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ABSTRACT

This document 1s the first volume of & two-volume NUREG/CR. It describes a four-phase approach
for developing criteria that can be used for assessing the adequacy of severe accident management pians
for nuclear power plants. The general attributes of accident m_azgement plans (Phase 1) are identified,
and a process for developing and implementing severe accident management plans (Phase 2) is described.
This process is based on a prototype process described in NUREG/CR-5543. The prototype process was
revised using resuls from an evaluation of this process (Phase 3), which is documented in Volume 2.
Genere! critena for assessing the adequacy of accident management plans are also presented (Phase 4).
These criteria were based on process specific criteria presented in Volume 2 and NUREG/CR-$543.
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EXECUTIVE SUMMARY

Accident Management 1s an essential element
of the Nuclear Regulatory Commission (NRC)
Integre aon Plan for the closure of severe accident
issues. This element will consolidate the results
from other key elements, such as the Individual
Plant Examination, the Containment Performance
Improvement, aod the Severe Accident Research
programs, 1 a form that can be used 10 enhance
the sufety programs for nuclear power plants. The
NRC s currently conducting a program that will
aid in delining the scope and attributes of accident
vanagement.  The fundamental objective of the
progran: is s follows:

Each NRC Licensee shall implement for each
nitclear plant an - Accident Management Plan’
thiat provides a lramewaork for evaluating
information on severe accidents, including
that developed through conduct of the Individ-
uil Plant Examinations, for preparing and
implementing severe accident operating pro
cedures, and for training operators and man-
agers th these | rocedures

The NRC staft. including the Office of Nucle-
ar Regulatory Research (RES), received instruc-
tons from the Commission and the Executive
Director tor Uperations 1o work with the nuclear
utility industry to define the scope and contznt of
accident management plans and to develop guid-
ance on thes: plans. In accordance with these
mstructions, RES is conducting a research program
o establish those attributes of a plant severe acci
dent inanagement plan that are necessary (o ensu, -
effective response to credible severe accidents and
recommend criteria that can be used 10 assess the
adequacy of accident management plans,

To assist in this program, an approach com-
prising four phases has been developed to identify
the important attributes of a severe accident man-
agement plan and, based on these attributes, to
produce assessment critenia.  The primary ohjec-
tive for each phase follows:

Phase | Identify the general attributes that
an implemented accident management plan

ix

hould include, based on the stwed accident
management objectives and other pertinent
information.

Phase 2. Integrate the identified gencral
attributes into & protolype process thai
includes the steps necessary (o develop and
implement an accident management plan
with the capability fo provide severe accident
management at a plant.

Phase 3 Validate the capabilities of the pro-
cess through an application that uses infor-
mation expected to he available al a nuclear
power plant. This application is intended to
identify discrepancies. Improvements will
be developed 1o correct them,

Phase 4. ldentify ¢riteria, based on the
important characteristics of the validated
process, that can be used to assess the ade-
quacy of accident management plans.

All phases of this approach have been com-
pleted, Intsgl results, including & prototype pro-
cess and preliminary criteria, were documended in
NUREG/CR-5543, Volume 2 of this NUREG/CR
presents results from the validation of the proto-
type process (Phase 3) and a set of process-specit-
1 assevsment eriteria that were developed. The
process was modified to reflect the results of the
validation phase and a set of more general criteria
were produced (Phase 4), This report updates
NUREG/CR-55413 10 incorporate these results in
Phases 1, 2, and 4,

We have used information from the follow-
ing sources to identify the genvral attributes that
an accident management plan should have: the
objectives for accident management described
in NRC correspondence (SECY-012-X9), the
five accident management framework elements
identified by the NRC, and the processes
involved in the development of the currently
used design-basis approach for classifying and
analyzing potential accidents. We identified
nine altributes by assessing and integrating the
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plant status

information obtained from these three sources, 5. Indication that adequate

We believe an implemented accident manage iformation s avadable o monitar all
ment plan should have ne following gencral plam safety functions and s available o
attributes select and (o assess the elfectiveness of all

stralegies
Adeguate mformation to understand the
capabilittes and potential limidations of 6. Clearly delincated hines of decision miak
the plant. including both eqt pment and s athoraty and responsibiing
personng

-

Provision for adequate rratmng of all per

2. A clearly (dentified set of accident man sonnel involved in acaident management
agement strategees that will effectively
prevent of mitigate undesirable accident K. Validation of the performance ol the
CONSEQUEnces implemented scoident management plan

Proveduwres and gutdelines implemented at A formal mechanism in place o identify
all appropriate levels in the orgamization and incorporate new information o the
tor evecuting the strategies implemented accident management pian

as it becomes available

3 Laginediod methods (necessaiy syslems

and equipment) wentified for the proper Qur process 15 based on these attributes.  Fig-

implementation of strategies ure ES<1 ilustrates the eight steps of the process.

Integrate
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Figure ES-1. Process for developing an acciden! management plan.
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ring in & nuclear power plant system, containiment
and surrounding environment resulting from the
thermal, hydraulic, mechanical, radiological, and

chemical phenomena.

Procedural Guidance — Plant procedures, guide-
lines, job descriptions, organizational descriptions,
communication and informgtion flow charts,
descriptions of the decision making process, e,

Procedures - Licensee-developed instructions
that ensure planned plant staft responses to severe
accident conditions.

Safety Function — A fanctici specifically
required 10 keep the plant in a safe condition so
that public health and safety will not be endan-
gered. Example safety functions are maintaining
core heat removal, maintaining reactor coolant
system heat removal, and maintaining contain-
ment pressure control.

Strategy, global — A group of strategies or activ-
itics @t a plant developed with the common objec-
tive to prevent or mitigate the effects of severe
accidents

Strategy, specific — One of a set of strategies or
group of acuvities that accomplish a globa! strategy.

Symptom-based aaalysis — The concept of ana-
lyzing instrument indhcations of plam conditions
and behavior (o wdentify accident symptoms and to
select strategies for accident management based
on these symptoms,

Technical guidelines — Documents that identify
the equipment or systems to be operated and list
the sieps necessary to mitigat2 the conseguences
of transients and accidents and restore safety
functions. Technical guidelines represent engi-
neering data derived from transient and accident
analyses and translated such that they can be
used to write detailed plant procedures, for
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eiample, emergency operating procedures,
There are two types of technical guidelines, as
defined below.

Generic techmical gudelines. Guidelines
prepared for a group of plants with a similar
design.

Plant-specific Technical Guidelines.
Plant-specific techmical guidelines are one of the
tollowing:

¢ Technical guidelines prepared by piants
not using generic technical guidelines

* A description of the planned method for
developing plant-specific EOPs from the
genenic guidelines by including plant-spe-
cific information (for example, deviations
from generic technical guidelines neces-
sury because of different plant equipment,
operating characteristics, or design).

Vulidation — The processes by which an accident
management plan is evaluated against the basic
objectives or requirements of that plan. Typically,
these objectives address the basic question of
whether the various components of the plan are
prepared properly, are integrated and well-inter-
faced, and are workable from buth a technicai and
human factors standpoint.

Verification — The process of determining
whether or not the products of a given phase of
development meet all of the requiremants estab-
lished during all previous phases.

Writer's guide — A writer's guide details how to
prepare text and visual aids for emergency operat-
ing procedu2s so that they are complete, accurate,
convenient, readable, and acceptable to control
room personrel. Its recommendations address all
aspects of viriting procedures from a human fac-
1ovs standpoint,
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A Systematic Process for Developing and Asses~ng
Accident Management Flans

INTRODUCTION

Significant capabliies for the management
of acowdents currently ex st at nuclear power gen-
eratir ¢ stations in the Un'ted States. These capa-
bilities are based on the United States Nuclear
Regulatory Commission (NRC) regulations and
are generally outlined in Supplemert 1 to
NUREG-0737, Emergency Response Capability
(USNRC 1982)% and in NUREG-0654/FEMA -
REP-1, Rev. 1, Cniteria for Preparation and Evalu-
ation of Radiological Emergency Recponse Plans
and Preparedness in Support of Nuclear Power
Plants (USNRC 1980). Laamples of these capa-
bilities include the following:

+  Emergency response facilities
Technical support center
Operational support center

Emergency operations facility

+  Function-oriented, symptom-based emergency
operating procedures (EOPs)

¢« Instrumentation in accordance with Regulato-
ry Guide 1.97

«  Control rooms with appropriately human engi-
neered equipment

o Safety parameter display system (SPDS)

« Radiological emergency response plans,

including

Onsite emergency organization
Emergency classification

- Notification and communications
Accident assessment
Protective response
Radiological exposure control
Exercises and drills.

& Reference to sources is by author and date. See
the Reference section, page 62, for full citations.

These capabilities are generally directed
toward preventing damage 1o the reactor core, pre-
venting containment failure, and minimizing pub-
lic health risks. Although some capabilities exist
for managing the effects of severe accidents
(those that extend beyond core damage), the effec-
tiveness of these capabilities to reduce risk for a
broad range of credible severe accidents has not
been demonstrated.

The staff of the NRC have concluded that the
risk associated with severe core damage accidents
can be further reduced through effective accident
management. This conclusion was reached based
on information from probabilistic risk assessments
(PRASs), severe accident res=arch and analysis,
and findings from a study conducted through the
International Nuclear Safety Advisory Group
(INSAG 1988). Examples of potential limitations
identified in the current approach to accident man-
agement are as follows:

+  The emergency operating procedures (EOPs)
presently implemented at nuclear power plants
are primarily directed at the prevention of core
damage, which is the first priority of accident
management, and at the maintenance of con:
tainment integrity. However, these EOPs may
not have sufficient directions for coping with
extensiv e core damage and “elocation, failure
of the reactor vessel, threats to containment
integrity that may derive from severe core
damage, or mitigation of fission product
release.

