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ABSTRACT-

This document is the second of a two-volume NUREG/CR thht discusses development of acci&nt
~

management plans for nuclear power plants. The first volume (al describes a four-phase apprxch fm .
. developing criteria that could be used for as<essing the adequacy of accident managersent plans,(b) Men-

'
tities the general atuibutei of e.:cident management plam (Phase 1), (c) prewnts a prototype process for
develeping and implementing severe accident atanagement plans (Phaw 2), and td) presents criteria that a

cut be used to assess the adequacy of accidem management plans. This votame (a) describes results _y
from an evaluation of the capabilities of the prototype process to produce an accident managemete plan

1 (Phase 3) and (b), based on these resul;s and prelimirary :riteric included in NUREGICR-5543, piesents
modifications to the criteria w here approprirde. ,
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FIN B5723-Accident Management Framework
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EXECUTIVE SUMMARY

The Nucleac Regulatory Commisslw (NRC) The prototype process for developing accident *

and the Executive Directot for Operations maragement plam is shown in Figure ES-l Dar-
instructed the NRC staff h worL with the nuclear ing Pha e 3 an evahiation of this process was per-

,

utility industry to define the scope the coment of formed under condi ions similar to Inose which
'

t

accident management plans and to c'eselop guid- would be found at a nt. clear power plam to estab-
,

ance for their development and implementation, lish its capabilities :o develop an Mitial accident
'

Following these instructions, the Office of Nuclear management plan for that plant The objectives of,

,

Regulatory Research is conoatting a research po- this evaluation are to detennine aheuer: (1) the
gram (a) to establish the attributes of a severe activities described for each step prmide the pne

,

accident management plan that will ensure effec- ucts nee led, and (2) the steps are integrated to pro-
tive seapor.se to cwdible severe accidents and (b) vide the information necessary for a technically
to recommend criterta that can be ised to thor. acemale tnd ef fective accident management plan.
aughly asseu these plam.

Initial plans for auessing the capabilities of
'

As participants in this research prograin we the pmtotype pmcess included the participation of
hav; developed sa appicach comprising four personnel from a nuclear utility. llowever, we
phases to identify the important attributes of a were not able to obti.n the agreecaents necessaty
seve:e accident raana;;ement plan and, using these fer their participation, and consequemly. it was not
attributes, to develop assessment criteria: possible to obtair's complete set of plant hardware

and operations infonnuion. To allow the esalua-
Phase L hientify the general attributes eian acci- tion to pmc.7d. plants wea idemified for which

dent mnnagemt nt plan necessary information was available. The Zion,
Unit I plant was selected based on the availability

Phase 2. Integrate the general antibutes into a of hardwate and opetational informa00n and the
protetype prxess that includes the steps nec- knowledge that project personnel possessed on
essary to dr.velop and implement an accident this and 3imilar plants.
management plan

A team appmach was used during w 3 to
Phase 3. Validate tlw: capabilitiss of the prototype awess the prototype process because it is the most

process thraugh its application likely m<thod that would lv used for the deselop-
ment of an accident manageinent plan at a nuclear

Phase 4 (dewt9 csessment criteria based on the pawer plant, Ahhougn it was not ps.ssible to exact-
important charae: eristics of the validated ly duplicate the knowledge and expenisc of utility
process. pemonnel, a team was selected from Idaho National

Engineerm;; Laboratory personnel with extensive
Initial resuhs from Phases I and 2 were docu- nuclear experience. This team wr, comp 6 sed of a

o mented in NUREG/CR-5543. Preliminary assess- mechanical engineer sith thermal-hydraulic safety
''

ment criteria were ako reported. analysis, severe avident anMysis, and accide.it
'

management pmgram devel ' nent experience; an
This repst summaiires results from the per- electrical engineer with PRA esperience; a procc-

formance of Phases 3 and 4 and is designated as dures and training expert with a bmad background
L Yolume 2. The prototype orocess and preliminary in human factors; and an operations expert with a

criteria from NUREG/CR-5543 will be modified PWR senior reactor operators heeme and kr. awl-
-to reflect results from the process validation cdge of plant operations. Ali work used the team
Rhue '3) and ieinued as Volume 1 of this approach with some independent asu;nments given

p NUREG/CR. and then repmted back to th: team .'or integration.

l

.
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'

The following are general results from the Using these malifications Steps I through 5 ,

: evaluation of 4% prototype process foi! owed by w ill pmduce the resuhs desciibed in the proto-
Jesults that are spdeifid to individual process steps: vpe process! ,

-
.

6 - Goneul Psototype Process Applicalito 4 The team appr6ach was very effective in per-

| ResultSL forming the steps of the prototype process :
because it helpr.d generate synergism and cre-

f ., . _

ativity, especially when identifying plant
,

ii ' . 1.. The lack of utility participation restricted our ;
~'

' ability toidequaL.ly evaluate all steps of the capabilities and potential strategies. We-
1 - proto_ type process using detailed plant harJ-- c.spect that this approach would be even more

ware ans! operations information -As a conse- effective in _a setting where plant personnel

p jquence, evalustion of Steps I through 4 was with a higher level of plant kno_wledge and
-

| coinpleted ardthere was a partial evanntion expertise wete involvert
.

;
L of Step 5.- it was not pouible to perform an

.Spe;;ille Prototype Process Applica-evaluation of Stepy 6 through 8.
tion Results -

- 21 The. general content of Steps J through '5 of
e the pro'otype p;rcess are adequately |ntegral- 1. 'the n ethod for categoliration of sequences

ed.1 Some modifications to the individual describel in Step 2 was not effective trcause

c steps were identified to correct shortcornings it defined an excessively large number of

| in the process and enaAe it more efficient. sequence categories. We concluded that cate-
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h, } gories offsevere accident behavior based on ' question-anyt format which proved to be l

events that occur during severe)ecidents pro- effective in identifying plant and personnel
eo vide moye insight into possible useident man * _ capabilities and huw they could be used to 3"

agement _ actions than categories that are prevent or mitigate conditions affecting the
,

.

sequence categories, The questiom developedidefined throngh sequence categorization orr

y sequence binning.lThree ahmate method $ af are general and coul_d be applied directly or j

f !_deve;oping categories were examined, easily modified for identification of capabili.
,

4f . .

ties for other nuelcar power plants.
"

$ - The.first method used the events directly from -

[ the event trees to act as severe accident manage; 3. Almt thirty five strategies with the potential i
,

iment evaluation curegories. The categories in to improie sevete accident mamigment were'

.this approach' would be easy to idcatify and identificd uJng a proecss similar to that
'

j :would produce a reasonable number of cate- described in Step 4 of the prototype process.

{ . / goricsf - The second method used the struerun- Results from the q,iestion-answer format used ,

'

of the safety objecti've trees described in to identify plant capabilities were'used to
NUREG!CR-5543 to define important events. guide _ the ijentification of potential strategies ,

| Mechanisms that can cause challenges to plant and to help determine how they should be
, ,

safefy lunctions were selected to definc .he structured.
'

snisessment categories, Examples of categories
? - based on niechanisms aier inadequate RCS . 4. Development of preliminary procedures in

"

,f , Inventory, inadequate Containment Heat Substep 5.1 was successfut in detennining tir:
4' Removal, Core C<merrte interaction,- Failurr to personneli hardware. and inrtrumentation
e Isolate Containment, and interfacing System- involved in poten:ial strategies. - Although

Lobofehun Accidents. In the third me'tuxl. _ there was not enough information to thorough-
o we transcribed the severe accident equences for ly assess Step 5 of the prototype process;.

,
'

m, Zion,- Unit i onto the safety oyective trees auJ Evaluate and Select Strategies and Identify
* found that the methaniuns contalmed all of the Enhancements, our judgement is that the
? ; events associated with these sequences. process d: scribed for evaluation and ranking

would be effective.' -~

We' conclude that all methods could im suc- -

& cessful h. categorizmg sequences but we pre- - . The objective of Phase 4 is to finalize a set of
: ferred the method that tramcribed eyents to criteria that can be used to assest (1) the adequa- t3s

( the safety objective tree _mechtnismi because cy of methods suggested for developing severe
1tit..was easy to relate the Mressment categories accident managemerd phms, and (2) the adeauacy'

e.. f to both plant safety fiaxtions and_to possible of presed or implemented severe accident man-
W L strategies, through the safety objective tree . agement plans. The preliminary; set of criteria _ ,

-structuref This isLthe method used.in the were reviewed by the team after completion of the -
'

- +

4 _"
! application of the prototype process. . process awes 5 ment. Criteria for Steps I through 4

M and Substep 5.11were reviewed individually to
p 52didentificatidn of plant capabilities w1s deter- detennine whether they were compatible with the 1

y*,f f mined to be a very important step in. develop- restJ,ts from the prototype process evaluation.
" ' '

'

iing an accident management plan. |We found Modificatiom to criteria for these steps were made
- it was difficult to separate tiie identification of ' and new criteria were added 1a account for
Tplant capabilities.and the identification of how changes in t.he process. It was'not pmsible to

'

7

h these capabilities could be used to impro e; . update the criteria associated with Substeps 5.2 i

}
.

accident management for;the plant; ;The through 5.7 and Steps 6 through 8 because they
#

* meth6d described for the prototype: process were not eva uated during the validat ons effoni

H was determined to be' inefficient. A more (Phase 3). The preliminary criteria developed for _ <

,

structured approacYwas developed using n these steps during Phase 2 are judged to be ude-
.

B< .
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ACRONYM LIST

AFW auki'iary feedwater'

- BW'ST boruted water storage tank

CCI core <oncrete interaction

CST condensate storage tank

..DCH direct containment heating*

EOP' . Emergency Operating Procedure

EPIP Emergency Plans hnplementation Procedure

IPE individual plant examination -

ISt.OCA . ir'eriheing system less-of ccolant accident

IVSW isolaiion valve seal water

MDAF motor driven aaxiliary feedwater

NRC Nuclear Regulatory Commission

PORV ' power-operated relief valve -

PRA probabilistic risk assessment

PWR pressurLed water reactor

RCP reactor coolant rump

RCS ' reactor coolant system

RES' Office of Nuclear Regulatory Research

'RHR residual beat removal -

RTD resistance temperature detector

. RVIES reactor vessellevel mo..itoring system $

SCET simplined containment event tree

SUPL steam generator rule ruptme

: S1 - : safety injection
"

SRV safety reliet'. valve

SW- service water

T5C technical suppon center

VCTJ volume control tank
< ,
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. Developing and Assessing; Accident
i

Management Plans for Nuclear Power Plants:- 1
a

Evaluation'ofia Prototype Process j
-,

,

1. INTRODUCTION I

. .

;

The Nuclear Regulatory Commission (NRC) ment plan and, based on these attributu, to pro- .

instmeted the NRC staff to " Work with NUMARC ' duce assessment criteria. Our approach is shown
JNuclear Management and Resourtes Council] to in Figur: 1. The rectangles in the figure represent
define the scope and content of an acceptable acci- the information sources used; the circles represent

~ dent management program and to develop a plan the four phases or objectives that must be accom-
' for incorporating phnt-specific actions into such a . plished. The objectives are as follows:
| program (Chilk 1989)." In response to these
instructions', the Office of Nuclear Regulatory Phase 1. Identify the general a: tributes that hu

'

Research (RES) is conducting a rescurch program implemented accident management plan should
to (1) establish those attributes of-a plant severe include, based on the stated accident management
accident management plan necessary to ensure objectives and other pertinent information, for
effective response to credible severe accidents and

:(2) recommend critena that can be used to assess lei rhe NRC accident management frame-
'

w & elements.|the adequacy of accident management plans and ,

,

their implementation.
Phase 2. Integrate the general attributes into a

L As participants in this research program, we prototype process that includes the steps necessary
developed a four-phased approach to identify the to develop ind implement an effective accident ,'

-important attributes of a severe accident manfige- managemere plan.,

--
.

,
a

' NRC ..
'

: ob?ctives
1 .

4

i
-

-

1

NRC Identify : -Devevop . Validate [ldantify
- framework H , gur'eral protoype . process i1 assessment-+

j elements - . attributes prc, cess capabilities criteria
.

g %_.

y <

if Current - ,
I" cecident -

' management
y process

.

' Figure t Approach for develop'ng criteria for an accident management plari.

.

.
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, 9, INTRODUCTION

.

-- Phase 3.' Validate the process thr6agh an appli- assessment criteria _wcre also developed and-

cation that uses infonnation that would in avsil. reported, baned on the Phase 2 prototype proecss.
-

( - able at a uncle;r power plant.-
. This report, Volurne 2, summarires the results

This application is intended to-idemify problems' from the validation prmss (Phase 3) and presems ;
.

criteria that can be used _ o assess the adequxy of . |with the piocess and to develop improvements to t

conect them. xcident management plans (Step 4). To accom- j
plish Phase 3, we evalcated 'he piototytt pnwess )

Phase 4. !dentify criteria, based on the impor- by epplying it to a nuclear power plant using the j

tr.Tt characteristics of the validated procr s, that infornmtion that should be anilable at a plant: ]
.

;3
can be use'd to: assess the" .dequacy of A | dent Based on the results frma Phas 3 and the prelimi .

,

4 .
management plans and their impicmentation, nary criterla produced ir, Phase 2, fin'd crite;ia werc !

"

:leveloped a Phase 4) to assess accident management#

We p*ovided initial results from Phases I and plans. NUREG/CR-5543 will be modified to
21n April,1991, and documented the results in n:Dect irsahs of the process assessment and :eis-

-

NUREG/CR $543 (Hanson 1991). Prelirainary seed as Volome I of this NUREO/CR.

-c

i

:
'

,

"s,4

s
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y
y

.
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2. Approach

This Section provides a descriptica of !M pro- St9p 1. Assemble and integrate existing informa-
totype piecess and the approach used te evabate tion needed to understand plant capabilities and
this process. limitations durmg severe accidena.

2,1 The Eight Step Prototype Process Step 2. categorire the severe accident sequences
identified by the ludividual Plant Examinations

An approach for identifying the important (IPEs) or Pn,habdistic Risk Assessments (PRAs)
' attributes of an accident manaoement plan and for into gtoups that have s)milar actident characteris-
developing assessment criteria is described in tics and challenges to safety functions. These cat-
NUREG/CR 5543 ar.d is illuttruted in Figure 1. egories will guide the remaining steps in determin-
Phases I and 2 of this four phase approc.ch were ing what plar'.t capabilit es exist to enhance acei-i

completed earlier and ute also reported in dent mhnagement and what accidem management
NUREG/CR-5543. During Phase 2, an eight-step strategies woidd be beneficial.
prototype process (see Figure 2) was moduced
that is intendr<l to be used to develop accident Step 3. Identify plant-specifie accident manage-
managernt plans. The following is a brief ment capabilities having the potential to be effec-
desetiptian of these steps: tive for the accident sequence categories identified .

1 '**mmaton . 3 **"tWlmet 5 *trategos 7 Va * *cr a " '
in j capa s

--
..___ - _-- ars * ~ ^ ^ ^ -. -^

-

7
L, A A A

!2 C3%ona 4 ki'*'Y 6 '*hancement g 8 :"nforma%on
P'*"I P"

serpen.:es g st :Maies en

!

S.1 Devebp proBm. 61 Implement proce-
_

inary procedures ]2res & puidognes f
I I

I I 6.2 Implement ;-

452 Evaluate phenom- 5.3 E%a j dodsion making
enclogica' behaviof human perfortnance i _

i I 6.3 Im(lement
I- souipment'

-

*
5.4 EvaLate eqJp- {
* #"

6.4 implement com-'
puMtional aids,

5 5 EvMuatn instru-
_

ment pertymance
6.5 Implement,

j informatirA
o G Select s+rategies I_,

! 6.6 Implement, ,

5.7 Select L2" "9
a enhancements

_
Figure 2. Process for developing an accident management plan,

w
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~ Approach

fin StepM1iese mpabilities will be used in Steps The two final phases of the proce.s have
4 and 5 to identify and evaluate strategies, intended to evaluate the _ capabilities of m.s eight

,

_ ._ _
_

step proceu (Phase 3) and to identify final assew
Step 41 Identify strategies that have the potemial ment criteria (Phase 4J. The following is a brief

* to prevent or mitigate the consequences of the cat- description of the approach used in accomplishing
egorized sequences identified in Step 2, these final'tw o phaset

Step 5. Evaluate the potemial strategies identi- 2.2 Phase 3 Validate Process
fied in Step 4 and select those that would be most Capabilities

:effectivec The results of these evaluations can
. then be used to select strategies that will be effec. The objective of this phase of the program
Etive in addressing the sequence categories. Once was to evaluate the prototype pmcess by applying

'

strategies have been selected, identify the accident it to a nuclear power plant to determine whether-
tmmagement enhancements necessary for imple- -(a) the activities described for each step provide
mentation of all selected strategiesi: Enhance- ine products specified, and (b) the steps are inte.
ments are those cham;es in the plant hardware and grated to provide the infomtation needed to devel-
operations neesssary to implemem the selected op a technically accurate and meful accident man-
strategies. agement plan.

Step;6. Use the information dSveloped in the in the early planning stages of this program,
> four_previousisteps to implement th4 accident we recognized that it was important to apply the

_

'

management enhancements.' Although each plant process under conditions typical of those found at
1muy hase a unique process for implementation, a nuclear power plant. Consequently, our desire
^ there are only a limited number of methods that- was to establish a cooperative effort with a nuclear

can be used to uplementiaccidynt mangement utility to evaluate the prototype process. This
enhancements. These methods include changes in anangemere would u!!ow us to draw on their plant

'! one or more ofthe fonowing ateasi (a) procedures hardware and operations knowledge to (a) provide

[ and guidance. (b) delineation of decisien-making - _the detailed plant information we needed and (b)
evaluate the suitability o the prJtotype piocess forr; responsibility and authority, (c) equ_ipment and_'

p ; engineered systems, (d) computational aids, (c) application in a utihty environment. Iloweser, we
.

.

instrumentatien, (f) training programs. were not able to obtain the agreements necessary'

? .
. _

,

for participation of a utility in any of our work
! ~~ Step _7f Validate the implemented .ccident inan- # a result, the amount of detailed information on

j Lagement plan,)ncluding the stategies,' procedures, plant hardwaie and operations available during
,

L guidance, computational aids, engineered rneth- Phase 3 w:.s restricted to what was publicly avail. .

4

f ods decision; making structure, and training; The- 'able and readily accessible. The lack of detail in

j methods are similar to the validation taisks identi- this informmion limited our ability to evaluate all
H j fied in NUREGidb99 for implementation of the steps in the prototype process. Evaluation was

L ? symptom based emergency operating procedures, completed for Steps 1 through 4 with a partial
,

assessment of Step i No evahiation was possiblep
_ _. _

for Steps 6 through 8.| Step 8. Identify and incorporate new severe a,ci-b
,

>

,

fdent information in the implemented accident-

| : management phm.JThis is accomplished by (a) Alternac sources of detailed plaat hardware
M - t identifying new severe- ::cident infomtation that and operations information had to be idemified

has not been considered in the implemented acci- because utility participation was not possible. A'

' dent management plan. (b) determining how this wue range of plants were reviewed to detennine
new infonnation influctres the impler=nted acci- whether the following types of information were

" Edent management plan, and (c) identifying needed publicly available: (a) t. recent probabilistic risk
improvements,if any. assessment (PRA), (b) a readily available Final

L NUREG/CR;6009 4
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Safety Analysis Report. (c) det:- . d iirawings of- ifraw upon when infonnation was not available.
t e plant. layout and hardware, and (d) a set of Resources to supply the folluting detailed infor-h

plant operating procedures. -We foimd that an inte- - mation would have been very beneficial: cddi- '

Frated set of detailed plant infonnation is difficult tional dctails for the PRA esent trees and fault
to obtain for most riuclear power plants. There- trees; details on plant hardware capabilities, limi- q

'

,

! fere, a plant was selected based on the amoimt of tations, location and operation; utility organira- |

| information that was readily available in och of tion; decision-making authority and responsibility; j

these four ' areas and the knowledge that project plant operations; training practices and pmce- I
m personnel possessed on the plants. Zioc Unit I dures; LJ emergency planning. ;

I was selected as the reftrnce plant, j

Availability of typical plant information and;

IL We chose to assess the prototype process expertise restricted this assessment to the first five
using a team approach because we believe that it steps out of the eight steps that comprise the pro- *

is the method that would be most likely used at a totype process.
'

nuclear power plant to develop no accident man-
agement plan. The composition of a team and the 2,3 Phase 4 Identify Assessment
way the team applies the proct.ss are important Criteria
because they car influence the results obtained.

t Ahhough it was not possible to exactly duplicate The objective of P'1ase 4 is to produoe a set of
the knowledge and experience of utility peisonnel, enteria that can be used 'o assess (a) the Mequacy of

_

our team v as selected fmm personnel with exten- methods suggested for developing severe accident
sive nuclear experience Our te:.m was composed - management plans, and th) the adequacy of pro- ' L

of a meche.nical engineer with thermal-hydraulic posed er implemented severe accident management
safety analysis, severe accident analysis, r.nd acci- phmt After an evaluation et ihe prototype puicess +

dent management progran develorn:ent experi- . was completed, each of the preliminary criterion
_ ence; an electrical engineer with PRA experience; was reviewed and discussed to determine whether*

.

; a' procedur's and training expert with a broad (a) it was stpl applicable. (b) it should be revised to
- background in huntan factors; and an operations recognize cianges identified during the process
expert with a' FWit . senior reactor operator's evaluation, and (c) additional criteria were needed. +

clicense and knowledge of plan: operations. Mosi
activities were performed as a group to ensure that The preliminvy criteria for process Steps 1

..a range of perspectives was considered. Some . through 4 and Substep 5.1 were modified to reflect,

independent assignments were_ performed and the lessons learned during the process evaluation.
9 individuals reported back to.the team for integra- Since an evaluation of Substeps 5.2 through 5.7

tion of their contribution < One obstacle for team ' and Steps 6 through 8 was not perfermed, thsse ,

members was the lack.of adequate resources to preliminary criteria were not revised.

p

.

1 .

,

I

o
i

5
,
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3. VALIDATION RESULTS FOR EACH STEP

This section describes the results fmm evalu- process step. The steps are presented ir. the
eting the approach presen'N in Section 2 for each seque.ee of Figure 2, hiplighted with icons.

Step 1. Assemble and Integrato Information

T

1 'n"formakin |
S c 7 * *'"'*9'*'*- 3 D*t*'*"*

5 *rairv' esi spatete [gst
p --- y , v7 7 ,

L A. --- |h L

Q[%-
L

f '"_*
.z .

I 'nawata Ii**th *"

[6enhanc."ement
,, entero

' $trawgies' sequences informaton,
-

,- . - .--

!

Infonnation for Zion Unh I was auembled tn tion obtained, reviewed. and used in later stept |
familiarire the tern members with the character- Some information was not sufficiemly complete ]

- 4 ties. capabilities, and limbations of the plant la terresent the information available at a plant.
hardware and permnnel that would be involved in For esample, in the area of probabilistic risk
accident management. Table I lists the infor na- assenment, there are computer models of they

]
accident progression event trees, but the team
memiers were not sufficiently familiar with ther.Table 1. Sourws of information available for
to obtain information that would help in evaluat-process validation. <

ing the pmcen. Most infonnation descrit>ing the
i- and Related information severe accident progrewion beyond core damage

,

' * ^* I* * *P # #""'" "*#"I #""I I"'#6 0"
Piping and instrument 1on Diagrams tison and llatl 1%'0) developed to nuess contain+Westmghouse Emergency Procedure Guide-

linos ment pcTfonnance issues. Consequently, the PRA

Normal Operat'ng Procedures (ParSal) information we had available was not as detailed
. Abnof mal Operating Procedures (PartieJ) as information we would expect available rt a
Emergonoy Operating Procedurch planh As indic,>ted in Table 2, sonw plant oper-
Final Saloty Analysis Report ating procedures used for the aucument were
Regulatory Guidelines also not complete. Table 2 lists infonnation iden-

tified durmg the evaluation that would haveIf DRA Results

NUREG 11N Tabla 2. UnavaitaNe soumes of information that

NUREG'CR-4550 Vol. 7 Rev.1 (Zion internal wm/d have improved proooss assessment.

Evonts)
Plant and Related InformationNUREG/CR-5575 (Zion Simphfied Containment

Event Trees) - Administrative procodures
Emergency plan implememation procedures

Adr1tionalSevere AccidentInformation
(EP!Ps),

""
No.4EGICR 4550.Vol. 3, Rev.1 (Surry Inter- ; n bnormal operatin0 proceduros

nal Eunis) INPO significant event reports
NUREG!CR -4551 Vol. 3. Rev.11 (Surry Con.

tainment Analysis) IPEiPRA Results
NUREG!CR 4624 Vol. 5 -
IDCOR (industry Degraded Core Rulomaking PRA event tree and lau!! tree computer models

Safety Program) Henutts
- _ _ _ _ _ __
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Validation Approach for Each Step

,

|
|

!~ added substantidly to the quzlity of the biforma- but did not evaluate the use of a database because

i tion we developed. the information set un na complete and we were

| not in a plant setting. A complete database evalu-

| The prototype process recommends that the ation would aho tequire information on the skills,
' plant 'nformation be placed in a database. We knowledge, and abilities of the acciJent manage-

established a library of the infonnation co!!nted ment team members, which was not availabic

Step 2. Categorize Severo Accident Sequances
__,_-_.__i , - - ._ ._,

" S 7 V"'
1 "nto<rneon 3 D****

, 5 *a*c'i r e.reta w rn
.-.y ,-_.

A A_._4_ 'L .A
f '"*'"*"n

-

2 cme:gh. I 4 n% 6 ' 8k**-sequencu | au9es I or,hancerret entormat,on

7hree substeps were defincJ in the prototype ing in challenges to the safety functions to define
procen for categorizing sequences. The first sub. the sequence category For this etumple, the
step defines the sequence categi es based on the mec hanh n- identified in Volume I were inade- !

possible severe accidents identit.ed for the plant, auate seconJary inventory, inadequate reactor
Severe uccident sequences are then selected and coolant system (RCS) inventory, non coolable
assigned to the appropriate categmiet In the final relot ation, insufficient containment energy
substep, typicel sequences are identified for each removal, and aerosol dispersion. Other sequences
category so they can be used in later process steps with the wue progression of challenges and
to evaluate accident tranagement capsbilities and mechanisms would be placed in this category,
enhancements. A descripiion of ti.e astessment uniers there was x significant difference in one or
and results from these substeps follows. more of the following: tirmng of key events; majur

dif ferences in key RCS or conuinment conditions:
| Substop 2,1 Define the unavailability of support systems, for example,

2 C""O*'" Q Sctiuence Categories electrical power, instrument air, or senice water;ence
oc the existence of adverse environmerits, for

,

The objective of :his substep is to condense example, radiation ficidS or flooding. Sigmficant
the telatively large number of severe accident diflerences in any of these areas could warrant
sequences into categories that can be used to con- establishing additional categorie, The discussio:,
veniently identify plant capabihties and aid in presented in Volume 1 estimats that this method
selecting and evaluating strategies. To accomplish of categorintion would tesult in about twenty to
this objective, the prototype pmcess proposes she thirty sequence categorin, Jepending on the
following functional approach to establish sescre accident sequences identified for the plant.
sequence categoriey by following the progression
of chalkupes to the plant safety functions. Fig- We assessed the proposed me' hod of estab-
ures 3,4, and 5 ate the PWR safety objective trees lishing squence categories using the severe acci-
that show the safety functions, challenges, and dent sequences from tne Zion I.evel 1 PRA (Satti-
mechanisms used in the following er. ample. In son and llall 1990) and the Zmn simplified con-
NUREG/CR-5543, a hypothetical example is giv- tairmient event trees (SCETs) (Kelley 1990). A
en of a devere accident sequence involving the detailed exarnination of the Level l event tren
loss os cil fec1 water compounded by the los3 of was not performed because they are Sawd on the
injection and the !ms of containment cooling for a presention of core darnage, whereas this accider.'
pWR with a large dry containruent. The prototype managunent evabation is ditected toward the mit-
prrsess uses the scquence of mechanise ? result- igation of severe accidents.

7 hjl) REG /CR 6009
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Figural Safety obloctivu treo: m$ gate fission product roler.se from containment.

7. ion SCETs are available for each of the dom- Melt Ejection, and Co c' Concrete interaction,
inant plam damage; states: (a) loss-of-coolant Thfse c* ents have a clos; corresponence with the

, accidents, (b) station blackout, (c) transients _ inechanisms on the safety obju:tive tices, ~ln addi.
including anticipated transient w;ithout scram, and tion, events on the Level I event trees indicate that

Jd) containment bypass. P.ach of the 7 ion SCETs 'the inadequate Secondary Inventory, Inadequate
were examined to determine what sequence.cate< RCS Inventory, amtNonieoolaole Relocat oni

|gories sould be oefined. .We charted event trec , mechanisms would aho be importent.
' sequences onto the safety objective trees by indi-

' cating the mechanisms; challengesiand sniety __ Mechanisms on the safety objective trees weir
; functions affected,i As an example, Figure 6 is e marked with a diagonal slath to indicate that there= * >

.

! pertion' of the. rdmplified centainment event tree is an event that shows they occur durint, the
for the station blackout transient initiator. The isequence being evaluated (see Figures 7 and 8 as

~

| sequence to be chartal is highlighted, uppermost - examples). . 'Ilie sontainment Failure to isolate
sequence on the tiro. Events thut occur doring- mechanism (Figure 8) n marked tvith 1 slash
this sequence are Preexisting Containment leak, because the Preexisting Containment Failure event- ,

_ .- Steam Genernor Tube . Rupture, Vessel Breach, would indicate this mechanism has occurred,2

Early Containment lleat Remova', iiigh Pressure ' }{owever, the containment innifficient Energy.

F ' NIJREG/CR-6009 - 10
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Validation Approach for Each Step j

Removal rnechanism is not shown with a slash event. We chose to call these categories assen-
because thriy Containment lleat Removal is ment : ates;ories, rather than sequence categories, I

shown on Figure 6 to be active im this sequence, beceuse they allow a senment of the urrent acci- ''

The challenges that are caused by these mecha- &nt management conditions and future accident j

nisms and the safety functions that are being chal- management unptovements for all sequences j

lenged were .dso marked w;th a slash to highhght includuiin a particular event. He second method ,

which safety functiens would require accideni uses the mechanism from the afety objective treetE

mananment actions Based on the proposed as assenment categode> We reasoned that the i
sequence categortrution method, this sequence mechanisms represent unique identifici. of chat-

,

would be given the fo lowing designators: Inade- lenges to plant safety functions aral that strategies ;l

quate Secondary inventury, inadequale RCS wnh the potential to prevent or mnipate chalic nges .o
Inventory. Noncoolable Relocation Direct Con- to safety functions em be related directly to the..e i

tainment IIcating (DCli), Core Concrete inter..e- mechanisms. There it elso good correspondence
tion Failure to isolate, and Steam Generator Tune between the events (n the event trec1 and the
Runture. - thnmination of the remaining 62 mechanisms on the safety objective treet To bet.
sequences displayed in Figure 6 show that no mo ter understand IN: relatiomhip between the events !

tegrences would have the ume designator. from the event trees and the mechani;.ms from the

Although sequences on event twes for other plant safety objective uc,:s, we charted the esents mo- ,

damap stmes may have similar designator % ihe ciated with the sequences from the simphfint con-
number of sequence categories v'ould still remain tairanent event tren onto the safety objective trees :

very large using this categorization method.' We in the same way, as showt,in Faures 7 and M.
concluded, therefore, that this method of catego-
riring tequences would not meet our objective to To help identify relationshipt between inai- .

significantly condense the severe accident vidual assecsment categor es fevents charted as |i

sequence information, trecbanisms) ja the sequences, a hyper. ten tool-
L was used to track the relationship among the

Since the PRA has the ses,uences categorized mechanisms xcause more than one mechanism
'

into plant damage states and accident progrenion (or event) could be causing challenges to plant
bins, they wex considered us a potenti1d sequence safety functions for a Pl3A sequence. An under-
categoritation method for accident management, standing of We relationship among usseument cat- ,

Ahhough this method p">duced a relatively small egories may be important, since strate (es that ,

numlxt of categories, they are vcry broad and may be beneficial for one aressment category
therefoie makc it difficult to develop insights inta must be checked to ensure that they do not cause
what safety functions are being challenged, what negati/e effects for related assessment categories.

- strategies might be effecti,e, or what instrumento The hyper text tool tallied the emoccurrence of j

tion shou d be monitmed to help identify the chal- the mechanisms causing chatlenges to the safety i

lenges to safety functions or ll'c effectiveness at' functions for the assenment categories. - For '|
' preventi.e or mitigative strategies, example, for the steam generator tube rupture I

assessmeri category, e found that failure to iso-
Two attemative methods were identified that laa contMnment cowcurred 27 times, nnd direct

categorize severe accident behavior into e form contahment heating co-occurred 39 times itis
that satisfies the objective o(this substep. For the intended that thb information be omd in later
first method, we coacluded that the events on the steps to' aness the potential negative effects of
evem trees can be used as categories because ah prorsed strat?gies and provide insights into how
sequences comprited a series of these events. strategies might be combined to maximize bene-'

Th4 method would produce a reasonabic number fits;

of categories and could be used to identify and
evaluate possilt accident management stmtegies The mechanisms 1%t would represnnt the
that could prevent or mitigate the effects 4 each assewaent categories ett listed in Tabk 1 This
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Validatien Approach for Each Step

[ '.'able 3. Asses ont categories based on Safety
-

uwd in the later steps of the prototype procce
Ho pre:fer using asseument categmiesObjective Tree Mechanisms

(*+* relates to Level 1 events from Zion; based on the safen objective thc mechanhan
' .* cvTesponds with events on simpli. because the trees show the relationship between

hed containtrtent event trees fmm Zi: n) the plLut safety ..bjectives, the assessment cate-
pories (mechanisms), and potential and final

Prevera Core Dispersal from Vessel Sofety strategies, Undentandir:p thew sclaiornhips
Ob)r.ettve Tree should asust in identifying plant accident m< mage-

+ inadequate Secendvy Inventory mem cap.5bilities and auening potential accident

+ Inadoquate Socendary Prensure Control manarment stratepes. Ila3cd on these obsew-
Inadequate RCS Energy Transport tions, the individual mecbanisms on the safety

+ Restncted RCS 0;oed objective trees woe selected for use as awessment
+ (RHR) Srstems inoperable categories for the remamder of the steps in the
+ SCRAM r:ailure ~

prototype proccu.
Rocnticahty
RCS Circulation Failure -

+ Inadequate RC3 Incentory 2 cawgoria Substop 2 2a Select
'm Sequences to CategorlZeChanga in Core gavmotry

~

Coolaote Relocation
'

. Ncncoolabie Core Relocation The purpose of this substep is to reduce the
number of sequences so they can be reviewed and

Prevent Containment Failure Safety Objective categorized with Hmited rescuices and withm a
Treo reasonable time frame, Since categoriration of

sequences was climinated imm the process in theinsufhcient Containment Energy Removala ,

flata and very lato recovery) previous substep, this substep a no longer neces-

Noncoadensible Gas Buildup sary and it will be ehminated..

Dvect Containment Heating
,

.

Combustible Gas Detonation 2 C"N99t,,1 SubStep 2.3. Select.

Steam Explosbos sequence Typ! Cal SequCHCes.

Energy Addition at hso! Faduro --

-

Temperaturo induced Degradation*
The objective of this substep is to identify

Core Concrefo interacdon*

Failure to isolate ,, typical sequences,. fm each sequence can gmy. u
.

Failure Aftsr isolation Criteria proposed to guide the selection of these
Stnarn Ge s.erator Tubo Rupturo (SG1 R) sequences are: (1) the consequences of the.

Intodacing System Loss of coolant Accident sequen;e, (2) the sequence timing, and (h the.

