured. This level
wo.ld be needed 1o ensure that personnel invalved in acadent management can verily that
waler is covering the vessel lower head. A measurement of vessel lower head temperature
would pronide infurmation 0n the possible timing of vessel lower head failure and would
Ldizate whether flooding of the reacter vessel cavity is successful. This measurement could be
made directly by thermocouples or indirectly through optics.

Resources Necded

A water source to fill the vavity (o about the top of the 'ower plenum is estimated 10 require
@ capacity of about 70900 gallons. f analysis shoas that fore of the vessel needs to be
submerged, substantially more water would be needed since other parts of the contauiment
would also need to be flooded to raisc the level in the cavity. Using the minimum injection time
of ane hour. described in the timing of key everts, the injection rate to fil’ the cavity to the top
of the lower plenum would be about 1200 gpm. If it is necessary to fill the cavity to near the
top of ik core, the pump capacity could be up to a factor of 10 higher. The BWST easily has
the capacity 1o floed up to the top of the lower plenum but for nruch larger volumes ity use may
detract from the inventory needed by the SI and Containment spray sysiems. Alternate sources
of water could include the CST or water resources from the other unit. The proposed use of
unboraied water would require an analysis W contirm that recriticality will not occur for the
spectrum of severs accideats or provisions made to borate the water hefore it eniers the RCS.
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Table C1. (continued).

Pumgs for a system to flood the cavity should use a diverse power source so that it is available
during incidents where electrical power is Jost. The valves necossary for system operation shoula
he able 12 actuste i there is a station blackout or loss of air,

T.aining for flooding the cavity would be necessary.

5. Expected Timing of Key Phenomena
” The clapsed time between detection of substantial core damage (for example core exit
_' thermocouples greater than 1800 F) and relocation ai fuel 10 the lower plenum could be as
) short s one 19 two hours, One hour should be used s & conservetive time frame 10 assess the
needed flow rites and responsc times.
1‘.
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Appendix C

Table C-2. Proposed strategy craracteristics for an analysis aid to project lowe: head failure.

Analysis Aid t¢ Project Lower Head Failure
1. Sequence Categeries For "¥huch Strategy May Be Effective
% RCS Inentory Cortrcd
The seq.ences for which this strategy & expected (0 be used include

i An estimate of the possiblc failure tizne of the lower nead would help olant personnel
3 judge between swategies il they requir: significactly different amounts of time to
e implenent. For excnple it could asaist ihe piant personnel ia determicing whether there
was sufficient time (o repai or ieplace equipment or utilize mobile equipment.

b.  Non-conlable Relocation 1o the Lowar Plenum

An estimate of the possible failure time of the lower head would help plant personnel
judge between strategies, for «xample, continucd efforts to inject water into the RCS
versus preparation for iniection into the ves:el cavity.

¢ Direct Containment Heating

An estimate of the possible failure time would aliow personnel 1o assess (e time gvailable
to depressurize the system and tase advantage of accaraly of injection.

2. Changes or Additions in Plant Hardwar= or Operation

There would not be any changes to plant hasdware. Theie could be changes in plant opcrations
s because there ceuk! be: changes i the procedures to asse » the results from the Analyses Aid
4 and meke decisions on the strategies. Thare wouid also need to be guidance for use of the
Analysis Aid and responsibi'ity ~nd authority for its use would have to be awcigned. Training
W0 its use and inteepretation vould alio have to be performed.

3. Information Needod and Instrumentution Available

There are no measuremcnts that provide an unambiguous indication of the coadition of a

du rraded core or of the location of relocated core material. The following measureaents would

be avsilable o provide input to the analysis aid: (a) core exit thermocounkes (up o a

temperature of 2506 F) o project fuel rod failure @nd core relocation iimes, (b) reactor vessel

level to project fuel failure times, () RCS or containment vadiaticn levels to indicate the timing

of vladding rupture, (d} sHurce range power monitor to be interpreted hased on the TMI-2
acvident and additions! caculations, and RCS pressure tu determine whether pressure spikes
V. occur that may be indicative of the ruiocation of core mateial,

o NUREG/CR-6009
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_ Teble C-2. (continued),
4. Resources Needed

| Resources would b¢ needed to implement the analysis aid softwsre at the proper location,
; ntobably in the technical support center, The software would require use of input from cxisting
E‘ measurements. This input could be either automated using direct measurcment output data or
it couid be input by the person responsible for making the projection ¢ core failure. An
uncertainty estimate on the accuracy of the analysis aid should be performed early in the
develonment 1o ensure that the projections of timiog are used proper'y in making accident
management decisicns. Training would be ne.ossary.

5. Expected Timing oi Key Events

The timing of key events can vary subsiantiaily for the oossible sequence categories. The
objective of this analysis aid is 10 provide projecions of timing thal can be used 1o make
dfomed judgements on the need for implemenation of strategies such repair of failed
cquipment or the flooding of the reactor vessel cavity.
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Appendix C

Table C-3. Pioposed sirategy characieristics for cross-tie of secondary coadensate storage tanks
hetween units.