+ The current provisions for coordination of
onsite accident management with offsite,
emergency response may need additional defi-
nition when managing severe accidents.  For
example, if comtainment venting is selected as
an accident management strategy, the decision
1o execute an onsite strategy has potential off-
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Introduction

site conseguences, which implies a need for
additional communication. and consultation
with uffsite organizations.

Acodent Management is, therefore, an essen-
tigl element of the NRC Integration Plan for the
closure of severe accident issues and will previde
a means 1o consohdate the results from other key
elements | for example the Individual Plant Exami-
nation (IPE), the Conmtainment Performance
Impeovement, and the Severe Accident Research
Jrograms| in a form that ¢ v be used to enhance
the accident prevention and mitigation capabilies
of nuclear power plants, The Accident Manage-
ment element will ensure that planned actions and
preparatory measures are developed that will
extend operating procedures, gaidelines, and
tramming well beyand plant design-basis accidem
conditions and that will make effective use of
existing personnel, equipment. and information in
severe accident situations.

The NRC s carrently conducting a program
that will wid in defining the scope and attributes of
accident management for nuclear power plants,
The fundamental objective of the program ts as
follows:

Each NRC licensee shall implement for each
nuclear plant an *Accident Management Plan’
which provides a framework for evaluating
information on severe accidents, including that
developed through conduct of the Individual
Piant Exananations (IPEs), for preparing and
implementing severe accident aperaing pro-
cedures, and for training operators and man-
agers in these procedures (USNRC 1989

The acident management plan that licensees
will Gevelop and implement for each plant is
expected to incorpovate the four subsidiary objec-
tives (USNRC 1989) listed in Table 1. This plan
15 intended to promote vhe most effective use of
available utility resources (people and hardware)
Lo prevent or mitigate severe accidents, Its
implementation would be achieved through
improvements in the existing emergency proce-
dures and training programs, and by additional
planning for scvere accidens, which could
strengthen the suppont provided to the plant oper-
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ating staff in case of & severe accident, Extensive
hardware changes 1o reduce the frequency of
severe accidents are aof a central aim of the
umplementation of this plan, though lim‘ted minor
modifications may prove beneficial.

The NRC «taff, and the Office of Nuclear
Regulatory Research (KES) in particular, received
the following instructions from the Commission
and the Executive Director for Operatinns
{(USNRC 1989):

The staff will continue to work with
NUMARC 10 define the scope and content of
an accident managenment franework or plan
and the means for implementing such a frame-

Table 1. Accident management plan
objectives

1. Develop technically sound strategies for
maximizing the effectiveness of person-
nel and equipment in preventing w 4 mit-
igating potential severe accidents. This
includes ensuring that guidelines and
procedures to implement these strategies
are in place at all plants,

2. Ensure that mstalled instrumentation and
equipment called for in the diagnosis and
contral of accidents beyond the desipn
basis are identified and assessed 1o deter-
mine their avalability and capabilities,
and the need for increnental improve-
ments of existing systems 1o ensure their
availability is assessed.

1 Ensure that nuclear piant staff are trained
in the procedures and guidelines to fol-
low in the event of an accident beyond
the design basis of the plant, and ensure
the utility management is trained and pre-
pared 1o deal with severe accidents.

4. Provide a technical basis for assessing
the effectiveness of specific accident
management strategies and capabilities,
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work. Through a coordinated effort, the stal

will develop guidance an the accident man-
agement framework (as part of the accident
management research efforn).

The NRC will provide guidance 1o industry on
the scope and content of & wtluy accident
management plan or framework i a generic
letter on acoident management.

Responding 1o these instructions, RES is ¢on-
ducting a research progeam to establish those
attnibutes of a plant severe accident management
plan necessary to ensure effective response 1o
credible severe accidents and to recommend cnite-
ra that can be used 10 assess the adequacy of i
dent management plans. Figure | illustraes the
genetal approach developed to provide assessimient
criteria. The rectargles in the figure represer!
informadon sources used  the approach, and the
circles represent the phases that must be accom-
plished to carry ouwt the approach. The primary
ovjectives tor each phase are as follows:

Phase 1. To use the NRC objectives outlined
in SECY-012-89 (USNRC 1989) and other
pertinent ‘eformation {0 identify the general

NRC
objectives

-

NRC
framework
elements

Introduction

altributes that an implemented accident man-
agement plan should include.

Phase 2. To integrate the identified general
attnibutes into a prototype process that
includes the steps necessary to develop and
implement an accident management plan with
the capability to provide severe acoident man-
agement at a plant,

Phase . To validate the capabilities of the
process through an application that uses infor-
mation typical of that expected to be avaiable
at a nuclear power plant. This application is
expected to identify discrepancies in the pro-
cess. Improvements will be developed 1o cor-
rect the discrepancies,

Phase 4. To use the important characteristics
of the benchmark process 1o identfy criteria
thut can be used 1o assess the adequacy of
accident management plans developed and
implemented by the nuciear utility industry.

In this report, Volume 1 of a two-volume
NUREG/CR, we update the results presented in
NUREG/CR-5543 (Har «on et 2l 1991) 10 include

Figure 1. Approach for deve ing guidance for an accident management olai.
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Identification of General Artributes and an Outline of a Process

Table 2. NRC accident management frame-
work elements

Accident Management Strategies
Tramming

Crndanee and Computational Aids
Instrumentation

Delineation of Decision-making Responsi-
bilities

should be simed wt preventing core damage.
preventng reactor vessel failure, preventing
contamnment fatlure, and mitigating fission
product iclcase for the identified potential val-
nerabilities of the plant.

Procedures und guidelines implemented at ail
appropriate levels in the organization for exe:
cuting the strategies

Procedures and guidehines must be available 1o
aid the personnel involved in accident manage-
ment. Additioral procedores and guidelines may
be needed for sovere accidents 1o ensure that all
personnel involved in acoident management will
successfully implement proper prevenive or mit-
igetive measures, Guidelines may be mosi
appropriate for personnel located at the wechnical
suppon center or in wtility corporate offices. All
procedures and guidelines should be based on
eviluations of the tasks personnel must perform.

Engincered methods (necessary systems and
equipment) identified for the proper imple-
mentation of strategies.

Some strategies may rely on the use of exist-
INg equIpMEnt In new or innovative ways or
may rely on rapid assessment of accident con-
ditions and rapid response.  Engincered meth-
ods may thererore b in the form of either soft-
ware or bardware. ror example, we would
consider identifying ‘nnovative system align-
ments, fabricating necessary spool meces to

NUREG/CR-6009

(atwe 3. The nine general attributes of aco-
dent mancgement

1.

i

Adequate information to understand the
capabilities and potential imitations of the
plant, including both equipment and per-
sonnel

A Clearly identified set of accidert man-
srement strategies that will effectively
prevent or mitigate undesirsble accidenm
CONMCYLENCes

Procedure: and guidelines impieme wed at
all appropriate fevels in the organization
for executing the strategies

Engineered methods (necessiay systoms
and equipment) identified for the proper
implementation of strate zies

Indication that adequate plant status infor-
mation is available to moniter all lant safe-
ty functons and is available 1o seiect and o
assess the effectiveness of all strategies

Clearly delineated lines of decision mak-
ing authority and responsitality

Provision for adequate waining of all per.
sonnel invol ed in accident management

Validation of the perfornance of the
implemented accident management plan

A formal mechanisia in place to «dentily
and incorporate new information into the
implemented accident management plan ¢
it becomes availuble

allow the use of alternate pumps or coolant
sources, and developing computational aids 1o
project system conditions nto the futare to
identify the need for imr - tlate implementa-

tion of a specific strategy ull as development

and use of engincering methods,

- Indication that adequate plant status informa-

tion is available to monitor all ptant safety

Sl M b Ab e L e e e s s e s



identification of General Attributes and an Outline of a Process

funcrions and is available to select and 1o
assess the effectiveness of all sirategies

Identification and diagnosis of acoident condi-
tions and selection, implementation, and
assessment of the effectiveness of prevention
or mitigation measures must all be based on
the information supplied by the plant measure-
ment systems.  The medsurement systems
must supply accurate information over the full
range of the expected accident conditions and
must survive the harsh severe accdent envi-
ronments to ensure thal accident management
responses are adeguate.

Clearly deltineated bincs of decision making
authority and responsibility.

Lines of authority and responsibility for deci-
sion making must be clearly definea during
the planning phase of accident management to
cosure timely, well-thought-out decisions, and
that the decisions will bz honored at all levels
within the accident management structure dur-
ing the response 10 an accident,

Provision for adeguate training of all person-
nel imvolved in accident management.

Personnel mvolved in woidemt management
must be propetly trained to ensure high likeli-
hood they will successfully manage an seci-
dent. The extension of accident management
into the severe accident regime may require
that personnel involved in accident manage-
ment possess additional skills, knowledge, and
abilities (SKA). The desired SKAs and appro-
priate training must be identificd.

Validation of the performance of the imple-
mented accident management plan.,

Once an acvident management plan is devel-
oped and implemented, a validation process
should be used to ensure that all parts of the
system work together to provide the desired
level of accident management capability, Vali-
dation could b~ accomplished using such
means as simulation, review, exercise, or drill.

9. A formal mechanism in place te identify und
incorporate new information into the imple-
mented accident management plan as it
becomes available.