(ISLOCA) barsn environments that may affect equipment and
Stearn Exr,;osion Missm personael T'ic prototype ptocess proposed using
Hyorogon Generated Missiles

these typical sequences in later steps as the basis
for analysis of pro sed strategies.~

list includes assessment categories apnropilate for
prevention emd mitigation of severe accidents. Although the criteria provided for selection of
Categories based on the Mitigate Fission Pnxiuct typical sequences appears to be pertment, we con-
Release from Comainment safety objective tree cluded that sequence selection at this point in the
are not listed becau3e there were no events from ptoceu is not appropriate for seveal trasons. First,
the event trees that had corresponding mecha- the assessment categoria are not stror gly dependent
nisms on this tree, and there was no apparen; on qutaces so analysu of strategies will be made
advantcge for considering them separately. independent of the sequmees whenever possible.

Second, limiting conditions v'ill vary noong the
We cencinded that both methods of ddin!ng strategies and there is no way of knowing what

severe accident assessmeat categories could be potenfal strategies will he seketej at this point in

l$ NUREG/CR-6009
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the p;ocus. ''here ney be some etnfegin that will formed at this point in th. process. Le intent of'

not require analysis udng typical aquences from all this subsicp will te rnoved into sum p 5.1. It will

f of the sequence catgories. Se'ection of sequences be modifico to make it dependent on the aralysis

1 - would theiefe waste time aM resources 'f per- needs for the identified Fitentir/ strategies.

:

Stop 3. Irlentify Ace!dont Management Cepabilities for />.snessment Categolles
. --

1 *iorrnates
** i D't*'"t 5 soieci 7 va m sL

lb g, c)F#w h stratt9w. g,;

N-" g x
_ k- _ A _ -[ .$

s

/_l
.1. __

|1 ... M*''t4 1

I6 imsoment ghwrpmw
.-

c capruo
4 st'er W l enhancerneatI

.
informabon-

! i _ wqunca i

TN objective of th'.s step is to identify the tems. TI e attemate systeins considercd should not

9 . pl.u.1 snd penonnel capabditis tha; could supple be limite' to safety grede symms. Systems that-

[ meet the rcstion>e of existing safety and support can b: repaired on site should be identified wi;h
systems m ieplace them if they have f ailed. an estimated repai ume and the proceduies to
Assessment of capaNlities in the folleiving rive effect the repair"

areas was raommended in the protelypc process._

[ Substep 3A. Identity Instrumontation

| Scbstop 3.1. Procedures and
Guidelines identify the key imtrumentation in the plant

that would be needed to derme the initiation of an
Identify esting procedures and guidelmes for accident and also follow hs pro,,:renion. Deter-

guid.mce) that are used by the sta tion operations m%e whethcr allematr instrumentation eculd sup

raff and te.hmcal support teams for each of the ply similar or identical infermation.
' assessment ce.'egones."

Substep 3.5. Identify Tra!ning *

,

Substep E2. Delineate Decirlon- -

,

Making Authority or For each oi the sequence categories ioentify
Hesponsibilities the training programs that an: given to the station

operations ard techttical support teamr, for under.
Obtain current documentanon of the roles of standing vcident behavior and their role *, ano

A the personna hivoimi in accident management. functions during an emergency. Perform an
net, identify the key roles of the personnel for assessment to dermtinc limitations in the present
their areas of resconsibility and evaluate how training pwgram that muld restrier the effcetive-

these r(des and Jcb duties could he extendt d to ucss of the staff,

addresa evere occidents for cach assessment cate-
:gs:y. A specific table format was suggested in

Step 3 of the prctotype process to organize and
_

Substep 3.3. Identify Equipment display informatior: ca accident management
capabilities for each of the five areas listed in Sub-

I&ntify the equipment important for each steps 3.1 through 3.5. The tab!c has columns cor-
. sequence category together with their intended responding to the live arert. listed in Substeps 3.1
functions. Identify altemate equipment that could through 3.5 and rows for the following fin ptmes

- be used to supplemert or replace the failed rys- of an accident: Phase 1-Accident initiation to cose

E
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Validation Approach for Each Step

uncovery. Phase 2 initiation of core melt to relo. to evaluate the capabilities of the platotype
cation into lower plenum, Phase 3-Lower head procesu, not to develop a complete accidwt man-
faihees, Phase 4-Containment heatup and pressur- agement plan.
itation and Phase $-Containment failure and fis.,

uon product wiease. We attempted to use the ree- Table 4 ts an example of the information for
ommended table but found that i:5 structure made the Steam Generator Tube Rupture anenment |
th6 ider.iified information difficult to present and category, which was idemified in the PRA as a '

undentand. Major problems lochded inability to potential contributor to risk. Related awessment ;'

display and underrtand the information when put categories and containment failure mmtes identh i
in the recommenried column format and difficul- lied by the hyper text imd as co-occurring are alsa

,

ties in subdividing the auenment categories into listed. Capabilities are then described for the five
'

' the fh accident phases. aret.A recognizing that there are existing proce- ,

'
dures and equipment to mitigate the effects of a

Since the prototype pmcess was not adequate, steam generator tube tupture. Capabilities that
two possible appror aes for identifying accident would support other possible mitigative actions
management capabilities were developed and are also described. The decision making and
assessed. Our initial approach was to combine training areas are not completed because there was

L team discussions and brainstorming with a modi- insufHcient information available. Appendix A
fied table fomiat to orpnize the t-sults. The s.ec- presents the tables developed for a". of the awess-
ond appranch was to develop and ask a set of ment categories that we reviewed.

,'
- questirms that required detailed answers to orga-

'

,
~

nite and provide structure to the identification - After a thorough review of the capabilities
pre < cess, Both approaches relied cn the expertise tables developed using our initial approach, we '

of a team comprising personnel with operations, concluded that the type of information and the .

' severe accident analysis, thermal-hydraulic safety amount of detail presented were nd sufficiently . I

analysis, pcocedures, training, human factors, detailed for the remaining steps of the prototype
'

PRA, and accident management experience to process. To provide the desired detail, a more
' ' develop .the des red information. In both cases, structured approach was developed using a ques- <

the amount of information was limited because' tion-answer fonnat for each of the five umas. All
'

' '

some docu:nentation was not available. This step questions were structured so that the answers
would have produced better information on plant would not be a simple yes or no, but would con- a
ec.pabilities, and would have taken much less tain specific, detnited information on plant capa- .

time, if pecsonnel with detailed knowledge of bilities. We found that amwering the questions i
' plant hardware and operations had been partici- not only focused the attennon of the tnm mem-

pating, bers on the exi ling plant capabilities, it aiso
helped them to become aware of cppottunities ta j

L For the initial approach, the table for the pro- improve or supplement there capabihties. Conae-
totype process was to t.se the five amas described quently, questions wen modified or added to iden.

! -in substeps in through 3.5 as the basis for orga- tify how plant hardware Anu personnel might be
niting and dispinying pl.mt capabilities. For a par- used in new or unique wap to provide additional ?

ticular assessment category, ideas for the use of' accident management capabilities. . Table 5 lists
~

plant capabilities for each of the five ares were - the questions u<,ed in our ass %sment of the curmnt
discussed in a meeting of team members. Proi capabilities. 1hese questions are general and
posed plant capabiHties were described as well as could be replied for mher commercial reactor

;

the purpose or use of these capabilities. - Results - plant types.
desaibing proposed additional uses of the plaat
capabilitie$ were therefore an important part of the Capabt:ity questions for selected assessment
trsults. - We only reviewed a sampling cf assero categories were answered. Individual teen mem-
ment categories because our primary objeenvc is bers were assigned to ar.swer questiom for specif.

17 NUREG/CR.6009
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Validation Approach for Each Step
i

b;
, c.

Table 4. Information on plant accident management capabitties (developed by team brainstorming)"

for one assessment catogory.

Accident Managom+nt Capabilities !
.!

Assessment Category Steam Generaldr Tubo Rupture

Related Categorios

Late Recovery of Containment Enorgy Romoval, Very Lato Recovery of Conta.nment Energy Romoval.
Temperature Induced Degradation, Direct Coniainment Heating, Steam Explosions, Cornbustib?e Gas

_

!Detonation, Failure to isolata

Containment Failure Modes 1

!

Alpha Mode Friture, Basemat Mott Through, La'e Containment Overpressure
i

1. Procedures
'

- a. Current Procedures . ,

;

Extensive procedures exist to deal with steam generator isolation and depter,surization of the . ;

RCS. ;

b'. Possible Additional Procedures :

1

Provide guidance on strategies that can be used if isolation of the affected steam genere. tor f ails.
For oxamplo;

Increase the inventory in the steam generator to submerge the rupturo locatlott and scrub fir >

-
.

sion products,
,

,

Consider possible problems if there is s' rupture of a relatively large number.of tuber. For
'
-

exarnple, there would be a much enriier depletion of the BWST. ;

i

Provide guidance on ways of estimatirig where the release location is and the quantity ci fission !,

products being released.- ]
I

2. Decision Making l
. _ 1 .

I

a|. Currently Described Decision Making and Authority
,

. InsuffL43t information ava!!ab!c-4
,

'

b Additional Decision Making That May Nood Clarrfication -
.

. insuffcient information ovallable.
( _ ,1;J-

q:
-

,
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. .

Tablo 4. (Continued)

3. Equipment

a Exisbog Equipment i

!

Steam generator dump valvesi, preswritor PORVs. all valves necessary for steam generator isola- |
'tion, normal and auxikary feodwater pumps and re%tud equipment.

b. Potential use of ec,uipment not specified
i

Normal or auxiliary feedwater systems used to submerge the tubo bretx locaten. Diesel driven
tiro water pumps or portable pumps should also be conside rod. Exerciso caubon in controlhug the
level in the steam generator for some pitr,?.s to avoid flooddg the Steam line, which would cause it
to fail. Ntornate (nethods of preventing steam line failure could also be ansiderod, such as addi-
tiona! analysls and, possibfy, the placement of additional supports.

Fire sprays, both exit, ting and augmsnted, used on failed dump valven and safety relof valves to +

reduce the amount of fission products occaping from the steam generator (s)< The nood for protec.
tive cle'hing and equipment should be considered if strategies cidl for personnel actions near

- points of re'easo. Poolboning this equipment near the locations where it will be neodod should be
considered. t

4, Instrumentation1 ,

r
'

a. Existing instrumentation
i

Steam generator pressure, levet, tesoperature: RCS pressure; Reactor Vessol Level Monitoring '

f4yetem {RVLMS); hot log temperature; plant and site radiation monitors

b. Potent!cilostrutnentation

Indicatons that the stearn gorwator PORVs or SRVs are stuck ope'1. For example, clownstream -1,

temperatmes, videos of atmospheric release points, and radiation monitorit All instrumentationr ,

that couM be used in mitigating Itw effects of a steam generaw tube rupture should be properly _ -}
grouped ahd displayed in the control room.

'

5. Training Capability

'a. Cu."ent Tra!ning -
i

. Insufficient information available.

b. Potential Additions to Training .-
7

- insufficient infonnatior available.
'

,

6 ~ Possible interactions with Helated Assessment Categorlot

a. Similar to an ISLOCA

b. Desire to depressurizo ROS rapidb/ may run counter to considodons for preventing steam exolosions.
._ .-

.
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Tablo 5. Questions for assessment of general act.ident management capabikties.

Procedures j

. Theso questions should be applied to esch assoGsment category, rech question would be preceded I

by the phrase, "For this assessment catego'y. . *

1. Which of the current procedures are appbcable for prevennn or mitgation o' the sevore accident con,'

dtion67

2. What changes could be made to the current procedures and guicance to enhMce the capabihty to pre.
vent or md4 ate the severe accident conditions?

1

3. If altomate syktems and equipment are important, what procedures art guidance exist to faclktate their -
use?

'
4. What procedures consider long-term recovery actions that may ba nocessary for accident manage-

mont? -(Exatoples would be establishing long te,m core cooling or long term containment cooling.)
1

5. Whst procedures and guidance provide instructions on how to evaluate information, either from Instru-
mentation or from other sources, that is apparently conhicting?

6. What add:tional proced vos could be added to enhance tM capabihty to prevent or m49 e plant damage?M

Deciolon Making ;

These questions should be appDed to each assessment category, Each question would be preceded ,

by the phrase, "For this assersment category, , . *

1. What are the current assignmenta of responsibilny and authonty for dedslon rnaking?

2. How were the corrently used lines of communication betwe6n the control ronm and the techr,1 cal sup-
pc1 center and other emergency response and planning facihties ovaluabd and validatod?

._

1 To what extent is long-term accident management considered in the decision-making process, loctud-
ing the basis fo_r determining when the recavery phase is complete?

'

'4. What decision making is defined in the current procedures and guidance?

54 What decision points are identified for expediting administrative controls to tacilitate the repair or rec.ov-
ety of equipment?

- 6. What guidance is given to decision makors for priontizing attemate actions, identifying and avoiding
potential negative effects, and evaluating long-term plant recovery? ,

7. What changes in the assignments of responsibihty and authority could 60 madu to increase the capa- ):

bility to prevent or mitigate plant damage? 1

Equipment
i

These questions should be applied to each assossment category. Each question would be preceded I

Iby the phraso,'For this assessment category, , . *

NUREG/CR 6009I 20
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Table S. (Continued) i

1. What ensting plant equipment could be urnd to perform the function of faaed safety systems, for example, a

non Safety-Grade equplient that Could supply water, or jumponng to make available a!!erreate 600rcos of
' power? ,

I

a. What are the ultimate operating limits for the existing eqisiement that could be used as alternates -

to safety grado equipment?
'

2. What provinns could be made to facilitate repair or replacement of failed equipment for this ast,ess-
raent category? Consider both the Lyallability of parts and the capability .o gain accesc to talk,d eqt;in- ?

r%nt exposed to seveie accident environmants. 1

a. Whc.t replacer,'.ent equipment and spare parts havo boon identifred, including their location and
mears of transport and installation within the timo available?

b. What advance orecarstion of hardware, for exe.nplo, spoot .Teces, pre-positioning of equipment,
,

etc., would fadlita;e 'he use of existing attornate equipment to provido a significar,t increaa in
equipment capabihty? L

c. What offsite tesourcus are there that could bo identified and adequately prepared for transport to
' the site under accident conditions? :

3. What resourt.es can De ntanaged, such as batterj power or oorated water, to provent or delav wa. ,

accident consequencus, and what is the technical basir for their uJe?
,

8. 18 equipment available that has the capability to replenish eehausted resourcos within the time
frame available for recovery. Are suppliers of essential resources identified? ;

;

b. What orfaits resources are there that could be identified and adequately prepared for transport to
the site under accident conditions?

?

A. ' What potential options for use of equipment from anottier unit have been condJered anc optimized?
.

5. What ac'ditional equi.mont would onhence the capability to provent or rt2ighte severo a0cidents.

Instrumentation
|

L' , Thuo questions should be applied to each assessment category. Each question vaid be preceded . *

by the phraso, 'For this assessment category, . . . ' s

-1, What instruments are Decessary to identify the syr.iptoms and app'icab'e strategies that will enabla
accident management personnet to prevent or mitigate severo accident cond:. ions?

2. |What are tha limitatiors en the instrumentation to provide needeo hformation on plant sovere accident
behavior and how are they communica.ted to accident managemont personnel?

3. What means (protection from harth envhonments opemtw aids, etc.) have been developed to ensure
existing instruments can be used under the orpocted severe accident conditions? !

,

4c What methodologies have been established to identify unreliable data from instruments under sevem
. accMent conditions?

5; ; What changM could be made to the cunent instrument systems to enhance the capability to prevent or
mitigate severo accident conditions? .

,_

, . .
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#

. Ta51m5. (Conthued) i

0. Waat additionalinstruments would enhance the capability to prevent or mitigate soveio accident condi-
tions??

,,

Trainifig
.y j ,

Those questions shouM be applied to each assosment category. Each ouestion would be preceded %.,

by the phrase, % this assessment category, . . * '

<

1. How does the training provide personnel involved in accident m1magement with an understanding of
the possibis sovere accident plant behavior, and is this training given at the propor levels and in the

'
*

detail required for all perso'inolinvolved in accidtnt management?

2. How are all personnel involved with the training simulator mad't eware of the time.ntions in representing -
>

g sevors Weidant conditionth and is it modo clear whon the simulation is no longnr valid? '
.

I
, 3; ! How are peraunnel trained to proceed H irstruments give what appears to be conflicting tradings?

C How does the Luning for all personnel involved in accident mana08 ment ensure that all important
- u

actions or decisions for severo accident management are included?
8

,

,

- 5; . What trainirig 11provded tor all accidant mar,agement personnal on the possibio lim:tations of equip-
ment, instrumentation, and plant information?

4'

6.? What additiona! training is provided to implement the use of atterr.ntiva systems and equipment?

7f . How do drlits and simulator exorcises consider the following potential restrictions: Inhibited access to5 '

. equhment as a result of high tamperaturo or radiadon levels, limited lighting or loss of resources such
as electricity and constraints on the avaitabsl:ty of personnel with the proper sUls?

,
.

8; What are the changes that have been made to the current training program to enhance the capability
to provent or mitigate plant damage? t

~

9. What additional training has been provided to enhance the capabihty to pievent of mitigate plant damf -

age?

-- -- _ .- - -

'

:ic eategoiics, and their answers were then in Appendix 13. The information developed in
| reviewed by.~all team members to obtain additional naswering these questions is our best understand-
infomstion in their individual areas of expenise, ing of the current plant capabilities together with

- We found that answering some questiere rquired possible changes that could improve the cunent
more information than was avail.~.ble to the team accident management situation, based on the

L members; This lack 'of inforniation is' particularly -information available. Information presented in

f evident for questions conceniing training and the answers contains details that may be difficult
idecision making.

~

to understand without a working knowledge of the
plant procedures and operations. .Since these:

"An example of the answers for the Steam answers are only intended to serve as examples,
; Generator Tube Rupture assessms.nt category is the procedures and operations information neces-
provided in Table'6;' he answers developed for :nry for completely understanding them are not
all reviewed assessment categories are presented presented in this report.

4b
,
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Table 6. Information oc accident managomont capabihties (dmoloped by question set) for one
ascessment category.

Assessment Category Questions
for Steam Generator Tube Rupture

Procedures
a

Those questions should be at> plied to each assessment category. Each question would be preceded
by the phrase, *For this asessment category, , , *

1. Whir h entrent procedutos app!y to provent or mitigate the severo accident conditions?

Answer:

Procedure E 3 deals directly with steam generetoi tube rupture (SGTR).

Enter E 3 direcity or guided there by E 0, E 1, E 2, ECA 2.1, FR H A ES-1.2.

All these deal with aspec's of SGTR recovery: ES 3.1, ES-3.2, ES 3.3, ECA 32, ECA 3.3, ECA 3.1.

2. What changes could be made to the current p*ocSdures and gMdanen to enhance the capabihty to pro-
vent or mitigate the sovere accident conditions?

Answer:

Step 18 of E 0 must be reached to get referred into E-3. For other procedures the followin0 stops must
he reached to be referred to E-3: Stop 4 in E 1 Step 5 of E-2, Step 5 in ECA 2.1, Stop 7 in FR H.3,
and Step 4 of ES-1.2.

Afterrate procedures were examined for other transients similar to the steam generator tube rupture to
see if they would 'd: rect out" of that proceduro and into the SGTR procedure. These procedures do a
ree,tortably good job. However, considering primarily the SGTR, an improvement could be made to
reach " direct-out" stept, earlier in the pror:edures, especially in E-0. To ultimatoty decide the trade-ott
botween an carbor or later " direct-out,* risks should be compared for competing events.

The procedures tra primarily written for design basis conditions. They do not cover situations very well
when the plant is experiencing core damage.

Procedures could call out specific su!ve numbers, breaker numbers, equipment numbers (e p., Step 5
of E-3) to tr, crease the likelihood of t,uccessful implementatio.i.

3. If altomate systems and equipment are important, what procedures and guidanco exist to f acihtate their
uso?

Ancwer:

Procedures ES 3.1, 3.2, 3.3 and ECA 3.1, 3 2, 3.3 do a good job of covering altomate methoos and
equipment for various stages of SGTR recovery. Once again, the procedures do not cover actions if
there is significant core damage. The proc 3dures do not specifica!!y identify alternate equipment so
much as they provide steps that incorporato equipment

4 What procedures consider song tem ncove*y actions that may be necessary for accident manage-
rnent? (Examples would be estabbshing long-term core cooling cf long-term containment cooling.)

!
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Table 6. (continued)

Answer;'

Nof e were judged to be adequata for sevote accident management, although the sories ES 3.1, 3.2,-
I3.3 and ECA 3,1 3.2, .3.3 may addre's recovery. They do cover core and containment cooling

actions for design basis conditioris that should be considered short to informodiate term recovery
actions for (Woro accidents.

5. What procodores and guidance instructoj how to evaluate information, enther from instrumentation or
trcm other sourcot, apparently conthet?

.

Answer:
.

Alf ptrcodures are good at specifying parameters that help to diagnose and guido, but none seem to
prroritize or ghe guidance for conflictmg evic'ence. They do adoress it in that if a person follows a
course of action based on laufty evidence, the proceduros are destnod to bring him or her bacx into
hne with add;tional information. Tne trouble is, valuable time is lost.

!

6. - Who1 additional pracodures could be added to enhance the capability to prwent or n6gato plant dam-
'

age? ,

Answer;

New procedures could be added to provide guidanco on what specifically are the rnost rehble indica-
tions of an SGTR and now to interpret and diagnose them. (rhic is pemaps more of a training func-

- tion-though a procedure for training should exist in any case]
i

Proceduros would be needed for severe accidents that starl with core melt Procedures become
vague at core rnett cond:tront Directions to depressunze no not tolf the operator how to depressurize.

" They just say "depressurize" (see ES-1.2, Step 9).

Decision Making

These r;uestiwa should be applied tu each assessment ca'ogory. Each question would be preceded
*

by the phraso, 'For this assessrnent category, .

1. What are the current assignment; of responsibility and authority for decision making? j

l

.Nswet:

Information availablo is irnufficient. Access to eniergency pian organization, etc. would give more I

details, it appears (as expected) that early in the transient, up to and including the opproach to a
severa accident, that the Shift Supervisor would be in charge- boyond that there is not onough infor.
mation.

7. How were the currently ustd lines of communication between the control room and the technical sup-
port cer, tor (TSC) and other emergency response and planning facilities eva uated and va!> dated?

Answer;

Information available is insufficient. Occasionally there are weps ofemnp to TSC, etc.

.3. To what extent is long-term accideet management considered in the docision making process, includ-
ing the basis for determining when the recovery phase is complete?

_,
_. _-
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Table 6. (continued)

Answer:

Information available is insufficient. Access to the E Plan organizabon and procectores would reveal
some of the informat;on. A'i some other plants, this was fairly well detmttxi -

4. What decision making is defined in th9 current procedures and guldance?

Answer: ,

In'ormation available is insufficient. Oc nplete p:ocedures would be needed.
7

5. What decision points are dentified for expediting administrativo cont /ot. to facilitate the repair or recov-
ery of equipment? -

Answer: ,

Avaitable EOPs do not provide much Ouidanco, but some of the E-plan procedures miobt, based on *

the content of E plans for other plants.

6. What guidance is given to decision makers for pnoritair.g ar.ernate act>ons, idrint;fying and avoid:ng
potential negative effects, and evaluating long term plant recovery.

s

Answer: *

Information available is insufficient. No guidance cou%t be found in informatun that we have. Proce-
dures are designed to lead down a path and if the wrong path is chosen, they appear to do a good job
of leading you out and into the co ect path. How this would wo'k for severe accidents is not clear. s

7. What changes in the assignments of responsibihty and authonty could be made to n1 crease the capa-
bikty to prevent or mitigate plant ciamage? !

Ar.swer:
s

Information available is inadequate. Without access to the full E plan ard E PIPS, it is not possible to
adequately answer this question.

Equipment

Those questions should be apphed to each assessment category. Each question would be preceded
by the phrase, *For this assessment category, , *

1. What existing plant squipment could be used to perform the function of failed safety syrtoms, for
example, notesafety grade equipment that could supply water, or jumpering to make available alter-
nate sources of power?

Answer:

The procedurec do not app >ar to address anytNng that tr/1uirec jumpenng in xme areas, it gives guid-
ance to accompiish a requitement if the first attempts fails. This includes operat.ari of equipment ard oth-
er ways to operate the same equipmant (e.g., Step 29 in E-3). For example, between 5tep 8 and g of E-3
*Cauton" points out AOP-4.3 to use Service Water to supply auxihary feodwater (AFW). Step 14 uden '

Condenser ard 3tearn Dumps. There are two suuations that are riot onerod vihere existing plant equip-
ment could be used:(1) Use of AFW to submerge the break to scrub fission products and P) Use of fae
sprays to wash down reloaws from steam generator dump n!ves and safety re!%f valves.

._. _

25 NUREG/CR 6009 i

1

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



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

:'En

;
*

V 1kttlon Approach for Ec.ch Stop
,

- _, .
- ..

Table G. (continued)
,

u. What ate the ultimate operating hmits for the existing vquipment that could be used as alter-
natos to cafety grado equipment?

|
Answer:

Operating limlta are net available to us. Adddional information would be necessary to answet e ,is
question.

2. What provisions couki be made to facili: ate repair or replacement of failed equipment f or this assess-
mont category. Conpder both the availabiltty of parts and the capabihty to gain access to faibd equip-
ment exposed to severe accident environments?

'

Answer:
e

Not much is said in the EOPs about this, other tMn, e.g., *lf you don't have AC power, then repair it,*
etc.: 11is not clear that repair and replacement wnsiderations during accidents are proceduratiro1.
They may be part of the normcJ process for maintenance but they are not referenced.

ia. What replacement o luipment and spare parts have been identified, including their location and
means of transport and Installation within the time available?

,

Answer: ,

information sval:able is insufficient to s.nswer this question,

b. What advance preparation cf hardware, for example, spnol pieces, prepositioning of equipment,
etc., would facditate the use of exishng alternate equipment to provido a signifcant incroase in
equipment capaoility?

.

. Answer:

InfoTnation available 1.3 insufficient to answer this questiun

- c. What offsfie tesources are there that cou!d be identified and adoquately prepared for ansport to
the site undu accident conditions?

. Answer:

Information available !s insufficient to answer this question.

l
3. What resources can be' managed, such as battery power or borated water, to prevent or delay severe

accident consequences, and what is the technical basis for their ute? |
1,

Answer: - )
'

}
' Sicp 39 of E-3 directs one to Apprndix C, page M, to shutdown unmdert equipment for power con-
servation, but conservation of other rosnurces are not icentified.

. a. . is equipment available that has the capabihty to legionish exhausfod resources within the hme
frame available for recovery, Art supphers of essentiat resources identified?

Answer;

The same procedure klentifies refilling the BWST, but no detalls are D ven on how to carry thM out.i
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Table 6. (continued)

W What offsite resources are tbtri l' at could bo ide%fied and adcquatofy prepared for transport ton

the one under accident condtions?

Answer: .

In'ormatioc , Alo is inadequate.
,

,
,

What potential > ,,,s ,i r use of equipment from another unit have been considered and optim:20d?4. o ,

e

Answer;

This plant le rl double unit and has opportunity for one un!! to supp4 tha other, but procedure? don't
T Indicato any formal approach for SGTR. '

|9_ S. L What additional equipment wouki enhance the capabihty to prevent of mitigato sevoro accidents. ,

' Answerf :
;

' No addfonal equipment beyor : th71 discussed in the answers to prwious questans was identified. j
- himps or o, hot moans of adding water b the steam generator secondary side coukt be used to reduce
the release of fission products.

' instrumentation '

~ *
'

- These quesJona should be applied to ea:h assessment category, Each quest.cn would be premded
. by the phrase, 'For this at,sessment category, , , ' y

*

1. What instruments are necessary to identify the symptoms and apy!!cablo stratogion that will enablo
,

- accident managemnnt popsonnel to prevent or mitigate severo accident conditions? "

- ' Answer;

This instrumentation li taken frort pw4ure E,3. Some of the other recovery procedures, auch as
ES 31,L 32, .3.3, and ECA 3.1, +32.43.3, as wen as tf e general procodures, will require some addi-1

tionalinformation - Foriowmg are the instrunwnts ktentified; condensor air ejenfor or stearo genc etnr |
(3G) blowdown radiation detector, SG levet, mMn steamline rad 4 tion monitor. SG chemistry sarupes,

: SG pressu:n, MCIV and bypass indicatual POHVs and block valva position Indicators, feed flow, AC
buses power ladicators, Si status itdcators (various blocks, actuation status etc.), nir compressor rut 4

ning indicators and status of air system, indication of pressutizer heaters and sprays, cose exit thermo- '

couplesi steam dump and condenser status ind;cators, hot 100 resistance temperaturo dotector (R1D)/g

U pntnary pressure, pressurizer. lovel, trip status of rods and remor coolant pumps (RCPs), status of
valvr,s in aurifiary spray hneup, status of chars,ing pump, cha'05 flow, chyging let pressure, untas of9|,

rosloual heat remova! (RHR) pumps and valve lineups, RHR hoat exchanger, status of IVSW valves,''

charg:rg flow and valve lineup status, spray pumps status, contabment spray valve positions, VCT *

: makeup control, diesel generator status, RCP cooling status, reactsor coolant pump (RCP) labyrinth ,,P,
'

(Auxiliary Steam status; waste water treatmont r,tatur,, condanser hotwell overflow to CST isolatior, sta-'

tus. Source rango nuclear detector, intermediate range detectors, wntainment pressure and tempora-
) : ture, accumulator levels and preasures. Service nier status Pdr.ations (includirg putap, valve pros-

6ure, and flow endications)c

[2. What are the limittions on the instrumentation to provido needed luinrmation on plant sr.voro accidert
. behavior and how aro thuy communicated to accident management penonnol?

s

. ._ ._-
-
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i

: Table 6. (continued; . t *

I .

Answor:
'

We do not have access io documents with a discussior of instrument hmitations for r*her design basis
*ar covere accidents. It is uncnttain wr. ether an anclysin for severe accident Conflitionn has been per- !
ftN ,ood.

3. What means (protection from harsh environments, operator aids, en) have been temloped to use
existing instruments undet tia expeted severo accident cono, tim?

Answer: |

Information available is iradoquate, except that sofoty gratte instrumentation are requirN to meet envi- ;

- ronmer.W. conditions based on the dei.gn basis accident 14w tbb relates to severe accident condi-
tions is not in the information available for triis plant.

4, Yvhat methodologies have been established to ident fy unreilablo data from instruments Undu severo |
accident conditions?

,

Answer:

Information available is insufficient.

5. What ch9nges could be made to the cuoent instrument systems to would enhance the capability to
pres ent or netgate severe accident con $tions? '

'
t' Answer:

information available is insufficient to rmswer trns question. It is n?t clear whether it.e instrueaont sys. |
items are 'nadequate, so it is difficult tc identify cht:nges, There is the pos'sibikty that the instrumen93

should be protected Wom a harsh severe nccidrsnt environmental.' ]
1;.

6< What additbnalinstruments would enhance tDe capability to prevent or mitigato sovero accident condi-
'

tions? _
,:

E Answer' I

i

\
indicahons that steam Generator dump valves or safety relief valves are $?JUk open, e.f).[ downstream j

temperaturts, television camerat to monitor atmospheric release points, radiation rnonitor. !

Trainir.g

These questions should be applied to each assessment category. Each question woute be preco%d
by the ;hrase, Tor this assesstront category, . . -, a

1. L How does the training piovde personnel hwoNed in ancident management wrth an understanding of
- the expected plant behavior, and is this traleing given at the propor levels and in :he detail required to -

facilitate decision making,7

Answer:-

- Informat!M available is inadequate.

2. : How aro all personnst involved with the trainmg simulatot made aware of the limitalicis in repr6senting
~

severe accirknt renditions and is 11 made clear when the simulation is no longer var.d?
. . . -- - _
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Validation Apprcach for Each Step
i
;

1

i'

Table 6. (c,ntinued) i

Answer:

Um/tattore o i perfomunce are noted in Discrepancy Reports. During testiry if Invabd perfonnance is
noted,it is kfentifW and reported Thc30 reports were not availab!e. The dogree to which these timr
tations would apply for the severe accident conditions identified as important ior the plant would ,

depend on whether a detailed evaluation had been performed of the simulator capabihties for the |
- sento accident sequer.cas identTed as important for the plant.

3. How are personnot trained to proceed if inscumor.'.3 gives what appearn to be conflicting m1tdings?

Answer:q ,

information available is inadoquate. ,

4 How does the training for a:1 mtsonnel trvolved in accident management ensure that a importantn

actions of.docisions for sevAre accident manacament are :ncluded?
i

Answer:
,

.

Information avalfable is inadequato.

!S. Whai training is provided for all accident management personnel on the possible hmi'ationt, of equip-
ment. Instrumentation, and plant information?

L nswer:A

Information avaltable is inadequate.
,

6.' What additonal training is provioed to in.plement the use of attemative nystems and equipmJnt?
|

Answer:

Information available is inadequaief

x7. How do drills and simulator exercises considor the following potential restrictions: Inhitated act.ess to
equipment as a result of high temprature or radiation levelts, hm!ted lightMg or loss of resources such
as electricity, and constraints on tne availability of personnel with the prope, skills?

;

Answer:
r,

Drills and simulations may not incorporate actual real time perfonnance attributes er adoquate repre. ;>

- sentation el the limiting factors of radiation fiskisilighting or loss of other resources. EOP insoections
~

p by NRC doo3 look at this and the AOP!EOP should incorporats this it,tortrwtlon in the actions,
-

,
.,

[. - 8. What aro Ine changes that have been maCo to the current training program to u. hance the caoability-
X to prevent or rnitigate plant damage? - .-

Answer;- [

: Training material was not available for evaluation. :n general, a more in depth approach to problem-
- soMng techniques and accident management covtses that Fovide decision rnaking techniques would

*

be benefiGal.
'

- 9. : What'adddional training has been provided to enhanco the capability to prevorit or mitigate plant dam- ;

age?'s

2- Answort ,

Information availabio is inadequate.
__ _ _ __,_ . _
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V:Jidation Approach for Each Step

iStep 4. Identify Potential 5trategies

-

3
7 vande ;1 b'N'd* 3 Dd"*"* 5 ss a iemwn cawouj urawy
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8 'n"icm. anon

c" *
S I ' i nhancon* teco a nces i

The objedive of Step 4 is to identify accident in Swrden, Germany, and France, in some cai.es,
management r,rategies that have the potential to ,he strategies from external sources required major
prevent or mitigate the consequene,.s of the se"cre hardware changes, which is riot within the defim-
accidents in the assesurant categories ideritifind in tior. of accident management in the United States,
Step 2. There are ihn e substeps in the prototype but they w:te included in the list to highlight
process for Step 4: (1) detennine whrte additional strategien that others consider important.
Fategies would be beneficial (2) develop pro-
poed strategies, and (3) identify pmposed strate- About mirty five potential stintegies were
gy char:icteristics. In the first substep, the chal- identified for all assessment cateyoties using the
lenges to plant safety functions are reviewed to process. These potential strategies, listed in
identify irnportant phenomenological behavior. Table 7, cover a v ide range of possible changes
personnel actions, or hardware perform:ince that or additions to plant procedures,' hardware, or
are influencing these challenges. The. second sul. analys;4 aidi. Several involve using the capabili-
aep proposes identitying potential strategies by ties of the second unit at the Lion si'c to provide a
examining how plant capabilhies can be used to source of additional coolant Njection or p' ovide
elimmate challenge:1 to safety fun;tiom and by additional water to lengtnen the period or injec-
reviewing the applicability of strategies from tior,. Most modifications would not involve the
sources outside of the plant. Information on additica of major pieces of hardware. However, a
implementation olme proposed strategie) is deu- major excep,lon is the proposed use of contain-
.uented in the final substep. ment venting, which is included to reflect an acci-

,

deat managunent approach common in Europe.
We found it more efficient to comh;ne Sub- The nuh.ger of potential strategies would lihely

nep I and 2 because the questions and answers bare been larger if there nad Nxn more informa-,

for the assessment categories developed during tion available in the areas of dccision making and ,

Step 3 already integrated the necessary informa- training. ]
tion, P e tem reviewed each answer for the
vesseurrunt emories to identify vottotial new The intent of the fmal substep is to describe
strategics in ila ibe areas: _ procedmes and guide- the potential strategies in sufficient detail that fur-

ther assessments can be performed. Since identifi-lines decision mrking, equipment, instrumenta n

tioa, and training, Consideration was ansc given to cation of stir.tegy characteristics for all of the
: repair or replacement of :-xisting equipment, con- potential strategies would require a substantial

' servauon of resources, capabilities of plant person- amount of time, a sample of six poteraial strate-
nc), use of attemate equipment, and use of altemate gies were seleced to cover a variety of different
resources. A iist of pole.*tial new strategier, was' strategy types. The potential strategies setected
developed bamd on this review. This list was thca for development of more detailed infomiation are
compared. to a list of strategies from sources out- as followe
side m' the plant, which was comniled primaiily

Reactor vessel cavity flooding system (Directusing the "A and il strategies" developed by the *

NRC (Luckas and '/andenkieboom 1990) and Containment lleasng Strategy 2: Core Con-
strelegies that had been considered and evaluated crete Interaction. Strategy 2)
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,.