Cross-tie of Secondary Condensate $orage Tanks Between Units

1. Sequence Categories For Which Strategy May be Effective

The sequences for which this strategy is expected to be used inclade

a.  Loss of Heat Sink (extended steam generator heat remon al),

b.  Steam Generaior Tube Rupture (maintain coverage ol break).

and 1o a lesser extent

¢.  ISLOCA (extcnded SG feed, if needed, and bleed 10 maintain low system pressure).

4. Direet Coutainment Heating (heat vomovai to  accomplish o enhance RCS

deprossurization).

Changes or Additiuns in Plant Hardware o0 Operatious

No Changes 1o plant hardware are noted 10 be reqeired. The following cross-tic capability for
the Unit 1 and Unit 2 secondary condensate storag * tanks (CST) exist:

a.

A 4 inch cross-tie (2FWU27) iis the turbine building between each OS1 auxiliary feedwater
recirculation line return to the ONTs (0CD006 & OCDO66) with a single isolation valve
OFWO0169 (normially closed). This appears to be a line thar taps into the OST wi a
relatively high elevaion, but may provide a limited source of water {low 10 the other tank.

A set of 12 inch cross-ties exiv on the non-scismic pestion of suction piping 19 the
Condensaie Make-up Pumps in the turbing building  Uri 2 pipe (2CD272) ties inio the
Unit 1 suctivn header (0SCO01) iscdated by vabve 0CDO3RS (normally closed), and Unit |
pipe (1CDZI78) ties into the Unit 2 suction header (20D278) isolated by valve 1CD0386
(normally closed). This pining can be isclated from a ruptured CST by closing the
appvopriate CST isolation (0CDO101, 6CDO109).

A set of 12 inch evass-tivs exist on the Condenser overflow lines returning to the CST
piping headers. It appears that the Unit 1 an? Unit 2 C_Ts are cross-tied at this point,
and one of these hines is normally open. Tt's moy allow for level equalization. Unit |
pipe (OCDA87) ties in.o the Unit 2 CST header (2CD27¢) with valve (CD0375 novmall
open, and Unit 2 pipe (0CDOR6) ties 0.0 the Unit 1 CST header {(0CDO68) isolatrsd by
valve 0CT 0394 (noime'ly closed). This piping can also be isolated from a ruptured CST
by closing the appropriate OS7 isolation (0CD0161, 0CDO100).

c9Y NUREG/CR-6009
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Appendix C

Table C-4. Proposed strategy characteristics for the use of fire water spray 1o reduce off-site
releases.

¥ B

Use Of Fire Water Spray To Reduce OfF-Site Releascs
Sequence Categories For Which Strategy May be Effertive
The sequences for which this strategy is expecied 10 be used include

Steam Menerator Tube Rupture (reduce fission product release)
Con’_astible Gas Burns (reduce fission product release).
Containment Heat Removal {reduce tission product release).

Direct Containment Heating (reduce fission product release).
Pre-existing Leak/Failure To lsolate (reduce fission product release ).

cAanD TS

and to some extent can be applic. to
£ ISLOCA (submerging the break 1o reduce {ission product releasc).
Changes or Addition in Plant Hardware or Operation

No major changes > plant hardwure are believed (o be required. There may be seme hardware
enhancements recded including:

a.  Procurerient end pre-staging of nozzle apparatus aod adequate length(s) of 24 inch fire
hose i close proximity to contsinment/main steam relief/safety valves to support full
coverage of area with maximum spray capability.

b, Placement of nozzle apparatus tie downs to provide best coverage and allow for unmannesd
coverage of main steam dump/safety relief valve discharges.

An assessment should be perfurmed to ensure that the availability of water for fire fighting
would not be diminished to the point that a hazard would exist. The local effect of sprays on
equipment and instrumentatior should also be examined 10 ensure tha: degradation would not
result in safety problems.

Information Needed and Instrumentation Availabie
Infor =270 2 nneried to identify these sithations requiring use of water sprays is comained withic,
procee s i the EQPs. Procedures do NOT curreatly exist that call for use of this strategy,

s0 additional material on tming and direction would need o be added.  Additional
instrunientasion may he needed to dentify the release location or locaéons. This information

C-1 MUREG/ACR -9
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Appendix C

Taule C-9, (continued).

. -

would need to generally identily the sequence category 5o that release points could be determined.
Examples of possible sequences would be: a SGTR (high steam generator pressure, radiation alarms
on ihe secondary, etc.); ISLOCA (lov concanment pressure readings during an RCS inventory
reduction when containment prescure is should rise, awaliaiv builing tadiation alamis ana fire
sprays); contain:nent leak (increasing radiation fevels in the & xiliary ouilding or 0utside containmant ),
or coutainment fal'ure (high containment pressure foliowed by reports of inereauing radiation iew!s
in the auiliary building or ovtside conainment ),

4

Resources Needed

Toe guaaitics of water cvailable for Coe fighting shoutd be sufficient 1o spray several relcase
locations for extended periods of tume. Iu i expecied that prepositioning of equipment would
sireamline use of the sprays and consequently no additional personnel would be required «©
compiete the tasks necessary to set up fire water sprays - Soine decwion making will be requir:d
to determise when it woald be appr cidte 10 set vp the sprays based on current pilar!
conditions and projected conditions, release ra‘es, and times. Prowedures would nced 1o be
rewritien to direct placing sorays inw sermoce based on plaat conditions and peocedures need
o be written to direc’ accomphshment of this task.