Following the development and implementa-
tion of an accident management plan, new
information on accident initiators, accident
phenomena, or prevention and mitigaion capa-
ki'ities may dSecome available. A means must
be included for identifying and understanding
the impact of this information, together with a
means of modifying nw implemented accident
management plan if the new information could
have significant impact on the identification.
prevention, or mitigation of accidents,

Process Steps

Using the attributes described above, we have
developed a process to produce an accident man-
agement plan.  Figure 2 presents the steps of this
provess. Figure 3 presents the relationship
between the previously described antributes and the
steps and substeps of the process, We briefly
describe the process now and provide additional
detail in Section 3,

The first step in the process involves assem-
bling the information needed to understand the
capabilities and hmitations of the plant. Resources
that should be available at the beginning of this pro-
cess include descriptions of plant design end opera-
tions, results from the IPE or the probability risk
assessment (PRA 1, and severe accident information.
Information should be plant-specific, though gener-
ic information can be used if 1t is determined to be
direstly applicable to the plant. Although most of
the information would be readily available from an
IPE or PRA, examples of important additional
information are generic information from studies or
evaluations of similar plants, recent NRC informa-
tion Notices, and results rom Generic Issue studies.
Once you have assembled information you should
incorporate 1t into the plant-ypecific database on
severe accidents and make it accessible from strate-
gic plant locations (such as at the technical suppon
center and control room) whete it can be used as a
resource during the development phase of the acci-
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|
65 Evaluate instry
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1

56 Select sirategies

I
67 Select
enhancements

6.3 Implement
equipment

Iy
6 4 Implement com
putational aids

T

6.5 implement
inrformation

1
66 Implemeart
trairing

Figure 2. Process for oeveloping an accident managament plan

dent management plan, during traiang and during
response 1o an accident.

The objective of the second step of the process
is 10 categonze the severe accident sequences iden
ufied by the IPE or PRA based on stmilarities i
the characieristics of these sequences. Since there
may be a large number of potentially different
vequences, it s important (o select characteristics
that are broadly based, such as plant safety func-
tons. For example, sequences that result in similar
mechanisms that cause challenges 1o plant safety
functions can be grouped together into categones.
These categones, called assesst Clegories, are
used throug Youl the remaining pocess sleps 10
provide a bass for wentifyicg potential accident
management strategies and assessing their capabil-
ities 1o prevent or mitigate severs accidents.

I'he third step is intended to identify and
describe specific hardw are and personnel cocahili-

NUREG/CR 6009

ties that can be used as the basis for strategies that
effectively prevent or mitigate severe accidents
Search tor these additional capabilities must
include several broad areas: procedures and
guidelines, training, instrumentation, equipment,
and decision making authority and responsibility.
A broad examination of each area is necessary to
ensure comprehensive results, For example, in the
area of equipment you should dentify non-safety
grade equipment with the capability to perform the
function of safety grade equipment. You would
also determine what equipment could be repaired
on site and the time required for its repair. A
questhion-answer format is used 1o focus this exam-
nation.

The fourth step 18 a method 1o identify poten-
tial strategies that can intervene in the progress of
a severe accident 1o prevent or mitigate its conse-
quences, The first substep is 10 determine whe'e
there would he opportunities for intervention for
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Identification of General Attributes and an Outline of a Process

Attributes Process Steps
I, Understanding of capabilities STEP 1. Assemble and Integraic Information
and potential himitations
STEP 2. Categorize Severe Accident Sequences
STEP 3. ldentify Accident Management Capabilities
2. ldentified set of strategies < STEP 4, ldentify Potential Strategies
STEP & Evaluate and Select Strategies

Substep 5.1. Develop Preliminary Procedures and
Guidelines

Substep 5.2, Assess Phenomenological Behavior

Substep 5.3, Evaluate Hurman Behavior

4. Engineered methods avail- ey SUbstep 5.4, Evaluate Equipment Performance

able Substep 5.5, Evaluate Instrument Performance

Substep 5.6. Select Strae _ies

Substep 8.7, Sclect Accident Management
Enhancements for Implement=tion

1 Procedures and guidelines
inplemented

5. Plant status information
avatlable

STEP 6. Implement Enhancements and Strategies

Substep 6.1. lmplement Procedures and Guidelines

Substep 6.2, Implement Delineation of Decision
Making Responsibilities

Substep 6.3 Implement Equipment and Engineered
Methods

Substep 6.4, Implement Computational Auds

Subsiep 6.5 Implememt Information Needs

7. Adequate Iraining 18 receivetmme———s  Sunstep 6.6, Implement Training

6. Deciston making suthonity
ana responsibility delincated

8. Vahdation .s performed e STEP 7. Perform Program Validation

9. Identify and incotporate e STEP ¥, Identify arid Incorporate Now Information

Figure 3. Relationship between attributes and process steps.

cach assessment category, based primarily on ihe
answers 10 the questions developed in Step 3.
Potential strategies vre then proposed to capnal-
ize on these opportunities for intervention. In
the second substep, identify potential strategies
by examining the applicability of strategies from
sources outside of the plant, for example, strate-
gies recommended by the NRC or strategies
found 10 be effective at similar plants. For the

final substep, describe cach proposed strategy in
sufficient detail that an evaluation of *he effec-
tiveness of the strategy can be performed.

The obiective of the fifth step is 1o evaluate
the poential strategies and select those that would
be the most ~ifective, and to identify enhance-
ments that should be implemented. Enhancements
may be either strategy specific or general. Exam-
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Identitication of General Attributes and an Outline of a Process

ples of enhancements are modifications 10 proce-
dures needed 10 implement a strategy, o addition-
al training on the expected plant response during
severe accidents to ensure that personnel will
respond properly. Figure 2 illustrates the progess
for executing this step. The substeps are designed
to accomplish the following:

¢ Develop preliminary procedures and
guideance to carry oul the proposed strategies
so that a detatled evaluation can be performed.

+  Perform a coordinated analysis of each poten-
tial strategy to assess strategy performance
and to determine whether there are additional
needs for training, computational aids, instru-
mentation, and decision making. The analysis
includes an evaluation of phenomenological
behavior, human performance, equipment per-
formance, and instrument performance.

+  Select strategies based on a set of ¢riteria that
ranks the strategies based on such considera-
tions as stretegy effectiveness and likelihood
of successful implementation,

*  Select enhancements for implementation at
the plant based on the results of the preceding
substeps

In the sixth siep, implement the accident man-
agement enhancements selected in the previous step
at the plant. These enhancements are modifications
or additions 10 the Jant in the following areas: pro-
vedures and guidelines, delineation of decision-
making responsibility and authority, equipment and
engineered systems, computational aids, instrumen-
tation, and training programs. The process for
implementation is general in some of these areas,
for example, equipment and engineered systems,
because the processes for modifying or adding

NUREG/CR-6009
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equipment will be well-defined and plant specific.
Additonal detail in the areas of procedures and
guideline s, and decision making responsibiinty and
authority, are provided in this step since the
enhancements needed for severe accident manage-
ment in these areas may be less clear.

The seventh step of the process includes the
work necessary to validate the accident manage-
ment plan, includiag the strategies, procedures,
guidelines, computational aids, engineered meth-
ods, decision making structure, and training. The
role of vahidation is similar to the validation tasks
identitied in NUREG-0899 (USNRC 1982) for
imolementation of the system-based EOPs. The
imitial substep is a simple walkihrough of the pro-
cedures and aids to identify and correct any defi-
ciencies in a given strategy. The second substep is
a full, operational test of the strategy, which
includes wll parts of the organization involved in
the accident. Periodic drills may be needed to
ensure the implemented plan continues to be valid.

In the eighth step, identify new severe acci-
dent information that becomes available after the
accident management programs have been put in
place and consider how it might influence the
implemented accident management plan. This
information may improve your understanding of
severe accident phenomena or quantify the effects
of personnel or equipment performance during
severe accidents, which could allow strategies to
be eliminated, invalidate portions of existing pro-
vedures or strategies, or create the need for new
strategies.  To properly incorporate new informa-
tion as it becomes available, identify important
new information and evaluate its impact on the
current accident management program. If changes
are deemed advisable, use Steps 2 through 7 of the
process described above for assessing and imple-
menting the changes.

i e e —
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The objective of Step 2 is to orgenize the
information on the plant severe accident
sequences .ato caiegories that can be used during
subsequent process steps to simplify the evalua-
tion of the accident management capabilities and
the identification of plant enhancements. The pro-
totype process proposed three substeps for catego-
rizing sequences. However, the Phase 3 validation
results indicated that the proposed substeps did not
accomplish the objective specified for this otep.

Three alternative methods of categorizing
sequence imtormation were developed during the
eveluation of the prototype process (Phase 3). The
first method uses the events on the PRA or IPE
event trees as categones because all severe acci-
dent sequences comprise a series of these events.
Examples of categories based on events are Fail-
ure of HP1 Sysiems, Failure to Depressurize RCS,
High-Pressure Melt Ejection, Preexisting Contain-
ment Leak, and Steam Generator Tube Rupture,
This method can be used to assess the current
accident management capabilities and develop
potentia! strategies 10 prevent or mitigate the
events. We chose to call these categories assess-
ment categories rather than sequence categories
because they are not tied directly to a sequence of

| group of sequences but are & tool to aid 1 assess-
ing and enhancing a plant's accident management
capabilities.

The second methced uses plant safety functions

to identify appropriate categories. The concept of

| plant safety functions, which is already incorporat-
| ¢d in the current symptom-based EOPs, can be
used as the basis for categorizing severe accident

sequences. The first task is to examine the plant

safety functions currently used in the EOPs to

assess their applicability during severe accidents

and 10 identify additional safety functions or elim-

inate those that may not apply during severe acci-
dents. This method of identitying the severe acci-
dent safety functions starts with the overall objec-
tives of accident management and relates these
objectives 1o the various strategies using a hierar-
chical tree structure. The role of personnel in the
management of 4 severe accident 1s to ensure that
certain safety objectives are met. In order (o meel
these safety objectives, cenain critical plant safety
functions must be maintained within acceptable
limits, An scciéont will present challenges to the
sifety functions, which are caused by different
mechanmsms. Although not necessary for the cate-
gorization process, the strutegics for preventing of
mitigating the mechanisms that cause safety furc-
tion challenges can also be disted. The sofety
ubjectives, safety functions, challenges, mecha-
nisms, and strategies form a natural hierarchy that,
for convenience of analysis, can be arranged in a
tree structure,

For this example, assume that the plant safety
functions associated with prevention of the acci-
dent have not heen successfully employed and, as
a consequence, core damage | s orcurred and a
severe accident 1s underway. (Core damage 15
considered 1o have occurred when there is signifi-
cant oxidization of the cladding and fission prod-
ucts have been released into the reactor coolant
system.) The severe accident management objec-
tives and their supporting safety functions can be
separated into two categories, those associated
with in-vessel accident management and those
associaed with containment and release manage-
ment. These categories correspond with the barri-
ers 1o fission products thai remain once the fucl
has been aamaged and encompass strategies that
can be implemented to reduce the inventory of fis-
sion products available for dispersion to the envi-
ronment. Based on this categorization, the plamt
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safety objectives can be defined as prevent cove
dispersal from vessel. prevent containment fwlure,
and mitigate fission product release from contain-
ment.