- Tablo 7. Potential strategies for selected assessment categones.

Potential Strategies for Steam Generator Heat Removal

1 Depressurize the vteam generator and uso diesel driven trewater system pumps to provide foodwa:er
to tile sfoam generator.

2. Depretsurize the steam generator and use low head portable numps or fire engines to provide feed-
wate; to the steam generraoi

.

3. Pt<,,vice the capability (procedures and Ivtidware) to cross tio it.o auxiliary feodwater from the second
un|t to provide feedwater to the r,toam generator.

I
: 4. Provide the capability (procedures and hardware) to cross tio ihe auxiliary foodwn'er to the enndentate j

storage tank of the second urdt.-

5. Provido attemato watet sou:ces, for example, potable water, for refilling the condensate storrQ9 tank.

-Potential Strategies for RCS Inn,ritory Control

1, . ImpWment procedure changos to access other water sourcet,, for examplo, primaty WMtf storage tank
or domineralized whter storage tar'k (boration of t>ls water may be nocessary).

2. Modify Se reactor coolant pump seats and the injection systems to prevent inventory loss urxtor acci-
dent cor2tions.-

3. Provide the capavihty (procedures and hardwaro) to crusa tie the safety injection systems from 'ho
second unit to provide injection to the RCS.-'

4. : Provido|the capabihty (procedures and hardware) to cron tie the safety injection systerr $ to the borat-
ed water storage tank of the sn'id ur.it.

5.- Identdy portable pumps and make arrangements to transmrt thom to the far-hty and provide connoc-
tions that will allow them to inject into the RCS,

.

*
- Potential Strategles for Containment Heat Removal '

1, Develop procedure modifications (ano'possibly some hattiva*o thangos) to tie service wato. into the
fan cooler heat exchangoth

2. ' Use diesel <Mven fire purnps to supply water to the far, cooler heat exchegers.

- 3. Enable servico water and, possibly, coritponent cooling water to bo shared betweers unhs during acc4 !

6entt
'

;

& Provide the capability (procedures and hardware) to align tre diesol dnven spray pump to the contain -
mont sumps;

i

-5. Provide the capabHy (procedutos and hardware) to align tne RHR pumpn to the containment spray
,

' system.

C. Install a filtered containment venting sys1em similar to those on European reactors (Sweden, Germany,
France)

__ . - .

t
. , .-
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Table 7. Wontinued)

!Potential Strategies for Direct Containment Heating (OCH)
I

1. Add information to the proceduies in the form of a caution or a note to alert the operators to conditicus i

that indcate the approach to DCH and poter'ttal consequences, and discuss strategies that could miti-
. gate :he ofiects of DCH including RCS (fepressurization end the potsible effectiveness rA cavity flood- |
ing.

2. Flood the mter vessel cavity to delay or prevent lower head failure and to cool the effluent of a high. I
prossure onre melt ojectios 1

3. Add a targe capacity went system (pattorned after the Snodish or German designs).

4. Irntall barriers along the releaso path from the reactor cavity to other parts of the containment to
' reduce core dspersion into the contatiment. :

5. Install instrumentation to mdicate townr head temperature and analysis aids for predicting lower head
'idyre tir% Both could be used to indicate wher; strategios should bo initiated, for example, cavity

. flooding.

Potential Strategies to: Comt ustible Oas Darn

1. .lf hydrogen is detected as increasin0 through the alarm resp'rso procedures, steps uhould be added
to ente: S01-9, which wou!d initiate early nookmp of the recombiners and other actions that could OG
eff 00tivo agalnSt hydrogen deflagration and detonation.

!

2. Strategios such as ignitors inside tne containn ent or venting of the containment shou!d be considered :

since there are restrictions on the uso of recombinors when conthinment pressure exceeds 10 psig of
. hydrogen concentration excoods 4%

'
3. Develop an analysis eid to predict steam, hydrogon, arid oxygen concontrations to estimate the time ,

that the hydrogen concentration will reach deflagration and Jetonation limits.

4. A dedicated power source shouid be made available to oowet the recombiners so that they are revall- ,

ablo during statioU blackouts.

. S. Develop the capability tprocedures and hardware) to inert the containment to reduce the likelihood of 'f

}- combustibio gas burns. ' j
1
'

. Potential Strategies for Core Concrete Interaction (CCl)

1.' Add information to the procedures in the form of a caution or a note to alert the operators to conditions
that indicate the approach to CCI a'id potential consequences, and provide a decussior of strategies
thEt could mitigate the effects of CCl, including the effectiveness of cavity flooding.

, !

2. : A cavity Hooding system should be considered to limii the progressina of CCI and to scrub fission prod.
- ucts that are released dunng CCI.

3. z Develop the capability for additiormi sampling to obtaia carbon dioxide and carbon monoride concen-
trations and an analysis aid to estimate the amount of concrete ablated (this could give an indication of
the potentfal for basemat meltthrough).

_ - - . - -
.

. . _ . . - . - . - -
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t Validation Approach for Each Step

, Table 7. (continued) '

' Potential Strategies for Steam Generator Tube Rupture ;

i. Proposition fire hoses to spray expected steam generator release points (for exarnple, the dump valve
and safety retief valve release points) to reduce the re!caso of fission products. Develop procedures q

' for ute of then Ikehoses.
,

i

2. . Provide the capab]Ilty (proceduies and hardno) to cross tis the safety injection systems to the BWST
of the other und.?o prtmde added invmtory to make up for inventory lost through the steam generators
wNch may not b4 in the containment.

Potential Strategies for interiacing System L.oss-of Coolunt Accident
,

;1. Incorporate instructions m the prticodures on how to integrate and interpret the following instruments to
n'd in ISt.OCA dia0no$is: 6.wcific auxiliary building area radiation alarms, auritiary building sump lev-

.

ela, contain.nent sumo level, fire alamt. in the Luxiliary building, room or area temperatures in the aux-
" lliery bi%ng.

2< incorpoiate the capability (procedures and hardware) to cross connect the safety injection systems to
the second unit borattd water storage tank (BWST).g

'
. 3. Develop procedural steps that wlP instruct the operator to conserve tafety injection (SI) water 5

Nsources when simptoms indicate that RCS inventery is being lost but is not showing up in the con-
tainment. Dwetop procedures to use these pathways.

>

'

4. Identify pathways for retuming ireventory from the auxiliary buildmg sumps to the containment sump so
the water can be recirculatui to cool the core Develop procedures ej hardware to use these path-

L ways. ,

'
| 5. Identify interia9ng system valvos necessary for isolation and ensure (through analysis and poscle

' changes to actuatem) that they will close for the full ran0e of interf acing system brea4 sizes.

g -
_

Analysis aid to project lower head failure Orte the inten'.ini strategies were identified,+-

_ (Direct Containment licating, Strategy 4) _ we followed the process proposed in the final sub. <

step to idemify the strategy chameterist:cs. Team
~ Cross tie of secondary Condensate Storage members described the characteristles of each ofL . *

L Tanks tetween units (Steam Oenerator lleat these potential strategies by documenting the fol.

|' ' Removal, Stratryy 4) lowing information: :

l=

_ Assess. ment categories fot which the proposedUse of firivhter spray to reduce oII site releas- ++

es (Steam Genemor Tube Rupture, Stretegy 1) strategy b cxpected to be used
;,

Plant hardware and operations necessary to '
_

Change to proccdures and instmmentation for .
-

'

ISLOCA (ISLOCA, Strategy 1) car y out the proposed strategy, including
changes in the traditional ways nf using exist-

] Change to procedures to provide access to ing hardware or operations or additions toi

othet water sources ( RCS Inventory Control, hardware or operations that would be needed
Strategy 4), to accomnlish the strategy

;
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Validation Approach for Each Step
a .

t '' .

, .
. . . _

*
.

N i ilnformation and instrumentation ~needed to Table 8 is an e2 ample of the strategy charac.'

M L detennine whether the strategy is effectivn teristics determined for one potential strategy, . 4

Cross tie of Secondary Condensate StorageC[[ y ' 4; The resources needal in _tenns of the_ person- Tanks Between Unith. The identified characteris-|~,
-

ties for all sis of the proposed strategies selected .s net and equipment having the capability to
restore the_ ssfety itmetions and the water, for evaluation are included in Appendi>. C.

( : power, air, and oth cmurces necessary These characteristics will be used in Step 5 to s

,

LL cvaluate and select strategies and identify
* ~ . ' ;The expected tim? the key phenomena enhancements.

# J and.the influence of this t>ning on the effeca ,

tiveness'vf it.6trategy.

Table B( Example of charac' eristics of one proposed strategy.g

Proposed Strategy Characteristics
," Crocs-lia of Secondary condensate StorageTanks Between Units !

s t

'

- 1. Sequence categories for which strategy may be effechvo*
,

The expected suquences in which this strategy is expected to be usM include

a.- Loss of Heat Si% (extended steam generator heat removal)._r -

b. Steam Generato t T@ Rupture (mai,'tain covmage of break).~'

Qe and to a lessor extent :
,

'

c. ISt.OCA (extsnded SG feed, it needed, and bleed to maintain low system pressure). -

,

d; Direct Containment Heatita (heat removal to accomplish or enhance RCS depressunzaton), ,

.

2. - Changes or additiens in plant hardwan ' operation j

' No Changes to plant hardware are noted to be required. The following cross tie capability for the Unit
i 1 and Unit 2 secondary condensate storags tanks (CST) exist:

- a. ~ A 4' inch cmss-tle (2FWO27)in the turbine builoing between each CST auxiliary feedw'ater recircu. |
= lation line retum to the CSTs 'OCD006 8 OCD066) with a single iso!ation vatve OFW0169 (normaHy :1

4

ciofad)f This appears to be a line that laps into the CST at a rotative (y high elevation. but may
: provkis a fwnited source of water flow to the Cther tank.'

y
b. A set of 12 hich ctoss-ties exist on the non-seismic portion of suction pipmg to the Condensate

W Maku-up Pumps in the turbine building.. Unit 2 pipe (2CD272) ties into the Unit 1 suction heador -
. OSC001} lsolated by valve 00D0385 (normaHy dosed)| and Unit 1 pipe (ICD 278) tes into the UnitC (

=
__

_ 2 suction header (20D278) isolated by valve 1000386_(normally closed). This piping can be isoa
' lated Crom a ruptured CST by closing the appropriate CST isdation (CCD0101, 0C00100).

i - cM A set of 12 inch c<oss-ties exist on the Condenser ovenlow knes retuming to the CST piping head-
,

erd it appears that the UnK1 and Unit 2 CSTs are cross tisd at this point, and one of these lines
Lis normally open. This may allow tot level equalization. Unit 1 pipe (OCD087) ties into the Unit 2:

CST header (2002?9) with va:Ve OCD0375 normany open, anri Unit 2 pipe (OCDOB6) tes into the
Unit,I CST header (OCD068) isolated by valvo OCD0394 (normally e osed). This piping can also
be isolated from a ruptured CST by closing the aporepriate CST isolation (OCD0t 01, OCD0100)..

. _ _ .

M NUREG/CR-6009
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J Validation Approach for Each Step :
'

m
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'

Table 8 (continued)q

' d. /ct2 inch cross-tie (OCDOBS) exists in the turbine building prior to entry of the CST ppng into the
i auxiliary builoing crid the suctico headers for the AFW pumpa This Fne 's isolated by va.'ve=
OCD0370 (normally closed) and can be isolated from a ruptured CST piping in the turbine buildin0 '

- by closing the appropriato manual (turbine buildjng) teolation valves (1C0036% CC0rL%9)g *

"
, e. : An 8 inch cross-tie (OSWQ98) exists on orie of the service water emergency s pply headern to tb9

: motor driven AFW ovmps. This lino is norma!)y open (vatve OSWO670). CST supp'ind to the AFW
' pumpo is normally flowing through this piping and can be supplin' to the other mmor driven AF'N

~,
g pump via the normally open service water cross-tie or can bo suppiten in s!! AFW pumps via the

normally open CST suction headers. 7hia portion can be isolated from ruptured CST piping in the :

~ turbine building by closins the appropriate manual (turbine building) isolation (tCD0369, '

2CD0369), or an Individua! pump may be isolaMd t y closing its dischsge isot.fien v&e ut action
. Isolation varve, or both

, i

' The influe7ce of the cross tie on the operat;on of the second unit mu4. be determined to ensure
~

that there are no negatDe effects on the safety of that unit. Restrictiorm on the operation of the
second unit may bo necessaiy when this strait.,gy is implementad if rugative effects are identM, ,

'3 Information needed and instrumentation Available

"Information needed to keep apprised of CST coacPiord codently avMable and used ra encura AFW '

.

" suction by monitoring CST level, AFW pump snction pressure, and service water supply la the AFW
'systemi Current operator actions are delineated in CAtiTIONS contained within poceduren of the

: EOP network that direct restoration of 19yslin accordance with AOP4 3 if CST level is lass than 3 font,
L and'' ensudng service water is aligrwd in acconlance with AOP 4.3 il CGT tevst fnlis below 0.5 feet. *

*

(An exampto is CAUTION at top of page 10 o! FIM1, Tospor.3e To Loss Of Secorhy Heat Sinr)

4. .Rasources needed ~f, ,

7
Currently, personnot are directed to perform some required actions [ e.g., AOP-4.3 provides instme-
tions foi aligning service wahr (SW) to the AFW pumps]c It is expected no addMonal personnot would -

- be required to complete tasks to cross tie the CSTs to pmvido an extendad source to the AFW pumps.
?

Some decision making on whkh cross-connect woutd be best to use, based on curront plant cond:tior a '
and pmpcted plant cond tions, wul be ;equired pdar to rea ,hir g the 0.5-foot limit in the one CST, Fro-
cedures may be redirectad to ensuring the inventMes of the CST are raarimized for suppiy to the AFW

.,

h; syatem. ' Additional training in the use of the pnm Jures wouid be required. .
. -

3. : Expected timirs of key events

- Timing is impodant to max!mira available water recources for supply to the AFW system and to protect '

from a loss of toih CST inventories.. Adequate time tc allowed by alertirg the corc of room operator via
. Iow level alarms and cautico steps witnin tha EOPs It is expected that a's aperasor actions could be,

. completed within a half hour if at least 2 persons are gssigned to the task.
(

A

.

.

.
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Validation Approach for Each Step

. Stop 5. Evalunto and Select Strategies and identify Enhancements

. ,
- 1 7 vawate___!gintegate 3 Determhe 5 sew

| intamaan canas ses moopn .

_ -,
,% A / A 'k

I '***4.
_.

2 categd_z 4 c* row *eg|'[6
n

8 'n"*mmaton
* ' "

s,3ncy ieennancemom

I The objective of this step is to (valuate the y 3 c, g Substep 5.1. Develop
w ,tial strategies for each arsessme:.t category, * strmogies 3 Prollminary Procedures-,.

% :ct those that should be implemented, and, and Guidelines
information for these strategies and related'

; mments. to identify the accident manage- Preliminary procedures were developed for
~

cnhancements that should be implemented at the strategy to cross-tic secondary condensate
plant. Figure I shows the process, with seven storace tanks between units. Rese preliminary

,absteps that will accomplish this objective. Sub- procedures define the tasks needed to implement
steps 5.1 through 5.5 are used to evaluate the the struegy and can be used to identify the organi-
capabilities of the strategies and provide input to zational units within the accident management
the final substeps, where strategies ate selected to staff to which the tasks are assignc'i. A team

-Ix implemented and plant enhancements associat- member with operator examination experience
ed with these strategies are identified. Recognire used the cMsting Zion Unit 1 EOPs and the avail,
that the results from one substep may influence able plant piping and instrumentation diagrams to
substeps both below and above it, so iterations develop the preliminary procedure. A flow dia-
may be necessary beiween substeps to accomplish gram for this procedure is shown in Figure 9, and
strategy evaluation and selection. the preliminary procedure is presented in Appen.

dix D. Although we chose to put the steps in the
;A full assessment of this step requires a fonn of an actual procedure, a simple tabulation of

detailed review of several proposed strategies, the steps would be adequate to supply the needed
Evamining the sin proposed strategies in Appen- infotmation.
dix C, we concluded tha: we did not have suffi- -

cient plant infonnation available to complete all of The example procedure delineates actions to
the substeps for any of the strategies. One strate- ensure adequute secondary water supply for the
gy was chosen to partially assess the prototype steam generators by identifying unusual level con-
process for Substeps 5.1 through 5.5, using the ditions, diagnosing the likely occurrences that cre-
available information. We chose the Cro3s-tie of ated the condition, and ensuring that an adequate
Seconda y Condensate Storage Tanks Between supply is maintained by establishing a cross-tie
Units strategy (discussed in Step 4 and described between the CSTs for each unit. Step 1 identifies

'

in Table 8) because there was more information the possible makeup system failure to the CSTs
available than for the other strateeks. An as_ess- and directs actions to re-establish now. Steps 2
ment of Substeps 5.6 and 5 could not be per- through 4 initiate the diagnostic to determine alter-
formed because these substeps require the assess- nate paths for CST water flow other than the

. ment of several strategies, and we did not have steam generators. These flowpaths include make-
sufficiently detailed plant information to make up to the condenser hotwell for each unit and leak
these assessments. paths resulting from faults (e.g., leaking valves

4
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' availatne
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. cen.e . .
*d (*V y % wu,,

,

m eneet,

~. Yes-1
3' .-

Hotwes\ , Notwen makeup
s - makeup not '- proper ,

, fortared

[., es ;y,
4 y

I

Ear 2 for leaks ~# *

,

;r . 6 6 7

# "ALeaA at CST turt

- Nq-" y |mm
+

y,, vos **

eN 3
'

isolata affected Isottu aNcted
(E- W518'* oST Odet umt makeup header unit AFW secton

-L _ l
-.

Go to procedum
' M etteet,

- Figurd9 Fkaw diagram for the preliminary procedure,
.

5~ Eand pipe breaks).;- Steps 3 and SLthrough 7 define; - fore difficult to develop a timeline for this strategy.
=y (corrective actions to isolate thd leakage flowpaths ; Comparing the time available to impicment the cross-

(while ensuring adecluate secondary wNer supply to tie to the time expected to be available, we concluded
the' steam generators through a cross. tie of the CSTs - that time sirsauld not be a factor m implementing this
at an appropriate location. strategy 'Ihe preliminary pmcedums contain suffi-*

"
cient information that developing a titreline based on

The chosen strategy could supply addhional the process described in Substep 5.1 was not neces-
wats for several assessment categories. It was there. sary for this particular potent %1 strategy.
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Walidation Approach for Each Step
, L, - - >

'
- . - :. .

A Table 9.. Equipment and Instruuntation Mentified in Example Procedure AOP SEC 1

Step Equipment instrumentation

1 CST Level- 1(2)LT CD139 (stardpipe);

(CAUTION). 1(2)Ll-CD94 (tank)

> .1 CST makeup valve 4 1(;:)LCV-CD139 4 in. Makeup demineralizer to CST flow-
Air <>perator f aii closso. OFF.MUU,' (recorder , green pen);

0FOMUUB (flow totalizer) at domin, con- -

"i M4keup tieminualizer booster pumps tnf panel.
OMUD11(OA)/12(OB)/57 (3) [non-safety).

CST makeup valve bypass - OCD0121
f,2CD0373) 8 in, mannat ghabe valve normatly

' close.o.

3- . Hotwell nonnat mah9up valve - 1(2)LCV- Hetwou 1(2)A level 1(2)LiCD08 [Non-
CDOBA 4 in Air-operator tail closed. Safety).

.

Hotwell emergency makeup valve 1(2)LCV- Hotwell makeup line riow element with,

'
CD088 6 in. Air operator ial-r:losed. - output to 1(2)FR C006, point 1,

Hotwell manual makeup valve - 1(2)CD0032 H9tweil makeup line flow element with
A in ma.1ual globe valve normaHy closed, output to 1(2)FR CD06, point 2.

.

-5 . CST audet isolebn OCD0101(OCD0100) 20
' in qate vane with bellows seal (diaphragm
' valve) norma 3y open.

6- Makeup header isolation valve 1(2)CD0369
-10 irt gate valve normaDy opsn,

Makeup header downstream cross-tie valve -
OCD037312 in. gate valve normally closed.

- Makeup header upctream cross-tie v:sive -
_0C003751 trt gate valve normairy open.

,

7 Makeup boader isolation valve [ 1(2)CD0369 -
as in Stnp 6 sbove).

AFW suction header fro'n SW manual cross-
-

. tie valve OSW'ATO 8 in, gato valve normany
,

open.-

MDAFW suc. tion header from SW cross-tie
valves - 1(2)MOV-SW106,1(2)MOV-SW107 -

';
8 in, seriYs (notor-operator gate valvtw nor-
rnally open between suction headers to the
motor driven AFV/ pumps {cafety related].

i AFW pump suction isolation valves
1(2)MOV FWOO74|t2)MOV-FWOO76 6*
motor-operator gate valves ru:,rmally open
(safe +y related); I(2)MOV-FW007510"

. motor-operator gate valves normey open-
Bafety related}.

-a
; ,_
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Validation Approach for Each Stop

One of the origmal tasks in Step L cat (goriza- implement the proposed strategy and to i,ientify
tion of sequebees, selected a " typical aequenc?" what might be done to increase the likelihood of
for each nsessnwnt category to reduce the amocar success. For this r3 wed strategy, the expertise
of work necessary for assessing strategy. W( of our team memtu a 'uded operations, human
moved that task to this substep b:cause it was cot factors, and systems engineering.
clear that selecting a typical sequence would be
necessary for evr.ry proposed strategy. For the The first step in evaluating human perfor-
proposed strategy, crou-th' of the CSTs typical mance was to review the t; ming and to review
sequences were not selected lwause the strategy procedural guidelines. Because this is not a time,
does not require extensive sequence evaluation to driven seque ce--several hours could pass
judge its effectweneu The effectiveness could be between the ic:tial low-level alarms and the time
evaluated based on the assessment categories, but that the CST would essentially empty there was
Gene was not enough information available. no adverse effect of timing on successfully imple-

menting the strategy.
De equipment and instrumentation identified

in the example preliminary procedure are listed in The second step was to model the strategy, as
Table 9 with their relationship to the instmetions defined by the preli:ninary ptocedures, using
or sicps This information is used in Suboeps 5.2 human reliability analysis techniques. A simpli-
through 5 7 to evaluate the potential strategy and fied analysis was performed o estimate the proba-
rank it against the other potential strategies. bility that the plant personnel would fail to imple-

ment the strategy. The results are shown in Fig-

ish. Substep 5.2. Evaluate ures 10,11, and 12. Probabilities were estimated
stretogies . Phenomenolog| Cal based on experience with simihtr humm reliabilhy

Behavior an.dyses. They are to be considered order-of-mag-
nitude numbers. The total failure pobability for

ne onjective, ot' this substep is to judge the this sequence is estimated to be 3.1 x 10'3, which
effectiveness of the proposed strategies by evalu- is judged a, acceptable rate for human perfor-
ating the thermal, hydraulic, radiological, and mance in situa; ions of this type. Figure 10 shows
chemical phenomena. For the proposed strategy tin overall tree, which includes detecting the loss
to crovs-tie the CSTs, as long as specified levels of level in the CST, and then estab!ishing the
are maintained in the CST, the important phenom- make-up path. Figure 11 shows a fault tree for the
ena are strictly related to single phase watei Dow level irutrumentation signals available to the oper-
in the piping and components that connes.t the two ator to detect the loss of level in the CST, any one
tanks. An assessment of the flow resistance of the of which would be sufficient to detect that the lev-i

cress-tic paths between the units should be per- el was decreasing, The probabdity value from this
I fonned to assess the possible flow rates between tree is then combined with the value from Fig-

the two CSTs. Howevet, we were not able to per- ure 12, which shows a fault 'ree that repiesents the
form these calculations because we do not have failun to establish the make-up path. Two activi-
detailed infornation on the length and routing of ties are required to establish the make-up path.
the interconnecting piping, the ;uessure drop char- The first is to establish the tiow; the second is to
acteristics of the valves, or the head flow charac- isolate any leak or loss of flui+1 from se system.
terinics of the pumps that would be ased. No oth. The failure probabilities were estimated taking
er phenomenological analysis was judged in be into consideration the number of possible paths
necessary for this strategy. and sources of leakage.

54, haluate han Peb Re Mal uep was to ascertain whether any- g wi,
mt<6es - formance changes might be helpful to improve the overall""""

pmbability of success Fine tuning of the procc-
The objective of this substep is to estimate the dure is not possible wunout ihe r,bility to actually

likelihood that the personnel would successfully walk down the procedure in a facility. Insuumen-
'
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Validrion Approach for Each St:p -

Detect loss in CST p Fall to detect loss in C')T (0.0001)

/

Fs%blish mt9.up path B- b. Fait to estatAsh make-up path (0.003)

\
\

0.0001
0.003
0.0031

Total failure rate - 0.003

Figure 10. Response to the kus of CST levet.

Iall to detect
locs in CST

00001

1
m

l Fail to oetect Fui! to detoct Fail to notice

CST low- CS't Low low- CST levet

level alarm level alarm Wopping

ytjol 0.001 0.001'

Figure 11. Failure to detect a loss of levv. in the CST.

tation as idendfied in the proceduir is adequate, not have infortnation on er design characteristics

and we da not believe that any equipment modifi- and limitatior.s of this equipment, a review of the

cations will make significant improvements. equipment types and the expected single-phase
Therefore( no reanalysis of the sequence is war- Ilow condiums vrould indicate that .here is a high

- ranted - likelihood th.tt the equipment will perform satis-
factortly. An evaluation of the effect of loss of

;gt . Substep 5,4< Evaluate suoport systems, such as electrical power or plam

:hiratava Equiprner:t Performance - air, was not possible with the information avail-
- able to us. This type of assesstnent should be

The objective of this substep is to detennine, made and compared to the assessment categories

whether die equipment used to cross-tie the CSTs to determine-whether the loss of support systems

will perfonn the necessary functions for the strate- would significantly affect this strategy. The
gy to be successful. Equipment i.nponant for this equipment would not be located where harsh envi-

stratcgy is idenGfied in Table 9. Although we do ronraents would be a major contributor 'o equip-
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Figure 12. Failure 'n estrbiiz,h a make-up path.
4

'

| ment performance. No other eq'tipment perfor- T g~g Substep 5.6. Select
imance evaluat' ions werejudged to be necessary for %gg Strategies

'

; this skatefy.
'

. -

__.
. ._

The obhetive of this substep is'to rank the4 >

'

| 15.5 Evaluateirmtrument potential strategies and xlect these that t.hould beLgg~ - Pettormance ' implemented, Since we did not have sufficient
s

E
'

, .

-- ,. ._
.

:information to thoroughlp evaluate any of the
EA ieUlew:of the instrdmmtation isntifie'd in potential stntegies, cidy Opektrategy was evalual-

stable 9 for the potential strategy under evalua- ed, and that as a rti of the process steps.' Theree
y , ; tion isdicateS that it should oc adequate to identia fore, it was not possible to rank potential strategies ;4

'

R fy that theTST level .is & creasing under acct- and evaluate the prot'atype process forthis'sub-' -

| dst cond(tions. _Ther- is also sufficient instru- stcp. x Following is an example of how the infor--
'

| Lmentaion td~monhor whether the potential. strat- nution developed in the previous substeps would
,

legy he been implemented.(If succen is' defined - be used for ranking the potential atrategy to cross .
'

s

Las the refilling of the affected plant's CST, then L tie the CSTsc The following fiv.e weas are sug.
~

,
* |therp is sufficient ;intrumentation' to indicate - gerted in the' potential process subst:p '

@' ~ that the level is increasing or is within the
"W "idesired opemting Imnd;;With the plant informa- Likelihood of Succescful Implementation.g

.J Snon weLhave available?it is not clear how a loss Th'e results indicate dat the potential strcegy -
.

7, i c of electri al power or a loss othe:'supportlier-- should have a high likelihood of successfully-c

" vices won!d affect these instruments " An assess- establishing a cross-tic for the two units if the sup-.

ment et this effect should be inade based on more port systems (electric power, air, etc., are available
idctalled information. or their' loss is compem.ated for.

,,
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Validation Approach for Each Step

Effectiveness. This strategy could be effective Int. rmation on each of the poterial strategies,

in supplying wa:er from one unifs c arrtensate similar to that presente1 in the preceding discus-
'

stmage tank to the otiier unit's condenvate statage sion but with more detail, would be used to rank

tank The c'fectiveness of this sharitig on Qe the potential strau pies and i, elect those that 'vould

capabihty to prevent or mitigate sesere accidents he most beneficial to implemeof at the plant,

is difficult to assess because there was not suffi- Additional criteria based on need are also
cie:.: information fbr a detailed evaluation of the described in the pioutyr.e process, but these crite-

severe accident calculadons and PRA studies. ria were not assessed because it wm not possible
to assess multiple strategies. |

Potential for Negative Effects. There i. poten-
; tial for negative effects on the unaffected unit ii

__

g Substep 5.7. Select,

*5 go.t
inat unit is not properly notified and action taken st<ategiec g Accident Management
to shut down the unh or otherwise minirmre the Enhancements for
influence of removing inventory from its CST. Implementation

Arnilebility of Support Systems St.pport sys. The objeciise of (nh substep is to select tb-

tems can strongly affect the capab;lity of the enha.sements for acchient management that wm
,

valve , and pumps to operate for this retential provide the mect.anism fm successful implemen-'

strategy. The support systems are incessary for tation of the selected strr..cgies. If the .*rategy to

- the strategy ta be successful. cross-tie the CSTs was chosen, the primary
enhrmeements would be to develop and incorpe- .

Impact on Existing Proceduies and Plant rate a proadarc base d cn tbc prehminarv proce-

Equipment. A procedure would be added to the dare 6weiepeu in Substep 5.1. Funber enhauce-
~

EOPs and tnining would be accessary. There ments in some plant equioment may be needed,

would be no major effect op equipmem unless bami on the results of the evaluation of the role of

plant changes vmx made to compensate for the the suppmt spacms and the degree to v hich the
effect of a loss of the suppon systeras. The impact equipirent in the lines thr. crowconnect the CSTs

of these changes is judged to be less, rely on these support systems,

_

Steps G,7, and 8: implement Enhancements and Strategies, Perform Prcgram
Validallon, and IncorporMe New informatloa ,

1 inn y ate
p 7, ,

1 3 tuieene | 5 "'ote"* 1
S 7 *t* '

oa ! cw*inM $t

L**"*T _. 2 'Y 7T 9 w 6

! laentity - '
8 ;inionnation_ | g ca.sgo iro 4 sntagies 6I"M"**"''i 'CC'rciate

t mcementseg m ces -

s

Th:re was not sutficiem information to evalu- management plans. UtiUty m olvement in Steps 6i

ate Steps 6,7. or 8 because cey are associated and 7 would be necessary to provide a compmhen-

mom cimely with the implementation cl accident sive evah.ation of them.
3

E

\

r

L
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4. REVISED ASSESSMENT CRITERIA

The objective of Phase 4 is to develop a final- mMition of criteria was necessary. Modifications

} ind set of critena that can be used to assess (a) 'o toese criteria were made based on the results
tue adequacy of methods suggested for developing from Phase 3. It was not possible te update the
severe accident management plans, and (o) the criteria associated with Sabsteps 6.2 through SJ,

adequacy of proposd or imple aented sesere acci- md Stetra 6 through 8 because they were not
t

dent management plans. To recomplish this assessed to identify potentid areas of improve-
develapment, the preliminary criteria for Steps I meat. The prelimiswy niteria developea for
through 4 aad Substep 5.1 were rniewed to deter- these steps duang Phase J are considered to be the

,

i
nune v,hether (a) they were still applicable, (b) be..t evaluation critern cunently ava?able A dis-

} they should be revised to aucunt fvr changes tha cussion of ine criteria for all sups is presented in

J resulted from the process evaluation, and (c) the Volume 1 of this NUREG/CR.
_

i, ,2

Step 1. Assemble and integrato Informatloa
'

j

7 vaucatU]
-_

nkgrate'
p' int 2mation 3 D*t'""i"* 5 smect;

cap %iitw?s stmtectes
- (' f

t

p _

j' f
., ..- r'-

-

'

p' Cate;orin 4 (derWy. g implement g lxow * l
sequances stramgsa enhengement inbemaaon | w

e

The g;ceiiminary criteria for asstmbling and syste.ns in the plant. 'i' nit criterion was modified g

ntegrating informa ion was only modi 6ed slight- to incorporate results trom the evaluation af thei

ly. ^ihe fin,t two criteda were not changed, but the prototype process, v:hich indicated it is imponant
third criterion was expanded to include not only to understand tne whatiocs on the plant hardware

r "
rasources but other in portait componcats and and equipment.

V;

I Criteria: Step 1
*

1. The inf ormation shoidd cigarty ident.fy those se5 ere accident sequences to which the p! ant
could be vulnerable, including high-consequence low-pmbabilit) sequences and sequences
with a high probability of core damage. ,

{ 2. Ihr coch accident sequence, the in ormation should be sufficie.e detailed to describer

impcrtant faliures of equipment or human error,impcrtant events and thir titcing, and
icurrent and potantial preventatis e or mitigatis e actionsc

3. Detailed descriptions of the plant equipment, instrumentation, eperations, and train ng3

should be available. These descriptions must include design and operationallimitatiotm.
kL _ _ _

_

.
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R:vis:d Assessm:nt Crit:ria

Step 2. Categorize Sevote Accident Sequences

.__.
, ,

1 'nformation 3 M *"" " i 5 a'* t 7 V8hd *SaW*
' 'i capabilities j strategies j

'p
g ~'7 - N f.

hannored f4 idonVy - tmpicmont g incorporate8 c* wemem int rmateSg x4 L

Step 2 criteria were modified substantially The second revised criterion was developed
because majos changes w?re :nah in the process to ensure that the assessment categories represent
for categosing severe accident mquences. A the revere accidents that base been identified as
revised S.a of creeria is presented below. The pur- important for the plant. If esents were used1 , .

. pose of the first revised criterion is to characterite directly from the PRA event trees, this step
how the categories that will be used to evaluate would not be necessary. The final criterion was

< - conditions ?ot lurr weps snould be developed, included to er.ute that a sufficient number of
E Evaluation of thC prototype process indicates that assessment categories are established to differen-

tiate plant condi ions that may require differentuse of evena from the event trees or ucchanisms t

trom the safety objective trees would pmvide afe- strategies.
quate ansessment cat:gories.

.

e _ ,
___ _- ---

_ , _ _ .

| 'Critoria: Step 2
|

'/
p

'

1. Axessment categories shauld reprewnt +evere accident behmior that would cause chal.
.lenges to the plant safety tbnetion%

2. 'The sssessment categories should correlate with the td .at IPE or PRA results to vnsure

Gat ell severe accident behuior thm inay challenge the plant safety functions are includ. .I
,

ed in the set of categorie'.
f

3. Assessment catqories shoulel l>a separate if cignificant differences are noted in timing of
key events, r.ystem cond!tions, support system evallability, or system envirorental condb

lj tions.
i
L - A

. . m-- - _ _ n _ c- _- -

o

..