Expected Timing of Key Events

Timing is impurtant to allow adequate vime to set up the sorays betore the effect Jf the release
prevents or limits action due W local udiadon fields and exposure limitations. It is expretad
all uperator actions could be completad within 15 misctes from notfication o set up sprays if
hardware is ic. place to propery direct the sprays to identified release locations wnd if at Kast
2 individuals ace assivnad 1o the task. 1f placement of nozzle spparatus tic aowns are used, then
the opecatas wea 1! Le free for other tasks once the spraws ave initiated ¢ only periodi
monitoring of the sprays would be required.
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Appendix C

Taki» 3-8, Proposed strategy characieristics foc a chage © procedures 10 incorporate access 1o
WRUEr Wale! S0UTCes,

Change w Prova inret 1o Inenrporate Access 1o Other Water Sourcas
Sequence Categorics for which Strategy way he Effective

a  RCS inve awory Contol (provide adoquate waic e inventory to make up for Jorg werm losses
trom the RCS).

Cranges or Ad'ivions in Plant Hardware or Cperation

The procedures iwed 1o be modified to fist additional available water sourves inciuding usc of
wat_t inventory from the second unit.  Ths Jist should be in orporated into the existing
procedure FCA-1.1.  This miglt also include refiliing the BWST with borated watet, or
condensate §: arage tark, mun‘cipal water sources, rescrvorrs G rivers, The aced to borate the
water 1o orevent rectiticaiiy 1aust be evaluated. We <o not have adequals information to fully
assuss this cnatrctesistic.

Information Needed and lastcumematinon Avai'cble
o additiona: iformation oi instrumentacon is neede !
Resources Needed

It is Lossible that cross ties, o1 portebie pumps an) hoses may be needed to refill from some
woler sources. We o not have wdequate information 10 fully assess this charactevistic.

Expected Timing of Key Evens

“Timiing f the key eveats is dependent upon the rate of inventory loss and the amount of water
available in the BWST and othier sovrces. We do net have adegnate “aformation 10 Fully assess

this charavienstic.
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Appendix D

Preliminary Procedure for CST Cross-Tie
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Appendix D)

Tabie D-1. Preliminary provedure for OST cross-tie.

-
AOP RESHFONSE TO LOSS OF CST LEVEL Rev. A
| SEC-1 Nov 18, 199
et -
r =
A PURPOSE
This procedure provides actions to respond to a loss of
Condensate Storage Tant Level
H. ENTRY COND. CTONS
The follorving conditions may cause entry into this procedure:
+  Rapidly dropping OST level in excess of AFW ard
condensate usage.
e CSTLOW LEVEL - alarm, and CST lovel droppios,
v CST LOW-LEVEL - alarm,
NUREC/HR-600% D-4
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Tabls D-1

AQP RESPONSE TO LOSS OF CST LEVEL Rev. A
SEC“ { Nov 18 1691

l STEP | INSTRUCTIONS RESPONSE NOT OBTAINED
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¢able D, {contu

AQP QESMONSE TO LOSS OF CST LEVEL Re'w. A
SES.1 | Nov 18, 1991

S P INSTRUCTIONS RESFONSE NOT OBTAINED
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Table D 1. (continucd).

Appendix D

AOP |  RESPONSE TO 1.05S OF CST LEVEL Rev. A
SEC-1 | Nov 18, 1991
-
STEP INSTRUCTIONS RESEPONSE NOT OBTAINED
4 Dispatch Operators to he following \
arcas to cheek lor evidence of !eaks:
+  CST Enclosure
*  Twbine Building 560" and 592
cler ations.
+  Auxiliary Building 579" elevation,
5. IF: A leak is discovered on the 78T, GO TO STEP 6.
THEN: Isolaie the allected CST -
CLOSE Outler Lolation
Valve O 101 (OCLHITHK).
6. IE: A leak is discovered on the pypang GO TO STEP 7.
between the OST and the Makeup
Heade: Isotation Vaive 1CD0369
20D0369),
ThHEN:
a.  Isolate the atfeced hne - CLOSE
Makeup Header Isolation Valve
1TDO364 (2CD0369).
b.  Cross-tie the downstream headers -
‘ CPEN the Makeup Header
: Downstream Cross-tie Vatve
D037,
¢ Isolate the upstream headers -
CLOSE the Makeup Heoder
Upstream Cross-tie Valve
GCDO37S
D-7 NUREUG/CR-6009




AOP RESPONSE TO LOSS OF CST LEVEL Rev. A
| SEC-1 | Nov 18 1U81

STEP | INSTRUCTIONS RESPONSE NOT OBTAINED
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