Safety objective trees have been descloped
during NRC-sponsored accident management
research for a pressurized water reactor (PWR)
with a large dry containment (Hanson et al. 1990,
and tor a boiling water reactor (BWR) with a
Mark * containment (Chien and Hanson 1997),
Both of aese sets of safety objective trees are
applicable to plants with similar design character-
istics.  Examples of the three trees for the PWR
are shown in Figures 4, 5, and 6,

Categorization of severe accident sequences
can be accomplished based on the mechanisms
shown un the safety objective trees. These mecha-
nisms represent anique identifiers of challenges to
plant safety functions and strategies with the
potential 1o prevent or mitigate challenges (o safe-
iy functions related disectly 1o these mechanisms.
Examples of assessment categories for this
methnd are Inadequate Secondary *wentory, Inad-
equaie RCS Inventory. Direct Containment Heal-
ing, Failure 1o Isolate, and Steam Generator Tube
Rupture.

The third method combines the characteristics
of the first two methods to define assessmerit cate-
gories. It was developed @ reduce the number of
categories by correlating the events from the event
trees with the mechanisms from the safety objec-
tive trees. Correlation ~an be accomplished by
charung the events associated with each sequence
from the event trees onto the mechanisms fepre-
sented on the safety objective uees. An exaniple
sequence that begins with a ' sss of sticam genera-
tor feedwater and progresses through a steam gen-
erator tube rupture and eventual core relocation

NUREG/CR 6009
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and containment fatlere is charted onta safety
ohjective trees in Figures 7 and 8. The diagonal
lines threugh the mechatism hoxes Indicate that
the rmechaism corresponds 1o an event in a partic-
ular sequence.  In the charty ~ process, several
events muy be correlded unde  ~ single mecha
nism, ans this mechanism is then used as an
assessment category.  For example, Hiph-Pressuse
Safety Injection Failure and Loaw-Pressure Safety
Injecticr Fatlure both fa'l under the Inadequate
RCS Irventory mechaniom. By ¢ smpiling results
from the charting of all sequences. mechanisms
that ar: not important challenges to safety func-
tions “or that plant-specific categorization are
identiied. Based on the Phase 3 resulr,, we esti-
mate that aboul twenty perceat of the mechanisms
coul! be eliminated from consideration as assess-
ment categories if the correspond.nce between all
everts and mechanisms were charted. In addition,
if /ne events from cach sequence were charted,
rejationships betweer individual assessment cate-
gories could be identified,  An understanding of
the relationship among sssessinent categories may
"> important, because strategies that may be beng-
ficial for one assessment category taust be exam-
ined to ensure that they do not cause negative
effects for reluted assessment cater =ies,

We concluded that any of - & methods of
defining severe accident assessi..nt categorics
could be used in the remaining steps of the pro-
cess. However, we prefer using assessment cate-
gories defined by the third method, a combination
of events and safety objective tree mechanisms,
because the number of categoies is reduced and
the trees show the relatiunship between the plant
safety objectives, the remaining assessment cate-
gories (mechanisms), and potential and final
strategies.  Understanding these relationships
should assist in identifying plant accident manage-
ment capabilities and assessing potential accident
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Process for Developing an Accident Management Plan

Step 3. Identify Accident Management Capabilities for C  egories
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The objective of this step is to identify che
plant hardware and personnel capabilities that
could supplement the response or replace the
function of the current safety and support systems
during severe accidents. A iable format was pro-
posed 1n the prototype process to organize the
identification and assessment of capabilities.
However, the Phase 3 validation resalts showed
that the table format was not effective in provid-
ing information with sufficient detail to determine
what changes in capabilities would improve acci-

ent management. To supply the necessary detail,
a more structured approach was developed using a
question-answer format for each of five areas
known to be important for accident management.
The following substeps describe how to carry out
this approach.

5 m Substep 3.1. Develop
Capability Questions

Develop a set of questions that can be used 1o
dentify the sccident management capabilities of
plant hardware and personnel for each of the
assessment categories described in Step 2. The
questions should be stated in terms sufficiently
general to apply to all assessment categories yet
contain enough specific information 1o stimulate
the proposal of alternate accident management
strategies during the next step.  Both short-term
and long-term needs for accident management
shoutd be considered. To ensure a broad exami-
nation of the capabilities, guestions should be
included for the following major areas.

¢« Procedures and Guidance. Initially. develop
questions 1o wdentify the procedures and guid-
ance currently in place for use by the station
operations staff and emergency response
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teams. Be sure to comeider the EOPs for the
operations staff and the documented guidance
for the staff ai the emergency response facili-
ties to assist plant operations tn managing the
accident. Determine whether there are proce-
dures and guidance for the use of alternative
systems and equipment, long-term recovery
actions, and assessment of multple instru-
ment readings to support accident manag.-
ment. Next, include questions 1o determine
whether extensions of existing proce”’ .es and
guidance could improve accident manage-
ment.  Also, include questions to determine
whether additional procedures would enhance
accident management for the assessment cate-
gory.

Delineation of decision-making authority
or responsibilities. Develop guestions 1o
idenufy the decision making responsibilities
and authority for the station and corporate
technical support activities and the procedures
and guidance that define them. Determine
whether decision-making responsibility and
authority is defined for situations where alter-
native procedures, equipment, or instrunenta-
tion could be used. Questions should be
included to determine what changes in
responsibility and authority would enhance
accident management. For example, should
the control room personnel have the primary
responsibility duning severe accidents, and the
eMergency response center personnel act in a
supporting role, or should the emergency
response facility personnel have the pric. 1,
responsibility during a severe accident. Iden-
tifying responsibility and authority in this area
could strongly influence other areas, such as
procedures and guidance.



Substep 3.2 ldentify
Capabilitie
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Table 5. Questions for assessing general accident management capabilities.

. These questions should be applied to each assessment category. Precede each question by the phrase,
| "For this assessment category, . .. °

Which of the current procedures are applicable for preventing or mitigating the severe accident
conditions?

If alternate systems and equipment are important, what procedures and guidance exist to facilitate
their use?

What procedures consider long-term recovery actions {actions that are necessary weeks or months
after the initiation of a severe accident)? How do the procedures sddress the following long-term
needs”?

The need to manage the long-term effects of radiation on habitability, access to plant areas,
persotel exposure, equipment degradation, and instrument degradation

The need to provide long-term cooling for the core material in the RCS and the contaimment

The need to manage combustible gases that accumulate in the contginment as a result of radi-
olysis or chemical reaction

The need to manage the chemistry of the water in the containment to minimize degradation of
equipment

+ The need 1o control the leakage of water and gases from the coldainment
The need to manage the waste material generated during and following a severe accident

What procedures and guidance provide instructions on how to evaluate information that is appar
ently conflicting, either from instrumentation or from other sources?

What changes could be made to the current procedures and guidance to enhance the capability 1o
prevent or mitigate the severe accident conditions?

What additional procedures could be added 10 enhiance the capability to prevent or mitigate plant
damage?

- Decision Making

These questions should be applied to cach assessment category. Precede cach question by the phrase,
- "For this assessmem category, .. . "

e ——

What are the current assignments of responsibility and authority for decision-making and where
are they documented?
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Table 5. (continued)

2. To what extent is long-term accident management considered in the decision-mak.ng process,
including the basis for determining when the recovery phase is complete?

| 3. What decision making is defired in the current procedures and guidance” How should the author-
j ity and responsibility roles for severe accident management be allocated: the control room proce-
* dures and personnel having the primary role or the smergency response facility guidance and per-
; sonne! having the primary role.

e ik o

How were the currently used lines of communication between the control room and the technical
support center and other emergency response and planning facilities evaluated and validated?

-

' 5. What decision points are identified for expediting administrative controls to facilitate the repair or
recovery of equipment?

| 6. What guidance is given to decision makers for pr.oritizing alternate actions, identifying and |
avoiding potential negative effects, and evaluating iong-term plant recovery’ |

What changes in the assignments of responsibility and authority could be made to increase the
capability to prevent or mitigate plant damage”

8. What additional assignments of responsibility and authority couid be made to increase the capa-
bility 1o prevent or mitigant plant damage’

e i e i

Equipment

These questions should be applied to each assessment category. Precede each question by the phrase,
‘. "For this assessment 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?

be used as alternates to safety-grade equipment?

| 2]

|

i

|

|

? 4. What are the maximum and minimum operating limits for the existing equipment that could
1

t

| What provisions could be made to faciliwate repair or replacement of failed equipment ior this
| .ssessment category? Consider both the availability of parts and ihe capability to gain access (o
! failed equipment exposed to severe accident environments.

4. What onsite replacement equipment and spare parts have been identified, including their loca-

tion and means of transpori and installation within the time availaole?

b Vhat advance preparation of hardware, for example, spool pieces. pre-positioning of equip-
ment. etc., would facilitaie the use of existing alternate equipment to provide & significant
increase in equipment capability?

e o e e
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S S

Table 5. (continued)

S.