&
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' RoWsed Assessment Critsria L d
'

~

g&y-
- - - - . _ .

'

4

QQM. .. Step 32 ldentify Asident Management Cap @ilitics for Sequent;e Categories
,

6 ygy
,jg y |

-

..
'

'

'1 *information 3 D " ** 5 ssoct y validate -S*l* ?
' may Mn

. strategins jg
Mk -

-- - j
_ ~[: . [ \

I 0889 'l"
4 '~#t**ses 6 **"' 8 bCWPwate

Id*"*Uagb, ,

'

2
: L,ntmnesment

.

'

r- Wymationsequences

my , . -. ,, ,,, ,

b '&
' '

T Preliminary St'ep 3,criteris identified areas' The second cri erion was added becat.se wet

i, b - yhere plan 1Leapabilities 1.hoAld be examined bot . found tnat identifying improvements w plant .

M 'they w:ere not clec on how capabilities should be capabilities was a natural extension of the identifi-
.M, cidentified/ |Bashd on tl= finMags from 4: valuation . canon of the capabilities themselvo The purposef

~

"% Tof=thiprototype priness, the preliminary cri'eria - of this criterioriis to ensure tha identifichtion and -
E ? were revised and are prueued belowc_ The purpose ; improvement of capabilhies are considered m the

M 4 ' Lof the firdrevised critedon is to clarify the methodi same stepLso that synergist" is included in the
,

'

:$ ' @fidenuffing c)pehties.; Portions of the tnlimi4 process.
'

Wry criteria were ssined to npphrc.ent informa . '

g% tion in areas khenaapabilities should be evalualsd,y
q eq

- . ..

- .

g. _ Criteria: Step 3m z

um
Jy , ' MThe m'ethod of identifying existing accident management capabilitics should be formal.

'
1 i E An example would be a structured set'of questions . deigr4J to determine accident man-

., V M agement capabilities inihe followingiareas:
,

'f
' '

*

' '
t

-.. .. .,-

4 ins Procedures fall procedures and guidelines available to the coerations and technical
Ch g - suppurt team rJaff racessary to manage weidents should be identified.,

o ,

,
-

WM
~

K4' f f b. , Decision' Making.'i All information that is,scrrue the rohs of the personnel brolved in;
y4 ' 4 acci&ntisanagement (for example, tne pnint operations stafh corporate tuhmcal sup -
Af W : port teamsi.etc)/with emphasis on the decidon making respor.sibilities and duties dur- )
Wp$o*s ' ing severe accident conditions, <aould be identified.

3g
49 ic i Equipment.) Key squipment and systems that can be repaired rm site should be identi-1,

('^RM (g fled / niong with the estimated time required and the procedurcs available to effect the
Q M g. 4 f repair. ,

,

p , 3 s 1 , p, , ,

Q@
.

Equipmc at that can be used to supplement or rephre safety-related eqnipmeni c.hould q-
-

'

k,.W X . be identified.-
n a

kk f d.? InstrutrEns.Yrhe key Lntruments installed in the plant that have the capability to iden-
ggy A M tify the;luhlatiot; and to follow the progresion of the plant accidents should be hienti -p. \ : fled. - a
e -

, |
.

wm a.
B* ' k MTruiFingdTraluing that provides an understanding of the cecident assessment rate 0

,r gorirs or that is used to identify or manage them should be identifie+1.4 <
.

,; ,,

'if 42.ljThe method for identifying accident manay,ement capabilities should consider changes I

?[- : that have the potential for preventing t.r mitigating challenges to plant safety functions for
"

a . w, v
' I.-iY . . . -. - ae

7 .
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i 1
g

~ Revised Assessment Criteria -
.;

' Step 4. Identify Potential Strategies.
- - - -

" $ integrata 3 D"'"**"* 5 swei 7 vandcto
irdWmaton CapabitieS strategtes

.

g -4'. (A -
'I ~ [ ~ ~N .

_

_ N 4_ A .A- /_ .-
o

| f Dat41 .himplemd g incomorate
"

o** CMeconze
-

| enhanume{
; strateges Mforrnatonsecuencos

f .
.

3 The prehmmary entena pirvmusly developed - uses this information and combines it with corisid- ,

ifor Step 4 'were found to be_ adequate and are cration of various methods for using existing equip-
,

repeated below. Based on the revised process, ment. imtmmentation, and other phmt resources to
'

detailed beckground information for identifying formulate y>tential strategies that would to effec-
potential strategies is developed in Step 3. Step 4 tive for each of the assessment categories.

._

Critoria: Step 4 ,

l.; Potentihl strategia that coidd enhance the capobility to present or mitigate the challenges
: to safety functious should exist based on the accident mmmgement capabilities described

p - for the sequemy categories in Step 3.'

,

, 2. Potential strategies should consider, but no be limited to
1

' a.. Repair and restoration of eqt'ipmenti

?? o.; Use of Micrnate equipment -
'( c. Use of al' mate rtsources 1

14. - Cmre75ation of resources*

-e Timing fer effectiveness
'

,

t

' 3.- A minimum of one polent!al strategy should he identified for each of the assust'ient cate -
I gories identified in Step 27 Whenever possible, strive for redundancy and disersity in the

J- strategies identified.' ;*

1

]4.iThe potential strategies should be described in terms of the personnel msources,' equip g;= :

Lment resources, and the informatiori needen to understand plant status.
1"

-.. , _. .- -

__

e

x

:
,

t
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Revised Assessment Criteria

Step 5. Evaluate and Select Strategies and Identify Enhancements
T

;.>.-.

S0'** '
.. . -

1 '" formation 5 D**"'
.

5* 7 V **t'
in capabitMes

s -( N ( ~TN / f / <N > _$,

n' categorize 4 ' dant 4'sequences 1 5t***8 '6 '*hanesment 8 i*'P '*t'* ' " "
an informaton

Owing to the lack of detailed information. All preliminary criteria remained unchanged.
. none of the substeps in Step 5 were adequately with the exception of the second criterion. It was -
evaluated.2 Didy minor changes were made to the modified to indicate that some of the strategies
criteria for Substep 5.!t no changes were 'made to may not have a strong time dependence and there--

.

._
any of the other substeps. fore, the use of timelines in the preliminary proce-

dures f.hould be examined but would be optional

Criteria: Substep 5.1
|

J 1. The tasks necessary to execute each roposed strategy should be identified and listed.. F

: 2. The identified tasks should be put in order. The time constraints should be examined and .
1 timeline for each of the assessment categories should be used where time is determined .
to be a factor.,

'
3. There shdhld be a clear definition of who is responsible for initiating tasks and who is

responsible for performing the tasks included in the preliminary pocedures and guld.
ance.

I
4. L'I he need for special tools, materials, information aids, plani access, or necessary repair or1

modification Information should be identified.
_,

5[ The potent!al for the expmure of plant equipment or phmt personnes to abncrmal envi-
ronmentai conditions should be Identined.*

g
, ,

._

t

rd

4

>
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5. CONCLUSIONS AND RECOMMENDATIONS

A prototype process for developing accident bilities and potential strategies. We expect
management plans was evaluated through a trial that this appicach would be even more effec-
applicsion under. conditions similar to those tive in a setting where plant personnel with a
expected at a nuclear power plant. The objective higher level of plant knowledge and expertise
of the app?ication was not to develop an accident were involved.

management plan but to determine w hether (a) the
activities descrft ed for each step provide the prod- Specific Prototype Process Application Results
ucts specilied, and (b) the steps are integrated to

-

pmvide the information necessary for a technical- 1. De method described in Step 2 for categoriz-

ly accurate and useful accident management plan. ing sequences was not effective because it did'

not adequately group sequen.cs, but rather

We were not able to obtain the acreements resulted in the definiticu of a huge number of

necessary for the participation of a utility in this sequence categories. We conciaded that the
4

evaluation. Without this participation, it was not events that lead to severe accident conditions
possible lo obtain a detailed set of integrated provide more insight into possible accident
information for an individual plant. Lack of management actions than categories inat can

detailed information restricted the extent of the be defined through sequence categorization or

evaluation. sequcnce birming. Three allemate methods of
developing categories were examined that

The following are general resuits from the considered the individual events as important

evaluation of the prototype process, followed by indicators of opponunities to manage the acci-

results that are specific to individual pmcess steps. dents.

General Prctotype Process Application Results he fin,t method useo the events directly from
the event trees, to act as severe accident man-

-1; i The lack of mility participation restricted our agement evaluatinn categories. The categories

abdity to adequately evaluate all steps of the for this approach would be easy to identify
prototype process using detailed plant hard- and would produce a reasonable numter of
ware rmd operatiens information. As a conse- categories. %c second method used the struc-

quence, evaluation of Steps i through 4 was ture of the safety objective trees described in

completed but Step 5 was only partially evalu- NUREG/CR-5513 to define important events.

;ated. It was not possible to evaluate Steps 6 Mechanisms that can cause challenges to plant

through 8. safety functions were selected to define the i
assessment categories. Examples of cate- |

2. The general content of Steps l_ through 5 of gories bued on mechanisms are inadequate
the prototype process are adequate'y integrat- RCS inventory, inadequate containment heat

ed. Some modifications to the individual removal, core concrete intetaction, foiNre to

steps were identified to correct shortcombigs isolate cantainment, and interfacing system

in the process and make it more efficient. loss-of-cooiant accident. In the third method,

Using these modifications, Steps i through 5 wc trararibed the severe accident sequences

- will produce the results described in the proto- for Zion Unit I onto the safety objective trees
and found that all of the events associatedtype process,
with these sequences were accounted for by

3. De team approach was very effectise in per- the safety objective tree mechanisms,

forming :he steps of the prototype p' recess
because it helped generate syncgism and cre- We conclude that all methods could be suc-
ativity, es[ncially when identifying plant capa- cessful in categorizing sequences, but we pre-

NIJREG/CR-6009 48
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^ Conclusions and Recommendations 1.

p di - ,

Y|? ..
__ _

,
_

.

-

-

,

# ;ferred the rnethod that' transcribed events to'. -described for Step 4.- Results from the ques >

*

4 . Ae safety objective tree mechanisms because tion-answer session conducted as part'of Step .*

.T, it was easy to relate the assessment categories ' 3 focused the identification of potential strate- i
'

to both plant safety functions and to possible gies and helped to determine how they should !
_

Istrategiesithrough the safety objective tree be conducted.
,

5tructure.1This is the method used in the
w} applicdtion of the prototype process. ~4. Development of preliminary procedures was a -

..
. successful first step in detennining the person- ;,

, '2.1 Identification of plant capabilities was deter + nel, hardwr.re, and instrumentation involved in '

_

mined to be a very irnportant step in developing; poten!!al strategies, Although there was not -<
.

an accident management plan. We found it was - enough infonnation to thoroughly assess Step .1

difficult to| separate the identification of piant 5, our judgment is that the assessment and <

g< capabilities and the identification of how these ranking process described would be effective. .

c ipsbilities could be used to improve accident
rnanagerrient for the plant. The method A final set of evaluation criteria were devel-
described for the prototype process _was deter- ..oped after completion of the process evaluation.

' fmlaed to be inefficient. A more structured ,The preliminary criteria for Steps 1 through 5 i

approach was developed, using a question._ were reviewed and discussed to determine '
-

- answer format that proved to be effective in whether they were compatible vrith the findings of-
Lidentifying plaat and perwanel capabilities and - the evaluation,'they should be revised to account
;how they could be used to prevent or mitigate for changes that _were made to th6 process, and
= conditions affecting the sequence categories. whether the addition of criteria was necessary. _lt

~

The t,.sestions developed are general and could was not possible to revise the criteria associated ;, o

' be' aihd'for identification of capabilities for whh Steps 6 through 8 because these steps could ;y
; other r.uclear power plants. . not be evaluated to identify potential areas of .'' '

,
,

-improvement. The preliminary criteria developed q

. (3.; ~ AboutLthirty-five strategies were ~ identified for these three steps are judged to be adequate for l

ex w" the' potential to improve sevem accident severe accident management plan development ' !
'*i a gement; using a process similar.to that and evaluation,
.

~,
,

.
'

'

,,

>i'

L

im .

.

.

h.

3

s
,
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Appendix A

- Appendix A

:

Assessment of Plant Capabilities
Based on Brainstorming

This appendix presents examples of information developed by the assessment team who, in this
instance, combined discussion and brainstorming to identify the accident management capabilities of
Zion Unit 1, he team comprised personnel with operations, severe accident analysis, thermal.
hydraulic safety analysis, procedures, training, human factors PRA, and accident management
experience. They developed a table based on the folknving Gve areas to organiu: and display the
plant capabilities:

Procedures and guideline.;*

Dehneate Decision Making Authority or Respensibilitics.

Equipmeat.

Instrumentation.

Training.

For a particular assessment category,idear for the use of plant capabilities for each of the Gvc
areas were discussed in a meeting of team members. Each proposed plant capability was descritni,
as was the purpose or use of the capability, Results describing proposed additional uses of the plant
capabilities wer.: therefore an important part of the fesults. We only reviewed a sampling of
assessment categories because our primary cbjective is to eva!uate the capabilities of the prototype
process, not to develop a complete accident management plan. Tables for the following assessment
categories are presented: _

loss of Secondary lleat Sink (Table A-1).

,

inadequate RCS Inventory (Table A-2)s

Containment IIcat Removal (Table Am.

.' Direct Containment lleating ( rsble A-4)
,

Combustible Gas Burns (Table A-5).

Pre-existing Leak / Failure to Isobte (Tabu A-6) i.

Steam G"nerator Tube Rupture (Table A-7).

Int:rfacing System Loss-of-Coolant Accident (13LOCA) (Table A-8)..

A.3 NURFG/CR4009 q
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Aptv,ndix A-
,

Table A-1. Accident management capabilities for loss of tecondary heat sink.

Sequer.cc Category: Loss of Secondary lleat Sink

Related Sequence Categories; Br:stricted _ RC 5 Biced, leadequate RrS Inventoiy,
,

Noncoolable Relocation

?cniainment Failure blode.: Alpiia Mode Failure, Basemat Melt % rough

1, - ' Procedures:

. a. Procedures currently include:

AIFW - ArW - Depressurization to use Condensate Booster Pumps - CST Inventory
Crossties to other units CST, service water, Primary Feed and Bleed, Charging Pumps

' and SI.
1 1

b, - PossiHe additional procedures:

Depressurization k, use Fire Pumps

.Use of portable pumps e.g., lire engines..

a

Altdrnate s':urces of water (other units CST, refill CST)

1 ; Decision hiaking:

o
Important decisions that will need cicar lines of responsibility and authority are:a;

'

= There is insumcient information in this area. Possible important decisiosu are:

@
. Decision on Crosstics to other unit.

Decisions en Repair or Replacement of failed equinment.

'3; Equipment:-

-

a. Existing equipment:

. -"|f Feedwater pumps, Auxiliary feedwater pumps, Diesel driven firewater pumps, Condensate
"

storage tank, Dump valves. Safety relief valves.*

b. Potential use of equipment not currently specified:

Availability of portable pumps tc supply feedwater, planned location and 'ncthou of tie in
to the fee twatet syster.; for portable pumps.

: NUREG/CR-60092 A__;
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Table A _1;- (continued).-
-.-

3 -j-

Capability for repair or replacerrant of electrical or mechanical equipment.

-4 ~ Instrurnentatiom

a. - - Er.isting instrumentation:

SG Level (wide and narrow), liotwell Level, CST Level, SG Pressure, AFW & IN' Flow.
Core Exit TCs, RCS Hot Leg RTD, MF & AFW pump discharge pressure, charging pun.p'
and SI parameters, RVLMS, IYessurizer level.

~

5. - Training Capability: i

a. - Curn.nt training:,

,

There is ir. sufficient inforration in this area.

6. ' Possible Interactions with Related Sequence Categceries

a. Steam Generator Tube Rupture

..,.

I

J

-'gi

.

t2

,

L

.,.
,.

4

'.

Li:1

I
s.
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y Table A P : Accident manar,cc.cnt capabilities for inadequate RCS inventoiy.
.

7 ' + LSequenu Cstegory; Inadequate RCS Inventory
A

Related Sequence Categories: . Inadequa'.e Secondary Inventory, Restsicted ROS Bleed, RilR -
Sptems Operable, SCRAM Failure, Noncoolable Relocation

' Contaimneat Failure Modes. Alpha Mode Failure, Basemat Melt Through, overpressure -

Failure

1.' Procedures:
y 1

: Procedures cu rently include:a.
y
a;

4 Existing pocedures ccer use of the chstging sptem high head pumps and the trar.sition

@ to SI (interinediate head), and transition to RHR (lower head). Proceduru also exist for
- switching te recirculation and fo refilling RWST.*

.

..

h. Possible additional procedmes: ,

1 ,

Ahernate methods to refill the RWST should be examined.

@~ ? 2. 4 9ecision Maldng:
s

Important decisions that will need c! car lines of responsibility and authority are:a.
.

'

' i'' There is insufficient information in this area. Pomble important decisions are:

h,k.n Decisions tegardingjpreparation of horated water or the us,: cf Mn4wated water
for extended periods of time

Decisions regarding use of containment sprays versus RCS i_njection. ,

<,

i- *

: Decisions on which instruments to trust and which procedures :o identify or giveP

L ? guidance.

b.4 . Possible additional Decision Making

a +
. . . . .

.

H Based on the 1:mited information, additional guidance yould N beneficial en wy transition
'nceded from cor trol room responsibility to Technical Support Center .csponsibility.

'

j,
..

4
i
!

|
n
..

p
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|T6ble A 2.;(contim ed).
.

-.

[m,, -A : Equipmenti i
. -

-

- s. Existif'; equipment:

S :-( liigh and low pressure injection systems, RHR sptem, charging syetern, containment spray,
: cross connects to second imit, means to refill RWST. ,

@
b. Potential use of equipment not spceified:

Use of portable pumps or dicsci driven fim pumps to refill water storage tanks or inject
'

iato system (capability to borat, may be needed.
a

-4. Instrumentation:
T

!. k [-

a. . Existing instrumentation:

:
*

Core exit: thermocouples, pressure, RTDs. RVLMS, ELLS instrumentation (levels,
pressure, flows, tempe:atures); _

'
b. Possible additional iretrumentation:

:V Bottom head thermocoupics, TV cameras for lower head visual observations, analpis aids
.

to estimate core Icvel by interpreting miclear instrumentation (source range or SPNDs),
e

L S. Training Capability:
..

af Current training:
,

Sulficient information not available

b; Possible additional training:

Based on ihd limited information available, potential kdditional training may be:

! Uw of alternate sources of water,

4 .

Additional cross connects to other units#

s
Meaning / significance ofinstrumentation readings

6.L Possible' Interactions with~ Helated Sequence Categories

a. - - Possible interactions with long term containment cooling for some severe accidents.

A.7 NUREG/CR-6009
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q'N =, Table A 3.t Containment heat removal.U
. .. . .

'

{, Sequence Category: Containment Heat Kemoval (Earij, Late, Very Late),

, , ;

Related Sequence Catsgorien CCI, btcam Generator T ube Rupture, DCil, Combustihte Gas
Detonation, Steam Explosions, Noncondensible Gas Buildup

,

' -
Containment Failure Modes: 15asemat Me.tthrcugh, DCFI Early Containment Failure, Late

Containment Overpressure.

O/ 1. . Pmeedures:

ri ~ Procedures currently include:
,

Guidance is provided on spray initiation

Guidance is provide on the use of the bn e JA

b. Possible additional procedures
,

Guidance should be given for the use of alternate pumping systems for the sprays or
altsrnate sources of water

;,'
.

.

.

.

'

Additional guidance shouH be provided on alternate means of supplying cooling to the
, . heat cychangers'

,

Guidance to help evaluate the capability of cortainment heat removal options for the
L j possible sequences using a damage control matrix format

| 2. Excision Makir>g:

|important decisinns that will need clear lines of responsibility and authoritya.
f

There is insufficient ' info Tnation in this area. Possible important decisions are: |

m~ .
. .

'

. Decisions cotid be needed on whether sprays should be used to remove heat when
there may be problems with hyd: ogen detonation or deflagration

'A decision structure could be incorporated for prioritizing strategies consistent with
a damage control matrix

o

Decisions could be needed on the use of containment venting if it is aa adopied

g, strategy

.

I NIJREG/CR-((>09 g_g
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*
1 Table A-3. (continued).

'

<

1 - Equipmenti
,

Existing equipment:- a.
,,

He cunent spray systems and' fan cooler sptems provide diverse means to remove
L etmtainment heat.,

'
b.' Potential use rf equipment not entrently identiGed:s

.

N: . Consider how to use alternate systems to supply sprays. _ Examples are diesel diiven fi:e,

pumps, mobih pumps, or fire en;,ines. A deteimination will be needed to assess the
effects of these systems on the potential for recriticality.

g. iConsider alternate soun;es cf water, either to the sprays or to the heat exchangers used
by the fan coolcro

+
4. Instrumentation:

- a. Existing instrumentation:

/ Containment pressure, temperature, and radiation levelr.will supply information that can
be used to make decisions to initiate and regulate contaimuent cooling.

,

,

b; Potential use of instrumentadon:

Additionalinstrumentation that would determine where the containment is breached

, Additional instrumentation to detersnine the :ocation of the core material o'nce it has left -
Ethe wssel and in in' the containment -

The capabiliev to identiffwhich instruments are reliable or techniques to read damaged
,

or instruments beyond their range would enhance accident mangement.c ,

,

Training Capability:$. :

a. Current training - |

g Sufficient information not availaNc.
I

-

v:
I

+

:r;

i<

|
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~k-|'y{ v. T$ble A 3. (continued).;

y
-

1 '
6.- Possible Intemctions with Relatul Sequence Categories .

.

,

'

: a, Spray reduce the inerting in the contair;,nent an increases the likelihood of hydrogen
7 . detonation or defingration,3

r ,

- b. . Sprays will/be very effective' in scrunbing out radioisotopes from the containment
atmosphere,-

n; .

- ,

b

,.8

e

.

p

,

+

4 1
'

y
,

,

4

,,

K
m

.
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|
~

,

,
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?g =.; Table A-4. Direct containment heating,
, _.,

5

. _

n> -

. __

# ~

ILSequence Category: . Direct Otntainment 18.ating -
,

.'Related Sequence Categories: CCI, Late ami Vcry Late Containment ifcat Removal. Steam
',

Explosion, Combastible Gas Detonation, SGTR

: Containment Fathue Modes: Failure To Isolate, 13asemat Mellth' rough, DCil Early-

Containment Failure, Late (untainment Ove pressure

r :1. Pracedures:

. a; Procedures currently include:

RCS depressurization is initiated using PORVs and upper herd vents when core exit
thermocouples are greater :han1200 F.

< - b. .Possible acditional procedures

.1 . .

'The existing precedures should speciGeally recognize the consequences of DCll and alert
the operator to selacted mitigative strategies -

:2. Decision Making:

a. ' Important decisions that will need cient lines of responsib P.y and authority aa:
.

There is insaIUcient information in this area. Prasible impcrtant consideratiorn are:

The existing decision making precess may not recognize DCli oi 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 vnaterial ver.us

,

an increased likelih<xxl of in-vessel steam explculons) must be consideied prior to an -

<
= accident;

[
3, : Equipment:

L a. Existing equipmenti

.PORVs and the upper head vents.

ki
b; iPotential use of equipment not currently specified

Position shields or otheriquipment to deflect a id minimite dispersal of flows from the
*

- ower head.

'

.
1

A-11 NUREG/CR-6009
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Table A 4i (continued).

Use systems to flomi the reactor vessel cavity to prevent vessel failure or to mitigate the
effects of DCH

4. Instruraertation:

n. Inisting instr. mci tation:

RCS pressure, core exM thermocouples, reactor vessel water level, anc' RCS and
containnent cadiation levels could indicate the approach to conditions that are typical of
DCll.

b. Potent.ial use of instrumentation
_

l P.ottom head thermocouples.TV cameras for lower head visual observations, analysis aiJs
to estit. ate core level by interpreting nuck.ar instrumentation (source range or SPNDs).

#

5. Training Capability:

a. Current training:
,

Suffichnt informat on not availablei

6. Possible Interactions with Related Sequence Categories

Reducing RCS pressure mitigates the effects of DCll but increases the likelihood of steama.

explesions.

-

e

NUREG/CR-(OG9 A- 12
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Appendix A,

T .

Table A 5. Gunbustible gas burns ;

Sequence Category: Combustible Oas Burns

Related Sequence Cates;orles: late and Very I.. ate Recovery of Containment llent Removal,
'

i

SGTR, Steam lixplosions DCil, CCI

Centainment Failnre Modes: llasemat kieltthrough, DCil Errly Containment Failure, bite
Containment Overpressure.

1. Procedures:
1

i
Ptocedurer carently inc!ede:n.

Operating Procedures are available for operation of Recombiners and the nydrogen purge.

b. Pouible additional pnxedures '

4

Procedures that apply if the hydrogen concentratior. is greater than 3124 or if the
cantninment pressure is greater th'au 10 psi.

2. Decision Making: ,

Important decisions that will need cicar linea of responsibility and authority are:a.

J here is int fficient information in this area. Possible important decisions are:

' A decision that the Ilydrogen concentration is within limits is required for use of
recombiners.

Auhe concentration of hydrogen increase,s, the deci&. en whether to initiale or continue
cotstainment sprays will become more coinplev Since sprays will reduce the quantity of
steam which could resuh in hydrogeri conccatrations that are in the deflagration or

' detonation regions.,_

I

Dccisions on the effects of containment compartments on its vulnerability to hydrogen '

deflagration or detonation.

3. Hquipment:
. .

.

a. Existing equipment

liydrogen secombiner & hydrogen purge syttems will be adequate if the concentration of
hydrogen rerr.ains lov> and there is sufficient time to utilize these system.c.

:

A 13 NUREO/CR-6009
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Appendix A

Table A 5, (continued).

b. Po..ntial use of equipment not currently specified:

liydiogen igniters installed inside the containment if hydrogen butns are a threa6 to

containment

4. Inshmentadom

n. Thisting instrumentation:

llydrogen conerntmlion, containment pressure

b. Potential use of instrmnents:

The con xntration of both steam and air are not measuicd making it difficult to de.uly

identify the llammability hmits.

An estimate of the piessure rise that would result from hydrogen burns at di!Tercnt
concentrationi, would provice insights for accident management. s

The effect of hydrogen burns on the cabling and components in containment should be
evaluated.

5. Training Capt.bility:

a. Current training:

Sufficient information r,ot avadable.
t

6. Possible interactions with other Sequence Categories [

a. CCI is a direct contributor to 11 proJuetion.2

Spraying the containment will reduce pressure but it will also condense steam and enrichh.
the hydrogen mixtuic making dellagration or detonation more likely.

Iligh pressure core melt ejection producing DCil combined with an 11 explosion could2c. ,

(WCur, ,

.-
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Table A-6. Pac existing leak / failure 10 isolate.

Sequence Category: Pre existing leak /laiture to isolate

Related Sequence Categories: CCI, late und Very Late Recovery of Containment llear
Removal Steam thplosions. DCll,ISt.OCA, Noncondensable
Gas liuildup,

Containment Failure Modes: Ectly Alpha Mode Failure

1. Procedures:

a. Ihisting procedures:
_

Current procedures call for shutting all containment isolation valves.

Procedures are available to monitor radiation leaks. 1

b. Possible additional procedures

Procedures and guidance for pre evalur. tion, prioritivition, and dealing with
likely! troublesome points for pre leaks.

Provide guidance on ways to estimate the amount of elliuent being released.

2. Decisica Making:

a; important decisions that will need clear line.. of responsibility and authority are:

Here is insufficient information in this area. Possible important decisions are: -

Decisions on how to locate the leak point and what taeans to use to prevent further
release

Deie could be trade off decisions such as whelbu to activate the fire protectica system
or to spray using fire hoses considering possilde negative affects on other equipment.

3. Equipment:

Existing equipmenta.

Isolation valves

I.
A-15 NUREG/CR 60(Y)
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Apperidix A ;

,

Tablo A-6. (continued).

b. Potential use of equipment not curicotly specified:
,

Use sprays to reduce containment presse e and tission product inventory (or alternatives
that would reduce pressure).

Find ways to pressutize the hication whcte leak is emanating from.

Pre position portable fire hose spray noules to spray on possible release poir.ts so that
they could be actuated to reduce the hssion product release, !

4. Instrumentation: i

i

a. Existmg instrumentation:
,

Radiation detectors, pressures, and temperatures

b. Potential use of instrumentation:

Locate portabte radiation detectms in general areas where they can be re positioned bared ,

on individual circumstances.

5. Training Capability: ;

a. Current Training

Sufficwni infortnation is not avaitable.
.

6. Possible. Interactions with Related Sequence Categorico

- Reduction of pressute in containment will climinate or reduce consequences of preexistinga.

leak. Containment sprays will reduce pressure and scrub the atmosphere, but will cicate
un environment the would incte.ase the likelihood of a hydrogen explosion. However,

.-hydrogen explosions did not show up as a related sequence er f.ory,

b. Because there is already a leak (depending on the inagnitude) there is k ss worry about
things that would fail the containment than things that will reduce fission product release,
core rnelt, or high pressure. The best strategy for prevention of fission produci release
would be to prevent core damage since the containment is already breached.

NUREG/CR-6009 A-16
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l

. Table A 7 Sicam gencator tube rupture. |
-

Sequence Catepry: Steam Generator Tube Rupture (SGTR)

Related Categories: Lue Recovery ot' Containment linergy Removal. Very Lat: Recovery of
Containment Energy Removal, T,impernture Induce.1 Degradation, Direct i

Containment IIcating, St:am Expkrions, Combustible Gas Detonation,
Failure to isolate :

Contairiment F.nlure .'.fodm Alpha Mode Failure, llasemat Melt 'Ihrough, La:e
- Contammont Overpretsure ;

1. Procedures;

4 a. Procedures currently include:

Externhe pu>cedures exist to deal with stearn genciator isolation and depiessurization of
the RCS.

,

b. Possible additional procedures:

Provide guidance on strategica that can be used if isolation of th: affected steam ger.erator
fails. For example:

,

Increase the inventory in the steam generator to submuge the rupture k> cation and- ,

scrub lission p.uducts. .

Co sider pov.ible problems if there is a rupture of a rehitively large number of tuber.-

For example, there would be a much earlier depletion of the. RW3T. 1

Provide guidance on ways of t.stimating where the release lo:ation is and the quantity of
fission prmlucts being relezeed.

,1
[ t

2. Decision Making:

- Currently described decision making and authoritya.
-

Irisufficient information availabic.

' 5. Additional decision making that may need clarification

There is insufficient information in this area.

;

A-17 NUREG/CR 6009 ;
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. Appendix A ,

Table A 7. (43ntinued). -

;
.

1

3. Ikpipment:

a. Ihisting equipment:

Sicant generator dump valves, pressuriter PORW, all valves necessary for steam generator
+

isolation, normal ano auxiliary feedwater pumps and related equipment.

b. Potential use of equipment not specified:

Use of normal or auxiliary feedwater systems to submerge the tube t reak ky;ntio'i. Uw
of diesel drisen fire water pumps or portaHe pumns should otso be wnsidered. ?

Caution may need to be exercised it; controlling tia level in the sacem generator for home
plants to avoid ikx) Jing the steant line which would cause it to fail. Alternate methods of
preventing steam line failure could aim be umiidered, such as additional analysis and
possibly the placement of additional supports.

Use of fire sprays, both existing and augmented, on failed dump valves and safety relief
valec3 shouH be considered to reduce the amount of fission producta escaping f rom the

steam generatoi(s) t

ne need for protective clothing und equipment should be considered if strategies call for
persormel actions near points of release. Positioning this equipmem near the hx.ations
where it will be needed should be consideied. 4

4 lustrumentatiom

a. lhistir.g instrumen;ation:

Steam generator pressure, level, temperature: RCS pressure; Reactor Vessel Level
Monitoring System (RVLM3); hot leg temperature; plant and rd.e radiation monitors

b. ~ Prtential use of Instrumentatiam |
|

Indications that the steam pncrator PORW or SRW nre stuck open. For example,
'

downstream tunperatures, videos of atmos aeric micase points, and radiation mor.!! ors.

"All instrumentation that could be med it, mitigating the effects of a steam generato- tube

rupture should be properly grouped anti displayed in the control toom.

NUREG/CR 6009 A is
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Teble A 7. (continued). !
- . . _ ._.

5. Training Capability:

a. Current statning
.

Sufficient information not available.

6 Possible interactions with Related Auessment Categories

n. Similar to an ISLOCA

b, Desire to depressurize RCS rapidly inay run counter to corniderations for pnventing
steam explosions.

,

t

'
n

'

- A-19 NUREONR 6009
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Appenda A '
;

Table A 8. Interfacing loss of-coolant accident (ISLOCA), t

. _. .. ,

.#,

~ Sequence Category: ISLOCA

Related Sequence Categories: Failure to isointe, Steam lhplosion,

Containment Fav'ure htmtm: Alpha blode Failure, liasemal hielt Through

' l. Ptoce.f utes:

Procedures currently include:n.

There are extensive procedures on :SLOCA

~ b. Possible additional procedures:

Ensure that the procedures contain speciGe steps for identification of ISLOCA symptoms
using control room instrumentation. Sequence identincation is necessary since the
strategies for this sequence category are diffetcot from those used foi other LOCAs,

Add specific steps in the precedures for prevention and mitigation strategies.

Guidance on ways of estimar;ng the release fecation and the quantity of fission prmlucts
released.+

.

2. Decision kinking:

Important decisions that will need clear lims of responsibil:ty cnd authority are:a.

There is insufficient information in this area.' Possible importani decisions are:

Decisions on selection of holation methods including the potential effect: ofisolation and
the criteria for initiaiing isolation and deterrning whether it is successful

3. . Equipment:

EJsting equipment: |
'

a.
-1

Isolation vahes, SI pumps, charging pumps, RWST

b. Potential'use of equipment not currently specified:

- Actuators of valves that have the potential to isolate an ISLOCA should be sized to close
under the high flow and pre sure conditions calculated for the range ci expected break
sizes.

;

,
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Appendix A

Table A 8. (continued). |
|
I

Use of fire sprag both e.C.4 ting and augmented, shoutd be considered 8.o reduce :be escape-

of Rssion prodvets from the auxiliary bu;lding and the contaiament.
I

Strategies for returning liquio from sumps in the tusiliary building to the containment |
should k examloed |

Means of flooding the location of the break and submerging the break to scrub lission
products should be examined. Possible negt tive effecta on equipment of this flooding
shou!J be cons'dered.

4. Instrumentation:
,

n. Edsting lostrumentatior.:

Radiation detectors, RCS pressure, Auxiliary building fire system status, containment sump
level, RVLMS, pte.>.surizer leu;l

b. Potential use of instrumentation

The following ausiliary building instrumentation should be availabic and displayed in the
control room: sump levels, radiation alarms (stack gas monitor and area monitors), area
temperature, area fire alarms.

1 Trainhg Capability:

a. Current Trt.ining:

SufHeient information not available.

6. Possible Interactions with other Sequence Categories

F a. Differentiating between ISLOCA and SGTR and other LOCAs is important in order to
|. carry out actions in timely manner and m!nimize damage and a release. Symptoms will be

similar but aclions v,ill be different,

b. In order to reduce the release to the environmert it may be necessary to reduce pressure.
This action is somewhat contrary to maintaining minimum subcooling and also ercating
adverse conditions for in vessel steam explosions.

c. There should be an effort to conserve injection inventoiy since the injected water will be -
going to i beation outside of the containmer.t where it can not 'sc .*ecirculated. This
conseivation may be contrary to some proceduralized actions.

A-21 NOREG/CR-6009
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Assessment Category Questions
for Framework Application 4
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Appendix B

Assessment Category Quastions
for Framework Application

This apr lix presents examples of infm mation developed by the assessment team w ho, in this
instance, meu a quer. tion answer format to identify the acdtlent manapment capabilities of Zion
Unit 1. The tearn comprised permnnel with of.erations,1evere cecident analyd., thermal. hydraulic *

satity analysis, procedures, training, human factors, PRA, and accident managemnt experience. They
developed a table based of the following five areas in org nire und display the plant capabilities.

Procedures and guidelines+

Deiineate Decision Making Authority or Responsibilities.

.

Equipment.

i

instrumentatione

T aining.*

Answers to the c1pability questlons were dew loped for selected auessment categocies.
Individe:d team metaners were an:gned to ansveer questions for sp,cific assessment categories, wb'ch .
were then reviewed by all team members to pmvide additional information from their individual areas
ciexiwriise, We found that answering some of the questions required more information ihm was
available to the tearn. This lack of informt..' inn is particularly evident for questions concerning
training and decision making. He information deveksped 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 informatien nyadable. Information presented |
in the answers contaita details that may be difficult ta understamt withc,ut a working knmvledge of
the plant procedures ar"i opecations. Since these answers are univ intended to seue as examples, ,

the proccdures nece+sary for cenpletely understanding them is not prewnted in thh report. Tables
|- for the following assessment utegories are presemed:

Loss of Secondary llent Sink (Table Bel).

Inadequa'.e Inventory Control (Table B 2).

?
... Containment lleat Removal (Teh)c D-3)

Direct Containment IIcating (Table B-4).

Combustib|c Gas Burns (Tat >le B-5).

Core Concrete Interactions (Table B-6).
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Steam G :ncrator Tt.be llupture (Table 117) .

*:
j , --

. - Interfacing Sptem lau of Coolant AccWent (IS1,0CA) (Table 118). ,.
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Appendix B

y 7 T a blo B.1. Sequence category questions for framework applictlion for loss of secondary heat
'

removal
,, . , _ _ . . _ . _

k
\

Prod)dures

- Note: These questions should be appiled to each sequence cate20ty. Each question would bc ,

prcreded by the phr ise,9er thitsequence category, ... ".

1. Which of the current procedures are applicc.htc foi prevention or mit;gation of the severe
aceldent conditions?

Atuwer:

"

Main procedure FR-il.1 and F 03
- FR41.1 entered from:

60-Step 10
ES.O.1.-Step 4d

- F-03

FR.11.1 i an lead into E-1, AOP-43,501-10. ES.I.1

1 What changes could be ma le to the current pioecduscs and guidance to enhance the capability
to prevent or mitigate the severe accident conditions?'

Answer:
J

"

As the at:ident progiess toward core damage the procedures include less and Ims ' detail.
Having procedures for s.e /cre accident conditions that integrate well with the existing EOPs but
give more dete/ded i:uidance for the prevention and mitigation of severe accident conditions
would be an improvement. They also need to bc based on improved technical detail.

3. If alternate systems and equipment are important, v. hat procedures and guidance exist to
facilitate their use?

Answer:

Proxdarea cover using Main Feed, Emergency Ir'eed, and Condensate Feed, Primary feed and
bleed, charging & S!. Prm:dures could not be found that would facilitate the use of alternste

,

equipment to provide water to the swam generators such as diesel fire water system pumps,
por;able pumps. or fire eng!nes pumps and water 30urces.

4. _What procedures consider long term recovery actions that may be necessary for accident
. management? (Exaraples would be estelishing long term core cooling or long term containment
cooling)

b.5 NUREG!CR-NXY)
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Tablo B 1. (continued).

.

Antser:'

Hased on the infoonation we base available, the current pmcedures do not seem to stiess long

i term iccoveiy ae' ions. The) Jo cover cete md containment coolmg actions |or design basis
accident conditions that should be considened shoit to .ntermediate term recovery actions.'

<
- 1 What procedures and guidance provide insimcions on how to evaluate information, either from

imtrumentation or from other sources, tha' is apparently con 0icting?

Anser:

The current pnv;edures do not specific:dly give guid.mee or how to evaluate information that
may be c.c,nDicting. The pn>ceduru are conster:ted such that you are lead from one Step to
another with a basically binary (yes/no) decisir n procer.s. if an instrument was ptoviding

,

erroneous infm n : tion that leads you dowr. a wrong oath, later steps should guide you back.
There is not enough information do deteimme whether they do an adequate job durin;; s vere
accidents.

6. What additianal pmcedures could be added to enhance the capabihty to prevent or mitigato
plu.. damaget

i

d Ansvrr: ,

Baaed on :he informavon avsilable to us, no significar. improvements were identified. See
answer to .tues. tion 2 abme.

Decisios Making $

"

Note: l'hese grestions should be applied to each sequence category. Each question wonld be%-
preceded by the phrase, "For this sequence category, . (Answers to .nost of these

'

.

questions are goad for all accident ssquences)

#
1. What are the current assignme.ns of re:qioasibility : nd authority for decision making?

i

Answer:

tThe answer to this question rd the other questions on decision r..aking are based on the
Emergency Plan informatice we were at;le to oMain. Since this information waa not com[lete,
the resulting answers to toe derision ma!deg questions are generally |ncomplete.

i!PlP 100-1 oesc iben organictica and nines of authooty We lack the necessary d >cuments to
'

answer (bE question.

NUREG/CR-6009 B6
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Appendix 11

Table B 1. (continue ().

*

2. Ilow were the cuttently used lines of communication between the control room and the-

technical r.upixnt, center and other emergency respon e an:1 planning facilities evalua cd and
valklated?

Answer:-

Our mformatica indicates that !! PIP .t401 covers this subject but it was not available to us for - I

evrluation.

3. To what extent is long term accident management considered in the decision malang process ;

including the basis for determining when the recovery phase is camplete?

Answen
r

Our information indicater that the EPIPs address this, however we did not have access to the i

necessary EPIPs

4. What decision making is defined it; the current procedures and guidance? -

Answer: i

EOrs ewentially creue a binary type of decision process that leads the operator throut theh

procc.tures. Bascd on our revh w of a limited, incomplete cet of the EPIPs, they use decision
.

_

lices for recommended protective action (included in EPIP 10d.1 and perhaps other EPIPs as
wel ). The recovery phase has been relatively well deGned by other utithics EPIPs and we ;
believe the same to be true here, but we co :ld not verify this (EPIP.100 3 covers this but was

not availabic).

9( i What decision points are identified for expediting administr.itive controls to facilitate the repair
or recovery of ce;iipment? -

1 Ansv,en

7 Sufficient ;nfannation was not available. Our expedence with some other E Plans is that such !
'

things are accounted fc.r but the amount of detail varies from plant to-ptnt.
~

.

6. What guidance is given to decision makers for prioritizing alternate actions, identifying and
iavoiding potent al negative effe ts, and evaluating lo g term plant recovery?

.

Ansven

The EOPs basically guide the operatoi but don't provide guidance on prioritizing alternate
actions. We coeld not find anything m the limited set of EPIPs availahin thr.t provides
prioritiration.

.

.

$
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I Appendh: B

Tablo D.1. (contboed).
..u

7. What changes in the auignments of serponsibility and authority could be made to inercase the
capability to prevent or mitigate plant damage?

Answer:

We do not have enough information available to us to answer this qwstion.

Equipment -

Note: These questions should be applied to each sequence eategory Each question would be
preceded by the phrase, 'For this scyt.cnce category. ... '.

1. What existing plant equipment could be used to peiform the function of failed r,afety systems,
for example, non. safety grade equipment that could supply water, or jumperjug to make
available alternate source:r, of pe ser'l '

What are it.c uhimate operating limits for the existing equipment that could be used asa.

alwaw:s to safety grade equipment?

Answer:

The following systems could be used: RilR (a safc'y systen)if the RC3 Ouid temperature and
pressure unects the specified design limits (RCS Buld temperature is less than 350"F and preswre
less thun 300 psi), auxiliary or main feed, alternate power sources, primary Iced and bleed. Use'

condensate booder pumps to feed the 5 team generators (if the steam generators can be
depressurized). Atmospheric dt.mps, condenser steam dumpa, RCS feed & bleed via charging
and Si, PORV and head ven: can be used. Use Service Water to supply the Steam Generator
(AOP.4.3). Anything that acquires jumpering does not show in procedures, and we can not tell
if amh things have been addreacd by reviewing jurt the EOPs. Really long term types ofissues
have not h en includert in the EOPs and we io not have enough information to make a
determination about EPIPs.

'

The ultimate operating limits are not forraally iccorded nr listed in the informationa.

available to us. Additionalinformation would be necessa y to answer this querion.

What piovisions could be made to facilitate repair or replacement of failed equipment for this2.
.

sequence ca:egory. Contider both the availability of parts and the capability to gain access to
failed equipment exposed to swere accident envitc.nments?

What replacemc n'. equipment and spare parts have ban identified including their locationa.

and means of transport and installation within the (:me available?

b. What advance preparation of hardware, for example, spool pieces, pre-positioning of
equipment, etc., would facilitate' the use of existing alternate equipment to prc. vide 3
significant increase in equipment capability?;

NUREG/CR;5009 - B-8
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Appendix il

Table D 1. (continued),

c. What offsite inources ers there that could be identified and adequately prepared for
trarisport to the site under accident conditions?

Answer:

Providing the utility applied their pRAs to this inac, they could opumi/c and priontire their
spare parts and pre-evaluate what was and what was not feasible. Froin the infornuition thr'
we have available, there is no way to tell whether this was done.

,

We do not have enough information to mala a determination, altbough previousa.

experience at other plants indicates that the results would be dependant on the plant
policies. The timing of loss of all feedwater sequences would indicate that there is time

_

available for simple repair or replacement.

b. We do not have enough information to make a determination. An example could be
- identification of pottable resources, such as diesel generators or battery chargers, h>cated
within a 100 mile radius.

c. We do not have enough information to make a determination.

3. What resources can be rnanaged, such as battery power or bosated watcr. to prevent or delay
severe accident conscquences and what is the technical basis for their use?

Is equipment asailable that has the capability to replenish exhausted resources within ihen.

time frame available for recovery. Are ruppliers of essential iemores identified?

b. What offate resources are there that wuld be identified and adequately prepared for
transport to the site under accident conditions?

_

Answer:

Although some EOP procedures speciGed shutting down unneeded equipment (E-3 Step 39
c.t.), there was not a similar step in this procedure (FR-il.1). We could not find a reason why '

this pmcedure should not addressed such things,

We do not have enough material to answer this question. Based on experience with othera.

plants some resouices could be availabic through formal E Plan agreements, made with
suppliers for support in an emergency situation,

b. We do not have enough information to enswer this quertion.
,

4. What potential options for u'.c of u;uipment from another unit hevt. been considered and
optimized?

39 NUREG/CR-6009
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Table 01. (coctinued).

Answer:

'Ihc proceduces for this sequence category do not discuss the use of equipment Isom other units.

5. What additional equipment would enhance ii.e capability to prevent or mitigate severe
accidents?

These is the potential to use dicsci driven lire purips or portable pumps to supply water.

Instrumentation

Note: These questions should tv app!!cd to each sequence category. Each question would be ~

preceded by the phiase,"For this sequence category, ,, *.

1. What instruments an: necessary to identify the symptoms and applicable straegies that will
enable accident management personnel to prevent or mitigate severe accident conditiom?

'

Answer:

From just 1%II.1 pmcedure the following instruments / indications were listed.

RCS pressure and tem;wratme. 50 temperature and pressure, RilR valve at:d pumps siatus,
valve position and SG blowdown, AIM llow, RCP status, centrifugal charging pump status,
offsite power status, condensate system pumps and valves indicators, Si stat us, r,afcpuards sialus,
auto safety injection bh>cked indicator, DG status, reactor . rip breaker status, rod position
status, main feed vake and pump status, main feed Dow, feed wti r system pump and valve
status, condenser hatwell level, SO levels (wide and narrtd core exit TCs, RCS hot leg
temperatures, power to pressurizer (PZR) PORV and o ock valves, and PORV and bhick valve

-

pmitbn 'ndication, service water status (pumps, vahes etc.), Dump valve atatus, atmospheic
relief valve status, Pn level, various valve positions for re-circulation (step 25), charging flow
status (pumps and valves), charging Onw. CST level, ,

2. What are the limitations on the mstrumentation to provide needed in.brmation on plant tevere
accident behwier and how are they communicated to accident management personnel?

Amwen

We do not have access to documents with a discussion af 'astrument limitations for either s'esign
hc41s or severe accidents, it is uncertain whethen an analysis for severe i.ccident cc,nditions has

been performed.

3. What means (protection from harsh enyttonments, operator a ds, e!c.) have been developed to
use existing instrumenu under the expected severe accident conditiom?

NUREG/CR 6009 a.go

_



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

l
l
IAppendis II

Tablo 81. (continued).
. _ - -

._ _

Answr . |

|

We have no infermation on how existiac ir strumentation would be considered for use under |
severe accident conditir m4 )

I

L What methodologies have beca established te identify unreliable daia from instrumco!s under
nevere accident conditions?

:

Amwer
,

We do not b.ve adequate information to anwer th s question. None were identified.

5, What changes could be made to the current mstrument systems that enh mcc their capability
to prevem or mitigate severe accident conditions? -

Amwer: !

It is difficult to tell from the available informadsn. 'lhe feedwater and steam flow as well as
*

level information wouhl be most critical. We are not nure whether they would be operational
when containment conditions are se,cre.

'

6. What additional :nstrument* would enhance the capability to prevent or mitigate sesere accident
'

conditions? .
t

Answr.r:

A measure of steam flow out all possible flow paths. Also a mea;nre of all ossible water flowl
pathe into the steam generator. ;

Training
.

( INote: -lhese questions should be applied to each sequence category. Each question would be
'

.

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

Amwer;
,

1. Ilow does the training provide - personnel involved in accident management with an
understanding of the exper.ted plant behavior, and is this train:ng given at the proper levels ano ;

._ in the detail required to facilitate dec.sion making?

. Amwer:

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

,

it11 NUREO/CR 6009 ,
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4 Table D 1, (continued).

2. Ilow are all [wtsonnel invohed with the training simulator made aware of the limitations in
representing severe accident conditions and is it made clear when the simulation is no longer
salid?

Amwen s

8Limitations on performance are noted in Disciepancy Remnts. During te' ting if invalid
performance is noted,it is identified and reported. *lhese rein.s were not available to 14. 'the
degree to which these limitationn wou|d apply for severe accident conditions woukt depend on ,

.whether a detailed tvaluation had been peiformed of the simulator capabilities for the severe
accident sequencer, identified as important for the plaat.

-

3.- llew are personnel trained 'o ptr<ced if imtruments give what appears to be conRicting
d readings?

,

>

Answen

We do not have sufficient taaining information to nnswer t .is question.8

4. Ilow does the training for all m:rsonnel imrived in accident management ensure that all
important ac:bns or decisions for eveie accident management are included?

D

Answen
K
/We do not h.ve saf0cient training information to answer this question.

5. W% f raining is pvvAed for all accident management pctsonnel on the possible limitations of
equipment, instrumentation and plant information? _

Amwen

'We do not have suflicien; training information to answer this question.

6. What additional tiaining is provided to implement the use of alternative systems and equipment?

Answen

.We do not have uafficient training information to answer this question.

7. Ilow uo drills and simulator exercises consider the following potential restrictions: inhibited
access to equipment as a result of high temperature or radiation levels, limited lighting or loss
of resourco such as electricity, and constraints on the availability of personnel with the proper
skills?

NUREG/CR 6009 IM2
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Table B 1. (continued).

Arawcr:

Drills and simulations may not incorporate actual scal time performance attributes or adequate
representation tf the 1:miting factors of radiation liebts, lighting or loss of other resources. LOP
i:.spections by NHC does look at this and the AOP/EOP should incorpwate this informatin
in the actions.

8. Wha' ate the changes that have been made to the current training progiam to enhance ite
capability to pievent or initigate plant damage?

Answer:

We do not have suff:cient traimng information to answer this question.
^

9. What additional training has been prosided to enhance the capebility to prevent or mitigate
plant damage?

Answen

We do not have sufficient training information to answer this questien. .

e:

_

i

;

(
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0 Appendix B
-

Table B 2. Sequence category questions for framewurk appilcation for inadequate RCS inverttory.
.

Procalores

Note: 'Ihest: questions should be applied to each sequence categgiy. Each question would be
. preceded by the phrase. "For this sequence category. ... *.

1. Which of the current procedures are appucable for psevention or .nitigation of the seveic
'

accident conditions? '
4

- Answer:

+

E..l: steps 7,K,9 check for 11CCS flow to RCS; step 15 checks for PORV position; step 26
checks PRT conditions for leakage into PRT.

E 1: Foldout page list ECCS te-initiation criteria including Pu level; step 7 ehecks Per leve:
as part of Si termination criteria; step 11 evaluates lo'ig term cooling / recirculation mode based ,

on HilR-pumps / valve power and directs to ECA.I.1 LOSS OF EMERU. COOLANT
'

REClRC; step 15 evaluates plant status including ECCS operation and need to refill RWST
(refers to SOI.2); step 17 provides conditions for transition to ES-1.3 TRANSFER TO COLD
LEG RECIRC based on RWST volume.

-

ES I.2: step 9 depressuriiciRCS to allow ECCS refill of Pn; steps 12,13,17,18,19 check Pn ,

level as ECCS pumps stopped and normal charging established; step 23 veri ~ies addition ECCS

NOT required.
.

ES.I.3: steps piovide for transfer to recirculation mmic for ECCS.

E 3: Foldout page list ECCS re-initiation criteria including Pn level; step 7 checks PORV
,

position and provides transition k) ECA.3.1 $OTR WITil LOCA S13BCOOLED

RECOVERY: step 15,16 picvides transition to ECA-3.1 SOTR WITil LOCA.. SUBCODLED
RECOVERY: * step 18 depressurizes RCS to rainimize primary to secondaru loss; step 21
checks Pn level ro ECCS pumps stopped and normal charging established; step 26 verifies

. addition ECCS NOT rr.juired; step 31 provides decision chart for balancing the SG (ruptured)
and Pu Icvels based on SO and Pu levels; *ES-3.1,3,2 and 3.3 provide POST SOTR cochlown

methods based on availability of equipment, limiting contamination, water inventories and time.
E-3 identifies all three methrds in step 43 stating as directed by TSC or Shift Engineer. Darir,

for scicction are identified in Dackground Document.

.ECA-0,0: step 3 verides all paths from RCS are isolated to maximize water inventory until'

ECCS flow can' he established (LOSP); step 7 hvally isolates RCP real and cooling paths-

(primarily thermat shock prevention but does isolate ponible leak path); step 16 hotructs
depressurbadon of SG to lower RCS pressure to allow Si Accumulaton to inject and provide
their water volume; step 32 identilles recovery proced.are based on ECCS requirements

-including Pn level.

NUREG/CR 6C09 -B.14
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Table B.2. (continued). i
._ .

ECA 0.2 steps 1,2,3 check RWST inventory and ECCS alignment and plocides instruction for
establishing recire based on RWST level;

.

I

ECA 1.1: Step 2 provides instructions for makeup to RWST, including alternative wurces
(Other Unit RWST, SFP, Primary Water, Demineralized Water, Fire water) ir <ccire cannot be
er.tabhsh.d, Entire procedure kioks a ways of ensuring adequate now to RCS yet maintaining
maximum r,ource capability. - |

F.O.6 CSFST: looks at Per level and RVLIS inventory. All are yellow path since the majo ),

inventory corcerns are addressed by other CSF concerns (Core Cooling and Integrity). - |

i

FR.C.1: steps 2/l,4,lo4 cl'eck Dow; step 6 vetifics St Accumulator availability; steps 7,17,24
check RVLIS if avail;;ble; step 11 checks RCVS vent paths isolated; steps 12,20 depressuriec
SGs to cauw Accu'nulator injection.,

'
FR-C.2: steps 2,3,4,17 sheck ECCS Jw; step 5 checks RCS vent paths isolated; steps 7,9,20
rhecks RVLIS indication; step 10 verifies SI Accumulator availability; step 12 depressurizes SGs
to cause Accurnulator injection.

FR.C3: sic (4. 2,3,4 check ECCS How; step 5 checks RCS vent paths isolated.

FR.11.1: steps 1418 establish Primary Feed & IP:ed with ECCS,

FR.I.1111011 PZR LEVEL directs concern to limiting Dow into RCS, establishing letdown and
controlling RCS pressure (oossible PTS).

FR.I.2 LOW PZR LEVEL directs concern toward ensuring letdown isolated and normal
.

charging now eshblished, step 5 includes alternatives to normal charging including operating
Si pumps and estahHshing BIT pm or transition to E 1)

,

FR.13 LVOlDS directs concern toward insuring normal letdown and charging in se vice,
maimaining adequate Pzr level for pressure control and void collapse.
AOh.s

AOP-1.1: step 1 directs the star of addition charging pumps and increase in charging Pow based
. o_n dern#ng hr level. Directs Si init ation if level coinnot Se maintained.i

2. Whht changes could be made to the current procedures and guidance to enhance the capability
| to prevent or r,'.itigate Ilic wvere uccident conditions?

Answer:

IdentiGeation of other sources of water and how they should be accessed could be identined end

procedurally incorporated (see 1. 'dCA.11).
.

Ibl5 NUREG/CR-6009
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' Appendix li'm

Table B 2. (' continued).

3. If afternate sptems and equipment me important, what procedures and guidance exist to
facilitate their use?

Answer:

Reference to 5012 provides the procedure for normal m ikaup to the RWST frorn the b!cnder
t.ystem but does not identity alternatives.

4. What procedures consider tong term tecmcry actions that may be necessary for accident.

management? (Eumples would be establishing long term cere cooling or long term contaimnent >

coch.ng.)
-

- Answer:

The following procedures apply: ES-1.2,1.3,1.3: ES-3.1,3.2,3.3; ECA 1,t. We were not able
to determine whether these proceGres would 1,c adequate for long term recovety under severe
e chl:nt conditions. Ilased on the informa', ion we have availabic, the current procedures do not

seem to stres.s long term recovery actions. 'They do cover core and containment coolir.g actions
fo; design basis accident conditions that shoukt be considered shcrt to intermediate term ,

recovery attions for severe accidents.7

' 5. What ptocedures and guidance providc instructions on how to evaluate information, either from
' instrumentation or from other sources, that is apparentiv conflicting?

. Answer:

, RNO sedian provides snme guidance. General guidance is detailed in Administrative Proceb ac
ZAP-0 5.3.15 Policy Regarding Operational Practices and ZAP 5 51dA 3 Policy on Operator _

*

Use of EOPs,

6, >Whc additional procedures could be added to enhance the capability to prevent or mitigate
'

plant damage?

Answen

Based on the information available, we di t no: identify edditional pmcedures.

Decision Making

Note: These quest.'ans should be applicJ to each sequence category. Each question would be
preceded by the phrase. Tar this sequence category, . . "c ,

1. What are the current assignments of regensibility .nd authority for decision making?

NUREG/CR-6009 B.16-
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Table B 2. (continued).
___ _._

Answen

%c e.ssignments appear to be spetired in EPIPs and ZAP.0 scetion 5.1 and ZAP 5-5!. 3A
Section 3 & Appendix A (specific for EOP responsibilitics). We did not have access to these
documents.

.

2. Ilow were the currently used lines of communicat. ion between the conttol room and the
technical support centci and other emergency response and planning facilities evaluated and
validated?

Answn

Specified in EPIPs and communications systems evaluated in F"lP 110-1. We did not have
access to ther.c documents.

3. To what extent is long term accident rnanagement considered in the decisian making process ;

including the bads for determining when the reuwcry phw: is complete?
,

Answer:

The availability of decision making guidance is hmited. The guidance that exists is .pecified in
EPIP-100-1 (section 8), EPT-330-1 CLASSIFICNrlON OF GSEP CONDITIONS and
EPIP-100 3 RECOVERY, REENTitY AND TERMINATION 'not avai|able). Some existing 3

guidance includes categories for classifying and review; PAO recommendations; identification
of operating equipment; cone damage assessment; dose assessment. Mitigation strategies are
not identified in tue information that we have.

4. What decision making is defined in the current proculures and guidance?
_

Answen

see 3. above.

5. What decision points are identified for expediting administrative controls to facilitate the repair
or recovery of equipment?

Answen

None were identified based on the limited information available.

What uidance is given to decision makers for prioritizing alternate actions, identifying and6. g

avoiding potential negative effects, and evaluating long term plant recovery?

B-17 NUREG/CR-6(K)9
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Appendix D - ,

! "lable B 2. (continued). - -

Aruwen

None were identified based on the limited information available.

7i What changes in the assignments of responsibility and authority could be made to iner.me the
capability to prevent or mitigate plant damage?

Answer:

'We did not have sufficient information to answer this question.

Fquipment

Note- These qccstions should be applied to each sequence category. Each question would be
preceded by the phrase,'For this sequence category, ... *.

1. What existing plant equipment could be used to perform the function of failed safety systems,
for example, non safety-grade equipment that could supply water, or jumpering to make
available alternate sources of power?4

What are the ultimate operating limits for the existir.g equipment that could be used asa.
.

atteinntes to safety grade equipment?

Answen
,

Specified sources with existhig piping from otner unit 11WST, if it is determined that borated
water is not necessary to prevent criticality, several sources could be used. Considered makeup

,

from SFPaia _ normal SFPC&PS and peimanent piping; The lineup and operation is NOT
covered in procedure. Consider makeup from Primary Water via any available path. The

-

lineup. temporary hookups and operation is NOT covered in procedure. Consider makeup from
Demineralized Water via normal SFPC&PS and permanent piping; he lineup and operation
is NOT envered in procedure. Consider makeup ham Fire Wa:er via any available path. The

' lineup. temporary hookups and operation is NOT covered in procedure. Other system / sources
,

are not considered since rnost are redundant or lost. of non redundant items are procedurally

cmered (EOPr.).

The ultimate operating limits are not formally recorded or listed.in the information- a.

. svailable to us. Additional information would be necessary to- answer this question.
Possibic sources are SOPS and vendor information zap 6-52-5 (unavailable). Other may

include ZAP 18-5 PLANNED AV A1 LABILITY OF COMPONEN'IS AND SYSTEMS
(PACS) WALKDOWN PROCEDURE.

2. .What provisions could be made to facilitate repair or replacement of failed equipment for this
sequence category. Consider both the availability of parts and the capability to gain access to
failed equipment exposed to severe accident environments?

.NUREG/CR 6009 D-18
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Table B 2. (continued).
- -

What replacement equipment and spare parts have 'sen idatified including their beationa
,

and n: cans of transport and installation idthin the time available?<

b. What advance preparation of hardware, for example, spa! pieces, pre.gmsitioning of
equipment, etc., would fadlitate 'he use of existing alternate equipment to praide a
significant increase in "quipment . .pability?

t

What offshe resources are there that couhl be identified arvi adeq>ia:ely prepared for i
e

transport to the site under accident conditlens?

Answer:
;

We did not have adequate information available to answer this question. t

3. What resources can be managed, such as battery power or borate <l water, to prevent or delay '

seven.: r.ccident unsequences and what is the technical tmsis foi their use?

Is equipment available that has the capabit'ty to replenish exhausted resources within thea.

time frame available for recovery. Are suppliers of essential resources identified? '

b. What offsite resources are there that could be identified and adequately prepared for .

transport to the site under accident corrlitions?

Answer:

,

We did not have sufficient informathm available to answer this question.

a. None noted. They are possibly in Administrative Procedures not available to us.

'

b.- Nonc noted. Use of portable pumps, fire engines or other portable equipment was not
considered in the available information. *

4, What potential options for use of equipment from another unit 1. ave been considered and [
optimized?

t

Answer:

Use of the BWST from.the other unit is included via Administrative Contral. The crosstic
- would be made using permanent plant equipment. No reference could be fo4.id in the current
pmcedures to consider the use of pumping systems from one unit to supply injection to the

'

. other unit.

1 .What aJJitional equipment would enhance the capability to prevent or mitigate severe core
damage?

2
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Table D.2. (continued).

Answer:

Suflicient information was not available to us to adequately answer this question.

Imtrumentation

Note: These questions should be applied to each sequence category. Each question would be
"

preceded by ine phtase. *For this sequence category, . *.

1. What instrumenta are necenary to identify the symptoms and applicable strategies that will
enable accident management personnel to prevent or mitigate severe accident conditions?

_.

Answer:

4
IlVLIS, Pressurizer level, ECCS tioww, ECCS valve indications, RWST level, CSMT sump
leveh, St Accumulator pressures andlevels Steam Generater pressures,llCS pressure, charging
flow, letdown llow, RCP seal injection flows. Core Exit Therrancouples can provide indirect ,

enmparison for level problems.

2. What are the limitations on the innrumentation to provide necoed information on plant severe
accident behavior and how are they communicated to accident management permnnel?

Answer:

We do not have access to documents with a discussion of instrun ent limitations for either design -

basis or severe accidents. It is urwertain whether an analysis for severe accident conditions has ,

been performed.

3. What means (protection from harsh environments, operator aids, etc.) have been developed to
~

use existing instruments under the expected : severe accident conditions? ,

Answer:

The available information was not adequate to answer this question.

' 4. What methodatogies have been established to reduce and resolve data from instru:nents under
severe accident conditions?

- Answer:

Nonc noted from the limited information available.

5. What changes could be made to the current instrument systems that would enhance the
capabi'ity to prevent or mitigate severe accident conditions?

NUREG/CIM009 B.20
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Table B-2. (continued).
"

<

_. .

Answer:

Although there is not sufficient informa: ion availtble, one possibility would be a more reliable
computer system for RVLIS?

6. What additional instruments wouki enhance trie a:aphlity to prevent or mitigate severe accident
conditions?

Answer:
i

improved measurement of core and RCS conditions if the core is near or experiencing core
damage. An example would be temperature readings of the lower head either through
thermocouples or by optical means.

'

Training

~

Nete: These questions should be applied to each sequence category. Each question wouki be
preceded by the phrase, "For this sequence category, _. '.

1. How does the traming provide personnel invohul in accident management with an ,

understanding of the possible severe accident piant behavior, and is this training given at the
proper levels and in the detail required to facilitate decision making? .

Answer: .

There was not sufricient training material available to make an adequate evaluation. EOP
training is yeany. JTAs identified with K/A identified and LP objectives identified where %,

- appropriate (e.g.JT0000110501 RESPOND TO A LOCA, K/A 00m111PK3.03 KNOWLEDGE
OF Tile SYMPTOMS AND IND' CATIONS OF SEL.ECTFD CASUAlll'IES, Objective "

672-01).

2. How are all perr.onnel involved with the Raining simulator made aware of the limitations in
, representing severe accident conditions and is it made clear when the simulation is no longer

y
valid?

Answen
.

. Limitations on performance are noted m Discrepancy Reports. Durinj;. *esOg if invalid
performance is noted, it is identified and reported. These reports were not available to us. The
degrce to which these limitations wouhl apply for severe accident conditions would depend or

, whether a detailed evaluation had been performed of the simulator capabilities for the severe
occident sequences identified as important for the plant.

3. How are personnel trained to proceed if instruments give what appears to be conflicting'

readings?

NUREG/CR-6009B-21
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: Table B 2. (continued).
,

E

#
- Answer:

sa.

Adequate information was not available to answer this question.4

4. How dces the training for all permnnel involved in accident management ensure that all
important actions or decisions for severe accident management are incluJed?

Answer:

_ Adequate information was not availr k . ..swer this question.
)

5. What training is provided ior all accident manag.ement personn,:1 on the possible limitations of
- equipment, instrumentation, and plant inforrr.ation?

4

Ausyscr:
7

Material for evaluation was not availabic. Individual lesson plans cover the equipment atui
instrumentation on a system and component level Some liraitations muy be covered during this=d E

presentation.

' 6;- Whabidditional tramingir provioed to implemen the use of alternative:.ystems and equipment? ,

E Answer:
.

Alterna:ive actions and local operatonctions are net evaluated during mest simulator scenarios.
The ability to make decisions and utilize local operators is evaluated. Some IPMs may cover
these local actions but are p,enerally based on Trs covered by existing procedures. RNOs and -
alternate actions that-do not Est specific irutructions or are not co e ed in AOP/SOf are not

~

performed.

7. How do drilis and simulator exercises consider the follow ng pc. atial restriction!: _ inhibited
access te equipnent as a resu!t of high temperature os radiation levels,' limited 1ighting or loss -

.

-of resources such as electricity, and constraints on the availability of personnel with the propct-
"

- skills?
<1

x = Answer:

' Drills und simulations may not incorporate actual real. time performance attributes or adequate
~

. representation of *he limiting factors of radiation field.w lignting or loss of other resources. EOP

e- inspections by NRC does look' at this and the AOP/EOP should incorporate this information
inihe actions.'

- is. .What are the changes that have been made to the current training program to enhance the
capability to preven'. or mitigate plan damage?

L

'
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Table B 2. (contirn:cd).

Anr.wer:

t Training material was not available for evaluation. In general, a more in<icpth approach to
problem-solving techniques and accident management courso that provide decision making
techniques would be beneficial. Also training for team-based decision making should be
included.

9. What additional training has been provided to enhance the capability to prevent or mitigate
plant damage?

I Answer:
_

Training material was not available to cnwcr this question.
-

e-

e

~

1
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Appendix B ..

.- Table B 3, Sequence category questions for framework app)! cation for containment heat removal.-
.

Promiurcs

Note: These questions should be applied to each sequence category. Each question w>uld be
preceded 'oy the phrase, ' Tor this sequence category. -. *.

,

1. Which of the current procedures are applicable for prevention or mitigation of the severe
accident conditiond

- Answer:
4

The following EOPs:

E-0: step 5 check of ECCS equipment lineupi step 11 check of Containment Spray (based on
containment pressure).

E-1: step fl chen of Containment Spray; step 15.c check of ECCS equipment (non. specific),-

step 19 check of R11R spray.

ES.1.3: step 2 cheek of Containment Spray; step 13 alignmeat of RHR spray.

E 3: step 2i' check 'of Contahnent Spray: step 40 places RCFCs to nottnal operation (based
~

on containment pressure).

E C A 0.0: step 20 RNO checks Containment Spray pumps (DG pump requires cooling of SW
& ciectrical din:harge valve OPEN).

ECA.O.2: steps 2 '& 3 set conditions for running and start RCFCs: step 6 set Containmens
Spray pump hand switches in STBY.

FC.5i Status Tree for Containment checks pressure and water level.

FR-Z;1:: step 3 checks containmens spray flow step 4 checks RHR spray flor. step 5 checks - |

RCFCs owration (SW valve position.& fans running in LOW).s,

2. What changes could be made to the entrent pmcedures and guidance to enhance the capability
- to prevent or mitigate the severe accident conditions?-

_
_

g
Answer.

Operation of the RCFCs whh or without cooling water (SW) availability is not covered.

3. If alternate systems and equipment are important, what proceduies and guidance ex;st to
facilitate their use?

:NUREG/CR-6009 n.24
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Table B 3. (continued).
4

Artswer:

- No altertia'.es are idenuried. Systen.s are safety relmed and redundan Tech Specs provide fc<r.

required operations and testing.

4. What proce lures er,usidei iong term tecovery actions that snay bc necessary for acudent
'

managemem? (Examples would be establishing long terrr cote cooling or iong term containtnent
cooling.)

.

Answer-

Rc covery appears to oc included in ES 13 Tramfer to cold leg recirculation.110 wever, based
on the information we have available, the current procedures c'o not wem to atress lang tcrra

_

'

recovery actions. 'ihey do cever core and containmeu ccoling actions for design ba.,is accident 3

conditions that should be considered t.hort to intermediate te.m recmcrj actions for severe
,

accidents.

5. What procedures ad guidance provide instructions on how to evaluate iniormador , either from
instruay.ntation or from other sources, tha; is appaiently con 0icting?

>

Answer:

RNO section provides some gt.idance. General guidance iss'.ctailed in Adminstrative Procedure ,
ZAP-0 5 3.15 Policy RegarCng Operational Practices and ZAP 5-51-3A 3 Policy on Operator g
Use of EOFs.-

e 6, What additional procedurcs could be added to enham.e the cepabi!:ty to prevent er mitigate ..