¢.  What offsite equipment is there that could be identified and adequate!y prepared for transpon
to the site under accident conditions? WP .t amount of ume would be required (o assemble,
transport, and use this equipment? s this time adequate?

What resources can be managed and conserved, such as battery power or borated vater, 1o prevent
or delay severe accident consequences, and what is the technical basis for dctermuining the effect
of their management and conservation” How have long-term needs been considered?

a. s equipment available that nas the capability to replenish exhausted resources within the 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 conditions” What amount of time would be required to assemble,
transport, and use these resources? Is this time adequate?

What potential options for use of equipment from another unit have been considered and opti-
mized?

What additional equipment would enhance the capability to prevent or mitigate severe accidents.

Instrumentation

“hese questions should be applied to each assessment category. Precede each question by the

phrase, "For this assessment category, . .. "

1.

ra

What instruments are necessary to identify the symptoms and applicable strategies that will
enable accident management personnel to prevent or mitigate severe accident conditions?

What are the limitations or the instrumentation to provide needed information on plant severe
accident behavior and how are they communicated to accident management personnei? Consider

linutations resulting from failures in *“e long term (weeks or months after initiation of the severe
acident).

What means (protection from harsh eavironments, operator aids, etc.) have been developed 1o
ensure existing instruments can be used under the expected severe accident conditions?

What methodologies have been established to identify unreliable data from instruments under
severe accident conditions?

What changes could be made to the cusrent instrument systems to enharce the capability to pre-
vent or mitigate severc accident conditions?

What additional instruments would enhance the capability to prevent or mitigate severe accident
conditions”
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Step 4. Identify Potential Strategles

| 4 Integrate i ! 3 Delermma | 5 Select ]
irformation | | ca abilities | strategies '
e e et -
v
l 2 Categorize |
| © sequences

8 Incorporate
ntormation

The objective of Step 4 1s 10 identify accident
management strategies having the potential to pre-
vent or mitigate conditions that affect the events or
mechanisms that compose the assessment cate-
gories from Step 2. This is a key step in the pro-
cess because the identified potential strategies
form the base from which final strategies are
selected for impiementation (Step 51 The product
of this step is a description of cach potential strate-
gy with sufficient information that one ¢an per-
form a detailed evaluaiion of its effectiveness,

We have developed a process with three sub-
steps to wdentify potential strategies. We base the
process on a functional approach to ensure that
protection is provided over a wide raage of poten-
il severe accident conditions and to enhance your
ability to integrate the severe accident strategies
and actions with current emergency operating pro-
cedures (EOPs).  You identify potential strategies
in two ways, First, evaluate the capabilities of the
plant hardware and personne! developed in Step 3
to identify potential preventziive or mitigative
actions for each assessment category, Secund,
review results from sources outside the plant (for
example, potential strategies identified by the
NRC, PRA studies, or experience at similar plants;
to determine their applicabiliy, Potential strate-
gies can then be integrated and documented in suf-
ficient detail that detailed evaluations can be per-
iormed. Folivwing is a brief description of each
process substep.

Substep 4.1. Devziop
Proposed Strategies From
Plant Capabilities

A severe accident 4t a nuclear power plant can
occur only as a result of multipie equipment fail-

NUREG/CR-6008

ures or human errors. As a severe accidemt pro-
gresses, there will be opportunities to intervene in
the sequence of events and prevent or mitigate fur-
ther negative consequerces. The plant hardware
and personnel capabilities described in the answers
1o the questions in Step 3 are used as a resource to
identify potential means of intervention,

Two areas where potentis! severs accident 1 n-
agement strategies could be developed are (a)
improving existing strategies to enhance their effec-
tiveness or extend their range of application for
severe accident conditions and (b) adding capabili-
ties wn the form of additional procedures, equipment,
instrumentation, or tramn®  for each of the assess-
ment categories. The team should meet together and
review the answers to all questions for each of the
assessment categories, Answers for each assessment
category should be reviewed individually and as a
whole to gain insights on where ~hanges or additions
could improve accident canagement. Be sure to
consider the need for both defense in depth and
diversity when identifying potential strategies. Do
not unduly limit the discussions among t.am mem-
bers or constrain or criticize ideas. An evaluetion of
the feasibility and effectiveness of proposed strae-
gies is performed later in the process. Following are
examples of changes or additions that could be help-
ful in stimulating idea: for potential struegies. They
may or may not apply to a paticular plant, depend-
ing on the cond'tions at the plamt, which are reflected
i the answers to the questions riven in the previous
step.  These examples are not .~ tended to cover all
possible potential strategies but are offered 1o assist
in the identification process.

Procedure Changes or Additions.

a. Modify or add procedures o incorporate cau-
nons for conditions that may have a large
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period of ume and under possible adverse
conditions. Develop the plans necessary to
replace this equipment. An exampic strategy
1s to transport a portable diesel generator to
the site to supply emergency power.

Use existing equipment in new ar different
ways. An example stretegy is to use the fire-
water system 1o reduce the release of fission
products fvom the plan* site by spraying water
on release locations, like the steam generator
relief valves, from prearranged positions

Add modest amounts of equipment to enhance
the capability to manage severe accidents. An
example strategy is the addition of a spool
piece that would allow the connection of a
non-safety grade pump te a safety injection
system.

Conserve resources that are in short supply
(for example, electrical power, borated water,
diesel fuel, etc.) to prevent challenges to safe-
ty functions. An vxample strategy is the cor-
servation of borated water during an ISLO-
CA, by reducing the injaction rate to the reac-
tor coolant system, so that the period of core
cooling can be extended to provide time
needed to accomplish system isolation.

Replenish resources that are ir short supply.
An example strategy is to provide the equip-
met1 and the supplies of chemicals needed to
make borated water with the proper concentra-
tions from unborated water sources and to
direct “his supply to the borated water storage
tank.

Replace rezources using either onsite or off-
site sources. Example strategies are the con-
nection of the condensate storage tank to the
borated water storage tank to provide addi-
tional coolant investory, and bringing in fire
trucks to supply needed inventory. (Note that
for either strategy 1t will be necessary 10
determine whether the water needs to be
borated.)

NUREG/CR-6009
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Instrumentation.

a

Modify existing instrument systems 10 prolect
the instruments and cabling from harsh envi-
ronments that exist during severe accidents,
An example strategy is the addition of a cabi-
net or shield to protect a transducer from high
temperatures that could occur during hydro-
gen bumns,

Replace instrument system components with
components tha' ex :nd the range and are
qualiried to more stringent conditiors, An
example strategy is to replace the hot leg tem-
perature detectors with a mode! tha: will mea-
sure higher temperatures and be enviroamen-
tally quelified to higher temperatures and
pressures.

Use analysis aids to supplement or replace
information from the in trumentation. Con-
sider using azalysis aids 1 validate and inte-
grate informasion from instrements, interpret
instrument outpat to obtain aaditional infor-
maticn, and estima‘e plant params ers that are
not measered. An example strategy is the
development of a sunple ana'ysis ¢id 10 use
information from the pre,surizer pressure,
core exit thermocouples, reactor vessel level
monitoring sysiem, and source rang: nuclear
instrumentation to estimate the wa'er level in
the reactor vessel and core duting a severe
accident,

Training.

Modify the existing training to aid personnel in
understanding their role in the managemen: of
severe accidents. An example i+ the modifica
tion of traicing maternials to include detailed
training for the technical support personnel to
aid them in interfacing with personnel in the
control room during a severe accident,

Modify existing training to eliminate iuentificd
shortcamings in the capability of personnel to
manage severe accidents, An example strategy

——
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is the modification of training materials 1o
include estimating the time of falure of the
reacior vessel lower head and its consequences.

¢. Provide additional training to enhance the capa-
bilities of porsonnel 10 manage severe acci-
dents. An example strategy is to add a training
module to help personnel understand the nature
and consequences for a broad range of severe
accidents identified in the IPE or PRA.

4 Identity Substep 4.2. Consider
svategies B Strategies From Outside
Sourres

Potential strategies can also be identified by
reviewing information on strategies that have been
proposed for general severe accident applications
or specifically considered for other plants with
similar designs. Consider strategies developed by
sources outside of your specific plant and judge
their applicability based on your answers to the
questions developed in Step 3. Examples of infor-
rmation sources on potential strategies that shoula
he considered include the following:

+ Both the A and the B strategies that have beer
identificd and evaluated by the NRC (Lucan,
Vandenkieboom, and Lehner 1990)

« Strategies that are contained in emergency
procedure guidelines but may not be imple-
mented i, the plant specific EOPs

« Strategies identified for similar plants either
from actual operating experience or from the
IPE/PKA process

«  Strutegies developed as a result of research on
severe accidents (Dukelow et al. 1992, Kelley
et al, 1990, Neogy and Lehner 1991, Williams
and Gregory 1990; Lin and Lehner 1991, Lin
et al. 1992,

L. ldenity Substep 4.3. identify Proposed
~ staegies | Strategy Characteristics

The final task should be to review the pro-
posed strategies to ensure that all sequence cate-

gories igentified in Step 2 have been reviewed and
that & minimum of one potential straiegy has been
identified for each sequence category,

Orce potential strategies are identified,
describe each with sutficient infonmation to per-
form a detailed assessment. Document the follow-
ing information for each potential strategy:

«  Assessient categories (from Step 2) for
which the proposed strategy is expected to be
used.

+ Clanges or additions n the use of plant hard-
ware or operations that would be needed to
accomplish the strate~~ . For example, identi-
fy and document special equipment needs
such as the use of mobile battery charger: to
provide long-tern battery power in the event
of a siation blackout.

+ Information needed and instrumentation avail-
able to supply it in ovder to determine whether
the challenged safety functions are being
maintained within safe bounds.

+  The resources needed in terms of the person-
nel and equipment having the capability to
restore the safety function and the water,
power, air, and other resources necessary
hased on the .evere accident conditions.
Examples incivde details on ~ersonnel needed
in terms of both the personnel involved and
opudations staff, the technical support center
personnel, etc., and as much information as s
available at this point on the levels of effort
required.