- plant damage? --

r

Answer: y
. ,

3

a _ A proced. ire cou:d be added to describe 'bt use of the fire water system tie in;o the Service
Water (at the Dicact Generator coolers) to ako nroide cooling to the RCFCs during accident
conditions.

.!
Decision Making

Note: These question:. shou'd te applied to each sequence category. Each question won:d be-

preceded by the l'hrase 'For this sequence category. . ".

~ 1. What are the current assignments of responsib2"; and authority for decision making?

.

NUREGCR-6009gg
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p. . E ' T. ablo U.3. - (continued). , w-

s' '

Amw:r: g

Adequare innrmation is not available to answer this question. Appean to be specified in EPIPs
and ?AP 0 section 5.1 and 7AP-5-51-3A section 3 & Appendix A (specif4 for EOP
res;masibilities). J

ht
7- flow were the currently used lines of communication t etween the contral room and the -

+

technical support center anu other emergency response and planr.ing facilities evaluated aut
validated?

Answer.
m

"
Adequate information is not available to aaswer thh question. Appears to be specified in EPIPs
and communications systems cuduated in EPIP-410. . 4

3. To what extent is long team acc; dent m:magemcat considered in the decision mning pmcess
inchiding the basis for determining when the r:covery phase is complete?

I' . Anacr: ,

Adequate infonnation is not ava;lable to ansv.mt this question. The gui:!ance that exists is
specified in EPIP-100-1 (sectior 8), EPIP-330-1 CLASSIFICATION OF GSEP CONDITIONS
and EPIP 100-3 RECOVERY, REENTRY AND TERMINATION (not availabic). Some ,

existing guidance inciudea categories for classifying and review; Protective action Guidelines
(PAG) recommendation.; identification of operatmg equipmeat; core damage assessment; dom ,

assessment. Mhigation strategies ure not idertified. ,

4. What decision making is & fined in the cunent pmcedures and gui tance?
w

Answer:

?ee 3. above. ,

S. What decision points a;c idcetified for expedit:ng administrative controls to facilitate the repair
or recovery of equipment? ,

Answa:

We do not have su!feient information rvailable to answer this question.

What guid mec is given to decision mtIkers for prioritizing alternate actions, identifying and6.

- avokhnp potential negative cifeels, and evaluating long term plant recovery?

NUREG/CR-6009 B-26 ,
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Apper3 dix 3

, Table B-3, (continued).o
__

,

- Answen .
r
.

! We do not have sufficient information available to answer this question.
:
e 7. What chaages in the assignments of responsibility and authority could be made to increase the

capability to prevent or mitigate plant damage?

- Answer:
< .

We do not have sufficient information available to answer thh question.t

Equipment m
,

-
-

_ Note: Tnese questions should be applied u> carb sequence category. Each question would be
p _ preceded by the phrase, "For this r,equence er.tegory, ... ',
..
>

1. Wnat existing piant equipment could be used to perform the function of failed safety systems,
,

| . for example, noneafety. grade equipment that could supply water, or jumpering to make
available alternate 1,urces of power?

_

$ a. What are the ultimate operating !!niits for the existing equipment that could be used as
alternates to safety grade equipment?

_

Answen

*
Fi:e water system may be capable of being utilized to provide cooling water to RCFCs.

'

a. - The _ ultimate operating limits are not formally recorded or listed in the information .
'E ,

- available to us. Additiona! information would be necessary to answer this question.
- Although NOT an alternative system, specific limits on operation of the diew! driven- -

Containment Spray pump exists based on availability of cooling water (SW) and position
of header discharge valve.

2. What provisions could be made to facilitate repair or replaccment of failed equipment for this '

wquence category. Consider both the availability of parts and the capebil:ty to gain access to= '

-

failed equipment exposed to severe accident environments?
<

a. - What replacement equipment and spare paris have been identified including their k) cation
__ and means of transport and installatirn within the time available?

-

b. .What advance preparation of hardware, for example, spool pieces, pre. positioning cf
'

- equipment, etc., would facilitate the bse of existing alternate equipment to provide a
- significant increase in equipment capab;lity?-

-

|
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Table Bb. (continued). 3m-

'
c. .What offsite *esourece are there that could be identified and adequately prepared for

transport to the site under accident conditions?,

Answer:

'

We me not able to answer any parts of fnis question based on the maktial available to us.
.

3. What resources can be managed, such as battery power or barated water, to prevent or delay
severe accident conr.cquences and what is the technical basis lor their uw? -

Is equiprnent availab!c that has the capability tr repleniu exhausted resources within thea.

time rame availabk for recovery. Are suppliers of essential resources identified?r ,

b. What offsite resources are there that could be identified and adequately prepared for

tranyport to the site under accident conditions?

Answer:
4

We did ner have sufficient information available to answer tNs quesnon.
i

None octed, possibly in Administrative Procedures that we do not have,a.

b. None noted based on the avaiiable information.
>

4. What potential options for use of equipment from another unit been considered and optimized?,

Answer:

Ncne noted based on the available infermation. The capability to share service water and
component cooling water would provide additional flexibility for this sequence category.

*

5. What additional equipment would enhance the capability to prevent or mitigate severe core
b damage? =

Atwwer:

Sufficient information is not available to us to answer this question.

Instrumentation

Note; ?These quespons should be applied to each sequence category. Each question would be
preceded by the phrase. "fbr this sequence category . . ".

'

i. What instrumeats are necessary to identify the symptoms and applicable strategies that will
enable accident management personnel to prevent er mitigate severe accident conditions?

MUKEG/CR-6009 B.28
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Appendix B

Tablo B-3. !(continued).
- .

Answen

! Containment air press; ire (SR), temperature, humidity; Containment sump levels. RCFCs: SW
outlet rad monitor; SW valve positions. Containment Spray: outlet header valve positions;

. suction pressure; discharge pressure; Dow. RHR: heat exchanger intet/outh.t temperatur.3; ,

spray header discharge valves; flow.

2. ; What are the limitations on the instrumentation to provide needed information on plant severe
'

uccident behavior and how are they communicated to accident management personnel?

Answen

We do not have access to documents with a discussion ofinstrument limitations for either design
.bnsis or severe accidents. It is uncertain whether an analysis for severe accident conditions has

; been performed.
'

'

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

Answer:

Pressure is post accident qualiued instrument for design basis canditions. 'Its survivability under
severe accident conditions is not known. Most other instruments for this category are not
' subject to extreme conditions, other than possibly radiation.

- 4. What methodologies have been established to i<lentify unreliable data from instruments under '

severe accident conditions? -

Answen

. . .

: None noted based on the material availt.ble to vs.y

5. What changes could be made to the current instrument systems that would enhance the''

capability to prevent or mitigat(severe an:cident conditions?

Answen .

C (We'did not have sufficient information available to answer this quesuon.

What additionalinstrumentr would enhance lf e capability to prevent or mitigate severe accident6;
7

conditions? -
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i+ Tabl4 B-3,| (continued);
--

t
~'

Answer:

ce LContainment liner temperature sensors might enable better tracking ofcontainment heating / lack
'

r of adequate cooling.
,

.

Training
-

' Note: These quenions dould'be applied to each sequence category Each ituestion would be
pieceded by the phmse, 'For this sequcnce category, .. *.,

-L. How does the training provide personnel involved in accident management with- an -
unclerstanding of possible severe accident plant behavior, and is this tr.4ining given at the proper

~

levels and in the detail required to facilitxte dec6 ion making?
'

w

: Answer:
s

The tra:ning materia! available was not adequate to make -: bis evaluation. EOP training yeatly.
,

2, ;!!ow are a i perso ncl irnolved with the training simulator made aware of the limitations in
represeniing severe accident conditiora and is it made clear when the simulation is no longer'i-

. valid?

Answen -

-_ Limitations. on perforrnance are coted in' Discrepancy Reports, During testing if invalid
performance is 'noted,it is identified and reported. These reports were not available to us, The'

-degree to wid.nh these limitations would apply for severe accident conditions would depend on
. whether a detailed evaluatbn had been performed of the simula'or (apabilities for the severe
accident sequences identified as important for the plant.

* 3. How are personnel traiacd to proceed if instruments give what appears to tv connicting
readings?

y

Ar.swer:

Materlat for evaluation was not available to us.

!

,@ 4 'How dxs lhe training for all personnel involved in accident mamigement ensure that all
'

important actions or decisions for severe accident management are included?

Answer:'

n

3 Muterial for cvaluation was not available to us.
..

|

|
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: Tabic B 3. (c(mlinued).
.

-

-

: 5. ~ What training is provided for t.ll accident management personnel on the possible lim;tations of
equin.nent, hstrumentation, and plant information?

Amwer:

Material for evaluation not asai!alde to us. (ndividual leaon plans cover the equipment and .,

"instrumentation on a sptem and commnent level. Some limitations may be ccwcred during this
pteentation.

6. What additional tiainingis provided to implement the use of alternative systems and equipment?

Answer:

Alterr.ative actions and local operator actions are not evaluatel during most simulator scenarios.
The ability to make &:cisions and utilize local operators is evaluated. Some J1 M5 may cover
ther.e kwal setions Nt are genenlly based on JTs covered by existing procedures. RNOs and
alternate actions that do not list specific instructions or an not covered in AOP/SO1 are not j

* performed. i

7. How do drills and simn'iatos exercises consider the following potential restsictions: inhibitui
'

acces to equipment as a result of high temperature or radiation levels, lin'ited lighting or lors
of resources such as electr city, and constraints on the availability of usannel witn the proper 'kl
skills? -

s

Ansver:

Drills and simulations may not incor} crate actual real. time performance attributes or adequate
cepresentation of the limiting factors of radiation fields, lighting or loss of other resourets. EOP
im.pections by NRC does look at this and the ACP/EOP should incorporate this inftimation
in the actions.

8. 'What are the changes that have been made to the current training program to enhance the-

capability to prevent or mitigate plant damape?

Auswer.

Treiuing material was not available for evaluation. In general, a more in. depth approach to
problem. solving techniques and acciden: management courses that provide decision making
techniques would be beneficial. Also training for team. based decision taaking. for examt.!c in
the TSC, should be included.
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TabM B-3. (continued).
__. .-

.

9.' What additional training h:a been previoed to enhaace the capability to pievent or initigate-
piant damage?

'

Answet:

Matetial for evaluation was not available to us,

a

.
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,

,

1:3,

6 e' ' Table D-4. Sequence category questions for direct containment heatin; (DCll).-
-:. - ..

.

7'?

Procedniec

~ Note: Mese questions should be applied to each sequence category. ' Each question would be*

i
,

precedcd by th' phrase, *For this sequence category,,,. *i e

1. !Which of the current procedures are appli:able for pawntion or mit(ation of the severe
accident conditrans?'

- Anwer:
,

Tlie procrd ires that we havs. do not specifically discuss the possible coruequences of DCH (
for exemple that it can cae:,e rapid pressarbatica of the watainment). If DCl! ha occurred,
upemtor actian: woald have little effect on wh< ther the containtnent fril9 la the shoit term.-

.

1RCS depressuriv. tion is in the procedures. It s iWtiated using POR% and upper head ventsi -

' when core exit '.herm<xouples are greaser than 1200 F.

? 2. LWhat changeocould be made to the current procedures and guidance to enhance the capability
- to prevent cr gdtigate the severe accident coaditions?

$swer*.

2 Giutionf on the likelihood and consequences of DC11 if the RCS pres,,ere remains high

3

Cimtiens on the I;kelihood of steam explosions may also be needed if rescan.h indicates steam
,

explosidns at low p essures would han negrtive connquences.

1 Lif_ alternate systems an-! equiprnent are important, what proecdures and guidance exin :.n
~

-

..

facilitate ti.eir use?-

Answer:

.

There are no alterrmte spiems and eqdpment that are re.agniwd as being apecifically ased for
DCH and consquently, thLre are tro procedures. RCS depressurization is one prnentatiu

- me.isure for DCII that is aheady included in the procedures.
.

24. 'What pmcedures consider 'ong urm recovery neliens thet may be necessary is accident"

managemeni? (Examples would tv estabEshing long Icrm crire cooling or lonperm esmtainment
,

,

- cooling.)

NUREG/CR 6009B-33
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Table B:4. - (continued).
1 - +

*

Answer:,
,

|Only depressurization is currently included in the procedures and it vwdd not be considered
'to tw long term. Based on the information we have availabic, the current prowr%res do not
sce'n to stress long term recovery actions. They do cover core and containment cooling actions
for design basis accident conditions thi shouki be considered short to intermediate term ;

recvre actions for severe accidents.
,

5. What procedures ard pidance provide instructiori on how to evaluate information, either from -

,

instiansentation or from other sourecs, that is apparently conflicthg? ;

,

. Answer-- ,

,

The cuttent procedures do not specifically give guidance on hyv to evaluate information that
emay be contlicting for DCH. The procedures are constructed such that you are lead from one
step to another with a leically binary (yesino) decision proecss. If an instrument was providing
eironeous informaiion that leads down a wrong path, later steps should guide you back. We*

,

do not have entsugh information to determine whether they do an adequate job dudng severe
,

accider ts.

6. _-What additional procedures could be added to enhance the capability to prevent or mitigate
plant damage?

,

= Answer:
,

Procedural fixes to DCH could only help _if the ~ was a means to identify that the lower head - 1

was heathg up arid a way to prevent lower head failure, such as cavity fk>oding, or to mitigate
- the effects of lower head failure.

.

Decision Making ,

, .

} Noie: These questions should be applied to each sequence category. Each question would oc ;

preceded by the phra,c, "For th3 sequence category. ... ".
_

k L _What'are tht: current assignments of responsibility and authority for decision making9

m

-- Answer:--
\ 1

In the information available to us, there are none directly for DCH. Indirectly, the operator
' will follow the procedures and has the responsibility and authority to initiate RCS

| depressutization using the FORW and upper head vents.
L.
|

l'
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,

. S, L able B-4.; {contim ed).T

2. , How were the currently-used lines of communication between the control room and the
technical support enter and other emergen.:y response and planning facilities evaluated and
validated?- "

4 . Answen

We do not have Se ficient information available to answer this question for this sequencer

category.

3. To what extent is king term accident management considered in the decision making process
inciMing the basis for determining when the recovery phase is complete?,

- Answer:

- We do not have suf0cient information available to answer this question for this sequence
category,

4, What'de:ision making ir dcfined in the current procedures and guidance?

. Answen

We do noPhave sufficient-information available to answer this question for this sequence
: category

.,

~ Whai decision points are identified for expediting adrainistrative controls to facilitate the repair
-

- 5. ;
~

'

,

. or recovery of equipment?

_ 'Auswn

Equipment repair will not prevent or mitigate DCH directly it could have and indirect effect
by preventing or mitisating conditions that lead to DCH. ;

6,1 "What ' guidance is given to decision makers for prioritizing alternate actions, identifying and
avoiding [mtential negative effcets, and evaluating long term plant recovery?

_

-Answen ~.

.m

i.We do not- have sufficient Jnformation available to answer this-question for this sequence
category.

u

.. 7. -.What changes in the acaigtiments of resporisibility and authori;y could be made to increase the*

'

? capability to prevent or mitigate plant ' damage?

t
ki
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$,, ifrable B 4.1 (continued)J
7-- m

.
~

:^nswer:g

' iL We 'do not have sufficient information available to answer this questicn fin this sequence'

. category.
.

hrx ,

: Equipment .'

n' : Note: .nese questions should te applied to each sequence category. Each question would be
preceded by the phrase, "For this sequence category, , , ". s

y' _l. What existing plant equipment could be used to perform the function of failed safety systems,
m; for exmuple(non safety grade' equipment that enuld supp|y water, on jumpering to make
[ (av ulable alteriste rhurces of power?

! a. What are the ultimate operating timas for tiie existing eqmpment that could be used as

,' - alternatet to safety grade equipment?

Answer -* -

[ Prevention of DCH has_ the potentia; to be accomplished in several ways: (1) prevention of
~

'

z c6re melt; relocation, end vessel failure, (2) ensuring that the RCS is ut a low prestore prior to,

(vessel faimrei aud (3) flooding the cavity surrounding tiva resctor ves,cl recol the vessei and -

prevent failure; Cxisting plant equipment that would be applicabic for the firn way wwd bc
. addressed in thebuessment of seticenic categories essociated with the Prevent Core Dispersal

p -from Vesse! Safety Objective %e usdof existing equipment to depmssurne f he RCS, number-
- two above!could be accomplished using the PORV and the uppet head vents. Dr:re is no

4 1 alternaic ' quipm:nt onit'he RCS that the operator has direct control over. Depressurizatione

', using secondary cooling may be an eption if there is sufficient coelant remaining in the RCS to -
transport larg6 amounts of clergy to the s! cam generaton Mternate equipmt.r/. in this case -' -

,

owould be use of the atmospheric dump. valves < secondary PORVs, turbine bypass, and main
-

".( is;eam bontrol vahes. {There would also need to be means er feeding the steadenera: ors.
,~ LThese have been discussed for othei sequence categories sud reage from auxihmy feedwater q

''

M y the use of diesel driven fire pumps Fkxwling the cavity surrounding the reactor vesel vould
Sely be armmplished using containment sprays. No alternate equipment was identified to'

: accomplish this task.
''

<1
S Mitigatien of DCH niay not he praesed since b occurs over a very short trme period.' Inerting -

[, : the containment could clhuinate some cPhe energy addition resuhing from hydrogen burns but
'

f ?the ieduedon in energy addition may not 1 c suflicicut to prevent high pressures and possible
contaigment fa'uure. Some European couniries have mstalled large vent lines with ruptt:re dis'a.>

,

1'' He effluent wou!d not be filtered so a release to the cevironment would be certain.. Therc
_ would not ta: alternate equipinent that could accort plish this task since the pressucization is so
*

D, rapid.
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Appendix 11

fable B-4. (con'.inued).
.- .. -

a. inc ultima.'.e operat5g limits are not fornnily recorded or listed in the information
available to us. Additional information would be nec;ssary to answer this question.

2. What provisions could be made to facilitate repair or replacement of failed equipnient for this
wquer.cc category. Consider both the availabili'y of part ano the capability to gain access to
fuited equipment exposed to severe accident environments?

a. What replacement equipment and spare parts have oeer, identiGed including theli location
. and means of transport and instaFadon withm the time available?

b What advance preparation cf hardwar,' for examp'e, spool pieces, pre-positioning of
equipment, etc., would facilitate the use of exicitg alternate equipment to provide a -

signifkant increan ;a equipment capability?

- c. What offsite resources are there that could be identified and adi, wiely piepared for
transport to the site under accident conditions? ,

a
Ansvxt: C

The PORVs and upner head vent equipment is inaide the conuinment and could not be
repaired or replaced. Repair of equipment associated Wth tbc sseam generator feed and bleed
operation may be possible but would depena strongly on the timing of the accicent and the
areas con.aminated by radiation released as a consequense of the accident These types of
repairt, would be considered a part of the t oss of Secondary Feat Sin c Sequence Category.i

Repairs of equipment that could be used to flood the cavity would be considered for sequence
categories avociatcd with containment heat remoeat.

We did not have enougn information avai>ble to assess the raaibbili!y of spare parts. l,-a.

,

b. We did nos hase enough informadon available to assess the use of alternate equipmen'.
and resource > and the prepositienmq of equipment

e

We did not have enough mformation availasic to assess the avai' ability of cifsite resources.c.

3. What resources can be managed, such as battery povxt or borated water, to prevent or delay
severe accident consequences and what is the technical basis for their trie?

4

a. Is equipmet available that has the capability to replenish exhausted resources within the
time frame available for recovery. Are suppliers of essential resources identified?

'

bi What offsite resource.s are there tnat could be identified sad edequately p;epnred for
transport to the site under accident conditions?
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iTable E-41 (continued)_

. Answer:

Management of the resources for the prevention of DCil will be dependant on strategies that
art. not unique to DCII. This geestion will be answered based on other sequence categories.
No ahernate sesources for strategies that could mitigate DCil were identified. ,

' 4. Whet the. potential options for use of equipmer.t from another unit been considered and
'

- optimized? -'
.

*

Answer:

Use of equipment for prevention or mitigation of DCli will depend on strategies that are not _

unique to DCil. This question will be answered for other sequence categories,

n '. What additional equiprnent would enhance t!.c capability to prevent or mitigate severe core
: damage?r

Answer:
-

Equipment to depresurize the RCS more rapidly than the PORVs could ensure the plant was- "

. at low pressure if the reactor vesti lower head failed.
i

instrumentation
p

,

Note: These questions should be appFed to each sequence categmy, Each question wo-ld be4 :

. prxeded by the phrase, "For thh seauence category, .. *. 9

& .

L- What instruments are uccusary to identify the symptoms and appheable strategies that w,il ._

Tenable accident management pensonnel to prevent or mitigate aevere accident conditions?

'

/.nswen

Enting instruments that will indicate-that vrill indicate potential L)CH conditions are being'

" ! approached cre: Pressurizer Level. RCS Pressure,llot leg RTDs. Core Exit TCs, RCS Coolatt
. Activity Irvel, and RVLMS. - Add:lional.mstrumentation to indicate the temperature of the
venel lower bead wutdd enhance d.e capability to understand the_ poteniial timing of vessel,

failure and to ensure that mitigative strategies, such as RCS depressurization or cavity flooding,y . ,

are being 1:ffective.

. . .

y

22.1 Whai are the limitations on the instrumentaHon to provide needed informati 'n plant severe
accident behavint and how are they communicated to accident management persouncl?

+

g
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Appendit B

' Table B-4E(cantinued)., ,

Answer:'

k

The istrumentation in t'ic vessel is likely qualified to 2500 F which means it will fait prior to
significant core degradation and tekication. RCS pressure could iail sometime later, depending
on the containment conditions. We do not have access to d(w uments with a discunion al
instrument limitations for either design basis or severe accidents. It is uncertain whether an
analpis for severe accident conditions has been performed.

s

.
3. What means (protection from harsh environments, operator aids, etc.) have been developed to

' ~ use existing fastr6ments under the expected severe accident conditions?.

- Answer:

.

- None were identified from the information we had available.

4| What nethodologies have been established to identify unreliable data from instruments under
severe accident conditions?

Ansvxt:-

Nrnic vcte identified from the information we had availab!c.

5. What changes cou;d be made to the current instrument systems that woulc. enhance the
; ~

capability to prevent or mitigate severe accident conditions' ;

Answer:J '

4

*Re lack of instrumemation that .will indicate all important RCS conditions as the cere begins
_

to mek and relecate could be cornpensatea for by the development of ,nalysL aids th9t can be

.

used to help project'the possible timing of the accident including vessel water twel, core
''

,

refocation, and failure of the vessel lower head.

L
.

One means of indicating signi'icant in-vessel eveus woalibe to track the trends in RCSp

pressure to identify the timing of Igrge pressure !.icree coeurrent with increases in the
source range monitor output ,or the hot leg RTDs. Thc e results should signify the relo ation_.

,~

of core material (the potectial for large increases from sources other than DCII would her to
be examined and characterized),

s

6.1 What additionalinstruments would enhance the capability to pr event or mitigate scvere acc! dent
conditions? -

m .

Answer:

A meaaurement of Vessel Lower IIcad Temperature would indicate when Ihe core has rekrated
and when the lower nead is approaching its failure point.

Ba9 NL' REG /CR4009
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Table B-4. '(continued).
_

,

Training -

Note: -These questions should be applied to each sequence category. Each question would be
preceded b.y the phrase, 'For Cis sequence category, ... ",

1,. Ilow does the training provide pernnnel involved in accident management with an
. understanding of the possible r.evere accident behavior, and is thi:, trrining given at the proper
leveh and in the detail required to facilitate decision making?

Answer.

SufGcient information was not ava:lable to us to answer this question.
,

'

2. How are all personnel invoNed with the traiaing simuhuor made aware of the limitations in1

representing severe accident conditions and is it made clear when the simulation is ra longer
valid?

. Answer:
,

Limitations on periormance are noted in Liiscrepatey Reports. During testing if irwalid
performance is notediit is identified and reported. These reports were not available to us. The
degree to which these limitations would app:y for se"cre accident conditions would depend on
whether a detailed evaluation had been perfarmed of the simulator capabilities for the severe '

. accident sequences identified as important for the plant.

3. 'llow are personnel trained to proceed if instruments give what appeata to be conuieting
readings?: >

Aaswer: -

.-

Sufficient information was not available to us to answer this question.

I Ilow does the training for au personnel involved io accident management ensure that all
important actions or decisions for severe accident management are included?

% g
.

Sufficient information was not available to us to answer this question.

-$. .What' training is provided for all accident maragemea; peisonnel on the possible limitations of
, equipment, instrumentatiori, and plant information?,

- Answer.
,

Suffir5t information was not a.ailable to us to answer this quest;an.

.
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Tablo B-4. . (continued).
, _. .

6. \ht addl.hmal training is provioed to implement ene use of alternative systems and equipment?

L Answen

Sufiicient information was not available la us to answer this question.

t

7. How do drills nad simulator exercises conside.r the following patential restrictions: inhibited
access to equipment as a result of high temperature or radiation levels, limited lighting or loss
cf re ources such as electricity, and constraints on the availability of persont:el with the proper
skill!

Answer: -

Drills and simt.lations may not incorporate actuai real-time performance attributes or adequate
representation ot the limiting factors of radiation fields, lighting or loss of other resources. EOP

~

4

inspections by NRC does kmk at this and the AOP/EOP should incorporate this information
in the actio..s.

8. What are the changes that have been made to the c arrent training prcgram to enhance the
capability to prevent or mitigate plant damage?

Arswen 'e

i
Training material '.vas not available for evaluation. In general, a more in-depth approach to
prob!cm-solving techniques and aerident manageme.nt courses that provide decision making
techniques would be beneficial. Also training for team based decision making should be
included.

-

3 . What additional training has been provided to enhance the capabil:ty to prevent. or mitigate
plant damage?

Answer:

Sufficient information was not :.vailable to us to answer this question.

4
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7

' Table B.Si sequenco categocy qu(stions for framcwork application for combustibt: gas burn.

'Pdxzdures

Note: 'Ihese questions should be applied to cach sequence category. Each question wouk' be<

preceded by the r.hrase,"For this sequence category, ... ". ,

- 1._ Whkh of the current procedures are applicable for prevention or mitigation of the severe
accident conditior.s? .

,

Ansscr.
;

*

.EOPs
1

; E-1: step 151 calls for notifiution of Rad Chrm to align Post accident H analyzers.2

ECA&l: step 5,b calls for notiGcation of Rad Cherr, to abgn Pcst-accident l~2 analyzers.'

;

9

FR.C,1: step 8 calla for natification of Rad Chem to aliga Post-accident H: renalpers, and
dete:mination of ations based on H concentration (refers to rSC).2

FR-Z.1: step 8' calls for notifh.ation of Rad Chem so alirr. Post-accident H analyzers, and2

O determination of actions based un 11 concentranon (icfers te TSC); step 9 calls for netification2

of Tech Staff of H concent:r.: ion: step 13 calls for pericxtic monitoring of H concentration.2 2

SOls- .

.

I LSOI-9. section 4.5 provides criteria for use, system alignment and operation for tbc Hydrogen*

Purge Fans (second backup to ti4e recombiners); section 4.6 provides syste:n alignment 4,nd
opera' ion for the hydrogen recombiners, including limits of operation.

- ARPs
,

Annucciator Panel 14E: Amiunciator alarm resp (mse for possible HIGH M encentration
ircluding reference to S01JJ.

2.: ' What changes could be made to the current procedures and guidance to enhance the capability
'

to pr,: vent of mitigate da severe accident conditions? i

s

Ans w.u

iktter iden'.ification of methmis and strategies available for H reder.ioa ALARM Response2

y Procedure only instructs on use of recombiacts if directed by EOP.

13. -If alternate syrerrs and equipment are important, what procedures and guidance exist to
facilitate their use?

L NUREG/CR'-6009 g
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Appeadix B

Table B-5. (continued).
_ - - -

. Anmer: -

! sol-9 desenbes usc of hydrogen recombiners and has a drawing ef the system and n picture of
the required flange conn:ctors for ir.stallation. ZRP.181044 whien provides instructions on
pmt accident II. was not availab!c.;

4. What procedures consider long te.m recoveiy acticas that may be neecssary for accident
management? (Examples would be establishing long tei m core cooling or long tetm containment
croling )

Answer:
-

Based on the infortnation we have availatde, the current procedures do not seem to stress long
term recovery actions. They do cover core and containment cooling actions for design basis ,

accident conditions that should be considered short to intermediate term recovery actione. for
,

- severe accidents.

5. What procedures and guidance provide in .tructions on how to evaluata infonnation, either from .

instrumentation or from other sources, that is apparently conDicting?

Answer:

RNO sectian provides some guidance. General guidance is detailed in Administrative Procedure
ZAP-U 5.3.15 Policy Regarding Operational Practices and ZAP 5 51-3A 3 Policy on Operator
Use of EOPs.

6. What additional procedures could be added to enhance the capability lo prevent or mitigate
phmt damage? _

Anwer:

A procedure describing the strategies when 11 is in the action range between 0.5% and 6%2

and passible contingencies if 11 exceeds 6% or containment pressure exceeds the l') psig2

. (naximum presture limit on external piping). May need an AOP that addresses abnormal 112
cor.centrations.

Decision Making ,

>

Note: These questions should be applied to each w.lucuce category. Each question would be
preceded by the phrase, "For tbh sequence category, . ".

I What are the cu: rent assignments of responsibility and authority for decision maing?
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Table D.5i (continued).- .

y

?
Answeri .-

- We do not ISave sufficient information t'o answer this question. Specified in EPIPs and ZAP-0
_

;

; section 5.1 and ZAP-5-513A section 3 & Appendix A (specine for EOP responsibilities).

21 llow weie the currently used lines of communication betweet) the control room and the -:

f technical support center and other emergency sesponse and planning facilities evaluated and
'

validated? -' '

1

' Answer: ;

n' LThis iaformation .is typically specified in EPIPs and communications sptems evaluated in
EPIP-440-1. .We do not have sufficient inferination to answer this question.<

3. - To what extent is long tv, rm accident management considered in the decision making proces,s
including the basis for determining when the recovery phase is complete?

LAnswer::

Based ~on the information available to us, decision making guidance is limited. The guidance-.

;ihat exist is specified m EPIP-1W)-1 (section 8), EPIP-330-1 CLASSIFICATION OF GSEP
'

' CONDITIONS and- EPJP-100-3 RECOVERY,-REENTRY AND TERMINATION (not
availabic). - Some guidance existing irsludes categories for classify:ng and review; PAG,

i recommendations; identi0 cation of operating equipment; core damage assessment; dose
,

|
assessment; ; Mitigation strategies are not identified.-

,

-| 4. What decision making is defined in the current procedures and guidance?

g"i-
I

' Answer:

See the answer to question 3, above.
,

$ 45. Wh:it decision points are identified for expediting administrative controls to facilitate the repair
.

or recovery of equipment?

|b ..
'

3Aiwwcr:

M IWe'do not have sufficient' information available to answer this question.

' 6c ;What guidance is given to decision makers for prioriti7.ing ahernate actions, identifying and
-avoiding potential negative effects, and evaluating lang term plant recovery?

uNUREG/CR dOO9 B.44
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Appendh B

Tablo B 5. (continued).
_ . .

Answer:

S01-9 pluvides general prioritization instructing that the liydrogen Purge Fans are a secondary
choice to tbc use of the ifydrogen Recombiners.

7 What changes ia the as- %ments of responsibility and authority could be reade io increase tlm
capability to prevent or mitigate plant damage?

Answer:

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

Equipment

Note: 'Ihese questions should be applied to each sequence category. Each queation would bc
preceded by the phrase,"For this sequence category ".

1. What existing plant equipment could be used to perform the func' ion of failed safety systems,
fc.n example, non-safety-gtsde equipment that coutd scyply water, ar |umpering to make
available alternate sources of pwec?

What are the ultimate opetating limits for L.e existing cyuipment that could be used as '
a.

alternates to safety grade eqeipment?

Answer.

None. identifico based on the limited amunt of inforn.ation available, althouf;h multiple
methods are caddressed for accomplishing sampling and reduction of the 11 concentration in2

ContainisenL

The ultimate operating limits are not formally tecorded or listed in the informat.tona.

availabic to us. Additional information would be i.acessary to answer this gaestion.
3

,

\

2. What prodsions could be made to facilitate repair or ieplacement of failed equipment for this
,

sequence category. Consider both the availability of parts and the capability to gain access to
- failed equipment exposed to severe accident enviionments.?

Wh:t replacement equipment and spare parts have been identified including their hwationa.

and means of trusport and ins'al!ation within the time available?

b. What advance preparation el hardsare, fat example, spool pieces, p e-positioning of
equipment, etc. would faciiitate the use v existmg alternate equiptent to provide a
significan increase in equipment :apability?

B 45 NUREG/CR-6009
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Tchle B 5. (continued),

Te, What offsite' resources are there that could be identified and adequately prepared for*s

transport to the site under accident conditioris?-<

- Answer:'

4 : Nonc noted based on the limited informatio i available,

a. . None Noted based on the limited information available.
,

b. Some of these items exist as delin ated in S01-9. Location and pre-positioning are not
discussed in our Umited infondation.

,

c Norie noted based on the limited information available.,

-3. v',b resources can be t. anaged, such as battery power or borated water, to prevent or delay
severe accident consequences and what is the technical basis for their use?

*
.

. ' Is equipment available that has the cepability to replenish exhausted resources within thea7
"

time frame mulable for recovery. Arc suppliers of essential resources identified?-,

.

b. What offsite resources are there that could be identified and adequately prepared for -
'

' transport to the site under accident conditions?

. Answer:

None noted based on the limited 'information available,

a. h'one noted based on the limited information available. Possibly m Administrathe
Ptocedures that were not available.

x

-tv Based on the limited amount of information, there'were note noted.
,

,

-

:4. - What' potential options for use of equipment from another unit been considered and optimized?

:-
- Answer: -

- None noted based on the limited amount ofinformation availabic.,
,

1 S.' - What adilitional equipment would enhance the capability to prevent or mitigate severe core'

<

, dan age?
,

Answer:-

Nonc noted based on the limited amount of information available.
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Appendix 3
_

Table B 5.- (continued).,

Instrumentatkm

' Note: These questions should be applied to each sequence category. Each question would be
preceded by the phrase, "For this sequence category. . *.

L _What instruments are necessary to identify the symptoms and applicable strategies that will
enable accident management personnel to prevent or mitigate severe accident conditions?

,

Arawer:

H monitors; comainraent pressure containment temperature: recombiner inlet pressure, flow2

and catalytic bed / outlet temperatures, power, Damper / valve pmitions.

: 2. .What are the limitations on the instrumentation to provide needed information on plant severe
: accident behavior and how are they ecmmunicated to accident. management personnel?

-- Answen"

We do not have access to documents with a discussion of instrument limitations for either design
basis or severe acch! cots. It is uncertain whether an analysis for severe accident conditions has
been performed;

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

Answer:
.

Pressure is post-accident qualified instrument for design basis conditions. We do not have.
sufficient'inthrmation to determine what incans have been developed for_ severe accident *

conditicus.

L' . 4. What med.cdologies have been established to identify unreliable data from instruments under
severe accident conditions?

Answen . -

' No.ne noted in the informatior that we have available.

5.' _What changes could be made to the current instrumerr; systems to would enhance the capability
to p. event or mid;; ate severe accident conditions?

.

.

4
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Appendix B

Tablo B-5. (continued).
. _

. Answer:

Use of 0; monitors may allow determination of likelihood of explosion / detonation (note that
oxygen deprivation in a large containment is consid,: red unlikely). Iligher ranges on the 112
monitors may provide needed information during so.ne seme accidents. Sufficient material for
additional evaluation was not available.

6. What additional instruments would enhance 4.c capability to prevent or mitigate severe accident

conditions?

Answer:
_

0; monitors.

Training

Note: These ques: ions should be applied to each sequence category. Each question would im
preceded by the phrase, "For this sequence category, .. "

-

1. How does , the training provide personnel involved in accident management with an
understahdir7 of the possible severe accident plant behavior, and is this training given at the
proper levels and in the detail required to facilitate decision making? $

Answer:

The available traininf, aterialis not suflicient to answer this question. EOP training is yearly.
Use of the recombiners is limited since they are temporary equipment.

,

_

2. How are all personnel involved with the training simulator made aware of the limitations in
repre%nting severe accident conditions and is it made clear when the simulation is no longer
valid?

Answer:

Limitations on performance are noted in Discrepancy Reports. During testing if invalid
performance is noted,it is identified and reported. These reports were not available to us. The
degree to which these limitations wuuld apply for severe accident conditions would depend on
whether a detailed evaluation had been performed of the simulator capabilities foi the severe
accident sequences identified as importaut for the plant.

3. How are personnel trained to proceed if instruments give what appears to be conflicting
readings?

'
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Appendis Il

Tati D 5. (continued).
,

Answer,

hinterial for evaluation was not avaital'le.

4. Ilow does the training for all personnel involved in accident management ensure that all
importnnt actions or decisions for severe accident management are included?

Amwcr:

hinterial for evaluation was not available.

5. Wh.it training is provided for all accident management |wtsonne' on the possible limitations of
equipment, imtrumentation, and plant information?

Answer:

hin*cri:1 for evaluation was not usailable. Individual lesson plans cover the equipment and
instrumentation on a system and componat level. Some limitations may be covered during this
ptesentation.

6. What additional trainingis provided to implement the use of alternative systems and equipment?

' Answer:

Alternative actions and local operator actions are not evaluated during most simulator scenarios.
The ability to ir ale decisions and utilia h> cal operators is evaliated. Some JPhis may caer
these local actions but ute generally based on JTs covered by existing procedures. RNOs and
alternate actions that do not list specific instructions or 0.. not covered in AOP/SGI are not
performed.

7. Ilow do drills and simulator excrcises consider the following potential restrictions: inhibited
access to equipment as a result of high temperature or radiation levels, limited lighting or loss
of resources such as cicetticity, aM constraints on the availability of personnei with the proper
skills? ,

%wct:

Drills and simulations may not incorluate actual real-time performance attributes on adequate
- representation of the limiting factors of radiation fields, lighting or loss of other resources. EOP
inspections by NRC does h>ok at this and the AOP/EOP should incorporate this information
in the otions.

R What are the changes thr.: have been made to the current training program to enhance the
capability to prevent or mitigate plant damage?

I
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Appcajis D

Table B 5.- (continued).
.--.-. .

,

%
Answer:

Training material was not available for evaluation, in gene al, a more in depth approach to
problem so!ving techniques and accident management councs that provide decision making
techniques would be beneficial. Also training for tearn based deci> ion making should be
includeti.

9. Whu additional training has becu provided .o enhance the capability la prevent or mitigate
plant (iamage?

Answer: -
-

Sumclent infonaation was not available to us to ar ~ct this question.
- - .m

,

.1

i+

, o
_

>

.

i) -

1

-
_

I
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Appendix 11

Tablo B 0. Sequence category questions for core concrete interactions.

Procedures

j Nef.c: The:.c questions i.hould be applied to each sequence category. Each question would be
piceeded by the phene, Tor this sequence category. . . ".

1. Which of the current procedures are applicable for prevention or mitigation of the sescre
accident conditions?

Answer:

l Sufficient information was not available to us to answer this question. It is doubtful that there
are procedures that directly discuss preventing or mitigating CCI. -

'
2. What changes could be made to the current procedures and guidance to enhance the capability

to prevent or mitigate the severe accident conditions?

! Amwer:

Guidance should be provided to help the ac:ident management personnel recognize the
approach to vessel failure and provide cautions on the possible effects of CCI. One possible
strategy for CCI is to ensure that the concrete is covered with water citi.er before or shortly
after core rekwatien. The effect of water in the cavity on the progres!, ion of CCI may not be
large hut the scrubbing of finior, products by the wa.'er would make this strategy worthwhile.
Tids strategy is not in the current procedures and .t,u; dance.

,

3. If alternate ystems and equipment are important, what procedures and guidance exist to
facilitate their use?-

Answer:

There ne no procedures and guidance for the use of alternate equipment to prevert or mitigate
the effects of CCI. If it is concluded that alternate equipment and sources of water are
necessary to flomi the cavity, appropriate pmcedurcs and guidarce should be added.

4. What procedures consider long term iceovery actions that may be necessary for accident
management? (Examples would be establishindong term core cooling or long teim containment
cooling.)

n
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*

Table B G. (continued).
|__ . .

Answen ;

i

Sufficient information was not available to us to anawei this question. Long term tecovery :

actions that could be neceasary as a result of CCI would include s ctions to mitigare the eficcts
of the large quantitics of noncondensibles, actions to rr.itigate the effects. on the subsoil and ;

gioundwater c,i basemat melt thmngh, and actions to mitigate the continued release of fisslor, i

products if the containment 1, hell has failed, liased on the information we have available, the
current procedures do no! seem to stress long term recovery actions. They do cover core and
conteinment cooling actions for duign basis a cident conditions that should be considered short i

to intermediate tctm recovery actiens for severe ace! dents. |
- y

1

5. What procedures and guidance provide instructions on how to evaluate information, either f om ,

. Instrumentation or from other sources, that is appmently connirting?
;
.

Answen

- No procedures and guidance was found in the informatien ava:lable to us to deal wiih
contUriing information resuhir g from CCI llowever, situations where nat identified where
coaDicting information would be developed as a result of CCI md the need for additional
procedoru and guidance for this situation is not clear,

6. What auditional piocedures nnd guidance could be added to enhance the capability to prevent
or mitigate plant damage? j

Answen j

;

- ProccJurcs and/oi guidance r.hould be added that would stipport recognition of the need for the
addition of water to the cavity ifit appears that .he vesselis approaching filure conditions and
CCI may occur. Additiolail procedures and guidance should also be incorporated to carry out
wa:er addition to the cavity using containment sprays or alternate means. )

|
1

Decision Making

Note: These questions should be applied to each sequence category. Each question would be
preceded by the phnoe, Tor this sequence entegory ... ".

I '. What are the current assignments of responsibility and authority for decision making?

Answen

The:c was not sufficient information available to answer the question for this sequence category.

2. ' llow were the currently used lines of communication between the control room and the
technical sup}xirt center and other tmergency response and phnning facilities evaluated and -
validated?

NUREG/CR4009 - IL52
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Appendix W

1

Table B 6, (continued).
. .- - . .

Arawen.

There was not sufficient information available to answer the question for this sequence category.

3. To what extent is long term accident snana;,ement consid: red in the decision ma<ing process.
,

including the basis for determining when the rcmvery phase is complete?

Answen

There was not sulticient informatian available to ansv cr Ihe question for this sequence category.

. 4. , What deelslon making is defined in the current procedures ni guidance?
-

,

;

. Answen

There was not sufficient informetion <vailable to answra the question for this sequence categary.

5. What decisica points are identified for expediting tdreinistiat ve controls to facilitate the repair !
i

,
or recovery of equSment? !

- Answen . '

Here was not sufficient information available to answer the questfon for this rcquence category.
. 3 ;

6. What guidance is given to decisia i makers for prioritiring alternate actions. identifying and;-

avoiding potential negative'effect.s. and evaluating long term plant recovery? |,

t

E Answer:
y .

t

. There was not sufficient information available to answer the question far this sequence category. |

7. Whatihanges in the assignments of reaponsibili y an<l authority could be made to increase the '

p capability to prevent or mitigate plant damap?

D Answen '

There was not sufficEnt information available to answer the question for this sequence categot/.

= Equipmw! -
"

.

g* ~ Notef The,c questions should be applied to each sequence category. Each question would be
'

preceded by the phrase, ''For t'es se<,uence category, ... ".' l

a- ;

. . .

A'
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,i

Tabla 04. (continaed).
. . ._ --

- - .

1. What existing plan' equipment could be used to perform the function of fciled safety systems,
for example, non. safety grade e!uipment that couY wpply water, or jumpering to make

'>- r ailable alternate aurces of puer?

! What are .he ultimate operating limits for the esisting equipment t at couH be used a.h
a.

altenates to safety pode equipment?

L Answer: .

Thera was not sufficient information, u.ailable to answer the quesf.oa for this sequence catcpy.
The failed r.afety systems that have lead to core concrete inte:metion wou'd base been identined
for other sequen c category evaluations. Equipment importt.:n to this sequence categoiy would _.

he systems to flood the teactor cavity floar. No systems bcycnd the sprays v.ere incr.tified to
Ocod the cuvity. Alternate equipment to make the sprays operable and wpply water tu the
sprays would be needed.

The ultimate operating limits aie not fermally recorded or listed in the informntiona.
availabic to us. Additionalinformation would he necessary to e.nswer thir question.

2. What provisions could be made to hicilitate repair or replacement of faiicd equipment for this
assessment category? Consider toth the avaikhility ol' parts and the ecpability to gain access to <

failed equipment exposed to severe accirtent environmcots.

What replacement equipment and spare parts base been identiGe J including their locationa.

and means of transport and istaBation within the t;me available?
,

b What adv4 nce preparation of hardware, for exemple, spool piecer, pre positioning of
equipment, etc., would facilitate the use of existing alternate equipment to provide a

"

significant irierease in equipnxnt capability?
,

c. What offsite resomees are there th*u could be identife,. end adecurt:ly preparc<t for

transport to the site undet au;ident conditions?

Answcr:i

,

We do not have suf0cient information to rmwu this question.

3. What resources can be maneged, such as batico power or borated water, to prevent or delay
severe accident .unsequences and what is the technical bas fot their use?

b equipment available that has the capability to repleniah exhausted resources within thea.

time frame wailable for recovery. Ate supplius of essent:al resources identified?

b. What offsite resources are there that could be identined and adequately prepared for

transport to the site under accident conditioas?

'
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Appendit 11

Table B 6. (continued).

Answer:
:

We do not have sufficient hiformation to answer this question. The types of resources that
should be looked for are pnttable pumps to supply water to the spray systern or other systems
with the capability to Ikod the cavity. Alternate poitable sources, such as fire engines should

i

also be considered. 1

:

4. What potential options for ose of uluipment from another unit have been considered and
optimized? >

'

:

i - Answer:

.We do not have sufficient information to answer this question. I

5. What additional equipment would enhance the capability to prevent of mitigate severe accidents. ;

4

Answer:

We do not have sullicient information to answer this question.
{

Irmtrutnentetion
t

- Note: - These questlins s'nould be applied to each sequence category. Each question would I e 1

preceded by the phrase, "For thia sequence category. ... *. i

L What instruments are necessary to identify the symptoms and applicable strategks that will
enable accident management personnel to prevent or mitigate severe accident ronditions? !

Ansv :r: .

Omtainnient pressure and t'ernperature wouki . indicate the: possibility of core concrete . |
interaction but would not be definitive. Samples of the containment atmosphere wuld indicate

.

high levels of noneandensible gres if the proner analysis equipment is available within a
_

D reasonable timeframe. Precurser instruments uuuld include core exit thermocoupler., hot leg
L RTDs, RVLMS, RCS pressure, and RCS coolant activity leve!.

.
.

2. - What ate the limitations on the instrumentation to provide needed information on plant severe
accident behavior and how are they communicated to accident management personnel?" -

,

Answer:

.We do riot have access to documents with a discussion ofinstrument limitations for either design
.' basis or severe accidents. It is uncertam u hether an analysis for severe accident conditions has
been performed.

,
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F Tablo B 6. (continued). |.

I
3. What means (protection from harsh environments, operator aids, etc.) have been developed to

use existing instruments under the expected severe accident conditions?

Answer:

* We do t'ot have sufficient information to answer this question.
.

I
4. What methodologies have been estrbliWed to identify unreliable data from instruments under

severe cccident conditions?

Atuwer:,

a
We do not have sufficient infoimation to answer this question.g

5. Whht changes could be made to the cvrerd instrument systems to would enhance the capability
ta prevent or initigate severe accident conditions?'

Answer:
,

We do not have sufficient intormation to answtr this question. If they < lid not already have the
capability, the containment atmosphere samphng sptems could be modifico to indicate t he levels
of carbon dioxide and carbon monoxide and other gases that would be indicative of core '

concrete interactions.
,

6. What wMitional mstruments would enhance the capahdity to prevent or mitigate wevere accident

conditiona? '

Answer:

Instruments to provide a definite indimlion of vessel bicach vould indicate that molten material
was in contact with the concrete and would aid in deterr/ning that core concrete interactions

i were t.iking place. Either optical or contact measurements of the lower head temperature could j
.

provide this capabdity.> |'

Training -

2_;, Note: These questions should im applied to each sequence category. Each question would be
preceded by the phrase, "For this seqm.nce categor,. ... *.

,

1. Ilo.v -doen 'the irrining provide personnei involved in accident management with an
! undeisinnding of the expected piant behavior, and is thia training given at the proper levels and.

in tbc detail required to facilitate decision making?
|

I
,
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L Appendix B

*
Table G 6. (continued).

_ ._ _ . . . .

4

Answer:

" ~ lWe do not have sufficient informa'. ion to answer this question.

2. llow are all personnel involved with the trainin; simubtor made aware of the limitations in |
irepresenting severe accident conditions ar.d is it made clear when the simulation is no longer

valid?

Mswer:c

Limi_tations on performance are noted in Discrepancy Reports. During testing if invaiid
'

performance is noted, it is identilhxl an vpor:cd. *lhese reports were not available to us. The
degree to which these limitations wouk -pply for severe >ccident conditions would depend on
whether a detalkd caluation had been [wrformed of the simulator capabiFties for the severe ;

accident sequences identified as imlvntant for the plant.

'4 Ilow are personnel ~traincJ to proceed if instruments give what appears to be conflicting |

readings? -

'

Answer: -

'

We do not have se.cm ....ormation to arnwer this question.

4. Ihrw does 'tho training for all personnel involved in accideot management ensure that all i

important r<ctions or decisions for severe accident management are included?

Aruwcc
.

. We do not have sufficient information to answer thh question. .

, 1 What training is ptovided for all accident management personnel on tha possible limitations of
equipment, instrumentation, and plant infortnation?

Answer-

We do not'have sufficient information to answer the question.!i' ,'

.

. i

- 6. . What additional training is provided to implement the use of alternative systems and equipment?

Answer: .
.

We do not have sufficient information to answer this question.

.

I
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Appendix H |
t

Table B 6. (corit'nued).
a

' 7. Ilow' do drills and simulator exercises consider the Inhuwing potential restrictioin. Inhibited
acccu to equipment as e result of high temperature or radiation Icvels, limited lighting or loss
of resources such as electricity, and constraintn on the availability of pctsonnel with the propere

: skills?

if Answn.

Drills and sirnulations rntiy not incorprate actual real time performance attributes or adequate
< representation of the linating factors of radiction Gelds, lighting or loss of other resources. EOP ,

hispections by NRC does kmk at this and the AOP/EOP should incorporate this information
'

in the actiont
+

8. What are the changes that have been made to the current training program to cabar< o (12
'

cap' bility to prevent or mitigate plant damage?; a
'

,

Answer: -

Training material was not available foi evaluation. In general, a more in-depth approach to
problem 4olving techniques and. accident management courses that provide decision making

; technie,ues would be beneficial. Also trdning ter team-based decision making should be
, '

r included.

9, What additional training has been provided to enhai.cc the capability to prevent or mitigate
plant damsge?

Answer:

We do not have sufficient information to answer this question. ,
,

,

<

- s

t
j

.,

k
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Appendix li

Table B 7. Sequence category questic.is for steam generator tube rupture.. ,

Procedures

Note: These questions should be applied to each assest.inent category. Each question would be l

preceded by the nhrase, "For '.his assessment cotet'ory. ... ".

li - which of the centcut proecoures are applicable for prevention or mitigation of the severe,

accident conditions?e

y Arwwcc
m
.- Pmeedure that deals with SGTR directly is Ed.

,m

Enter E 3 dicectly or guided there by E.O. E 1, E 2, ECA-2,1, FR il.3, ES 1.2. q

All thew 'deni sith aspects of SOTR recovery, ES 3.1, ES-3.2, ES-3.3 ECA-32, ECA 3.3
,

. ECA 3.1.
.-.L:

~4 What changn could be nude to the current procedures and guidance to enhance the capability
to prevent or m!tigate the severe acudent conditions?

,

Answer!
, ,

Sacp 18 of E-0 must be reached to get referred into E 3. Similerly, the following steps must be - -

reached to be referred to E 3: Step -1 in E 1, Step 5 of E 2, Step 5 in ECA-2.1. Lp 7 in -

FR il3, and Step 4 of ES 1.2,

: Alternate procedures were ercimined for other transicats similar to the steam generator tube
rupture tc seelf they wou'd " direct out" of thm procedure enn c'to :he SGTR procedure.

'

'these procedures do a reasonably good job. Ilowever, cons |dedng primarily the SOTR, on
* '

innprovement could be made to reach " direct-out" steps earlier in the proc <dures. emecially
in E 0. To ultimately decide th' trade-off between an earlier or later " direct cut", risks should |c

x
'

. he compared for competing esents.
.

L The procedures are primarily written for design basis conditions. They do not cover situations
p very well when the plarit a expencacing core damage.

.

Procedures eculd ca|1 out specific valve numbers, bicaker i Wrs, equipment numbers (e.g.,-
Step 5 of E 3) to increne the likelihood of successful implementation.

3. If alternate systems and eq>dpment are in.pmtant. what procedures and guidance exist to '--

'

. facilitate their we?

,

9
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Table B.7.- (continued). ,

. - _ . _ _ . _ .

,

At.swen*
,

1

Pmee. lures ES.3.1,32,3 3 and ECA.3.1,3.2.33 do a good pb of covering af tunate n.athods
and equipment for various stages of SGTR recovery.= On:e again, the procedures do not coves -
actiens if there is significant core darnage. De procedures don't sper'lically identify alternate- :

equipment so much a they proviacateps that incorporate equipment.

!

4. : What procedures wnsider long term recovery actions that may be necessarj fra accident
management? (Examples would be establishing long term core cooling of long term centainrr.i.nt ,

' rooling.) . r
i

Anwer: i
'

>

'

None were judged to be ,dequate for severe accident management, although the series ES 3.1,
3.2, 3.3 and ECA 3.1, 3.2, 3.3 addtess recovery. They do cover core and containment contint ,

'

- actions for design basis acciccet conditions that rhould be consk'ered 1.hort to irdermediate term
recovery actions fer severe accidents.

y

5. What procedures and guidar.cc provide instructions t,n how to evaluate information, either from
instrumentation or from other sources, that is apparently conflicting? [

Answer:
,

ti a

All procedures are good at specifying parameten, that help to diacnose and guide t nt none seem<

80_ prioritize or give guidance for conflictir.g evidence. They somewhat address it in that if a :

person folk)ws a course of' actions based on faulty evidence, the proecdures are designed to

4 - bring him back into line with additional information. l'he trouble is, valuable time is lou.y

6. What additional procedures could be added to enhance the capability to prevent or mitigate-
pbnt damage?

g 1

Answr:

New procedures could be addeJ to provide 3uidince on what specifically are the most reliably
indications of a SGTR and how to interpt.:t ami diagnose them.- (His is perhaps more of a R

'

training function-although a procedure for training should exist in any ca e.)
'

. ProccJurcs that pick up at core melt and go on wovid be needed. for ;cvere accidems.-
Procedures become vague at core rnelt conditions. Direcimas to depressurize are hard to io!!ow

c md they dc n't ter.Ily say how the operator should depressurize. They just say 'depressurize"
'

- (see ES.I.2, Step 9).

.

e
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Appendix H
4 y
Y Table B 7. (wntirm d),

y

m- Dechkm Making

Note: 1hese questions should te applied to each assessment category. Each question would be
precedeJ by the phrase, Tor this us6 ssment caiyary. . *. ,

'
1. What are the current assignments of responsibilit) and authority for de.-ision making? -

Armer:

4

:nsufficient information available-a<. cess _o emergency plan organization, etc, would give more
c'.etaih.

2. Ilow were -the currently und lines of communication between the cont of room and the
trs:hnical support center and other emetgency response and planning facilities evaluated and,, '

validated?

Answer:
.

Insufficient information available to us to adequately answer this question.

3. To what extent is long term accident mannement considered in abc de :ision making process-

including the basis t'or determining when the recovery phase is con:pate?

'

Answer:
>

Insufficient 'nformation available-access to the E. Plan organization, and procedures would
'

reveal some oNhc information.
I

A What deck. ion mrhing is defined in the current procedurex and guidance?

Answer:

'
Insuflic ent information available-comple:e procedures would be needed. -

E
_

,

5,) .What decilian pohns are identified for expeditiag adrainis,r: live controls to facilitate the repair '

or recovery of equipm:at?

-- Armver:
t

The svallable ECPs don't provide mcch guidance bet rame of the E. plan piocedsres shovF),
hasc.f c. > the knowic<lge that E.phns for other pirats 1.ddressed this subjecc.

h. What guidance is giver, to decision makers for prioriMng alternate acticas, l'JenFfying and
avoiding potential negative effects, and eva>uating long term plant recoscry.

.
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: Table B.7. frontinued),
, _ ,

'
,

Answer:
:

'

Insufficient information available-Noac could be found in the information that we have.
-

What changes in the m.signments of responsibility and authority could be rude to increase the7. '

capability to prevent or mitigate plant damage?
,

Answer:

Inadequate |information available. Without access tc the full E-plan and E' PIPS, it is not
posible to adequately amwer this question.

.

3. 4 Equip.nent

Note: These questiens should be applied to each assessment category. Each question would be $

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

I What existing, plant equipment could be used to perform the function of fail d safety systems, _'
for example, non-r.afety grade eq'iipment .that could supply water, or jumpering to taake !

avai'iable alternate sources of powet? -

What are the ultimate opeming limits for the existing equipment that could be used asn.

alternater to safety gra6e equipment?

,

Answer:

The procedures do not appear to address anything that requires jumpeting. In some aicas, it
gives geidance to accomplish a requirement if !!.e first attempts fails. This can include some -
efforts for equipment and some for other ways to opera e the same equipment (e.g., Step 29s

'"
in E 3). For enmple, ..Hveen Step 8 and 9' of E 3 ' Caution" points out AOP-4.4 to use

_

'

Service Water to supply AFW. Step 14 uses Condenset and Steam Dumps. There are two.
. situations that are not covered wnere existing plant equipment could be used: (1) Ure of AFW
. to sabmerge the break to scrub fluion products and (2) Use fire sprays to wash cowin releascu -!

from steam generator dump vahes and safety relief vahrs.

,

_ a. The ultimate opeiating limits are not formally recorded or listed in the informatien
,.

available to us. Additional infonaation would be neceumy to answer this question.
,

7
|

~ 2. jVhat provisions could be made to larilitWe repair or replacernent of failed equipn'ent for thisu
assenment category. Cont.ider both the ava'hbility of parts ard the capability to gain access tei

failed equipment exposed to severe accident environments?
4 ..

s
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Table B-7. (continued).
. 4

- Answen |
1

Not inuch is sa:d in the EOPs about this other than, c.p, *1f you don't have AL power, then
repair it", etc. It h not ckar that repair and replacement considerations during accidents are
pro <.eduralia They may be part of the normal process for maintenance but they are not |

.

referenced. "

i

What replacement equipment and spate parts have been identified including their locathna.
,

and means cf traesport and installation within the time available?
'

,

Answer:

Sufficient infortnation is not available to ansvcer this question.

b. What advance preparation of hardware, for example, slwl pieces, pre. positioning of ,

- equipment, etc.. would facilitate the use of existing alternate equipment to provide a
- significant increase in equipment capab;lity? ,

Aruwer:

~ Sudicient information is not available to answer this question.

What offsite_ rescuices are there the could be identified and adequately prepared forc.

transport to the site under accident conEions?

-' Answer:
,

- SulTicient information is not available ta answer this question.,,

.

3. What resources can be managed, such as battery power or borated water, to prevent ni delay
severe accident consequences and what is the technical basis for their use?

q ' Answv.r:

Step 390f E.3 directs you to Appendix C, page 39 to shutdown unneeded equipment for power
conservation. Conservation of other resources not Wentified

m
*

Is equipment available that has the capability tu replenish exhausted resources within the-n.

time frame available for recovery. Are suppliers of essential resources identified?
it |1

Answer:

The same procedure identifies refilling the RW3T, but rio details are givea on how to
carry this out; ,

P 63 NUREO/CPA/)D9
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Table B 7, (contint.ed).

b. What offsite resources are there that could be idemified and adequately pepared for -r

transpost to th; site under accident conditions?
'

,

Answer -

'l'here w.is no' adequate infarmation to antwer this qu stion.

4. What potential opti<ms for use of equipment from ancther unit have been considered and
, ,,

optimizedY
'

a ;

Answer:
-.

This plant i a doubie unit and has opportunity for one i nit to st.pply the other, but procedures
dodt indirt.te any formal approcch for SGTR.e

5. What addit' anal equipmcat would enhance the capabik , to prevent of mitigate severe accidents.

?

Ansv.*r:
,

No additional equipment beyond that discussed in the answe~ to previous questiens was
identified. Pennps or other means of adding water to the s. team genemtoc secondary side could
be used to reduce the release of fission products.

,

e

instiomentation
t

Note: These questions sho dd bc applic i to each asses meat category. Each question would be
preceded by the phraae,"For this assessment category. ... ". <

1. What instruments are necessary to identify the symptoms aisd applicable strategies that will
-

:nable accident nianagement personnel to prevent or mitigate severe accident con <!itions?

,

4

<

t

.

-

P

|

2
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Appendix B

Table B */. (continued).

Answer:

This instrumentation is takca from procedure E-3. Some of the other recovery proc,xiurcs like
ES-3.1, 3.2, 3.3, and ECA-3.1, 3.2, 3.1
additional infoimation. Following is the in<ts uments identinea:as well as the general procedures will require some

Condenser air ejector or steam
generator (SG) blowdown radiation detector,50 'evel, main steam line radiation monitor, SO ,

chemistry shinples, SG pres 4me, MSIV and bypass indicators PORVs and bhick valve pos.
indicatars, feed now, AC buses powec ind., Si status indicalms (variots hk>cks, actuation statur
etc3. air compreswt running ind. and status of air spiem, indication of pressurizer heaters and
sprays, core exit thermocouples, steam dump and condenser status indicators, has leg RTDprimary pres:

ne. pressurizer level, trip status of rods and RCPs, status of valves in auxiliary
,

spray lineup, sta'.as of charging pumn, charging flow, charging in pressure, status of RilR pumps
and valve lineups RilR heat exchanr,er, status of IVSW valves, charging now and vahe lineup
status. spray pumps status, containment spray valx positions VCT makeup cont.ol, diesel
generator status, RCP cooling status, RCP LBRTil AP, Aux Steam status, waste wates
treatment statu , condenser betwell veinow to EST isolanon status, source range nuclear

,

detector, int. .acdiate range detectors, containment pressure and temp., accumulator leveh andpressures. Sei
cc w ater st at us in.iications (including pump, valve prossme and How indkdans).

2.
What are ibe limitatiom an the mstramentation to provide needed information on plan. severe
accident behavior and how are they communicated to accident management persenelt'>

Answer:

We do not have rcess to documents with a discussion of instrument ! mitations for either des,gn
basis or severe accideuu. It is ur certain whether an analysis for severe accident conditions has
been performed.

3.
What me ms (protection from harsh envaonmems, operator aids, etc.) have been developed to

y

!
use existing instruments under it.e expected set:re accident conditions?

Answer:

Inadequate information available-except that safety g ade instrumenenion is required to meet
environmcatal canditions bar,ed on the design basis a;cident.

Ilow this relates to severe
accident conditions is not in the inform.ition available for this plant.

4.
What methodologies have been established ... identify unr: liable data from instruments under
evere accident conditions?

,

-

Arcwcr:

Insufheient information available..

*I
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Tablo B 7. (continued).

What changes could be made to the current instrument sysiems to would enhanr<: the capability5.
to prevent or mitigate nvere accident conditions?

Answer:

These is insufficient information was available to answer thb question. It is not clear whethernere is the
the inswoment systems are inadequate so it is dilficult to identify changes
possibility that the int.:ruments si.oeld be protected from harsh severe accident environmerital
coiidP',ons.

What additionalir struments would conance the capability to prevent or rnhlgate severe accident6.

conditions?'

Answer.

Iristrumentation to indicate that Steam Generator durnp valves or sar'ety relief valves are stuck
cyn e.g., down. stream temperatures, television cameras to monitor atmo>pheric release poims,
noiation monitor.

Trair.ing-

These t;uestions shotdd be apphd to each assessment cuegory. Each question would beNote-
preceded by the phrase, 'For this asmssment category, .. *.

persaanel involved -in accident management with anHow does the training provid1.
undetstanding of the expecmd plant beha<tior, and is this training ghen at the proper levels and
in the detail required to facilitate decision making?

Answer:

Inadequate infoimation was available to answer this questian.

ilow are all personnel invotved with the trrining simulator made eware of the limitations in2.
represceling nevere accident conditions and is it made chr when the simulation is no longer
valid?'

' Answer:

Limitations on perfvimance are noted in Discrepancy Reports. During testing if invalid
performance is noted, it is identified and reported. These reports were not available to us. The
degree to which these limitations would apply for severe act. dent conditions would depend on

~

whether a detaded evaluation had been performed of the si<nulator capabihries for the severe
accident acquencea identifkd as important for the plant.
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p Table B 7. (coruinued).

1 lbw are peirennel trained to proceed if instruments gives what app. ars to be confli: ting

| readings?

Arner:

Inadequate information was available to answer this question.

4. Ilow does 8he training fot all peisonnel invohed in accident management ensure that all
.mportant actions or deelsions for severe accident managernent are includew

Answer:

Inadequa<e infortnation was available to answer this question.

S What training is provided for all acadent management personnel on the possible lin:ltations of
equipment, instrumentation. and plant inform; tion?

b

- Answer:

Inadequate information wa available to amwer this question.

6. What additional training is provided to implement the ur. of alternative systerns and equipment?

Answer: .

Inadequate infonnation was available to answer this question.

7. Ilow do drills and simulator exercises consider the following potential restrictions: inhibited (
access to equipment as a result of high temperature or radiation icvels, limited lighting or kus
of resources such as electricity, and constratats on the availabihty of personnel with the proper
skills?

- Arsur:

.

Dri!!s an:I simulations may not incorporate actual real time performance attributes or adequate
representation of the lirmling factors of radbtion fields, lighting or loss of other resources. EOP
inspections by NRC does look at this and the AOp/EOP should incorporate this informat!on
in the actions,'

C. What are the changes thai have been niade to the current tra.aing program to enhance the
capability to prevent or mitigate plant damage?

B 61
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Appendix B

l'able D 7. (continued).
_ .._.. -

Answer:

Training material was not available for e<aluation. In general, a more in depth approach to
problem solving techniques and accident management courses that provide decision making
'echniques wou?d be beneficial.

9. What additional training har been provided to enhance the capabili y to pnwent or mitigatet

plant damage?

Atu.wcr:

Inadeg.iate infonaation was available to answer tl.is question.

,

_
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i

' '

Tabic B.8. Sequence category questions for inicifacing systern loss-of coolant accident.,f .

. . .

Procedures . I
,

v

Note: - These questions should be apnGed to each sequeace category. Each question would be
preceded by the phrase, "For tNs sequence category. .. ",

Y 11. Which of the current procedures are applicable for prevention ar mitigation of the severe
, accident conditions?,

:

: Answer:

K ,

h The required procedures are E.0, ECA 1.2, ECA.I.1, and E L
-

7 _

What changes could be made to the current procedures and guidance to enhance the capability ;1: 2. 'g
to prevent or mitir, ate the severe arsident conditiom?

-

!Arawen

Addition of specific steps for identiCcation of ISLOCA symptoms using instramemation, e.g.,
v hat radiation alarrns in av . diary building are indkative of an ISLF.'A and how they correlate

1: - with other potential indicators such as fire (high temperature) ularms.
,

i If alternate systems ar.d equipment ace important, what procedures and guiuance exist to
' facilitate their use?w

B

. Answen ;

No alternate systems or equipment were identified.i

L. . What procedures consider long term recovery actions that may be necessary for accident4

- management? (Examples would be establishing long term core cooling or long term containment-

cooling.)
,

1
-

i :

L ~ Answer: r

'

.

; After the break is isolated long term mitigative actions will be identified through he application
'

t

f of E4 LWhether 'there actions would. be adequ.ite for this sequenee. category was not !
~

"deterrnined. - Based on the information we have available, the current procedures do not seem ,

(tu stress long term recovery actions. They do etwer core und containment coe. ling actions for
design basis accident canditions that should be considered short to intermediate term recoverv
actions for severe acc|idents.'

5. ; What procedures and guidance provide instructions on how to evaluee information, either fium
,

. instrumentation or from other sources, that is apparently conflicting? - i

.
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.

Ti Table 0 8. (wntinued).

Amwen

Based on the limited information availab!c, none were identified.

6. What additional praedures could be added to enhance the crpability to prevent or mitigate
plant damage?

,

Answen '

3

( Based on the limited information available, none were identified. '

.

'

..
.Docision Making

'
. Note: These questiom should be applied to each sequence category. Each question would be i

precedet, by the phrase, "For this sequence category, ... ".
E

1. What are the current assignments of respomibility and authority for decis on making?
-.

Amwen ,

insufficient information available was answer this question. ;

.

2.; ;Ilow were the lines ot' commualcation between the control room and the technical support
cer.ler and other emerpnc) response and y.lanning facilities evaluated and validated?

'

,

Answen . ,

lasufficient inforrnation avaihibic--it is lik-ly through the 1,rocedures and the E plan

'
3. To what extent is lor.g term accident mananment comidered in tha decision making process

'
1 ,

including the basis for determining when the recovery phase is complete? . ,

,
'

Answt:n

..

Imafficient information available to answer this question.'

#.

' 4.~. What decision ..uking is defined in the current procedures and guidance?'

,

- Amwett,

i ' Insumcient information avilate to answer this question.

. 5. ' .What de. cision points are id:mified for expediting administrat!ve controls to facilitate the repair

: - or recovery of equipment?

o
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Table B 0. (cont,.n.ed). ,,

1

A.tswer: -
!

Sufficicat information was not available to answer this question. |
.

=6. What guidance is giwn to decision makers for prioritiilng altsinate actions, identifying and
,

avoiding potential negative effects, and evaluating long term plant recovery?,-

- Answer:5

|

T Insidficient information available to answer this question-there is the potential to prioritize
potential leak krations using radiation alarms. '

!

7c -What changes in the ass!gnments of responsibility and authority could be made in increase the
;

capability to prevent or nitigate plant damage?
.

' Answer: ;

J

Suffiment information was not available to answer this question.

Ik uipmentl
e ;

. Note: Dese questions should be applied to each requence category. Each question would be
,

; preceded by the phrase, .*For this sequ:nce categcry. ... ", 1
1

. .

What axitting plant equipment could be used to perform the function of failed safety r,ystems,
r

1.
_

.

for example, non4afeiy, grade equipment that could supply water, or jumpering to make
acailable alternate sources of power?

'
q

. What are the ultimate operating limits for the existing equipment that eculd be used asa.

. alternates to safety grade equiprnent? '

,

Answer;
L >

l
V Access to th inventory of other water storage tanks, for example the CST, could help to

~

lengthen the time that water is available for injection, if rectiticasty was found to be a '

,

problern, ways to bornt.c the water would have to be devised. Means of opening a flow t

path from the RCS would hse t6 tely on the i ORW, the upper head ventr, and possibly
,

.i ' - the pressurizer vents.
+

s c,
:s

,

.

_

-

Thc| ultimate operating limits are not formally recoided or iisted in th: information
_

- a.

available to us." Additionalinformation would be necessary to answer this question.

2. . What provisions could t e made to facilitate repair or replacement of failed equipment for this
,

sequenw category. Consider both the availability of parts and the capability to gain acoAs to
failed equipment exposed to severe accident environments?