+ The expected timing of th> key phenomena
ard the influence of this . .ug on the capabil-
ity to use the accident management resources
of the plant. This information couid be in the
form of plots or tables of the key phenomena
developed from calculations.

NUREG/CR-600%
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Siep 5. Evaluate and Select Strategies and Identity Enhancements
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The objeciive of this step is to evaluate the
potential stretegies for each assessment catcgory,
to select those that should be implemented, and
wdentily the accident management enhancer © us
that must be implemented at the plant foi e
selected strategies. Figure 2 presents the process
with seven substeps to accomplish the objective.
Recognize that the results from one substep may
inflience substeps both below and above it
Hence, tterations may be necessaiy between sub-
Steps o accomplish stratezy selection. The prod-
uct of Step 5 is a description of the enbanzements
that should be implemented at the plant,

s Sihetap 5.1, Develop Pre-
5 svaeges W liminary Procedures and
Guidance

Develop preliminary procedures and guidance
to form a basis for assessing the viadility and
effectiveness of each strategy. These preliminary
procedures and guidance will define the tasks
needed to implement the strategy and will et tify
the orgamzational units within Jhe accident man-
agement staff to which the tasks are assigned.
This information will permit assessing the tasks 1o
determine the demands on personnel and equip-
ment, the estimated likelihood of success of the
strategy, and the relative value or impact and pri-
ority of the strategy. Preliminary procedures need
to be developed only in the detail sufficient 1o
make them useful for the above purposes. We dis-
tinguish m this docnment between procedures and
guidance. Procedures are chavacterized by
detailed. specific steps; guidance by more general-
1zed instructions.  The difference 15 not absolute,

The preliminary procedures permit sclecting
the types of final procedures that would be used to

NUREG/CR-6009
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implement the strategy. Examples of these final
procedures may include the following:

*  An additional EOP that implements a particu-
lar strategy

*  Modifications to existing EOFs to permit use
o a particular strategy, coordinate TSC sup-
port of the control room operators, clarify the
decision making for certain actions, etc.

¢ Procedures and guidance for activities by per-
sonnel outside the control room to implement
d atrategy, “or example, 1o establish temporary
configurations ot egripment aligaments

*  Guidance that a< %
strategy through

i mplementation of &
vities of the TEC stafl

«  Procedures and guidance tha provide for dis-
ciplined, preplanned activiries by the accidern
manugement organizational units during the
course of an accident (these units include the
TSC, the HOF. operations support, engineet-
ing, mamterance, and ducumant vontrol)

*  Guidance for the or-going tasks of situational
assessment, response planning, and decision
making.

For each preliminary procedure, develop a
umeline and sk analysis in the level of detail
needed 10 assess the strategy. The timeline and
task analysis lists the key phenomenological
events and operator tasks ia a time sequence with
estinuited time intervals. A range of possible time
intervals may be needed for strategies that can be
applied over a wide range of possible plant condi-
tions (A simple format for the timeline and task
anatysis at this stage of definition of the proce-
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dures is a wbular, sequenaal listing of key events
and actions wiit estimated time intervals.  There
may be stralegies where time is pet a restriction
and a simple ordering of key events will suffice.)
Also. identify on the timeline the information
interface betwcen the operaiors and the plant hard-
ware, that is, the wnfrrmation available to signal
the need fe: initiatien of an action and to signal
the effect of the action,

Continue this timeline and task analysis in
order to develop anJ wabulate the information nec-
essary to permit assessing the strategy as to

*  Expected plant response

+ Needed performance oi personnel, including
the available tme

+  Estumated performance of the equipment used
in the strategies

*  Availability of instrumemts and information.

The product of this substep of the process will
be o tabular sequence of the key events, operator
actions, major assignments of responsibilities,
equipment used, expected response of the plant,
and needed instruments and information,

Substep 5.2. Assess Phe-
nomenological Behavior

The objectiv: of this effort is to judge the
effectiveness of the proposed strategies by evalu-
ating the thermal, hydraulic, radiological, and
chemical pheromenological behaviors, To accom-
plish this objective, you musi understand the phe-
nomenological behavior for the identified plant
sequences. Obtaining this understanding requires
the use of either applicable existing severe acci-
dent plant analyses or use of a severe accident
analysis code package. While there may be a
number of best-estimate analyses that exist (o
address the use of some strotegies, there may be a
need to perform additional studies for some strate-
gies, because existing analyses may be unahle 1o
identify both the conditions and actions for suc-

3l

cess and failure, Since instrument, operator, and
squipment/system behavior is aleo important to
assessing strategy effectiveness, existing best-esti-
mate analyses may be inadequate in some cases to
provide a comprehensive ke wiedge of all the
needed phenomenological behaviors. Therefore,
you might need 1o supplement the existing analy-
sis base with additional computations or analyses
to cover all needed information. Since the varia-
Jon 10 instrument, equipment, and system physi-
cal and chemical behaviors can be extensive, you
should also identify the runge in variation or
uncertainty in the phenomenologica: behaviors.

The process of evaluating the effectiveness of
the proposed strategy as . relates to the sequence
in question is as follows:

»  List the key events/phenomena that character-
1ze the accident sequence for which the strate-
gy s 1o be applied. Examples of the key
events include core melt and relocation into
the lower plenum, lower head failure, cov. v
ment pressurization and heatup cav "y
accumulavon of hydrogen or high-energy el
ejection, and containment failure.

+  For these key events, identify existing analy-
ses that could be used to evaluate effectuive-
ness of the st tegy. These anaiyses should be
directly applicable 1o the strategy and phe-
nomena in question or boun. the expected
behavior.

*  When existing anulyses are unavailable or are
limited in application, best ~stimate analyses
may be used to perform sensitivity studies to
assess both the positive and negative aspects
of the strategy. Multiple analyses may be
required to determine the most beneficial
sequence of actions, use of equipment, and
human performance.

+  These analyses should provide the parameters to
envelope the plant instrument responses for the
accident sequence in addition to giving the tim-
ing of phenomenological events, trending and
magnitede of the eve!t consequences, and radi-
ological release consequences. The operator

NUREG/CR-6009
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actions and equipment performance could then
be evaluated so that their associated impaci on
the accident consequences could then be
obtained. In order to perform: these evaluations,
the existing analvses or analytical methods to be
used in generating new analyses should have the
capability to predict the following:

Thermal/hydraulic behavior during blow-
down

Severe core damage and core melt pro-
gression

= RCS pressure boundary failure
- Severe accident containment behavior

Cortaininent failure and radiological
release and dispersion.

The above capabilities are consisten: with ..e
five phases of Table 5. The codes and models
with these capabilities should coniain the physical,
chemical, and fission product/radiological behav-
1018 necessary to predict or bound the conse-
quences of a severe accident sequence for both the
in-vessel and ex-vessel phenomena. The methods
and results of the IPE shonld provide :he majority
of the needed information and capabilities to eval-
uate the phenomenological behaviors pertinent to
the strategies. Also, asscssments of many of the
strategies such as those for prevention may not
require analyses of all of the above phenomena.

In the process of assessing the effectiveness of
the proposed strategy, you may need to develop
computational aids, which can be an integral parn
of many of the proposed strategies. These compu-
tational aids would be used by the technical sup-
port teams during the accident and would be
developed as needed to ensure timely initiation
and effective implementation of the proposed
strategy. The computational aids needed 1o ensure
effectiveness of the strategies might include the
following:

*  Methods to determine that a strategy s perform-
mg properly. or that the strategy is effective

NUREG/CR-6009

*  Methods to assess development of new or pro-
po.ed changes to a given stratcgy/procedure to
determine effectiveness and feasibility

*  Methods 1o assess equipment behavior given
the severe accident environment. These meth-
ods should include the ability to project time
1o core uncovery, time to vessel lower head
failure, and time to containment failure.
Where the uncertainty is high or the phe-
nomenological behaviors have wide variation
in response, alternate strategies could be
devised as backup to better deal with the
unknown. Where specific strategies are not
appropnate, guidelines could be provided that
use computational aids in the decision mak-
ing.

*  Methods to assess the impact of a strategy or
procedure on plant risk.

These methods could also be nomographs or
graphics covering the full range of expected con-
ditiens for a given phenomena. The form and
extent of the methods will be dictated by the
informational needs required to ensure the pio-
posed strategy and resultant procedurs are effec-
tively and timely implemented. The results of
this task are therefore a list of needed computa-
tional aids or merthods needed 10 ensure success-
ful implementation of the proposed strategy/pro-
cedure. We discuss in detail the process for
developing the computational aids idantified in
this step in Step 6.4, Implement Computational
Methods and Aids.

The products of this step include the follow-
ing:

* Justification for the proposed trategy where
effectiveness of the strategy is based on the
results of previous analyses, or the perfor-
mance of adduional analyses

* A list of computational aids required to deter-
mine strategy effectiveness during an acci-
den’. These aids would be user” by the techni-
val “pport teams, for examg ‘e, during an
actual event,
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type of equipment and the severe accident condi-
tions 1t s exposed to. All types of equipment
might need 1o be evaluated, including communica-
tion equipment. Evaluating equipment perfor-
mance will include the following tasks:

¢+ Use the results of Substep 5.3 to develop a list
of equipment invoived in the potential strate-
gles and ro determine what access personael
would have to this squipment under specific
severe accident conditions

+  Compare the design conditions of the equip-
ment identified with those determined for the
sequences for which the plant vulnerabilities
were definea, in order to identify equipmem
that would be operating outside of its design
range.