-
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Table B.8.- (continued).

What replacement uiuipmem and spare parts hme bcea identified including their locationa.

and rneans of transport .ind instal'ation within the time availabk? $
e

b What advance pceparation of hardware, for example, spool pieces, pre positioning of
equipment, etc., would facilitate the ase of existing alternate equipment to provide a
significant increase in equipment capability? .

s

c. What offsite resources are there that could be identified and adequately pn: pated for
transport to tbc site under accident conditions? '

Answer:

Them is insufficient information available to answer this question. Ilowever, there would - [
te the capability to exai. tine the largest loads possible on the isolation valves during an

*

ISLOCA and to upgrade the valve actuators to emure they can shut the isolation valves
for ISLOCA coiiditions. BrWpng in offsite equipment could be helpful for ISLOCA<

co;ditions if tha radiation Gelds were such that personnel would have inierface the '
<

equipment 'vith the plant.

3. What remurces can be managed, such as battery twer or borated water, to prevent or delay
severs accident conscouences and what is the technital basis for their use?

Ia, is equipment available that has the capability to replenish exhausted resources within the.
tir e fraine availeble for recovery. Are supphers of essential rev>urces ider.tified?

0
b, - Wh,t ethite resources are there that could be identified and adequately prepared for*

..

t nugw to the site under accident conditions?

^

Anmer:

'
RWST wa'er could be managed if an ISLOCA sequence was diagnosed, it would be
possibl4 to have an analpis aid that would indicate the injections rates that would make

*

--6p for decay heat. Cutting Sack the injection rates to near this value wuld mimmia: kus
of water out of the RCS and prolong the time that water is availabic.

,

L Menns of refilling the RWST could be developed using resources such as diesel driven fire
- pumps or pom.n biought in from off site. Boration of sources of water would need to be,$

corsidered. It is not apparc-' that the capability to borate alternate sources of water
curre..tly exists.+:

4 What' potential options for use of equipment f7m another unit have been considered and
optimimd?

.
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Appendit il

Tablo D E (con inued).

Answer.

There are pron..ons to cross tie the RWST from the second unit to prolong the injection time
nnd allow more time to provide makeup te either unit.s RWST.

5. What additional equipraent would enhance the capability to prevent or mitigate severe core
damage?

Aruwer:

Sufficient in#oirnation was not available to es to ar'swer this question.-

1mtrumentation

Ate: These questions should be applied to each r.cquence category, liach ;;uestion wooid be
preceded by the phrase, Tor thk sequence category, . "

1. Whru instruments are necessary to identify the symptoms and applicable strategies that will
enable accident m: nagemer,t penonnel to prevent or notigate severe accident condition?

Answer:

Radiation alarms in the amilimy building. Sufficient information was not available to determ'ne
whether there v,ere ternperature and water level rneasurements available. Auxiliary building,

alarms could be arranged in :he control room to aid in understandini; the accident conditions.

2. What are the limhacions on the instrumentations to provide needed information on plant severe
accident behavnr and how are they communicated to accident management personnel?

g. An3 ,en .

'

,J

We do not have access to doeunents with a discussion ofinstrument limitations for either design
basis or s;, tte accident.t it is uncer.' A whether an analysis for severe accident conditions has
tren performed.

3. What means (orotection from harsh environments, operator aids, etc.), have been developed to
use existing instruments under the expected severe acciJent conditions?

Answer:

Insufficient information available. Tr : could be limitations on the access to sampling stations
generally located in the auxiliary buildmg during an ISI.OCA but this information could not be
obtained from the available informatio .

D-73 NUREG/CR 6009
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Table B-8 (continued).
._

,e

4. - Wh'ai methodologies have been :stablished to identify unreliable data from instruments .mder,

severe accident conditions? ,

m
<

Aruwen

Sufficient information was not available to answer this question.a
,

'

S. Whai changes could be made to the current instrument systems to enhance the capability ta
prevent or mitigate severe accidt,.nt conditions?

3

. Answen -

Sullicient informmion was not available to answer this question-but probably the beation of i

radiation alarms in the auxiliary building and perhaps grouping of indicators for alarms indicative
; of an ISLOCA.

6. What $dditional instruments would enhance the capability to prevent or mitigate severe accident -

conditions?

- Answen-

t

Additional indicators of pressure or area temperature specifically designed to identify breaks in
; the vicinity of low pressure sptems v.here ISI.OCA is possible. Water levels in compartments
found to contain' equipment thatis vu!nerable to severe acch:ents

Training

Note: :These questions should be appned to each sequence category. Each question would be
preceded by the phrase, "For this sequence category, ... ".

,
,

' t .- flow does. the training piovide personnel involved -ia accident managernent with an
understanding of the possible r.evere accident plant bel' vior, and is this training gisen at the
proper levels and in the detai; required to facilite , ision making?>

,

. Answen -
,

_

_ Sufficient information was not available to answer this q -tion.'

1

2. llow are all personnel involved with the training simuleior made aware of the limitations in
.

representing severe accident conditions and is it made clear when the simulation is no lon:;er -
*

#

valid?

LNUREG/CR-6009L B 74
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| Appendix 11

Table B 8. (continued).

Answer:

Limitations on performance are noted in Discrepancy Reports. During testing if invalid
perft.rmance is noted. it is identilied and reported. %ese reports were not available to us. The
degree to which these limitations would apply for severe accident conditions would depend on
whether a detailed evaluation had been perfr imed of the simulator capabilities for the c.evere
accidi:nt sequen es identified as important for the plant.

3. Ilow are personnel trained to proceed if instruments give what appears to be con 0icting '

readings? i

Answer:

Suffnier t information was not available to answer this question.

4, 110w does the training for all personnel involved in accident management ensure that all
important actions or decisions for severe accident management are included?

Answer:

Sufficient information was not available to answer this question.

5. What training is pro,ided for all accident management personnel on the possible limitations of
equipment, instrumeritation, and plant information?

Answer:

'
Sufficient information was not available to answer this question.

6. What additional training is provided to implement the use of alternative sptems and equipment?

Answer:

Suflicient information was not available to answer this question.

7. llow do drills and simulator exercises consider the following potential restrictions: inhibited
access to equipment as a result of high temperature or radiation levels, limited lighting or loss
of resources such as electricity, and constraints on the availability of personnel with the proper
skills?

NUREG/CR 6009IL75
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Tablo D 8. (continued).
.

Aswer:
=

Driik and simulations may not incorporate actual real time performance attributes er adequate
representation of the limiting factors of raamtion fields, lighting or loss of other resources. EOP

j inspections by NRC does hmk at this and the AOP/F.OP shoaid incorporate this infornntion
in the actions.

8. What are the changes tha' have been made to the current training program to enhance the
capability to prevent or mitigate plant damage?

Answer:

Sufficient informuion was not available to answer this question.
~

9. What additional training has been provided to enhance the capability to prevent or mitigate
plant damage? ,

Answer:

Sufficient information was not ave.ilable ;o answer this question.

f

,

_
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Appendix C

Characteristics of Proposed Strategies

Substep 43 of the proposed process for developi ind assessing accident management plans
was used to identify the strategy characteristics for the potential strategies. Tt. ant members described
the characteristics for each potential strategy by documenting the fallowing informatior.:

Assessment categories for which the propcxsed strategy is expected to be used.

Plant hardware and operations necessary to carry out the proposed strategy, including.

changes in the traditional ways of using existiag hardware or operations or additions to
hardware or operations that would be needed to accomplish the strategy

Informmion and instrumentatien needed to det.:rmine whether t?": strategy is effective.

'Ihe resources ueeded in terms of the penounel and equipment having the capability to.

resto c the sa ety functions and the wat?r, power, air, and o.her resources necessary (doesr

not include manpower or costs associated with the development of a potential strategy)

The expected timing of the key phenomena and the ir'luen c of this timing on the.

effectiveness of the strategy.

The ideitified chaia:teristics for a sample of six potential strategies are included in this
appendix Descriptions of the characteristics are brsed on our understandit.g of plant hardware and
operations, which is not always complete. Some strategy characteristics ere lacking in detail tu a
resuit of this lack of information.

>

Characteristics of the following potential strategies are presented as tables: ;

Reactor vessel cavity floodmg system (Table C-1).

Annlysis ad to project lower head failure (Table C-2).

Cross-tie of secondary Condensate Storage Tanks between unita (Table C-3).

Use c' fi e water spray to reduce off-site retcases (Table C-4)r.-

Change to procedures and instrumentation for ISLOCA (Taole C-5).

Change to procedures tc ,arovide access to other water sources (Table C-6)..

NUREG/CR-6009C-3
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Table C 1. Proposed strategy characteristics for the Reactor Vessel Cavity Flooding System

Reactor Vesse! Cavity Flooding System

- 1. Sequence Categories For Which Strategy Mey Be Effective

We sequences for which this strategy is expected to be used irclude

a. Non-coolable rek) cation to the nwer plenum

There is the poiential to cool the core while still in the vessel if water can be injected earl 3
encugh and in sullicient quantities,

i
b. Direct Contammerit riuting _

Water may mitigate some of the effects of DCl{ by supplying some cooling of the Jebris
as it is ejected. Experiments show the benefit is not large.

c. Core Conciete Interactions

Water can skrx the progression of CCI and has a direct benefit by !crubbing some of the
fission products,

t| 1. Chanps or Additions in Plant Ilardware or Operatica

Hardware changes would have to be made to provide water to the reactor vessel cavity. Since
the contaimr- nt spray systems would need to continue to operate to condense steam generated
daring the vessel cooling process, use of thcae systems for emity flooding would require
cvaluation to ensure that their heat ternoval capability was not interrupted or significantly7

dim:nished. - One option for use of these systems wuuld be a connection to pilow water from
#contaiament sprays to accamulate in the cavity more rapidly and in larger quantities. A

dedicate i system to inject directly in the cavity may he the simplest and least costly in terms of
both hardware and possible additional analysis. Yne reactor vessellower head insulation shou'd
be examined to detennine if it could be remowd, or if it reme. ins in place, whether it will
restrict contact of the water with the vessel. The potential for cauinm:nt or ;astrumentetion
failure due to flomling of corapaisments connected to the reactor vessel cavity must be examined
and the safmy implications of the failures of any safety related equipment r'.ust be determined.

s

s

'
ihnt operations changes would be needed in the fann of additional procedure: or guidance to
ensure that the proper instruments would be selected, initiation conditions would be correctly
interpreted, and the flow would bc .o!.iated and the results monitored. There may also need s

to be additional monitoring of the sprays or fan coolers to ensure that adequate long term
cooling is available.

NUREG/CR-6009- C-4
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Tabts C-1. - (continued).'.

3. Information Needed and instrumentation Available
, ,

- There are no direct measurements that would indicate that conc material has rekwated to the
-lower plenum and that the integrity of the vessel is being threauned. Ilovever, there are
measurements that indicate that severe core damage is being approached:

X Core exit thermocouples
i _ ilot leg RTDs

~

Source range monitors*

Reactor Vessel Level Monitoring S:ntem (RVLMS).-

. Of these measurements, the core exit thwnoccuples would provide the most reliable indication
'

y since they are located close to the core and can provide e reasonable indication ot the approach
to extensive core damage.L The source range moniters would be the leart reliabic indicator of

. core' damage since _there several different phenomena that can cause changes in the
measurement, Ahhough these phenomena are indicative of core damage, there is much more
uncertainty in what changes in the measurement mean in relationship to the extent of core

; damage. -

D .We could not find any indication that reactor vessel cavity water level is measured. This levels

:woeld be needed to_ ensure that personnel invohrd in accident management can verify that
~

Lwater is covering the-vessel lower head. A measurement of vessel lower head temperature
t would paide infarmation on the possible timing of vessel lower head failure and wuuki
LdRate whether flooding of the reacter vessel cavity is soccessful, his measurement cnuld be
made directly by thermocouples or indirectly through optics., ,

m
; 4. ? Resources.Neededo

A water source to fill the cavity tc, about the top of the lowr plenum is estimated to require -

F : a capacity _of about 70,000 gallans. if analysis shows llut more of the vessel needs to be'

V , submerged, substantially more ~ water would be needed since other parts of the containment .

'

: wouki also need to be flooded to raise the levelin the cavity. Using the minimum injection time-

' '

iof one hour, described in the timing of key evects, the injection rate to fiP the cavity to the top
of the lower plenum woukt be about 1200 gpm. If it is necessary to fill the cavity to near the
top of the core, the pump capacity could be up to a factor 'of 10 higher. The BWST casily has
the capacity to flood up to the top of the lower plenum but for much larger volumes its use may
detract from the inventory needed by the Si ar d Conlainment spray systems._ Ahernate sources -

'

of water could include the CST or water resources from the other unit. The proposed use of
& 1 unborated water would require an analysis to confirm that recriticality will not occur for the -

g spectrum of severe accidents er provisions made to borate the water before it enters the RCS.
.

-4,.

,

+ ^
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7 LTab:0 C L (continued).
4;t .

.

e' Pumps for a system to flood tha cavity should use a diverse power source so that it is available
Lduring inciddnts where electrical power is lost. 1he valves necessary for system operation should

_

. be able t.9 actuate it'there is a station blackout or loss of air.

Y Tiaining for flooding the cavity would be necessary.-

% _

Expected Timing of Key Phenomena.4^ 5.
.

,

- The telapsed time between detection of substantial core damage (for example core exit.

thermocouples greater than 1800 F) and relocation of fuel to the lower phnum could be as:

a ' short a's one to two hcurs.. One hour should be med as a conservative time frame to assess the,

i . needed flow rues and respome times. .

. --- .
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~ v# 1 Table C 2. Proposed strategy enatacteristics for an analysis aid to project lawer head failure.
s

,

' Analysis Aid to 'Pioject Lower IIcad Failure >

,x
.

1. Sm{uence Categc. tics For HNch Strategy May Be Effective
,

>A RCS Irr/entory Contrcl-
"

+

'

The seq.cnces for which this strategy is expected ta be used include

An estimate of the possibic failure time of the lower nead would help plant personnel
judge between strategies if they require significartly different amounts of time to.

J implement. For exsmple it could asist the plant personnel in determir ing whether there
was sufficient time to repan or ieplace equipment or utilire mobile equiprnent.'

.

b. Non-coolable. Relocation to the Lower Plenum

An estimate of the possible failure time of the lower head would help plant personnel
- judge between strategies, for example, continued efforts to inject water into the RCS
versus preparation for injection, inta the vessel cavity.-

Y

c. - Direct Containment Heating
,

-
,

An estimate of the possible failure time would allow personnel to assess the time available
.

to depressurize the system and tai.e advantage of accamulrcr injection.
<

2. Changes or Additions in Plant Hardware er Operation,

;There would not be any changes to plant hardware. There could be changes in plant ' operations'

because there cculd be changes in the procertures to_ cssco the resuks from the Analyses Aid
and make decisions on the strategiesc There would also need to be guidance for use of the1

Analysis' Aid and responsibi'ity end authority for its use would have to be acigned. Training
in its use and interpretation vculd abo have to be performed.

- 3. - Information Needed and Instrumentation Available ,

There are no measurements that provide an unambiguous indication of the condition of a
'

. degraddd core or of f he location of rekrated core material. The following measuretaents would
,

be wollable 16 provide input to ths analysis aid: (a) core exit thermocauples (up to 'a
temperature of 2500 F) to project fuel rod failure and core relocation times, (b) reactor vessel

y level to project fuel failure times, (c) RCS or containment radiatien levels to indicate the timing -
- of cladding rupture, (d) source range power monitoi to be interpreted based on the TMI-2

U accident and additional caiculations, and RCS pressure to determine whether pressure spikes'

occur that may be indicative of the reiocation of core malaial.
< ,

s
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Table C-2. (continued).
.

4. Resources Needed

Resources would be needed to implement the analysis aid software at the proper kwation,
probably in the technical support center. The software would require use of input from existing
measurements. His input could be either automated using direct measurement output data or
it could be input by the person responsible for making the projection o core failure. An
uncerteinty estimate on the accuracy of the analysis aid should be performed early in the
development to ensure that the projections of timing are used properly in making accident
management decisiens. Training would be nea ssary.

_

5. Expected Timing n Key Eventsi

The timing of key events can vary substantially for the possible sequence categories. The
objective of this analysis aid is to provide projec; ions of timing that can be used to make
nGmed judgements on the need for implementation of strategies such repair of failed

uluipment or the Gooding of the reactor vessel cavity.
,

!

i

.
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k V Table C-3.--Pioposed strategy characteristics for cross. tic of secondary cmidensate storage tanks

! between units <'
'

>

F Cross-tie of-Gecondary Condensate S:orage Tanks Between Units

j 1. Sequenco Categories For Which Strategy May be Elfective
,

' | The sequences for which this stratet;y is expected to be used includeu;

,

a. Loss ofIIcat Sink (extended steam generator heat removal)<
b. Steam Generator Tube Rupture (maintain coverage o' brea.k).,

3
*

and to a lesser extent-

e, -ISLOCA (extended SO feed,if needed, and bleed to maintain low system pressure).
4 di Direct Containment Heating (heat removat to accomplish or enhanec 2CS

~depressurir.atica).

'

2.' . Changes or Additions in Plant liardware or Operatious
'

JNo Changes to plant hardware are noted to be regelred. The following cross-tic capability for -
~

the Unit 1 and Unit 2 secondary candensate storage tanks (CST) exist:

a. . A 4 inch cross-tic QFWO27) hi the turbine building between each CS) auxiliary feedwater
'

-

- recirculation line return to the CSTs (OCD006 & OCD066) with a single isolation valve
~

x

y 10FW0169 (normptly closed); LThis appears to be a line har taps into the CST at a
relatively high elevcior., but may provide a limited source of water flow to the other tank.

b. . f A| set of 12iinch cross-ties exis on the non-seismic partion of suction piping to the
' Con 3ensate Make-up Pumps in the turbine building' Uric 2 pipe (2CD272) ties into thec
Unit nuction header (OSC001) isolated by valyc OCD0385 (normally cimed), and Unit 1t

pipe (ICD 278) ties into the Usiit 2 suction header (2CD278) isolated by valve ICD 0386
' (normally closed) This piping' can be isolated from a) ruptured CST by closing the

G appropriate CST isolation (OCD0101, OCD0100);
:p

~

.

A set of 12 inch cross ties exist on the Condenser overDow lines returning to the CSTe->

.
piping headers. It _ appears that the Unit 1 snd Unit 2 C ,Ts are cross-tied at this point,

'

.

: and one of tivse lines is normally open. Tth m)y allow for level equahzation. ~ Unit 1
jM '.

iopen, a'nd Unit 2 pipe (OCD086) ties in;o the Unit 1 CST header (OCD068) isolated by
' '

pipe (OCD087) ties in.o the, Unit 2 CST header (2CD279) with valve OCD0375 noanally
~

.

- valve OCD0394 (notme!!y closed). This piping can also be isolated from a ruptured CST
" by closing the appropriate CST isolation (OCD0101, OCD0100). -

s

4 I

.
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'luble C 3. (continucd),
o

d. A 12 inch cross-tic (OCD085) exists in the turbine building prior to entry of the CST
piping into the auxiliary buikling ud the suction headers for the ABY pumps. This line
n isolated by valve OCD0370 (normally closed) and can be isolated from a ruptoicd CST y

piping in the tutbine buildmg by closir g the appropriate manual (turbine building) isolation
velves (ICD 0369, 2CD0369).

An fs inch cross-tie (OSWC98) exists on one of tne serse water emergency supply headetsc.
to tbc motor-driven ARV pumps. This line is normally open (valve OSWO670). CST
supplied to the ARV pumla is normany Ibwing tl rough this piping and can be supplied
'o the other mc tor-driven ARV pump via the normally open service water cross-tie, or can.

be supplied to all ARV pumps via the normally open CST suction headers. This portion
can be kolated from rep.ured CST piping io the turbine building by closing the y

appropriate .nanual (turbine building) isolation (ICD 0369, 2 CIA 369). or an individual )

purnp may be isolated by closing its discharge isolation valve or suction isolation valve, or
beth.

.

Information Needed and Inst;umentation Available3.

-Information needed to keep apprised of CST conditious is currently asai%ble and used to
ensure AFW suction by mo: storing CST level AFW pump suctica presure, and service water
supply to the ARV sptem. Current operatoi actions are delineated in CAUTIONS contained

. witnin proceduies of the EOP network that direct restoration of level in accordance with-

AOP-43 if CST level is ks than 8 feet, and ensuring ser ice s;ater is aligned in accordance crith
ACP-43 if CST level falls belo.v 0.5 (ect. (An example is CAUTION at :op of page 10 of
FR-H.1,'' Response To Loss Of Secondary llem Sink")

4. Resoureca Needed
-

Currently, penonnel ate directed to perform some tequired actions [ e.g., AOP-4.3 provides
'

instru:tions for aligning senice wate: ISW) to the ARV pumpst It is expected no additional
personnel would Le required to complete tasks to cross-tie the CSTs to provide au extended
source to the AFW pumps. Some dechion making on which cross <onnect would be best to use
based on current plant conditions and projected plant conditions will he required prior to
reachir.g the 0.5.foc,t limit in the one CST. Procedures may be redirected to ensuring the
inventories of the CST are maximized for supply to the ARV system. Additional training in the
use of the procedures would be required.

,

5. Expected Timing of Key Events

Timing is important to maximize wailable water resourecs for supply to the ARV system and
to protect from a loss of both CST inventories. Adequate time is allowed by alening the control

_

room operator via low tevel alarms and cautiori steps witHn the EOPa. It is expected that all
. operrtor actions could be completed within a half. hour if at Icast 2 persons are assigned to the
task.

NUREG/CR 6009 c.jo ,
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il ? Table C 4f Proposed strategy characteristics for the use of fire water spray to reduce off site
'" ' '

.' releases.,,
__

. m.

Use Of Fire Water Spray To Reduce OIT-Site Releases,

[ [1. - Sequence Categories For Which Strategy May be Effective

: The sequences for which this strategy is expected to be used include

;a. Steam Generator Tcbe Rupture (reduce fission prcxtuct release)
b; Comlastible Gas'llurns (reduce fission product release).

U b. Containment Ileat Hemoval(reduce tission product release).
'

-d; Di:cct Containment Heating (reduce fission product release).
c. Pre-existing Leak / Failure To isolate (reduce fission product release),

j, . and to some extent chn be applied to.

y

= f. - ISLOCA fsubmerging the break to reduce fission product re! case).

T -2. ? Changes or Addition in Plant Hardware or Operation
< a.:

..No major changes te plant hardware are believed to be required. There rm.y be some hardware - '

' enhancements i. ceded including:,

'

+ En. ' Procureraent and pre.ctaging of nozzle apparatus and adequate length (s) of 2% inch fire:,W' - hose in close proximity to cantainment/ main steam relief / safety valves to support fulf
cow: rage of area with maximum spray capability..

J b. ' I Placement of nozzle apparatus tie downs to provide best coverage and a!!ow for unmanned
4R
-%

- 2 coverage of main stemn dump / safety relief valve dischargest,
,

,
-

g-

tan._astessment should be performed to ensure that the availability of water for Gre fighting
*'

Y, ^ ''
' would not be diminished to' the point that a hazard would exist. The kwal effect of sprays on

'

equipment and instrumentation should also be examined to ensure that degradation would not
'

T stesult in safety problems.<

- -u

'

3c 1Information Needed and Instrumentation-Available -

'

-Infosekm ndeAed to identify thue situations requiring use of water sprays is comained withit.
' '

;' p prw.io.:.;s in the EOPs. Procedsres do NOT currently exist that call for use of this strategy,

@9
Lso ' additional materialfort timing 'and- direction would need to be added. Additional - y

finstrumentadon map be needed to identify the release location or locauons. His information
'

p
D

_

H

:
4.
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cAppen@ C

g7 Ta e C-4,;(continued)J
,

. ouki need to generally identify the sequence category so that release points could be determined.w
Examples of possible ccquences would be: a SGTR (high steamiencrator pressure, radiation alarms

. onjhc secondary, etc.); ISLOCA_(loe contamment pressure readings during an RCS inventory
reduction when containment presture is should rise, auniiaiy bui!<nng radiation alarnis and fire

'

sprays); contair. ment leak (incter. sing radiation leveh in tlie a' xiliary building or outside cantainment),
or containment fai!are (high containment pressure foliowed by reports of increasing radiation levels
in the atuillary building or outside containment).

4.- Resources Needed

Tne quaities of water cvailable for fire fighting should be sufGcient to spray several releam
locations for extended periods of time, It is expceted that prepositioning of equipment would . ,

streamline me of the sprays and consequently no additional personnel would be required .o
complete the' tasks necessary to set up fire water sprays Some dect. ion making will be tequirtd -

to' determine when it would bc .appre ,riate to set up the sprays based on current plan! '

r
conditions and projected conditions, release rates, and times. Precedures would need to be a

rewritten to direct placing sprays into senice based on plant conditions and precedures need
to be written to direci accomphshrnent of this task.

5. . Expected Timing of Key Events
T

Timing is im~portant to allow adequate time to set up the snrays bet' ore the effect Of the release-
prevents or limits action due to local radiation fields and exposure limitations It is expected
all operator actions could be completed within 15 mic.utes frora notification to set up sprays if
hardware is in place to propeny direct the sprays to identi0ed release locations and if at least
2 individuals are assigned to the task. If placement cf nozzle apparatus tie downs are used, then

- the opecar: vm W 'e free for other tasks once the sprays are initiated rmd only periodict

'

monitoring of the sprays would be required.

L
l
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Apperv.tix C

' fable C 5.' = Proposed strategy characte:htics for a change o procedures and instrumentation for"'
.

ISLOCA.
,

..

Change to Procedures and Instrunamtetion for ISLOCA

i 1. Sequence Categories for weich Strategy may be Effective

Ths ccquences for which tHs strategy is expected to be esed in ude

a. ISLOCA (identification o." bret.k lxa: ion and mitigation of release).
p

2 Changes or Additions in Plant Hardware or 0,eration

d 1he ptacedures need to bc :nodified to aid in the diagnosis of an ISLOCA. Specificiily the
auxiliary building :adiation alarms, ruinp level in the auxiliary tnH! ding containment pressure.
containacnt sump level fire alnrms in the auxiliary bui' ding and voorr or e.rea temimtun.w in -

'
the' auxiliaty building need to be specifically referenced in Qe procedure (E.0) to allow the

D - operator to make a tu:ck positive diagnosis of the (SLOCA event and a determinaticm of the
approicnate location.

>

'

Information Neided ina Instrumwntation Available..

Innrumentation must be available to indicate sump levels ar.d room or area temperatures, and
g - to activate local radiation slarna ar.J fire alarns. If the time required to reach sc ne of the>

W uxiliary building locations wher local instrument readings are available is excessive, then it isu

.' recornmended that these readings be provided directly in the control room. The potential for
'

[ restricted access to instrument readings in the auxiliary be:Iding as a result of radiation fields
: should also be darsidered when deciding whether instrument reacings shonhl be displayed in

the control roorn.
3

4. Resources Needed

it iicxpected that ne additional peesonnel or other resources such as water inventory or i.ower .
will be needed to implement this strategy. Additional narum1.ntation 9ad displays may be
needed. Additional training will be needed.

R Expected Timing of Key Events

.The timing of this phenemena is dependent upon the breair size wh:ch is strongly dependant1
- en break location. The time available for diagnosis could vary fre,rn 1 haur to as much as 8

' hours.
_

.

s
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[j [ Appendix C -
9;p

JabM C-6. Proposed strategy characteristics for a chairge to procedures to incorporate access to
,

6 tinct water sources.
i

;

*i Change to Proccirca to ineerporate Acces to Other Water Sources

y 1; Sequence Categories for which Strategy may be Effective

RCSinvc aiory Centfoi (provide adequate wan.r inventoiy tc make up for long term inssesa. -
.

from the RCSL

,;

2. Cnanges or Additi<>ns in Plant Hardware or Operation i

, ,

h procedures r.ect to be modified to list additional available water souicer induding use of '

swat,,r inventory from the second unit; This thi should be in,.orporated into the existing
_ procedure ECA-L1. This might also include rcGiling the BWST with borated water, or-

'

- condensate storage tart man!cipal water saurces, reservoirs ci rivers. He need to borate the
voter to orevent recriticathy must be evaluated. We do not have adequatc information to fuPy

a asuss Ihis enaracteristic - t

'

3. -Info:mation Needed an61astiumentati')n Avai!able
, .

No additional information ci instrumentauan is newied
,

.

. 4, Resourres Needed

ilt is ynsibis that cross t m, or portable pumps and hoses may be needed to refill from somei
,

ster sources. We do not have odequate information to fully assess this charactecistic.

5. - Expected Timing of Key Em.s

Timing cf the key events is dependent upon the rate ofinventory kus and the amount of water -?
!

L ; available in the BWST and other sources. We do not have adequate iaformatioin to fully assess-

+this characteristic.
. . _ - _ _ . .
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Appendix D-+
-

-

Preliminary Procedure for CST Cross-Tie
. .

4

*

l

a
"

.

"

'
+

[

r ,:
i ,

/ jf (

I
..

s
'

t
.

i
s

*
4

6

7

* :i jt 't *
. *

*

_J{ i<

\

,, c ,

_" l''
.- {_ 'y* , ' _| ; -

--

. -



f.; .,
' < 1

- * "

_ _

4::
, Appendix D

''

P

~

- Tabio D 1. Pieliminary procedure for CST crowtie.
,

- -.- .

AOP RESPONSE TO LOSS OF CST LEVEL Rev.A
S EC-1_ N w 18,1 m -

_ - . .
1

< .y ..

"

A: PURPOSE

This procedure provides actions to respond to a loss of
Condensate Storage TanF Level,

11. E?ml.Y CONDinONS
L

The folla ving conditions may cause entry into this procedure:

Rapidly dropping CST level in excea of AFW ars!
'.~

condensate usage.

- CST LOW I.EVEL - alarm, and CST k. vel dropping..

.

.' CST LOW-LEVEL - alarm.

< w ,
a

y

, ,

|
'

Y. h

q

g

= . - - .

, a.
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Appendix D

Tabla D 1. _(continuen).

AOP RESPONSE TO LOSS OF CST LEV;IL Rev,A
SEC-1 Nov 18,1991

__

STEP INSTRUCT!ONS RESPONSE NOT OBTAINED
_ ___ ._ . _ _ _

'P

)

CAU'nON

Cavitatior: of the AFW pumps may occur when CST levels
fall below 0.5 feet. Procedure AOP SEC-4 which pawides

. ,

in.. ructions for aligning SW to the AFW pump suctk.n
should be performed in conjunction with this procedure,

.
.

.

1. Verify CST Makeup from Align Demineralized Water System for
Demineralized Water Systein: fiding the CST:

.

1LCV-CD139 (2LCV-CD139) - Verify Booster pumps - AT. .

OPEN LE '\ST TWO RUNNING.

r
Verify Flow - INDICATED ON.

OFOMOU8 OR OFRMUU7
(Green Pen)_

IF: 1 LC6CDID (ILCV.
CD1391 can be ope.ned,

-

THEN: OPEN the valve to establisti
Jaw to the CST.

.

IF NOT: Open the bypass valve

OCD(.121 (2CD0373) to
establish flow to the CST.

2. Check CST leve) DECREASING IN Return to procedure and step in effect.
'

EXCESS OF KNOWN USAGf'

,

|. . _ . ,

(

D-5 NUREG/CR-6009
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.

Tablo_ D 1._-.(continued).
,

&

AOP- REbPONSE TO LOSS OF CST LEVEL Rev.A
.

Nov 18,1991SEC-1 _ _L
_._

STEP- INSTRUCTIONS RESPON8E NOT OBTAINED- <

3. CN. , Condenser llotweli 1 A(2A) a. Verity Condenser llotwell L. ..op
Level on illa 08 (2Li CDOS) - Opera' ion for the alTeciad unit:

GREATER TilAN 548 feet.
'

(1)
-- E: Hotwelllevel LESS THAN

b. Verify CLOSED Hotwell Makeup 548 feet.
-

Valves to the affected unit:
TH EN_: . Verify OPEN Hotwell e,

11 CV CD05. A (2LC''- Normal Makeup ILCs'-.

CD08A) CD08A (2LCV-CD08A).

1LCD-CD03B (2LCv- IF Noi': oper Bypass valve ICD 0032.

CDOSB) (2CD0032) and control
mneup to the Hotwell.

1CD003; (2CD0032).

(2) .

E: Hotwell level - LESS THAN
583 feet,

TrlEN: Verify OPEN Hotwell
Em rgency Makeup 1LCV-

CDOSB (2LCV-CD088).

JF NOT: Open Lvpass valve 1CD0032 -

(ICD 0032) and ceintrol
' '

makeup to the Hotwell.

(3) Manitor Hotwc3 level and 3

solate makeup when level
returm to riormal.

2

L

+
|

NURE.1/CR-6009 D-d
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- Table D 1." (continued). )

-

AOPk RESPONSE TO l. OfiS OF CST LEVEL Rev.A
:'

SEC 1 !- *v 18 1881.
,

STEP ~ INSTRUCTIONS RESPONSE NOT OBTAINED
'

e -

4. Dispatch Operators to the following
y

areas to check for evidence of leaks-

.- CST Enclosure

Tuibine Building SW and 592'.
.

" ele-ations.

Auxiliary Building 579' clevation.-

i

5. If: A leak is discovered on the P.ST, GO TO STEP 6.

-]]lESi Isohte ttie aflected CST -
CLOSE: Outlet holation

.

Valve Ot.' +,101 (OCD0100).

6.- IS A leak is discovered on the pip.'ng GO TO STEP 't,

between the C5Tand the Makeup -

,

Headet ' Isolation Valve ICD 0369
(2CD0369),-'

TiiEN:
a. Isolate the affected line - CLOSE

Makeup Header holation Valve

ICD 0369 (2CD0369)_

b. Cross. tie the downstream headers -
- OPEN the Makeup Header

,,

' - Dowr1 stream Cross-tie Valve
OCD0370..

c.' Isolate the upstream headers -
CLOSE the Makeup Header
Upstream Cross-tic Valve
GCD0375.

--
,

D-7 NUREG/CR-6009
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$ Appen' dix D

Tablo D 1. (continued).

' AOP- . RESPONSE TO LOSS OF CST LEVEL Rev.A
Nov 18, t's91

SEC-1 -
._

STEP- INSTRUCTIONS RESPONSE NOT OBTAINEO
,_

....... ..... .. ...... .... ... ...... .......... _.... _ .,

NOTE !
During the following step normal suction will be lost to the j'

i.- Turbine-driven AFW Pump for the aff.cted unit. Ensure the j
i pump suction is aligned to service water if that pump is !

Ij tequired to be operating. .J

7. LE: A leak is discovered or the piping Return to procedure and step in effect
'tbetween the Makeup 11eader

Isolation '.'alve 1CD0369
(2CD0369) and the AFW pump
suction Lolation vahes,

n

11tFE:
.I Ensure Turbine-driven A13V pumpa-

on affected unit - IFWOO4

(2FWOO4) STOPPED. 3

b. Isolate the affected line - CLOSE
Makeup licader Isolation Valve
1CD0369 (2CDo369).

_

Ver;fy AFW suction headers crossc.

tied:

.- OSWO670 0 PEN

1|2)MOV-SWO106 OPEN<

1(2)MOV-SWO107 OPEN-

d. Close the AFW pump suction
isolation valves on the affect unit:

1(2)MOV-UWOO74.

1(2)MOV-FWOO73.

1 ~2#0V.FWOO76-

END OF PROCEDURE
_ . -

NUREG/CfMf09 p.g
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'l ais document -is . the second af a two-volume NUREG/CR that discusses;

' development of uccident management plana for nuclear power plants. The
33rst v'olume ('s)' describes a four-phase approach for developing criteria-

_

taat could be used for assescing the adequacy ot accident management plans,-

~_
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1),._ (c) presents a prototype process-for developing and implementing severe
accident management plans (Phase 2), and (d) presents criteria that can be
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