¢+ Perform evaluations of equipment identified
as operating outside its range to determine

The likelihood that the equipment will
pe form its required functions with the
expected accrdent conditions imposed
upon it. For example, can valves be
operad or reclosed based on the pressure
conditions; wiil equipment survive the
loads imposed by pressure or flows, etc,

- Whether the equipment will operate if
exposed to the harsh environment associ-
ated with the severe accdent. For exan-
ple, will cables that bring electrical power
or control signals to the equipment sur-
vive the severe accident environment.

«  Evaluate potential failure modes of the equip-
ment o ensure the equipment will operate
over the required period of operation. Consid-
er the effect of supporting “quipment whose
failure could result in the failure of the needed
equipment. For example, overheating a
power-operated relief valve could cause the
solenoid to fail on the air operator, which
would shut off the air supply and allow the
valve to close from its desired open position.

NUREG/CR-6(09

The product of this substep would include

¢ A list of equipment required to successfully
accomplish each proposed strategy.

«  Documentation of any limitations or restric-
tions that must be placed on the equipment
based on its inability to perform its requiied
function or its inability to operate under exist-
ing environmental conditions,

* ldentification of potential failure modes.
This information will be used to assess the

likelithood of success for the strategies.

Substep 5.5. Evaluate
Instrument Performance

Instrumentation currently installed in nuclear
power plants for use in accident management situ-
ations was primarily designed to measure parame-
ters that would be used to prevent or mitigate
design-basis accidents. Since severe accident
behavior is complex compared to the design-ba“is
accident, and since the plamt parameters of interest
can vary over wider ranges, the ohjective of this
substep 1s to

*  Det*rmine the information needed by person-
nel involved in severe accident management
to (a) identify the need 1o take action during
severe accidents. (b provide sufficient infor-
mation to select appropriate strategies G pre-
vent or mitigate the consequences of these
severe accidents, and (¢) monitor the effec-
tiveness of the strategies

+ ldentify the existing plant measurements capa-
ble of supplying these information needs

*  ldentify known limitations on the capability of
these measurements to function properly under
the conditions that will be present during a
wide range of postulated severe accidents

4
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«  Determine whather there is nead for improve-
ment It existing measurements, and, if need-
ed, changes or minor additions to instrament
ond display systems,

To aceomplish these objectives, we have
developed a process with four tasks, where the
tasks correspond to each of the objectives.

The first task in the process is designed to
identify the information needed to ensure that per-
sonnel can successfully manage the important
plant sequences as wentified by ithe sequence cate-
goiies.  An examph woce  for identilying the
needed information wowd use the safety objective
trees discussed in Step 2 (Figures 4 through 6).
These trees would form the foundation for this
process since they show how the proposed strate-
gres and the plarnt safety functions are “slated. For
each sequence category affected by & proposed
strategy, the branch points of the safety objective
in s should be exumined to determuine

*  What information is necessary to identify the
status of the safety functions being chal-
lenged, that 15, what mformation is needed o
determine whether the challenged safety fung
tions are being adequately mamntained

*  Whar information is necessary to idenufy the
plant behavior (mechanisms), or precursors o
this behavior, that are causing. or have the
potential to cause, the challenges 1o plant safety

*  What infonmation is necessary to select strate-
gies that will prevent or mitigate this olant
hehavior and monitor the implementation and
elfectiveness of these strategies,

Once you have identified the information
needs for the proposed strategies and affected
sequence categories, determine what measure-
ments have the poteniial to supply the identified
mformation and compare these potential measure-
ments wiith the existing plant measurements. At
this stage, concentrate on whether the types of
measurements installed can supply the informa-
tien, not on the specific details of wransducer,
vabling, ete,

35

For those measurements having potential to
supply the information, the third task 17 to identify
possible limitations on their performance during
severe accidents!

¢ Examine the measuremend cupabilities based
on the status of support, auxiliary, and plan’
safety systems (for example, off-site power.
emergency power, service water, eic.) duiing
the identified plant-specific severe accidents to
determine which measurements would be
operati~nal. This examination could be
accomplished using the classifications of
instruments from Regulatory Guide 1.97 or
dependencies developed during the IPE or
PRA. If Regulatory Guide 1.97 classifications
are used, they could be compared to the infor-
mation based on the analysis performed during
the IPE and other relevant analysis that would
indicate when equipment falled.

*  Examine measurement capabilities based on

the possible measurement ranges associated
with the identified plant-specific severe
accidents to determine what measurements
would provide accurate information. This
examination could be accomplished by com-
panng the actual measurement ranges with the
information gathered from the IPE and other
sources, such as Reguiatory Guide 1.97.

« lIdentify the capability of measurements to

operate under the expected plant environmen-
tal conditions associated with the identified
plant-specific severe accidents. An approach
to assessing the environmental conditions
covid be to develop a seveie accident enve-
lope tor each important measurement type and
location based on the severe accident informa-
tion available for the plant. An example
would be an envelope for temperatures or
radiation levels at the location of important
instruments in the containment. The qualifi-
cation conditions for the existing measure-
ments could then be compared with the
envelopes to identify whicn measuremeits
would not be operational and which informa-
tion needs could not be met. This approach
would offer the advantage of looking at a

NUREG/CR-6009
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hroader spectrum of the severe accidents that
would effect the plant and would provide
added assurance that low-probability events
would have been considered when a determi-
nation of the adequacy of the instrumentation
1s made.

For the fourth task, ensure that all information
needs for the sequence categories and for the
potential strategies can be met. If information
needs cannot be supplied, identify aliernate means
of providing the information, Examples of alter-
nate means are modifying the existing equipment
1o expand the range or 10 harden it against harsh
environmental conditions, developing computa-
tional aids that derive the needed information from
measurements that will be operational, and
installing new nardware,

The objective of this substep 1s to rank the
potential strategies and select those that should be
implemented. To rank the strategies, use criteria
based on the desired outcome of the strategies, for
example the effectiveness of the strategy and the
likelihood that it can be successfully employed
during a sever. accident. The results from the
assessments per ormed during previous steps pro-
vide the input aecessary to accomplish the rank-
ing. You should then select the strategies to be
implemente. bas_d on the rankings and on crite-
ria that reflect establishied principles ¢f nuclear
power plant safety, such as defense in depth and
diversity.

Rank each potential strategy for each
sequence category for which it has been identified
as being beneficial. In addition, evaluate the pos-
sibility that a potential strategy could have a nega-
tive effect on safety for the remainder of the
sequence categories. The critena with which to
rank the potential strategies should include the fol-
lowing:

¢+ Likelihood of successful implementation. The
results of the previously conducted steps for

NUREG/CR-6009
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strategy evaluation (Substeps S.1 through 5.5)
will have identified the likelihood (high,
medium, or low) that the personnel involved
in accident management could successfully
impiement the potential strategy for cach
applicable sequence category. Those potential
strategies having a low likelthood of success
should not be considered further.

Effectiveness against severe accident
sequences identified for the plant. The effec-
tiveness of the polential strategies in prevent-
ing or mitigating the identified severe acci-
dents should be ranked. Examples of criteria
that could be used for ranking effectiveness
are as follows:

=~ Potential strategies that reduce fission
product release and exposure of the public
are ranked high

- Potential sirategies that reduce the proba-
bility of core damage are ranked high

~ Potential strategics that prevent severe
accidents are ranked higher than potential
strategies that mitigate only

- Potential strategies that return the plant to
a long-term stable state are ranked higher
than potential strategies that only delay
additional severe accident behavior

- Potential strategies that are effect.ve
against a larger number of severe accident
sequence categonies are ranked high

- Potential strategies thar are effective for
severe accident sequence categories for
which few other strategies have been
identified are ranked high

- Potential strategies that have small uncer-
tainties are ranked higher than potential
strategies with large uncentainties,

The potential for negative effects. Cenain strate-

gies may have the potential for causing adverse
effects on plant or public safety, even though the
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strategy may be effective for a specific severe
accident condition. An example is the potential
for un unnecessary release of radiation to the
environment or the release of increased yuanti-
nes of radiation. Some strategies may also
increase the potential for additional equipment
failures, operator errors, or personnel exposure.
Potennal strategies that would resuit in negative
effects either for the sequence categories for
which they are developed or for other sequence
categories are ranked lower.

* The availability of supporting information.
Potential strategies that use readily available
information from the existing measurement
systems, from existing displays, or from other
existing sources are ranked higher than strate-
gies that require development of additional
instrumentation, displays. or other equipment,

+ Impact on existing procedures or plant equip-
ment. Potential strategies that do not require
extensive changes in the existing plant proce-
dures or hardware are ranked higher.

Your final ranking of the potential strategies
should be based on a weighting of the rankings of
the individual critera. The weighting factors
could vary, depending on plant needs, but the first,
second, and third criteria should be assigned the
highest weighting factors.

Once you have ranked the strategies, deter-
mine which ones sh-uld be implemented at the
plant. The process for making this determination
should be based on the following criteria:

« If there are sequence categories for which

there are no currently identified strategies, the
top-ranked potential strategy for that category
should be selected for implementation

» Those potential strategies that provide desired

additional defense in depth for sequence cate-
gories should be implemented

«  Those strategies that provide additional diver-

sity for sequence categories should be imple-
mented.

The product of this step is the strategies that
should be implemented at the plant, together with
the rational that justifies the selection of strategies.

The objective of this substep is 10 select the
enhancements for accident management that will
provide the mechanism for successful implemen-
tation of the selected strategies. These enhance-
ments may be for procedures and guidance, deci-
sion making, equipment and engineered methods,
computational aids, information needs, and train-
ing. We expect some strategies will be effective
against several sequence categories, Therefore,
the number of enhancements are expected to be a
smaller number than the number of selected strate-
gies. However, care must be taken to ensure that
modifications affecting common systems or com-
mon administrative controls are consistent, and
that they function as an integrated whole in the
accident management plan.

The process to accomplish this substep
includes three tasks. The first task is to identify
the enhancements and subsequently categonze
them. Each content area of procedures and guide-
lines, decision making, equipment and engineered
methods, computational aids, information needs,
and training will have to be evaluated 10 idenuty
enhancements. The intormation needed for this
evaluation wili rely on the analysis results
obtained from Substeps 3.1 and 3.2 and Substeps
5.1 through 5.6. For ecach of the above listed
areas, compare what is currently available at the
plant with what the evaluations indicate is needed
to implement the selected strategies. In order to
accomplish this comparison, you must examine
the prior analyses from the perspective of the
requirements placed on plant personnel by each
strategy and wuat needs these personnel have to
successfully respond to the accident. Document
this analysis such that the following is known:
the skills, knowledge, and abilities required of
plant personnel: the requirements beyond their
current capability; whether or not the necessary

NUREG/CR-6009
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instrumentation is available; wh. a structure is
in place to permit the required decisions o be
made and subsequent actions 1o be taken: and
whether appropriate procedures and guidelines
exist for the plant personnel to carry out the strate-
gy. This information will be directly availahle
from the prior analyses and will only need 10 be
put in a common form and format for selection of
enhancements, This documentation of the prior
analyses will then form the basis for identifying the
necessary enhancements, as presenied below,

*  The procedural steys ‘Aentified for cach strate-
gy (Substep 5.1, will form the basis for the
enhancements for procedures. Special consid-
eration should be given to form and format of
the procedures and 1o where they will best fit
within the util**'s existing procedural struc-
ture.

¢+ The decision making required by the strategy
(Substep 6.2) must be compared to the existing
decision making structure to ensure that appro-
priate plant personnel are empowered to take
action as required by the strategy.

« The identification of equipment and engi-

neered methods (Substeps 5.4, 6.3) will come
directly from the formulated strategy, specifi-
cally what equipment and methods the strategy
require., beyond the existing capabilities,

¢+ The identification of needed computational

aids (Substep 6.4) wili come from an analysis
of the strategy and the requirements that ¢
sirategy places on the operator. For example,
owIng to time constraints or the complexity of
a calculation, an aid may be necessary for the
operator to make needed calculations in the
evolution of an accident.

* The identification of the enhancements for

information needs (Substep 6.5) will come
directly from 1 comparison of what instrumen-
tation is required for the strategies versus what
15 available at the plant. Enhanced instrumen-
tation may be required where existing instru-
mentation will fail because of environmental
cousiderations or where new measurements,

not needed for previously analyzed conditions,
are needed,

+  The identification of enhancements for training
(Substep 6.6) will come from the analysis of
the skills, knowledge and abilities (SKAs) nec-
essary for the operators to carry out the strate-
gy These SKAs can then be compared to
those already present in the utility tzaiming pro-
gram, and where deficiencies occur training
developed.

Once the enhancements have been identified,
the next task in the process 1s integration. haegra-
tion of the enhancements will group like enhance-
ments, which will in tumn help prevemt duplication:
of effort and will allow for effective structuring of
the enhancements. The integration will also make
evident any inconsistencies across the strategies for
all the identified enhancements.  Accomplish this
integration with a multi-discipl™ary teamn 10 ensure
consistency of the integration and treatment of the
enhancements. The integration wili also identify
the common enhancements that effect all strate-
gies, such as generalized training in severe acci-
dents for the entire accident management team.
The product of this step will be the list of selected
enhancements.

The third task of the process is to develop a
structure to organize the strategies. The structure
should be »;mptom-based and function-oriented.
The structure will provide the means to determine
further ambiguities or conflicts among the strate-
gies or with established operating procedures. The
structure will most likely need to cover not only
procedures destgned for the control room, but ulso
for use in the TSC. It is possible that the level of
detail contained in the procedures for the control
and TSC will differ in detail. This step should be
accomplished by a team of individuals similar o
that used to construct the EOPs, as specified in
NUREG-0899. Afier the structure is determined,
checks should be made to determine if the entire
accident management space, in terms of safety
functions, has been covered so that there is confi-
dence in the completeness and applicability of the
strategies that make up the accident management
program,
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The product from this substep w !l be a com-
plete set of enhancements that will help 1o ensure
complete coverage of the accident space and opti-
mization of successful implementation of the vari-

ous strategies. The enhancements will cover proce-
dures, deciston making, equipment and engineered
methods, computational aids, information nceds,
training, and enhancements for accident situations,

Step 6. Implement Enhancements and Strategies

et (e
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The objective of this step is to implement the
accident management enhancements and strategies
identified in Step 5. They are implemented by
developing maodified or additional procedures and
guidelines, computational aids, equipment, and
training. This step also delineates decision-making
responsibiliry and a.hority.

implemert ] Substep 6.1 Implement
enhancement il Procedures and Guide-
— lines

The objective of this substep is to develop the
procedural and guideline documents that will per-
mit selection and use of applicable accident man-
agement strategies in the event of a severe acci-
dent. Extensions and enhancements of existing
procedures and guidelines may satisfy a major
part of this objective. When an additional type of
procedure 1s required, interface it constructively
with existing procedures to ensure coordinated
accident management activities. Three categories
of tasks should be reviewed to determine the need
for developing procedures and guidelines: (1) the
preliminary tasks developed in Step 5.1 for each
procedure enhancement identified in Substep 5.7,
(2) the continuing tasks necessary in the event of
an accident, irrespective of the strategies being
applied, and (3) the iasks that mught be necessary
to manage the uniqus, and perhaps novel, develop-
ments of a specific accident. Figure S illustrates
the relation of procedures and guidelines to the

four major accident management centers [control
room, technical suppart center (TSC), operational
support center (OSC), erergency operations facil-
ity (EOF}] duning the progression of a severe acci-
dent.

“The analysis of the necessary tasks for apply-
ing a specific strategy provides the basis for deter-
mining the need for additional procedures or
guidelines for that strategy. The need to add to an
existing EOP, or to add a separate EOP, should be
one of your first considerations. 1If the strategy
requires tasks outside of the control room, select a
method for interfacing that action with the EOPs.
If the decisions for executing specific tasks are to
be centered in the TSC or EOF, then this should be
pre-specified to the control room. A similar provi-
sion should be made if decisions concerning
repair, restoration, or modification of equipment
or systems is expected to be made by a work party
in the plant. In analyzing such tasks, specify the
extent to which control room personnel will be
expected to remain cognizant of plant conditions
and the extent to which cognizance will be trans-
ferred to the TSC or the EOF.

Assess tasks intended or expected to be con-
ducted outside the control room, especially those in
the TSC or the EOF or those to be performed by
work parties, to determine the need for pre-planned
guidelines to supplement the training and experi-
ence of the personnel involved. Develop proce-
dures or guidelines for these tasks with adequate
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Process for Developing an Accident Management Plan

detail to ensure that the performance level of the
personnel will be prediclable and you have confi-
dence that the .-k will be accomplished within the
required time. Achieving this level of confidence
may require supplementing the procedures with
ready access to special information, for example,
plant systems and equipment data, results of ther-
mal-hyvdraulic analysis, and checklists. Use a con-
sistent, unambiguous format in procedures tor
operational decisions intended to be made in the
TSC or the EOF. we prefer the IF-THEN format
recommended in NUREG-0899 for EOPs.

Confidence in the predictability of timely per-
formance of repair, restoration, or realignment
tasks specified in the strategy may also require
preplanned work packages. The level of detail in
the preplanned work packages could be mim
mized if the strategy allows sufficient lead time,
and if support personnel are expected to be avail-
able during the event to provide appropriate detail.
If staging of tools, material, or equipment 1s nec-
essary 1o make the strategy feasible, appropriate
reference would be necessary in the preplanned
work package. The degree of staging, for exam-
ple. storage in a dedicated location at the site ver-
sus identification of possible suppliers (two con-
trasting examples) would depend on the probable
tume expected to be available during the event.

The need for przestablished procedures or
guidelines extends beyond the readiness to apply
specific strategies. It also includes the continuing
accident management tasks of assessment, super-
vision, and control. Most of these tasks would be
performed by personnel other than control room
operators, and the form of the procedure or guide-
lines should be appropriate for the job position
and task. Persor~=l who will apply the procedural
guidance should p..icipate in selecting the format
and level of detail. They may be the most appro-
priate individuals 1o write the procedure. The for-
mat could range from a detailed principies-of-
operation flow sheet to a check hist, for example.
The criterion should be that the procedaral guid-
ance should be sufficient for any certified individ-
ual to complete the task satisfactorily within the
time available. The continuing accident manage-
ment tasks include the following:

+  Determining the safety status of the plant and
determining the emergeucy aciion levels
(EALs)

¢ Transmitting information on the current and
predicted plant safety status

+ Controlling the configuration of plant systems

+ Controlling activities and staging of onsite
personne!

+  Analyzing accident management, consisting
of situational assessment, determination of
need for action, and management of resources
during execution of the actions. See Table 6
for examples of real-time analyncal *s7ks that
may require guidance for personnel in the
TSC.

+  Control of emergency exposures of personnel
*  Maintaining records and logs.

The tasks expected o be needed in the
event of unigue or novel de slopments in the acci-
dent scenano would involve the generation of
new, or revised, emergency operating procedures
or work packages. (Determination of the exis-
tence of a possible unique accident situation and
of the required response is a continuing task. as
discussed above). Review existing policies, stan-
dards. and procedures for generating and revising
operating procedures and work packages 1o deter-
mine what enhancements are advisable to make
them useful during a severe accident situation. If
not already provided for, make enhancement or
specially provide to expedite the generaiion,
review, and approval of emergency procedures
andd work packages. A special procedure for the
assembly and conduct of operations of a multidis-
ciplinary team for this purpose is appropriate. The
need for oral direction through the accident man-
agement structure should be explicitly met by
standing, preplanned procedures, policies, and
guidelines. In addition to this explicit definition,
review the accident management procedures,
authorities, and responsibilities to ensure against
contradictions or conflicts.

NUREG/CR-6009
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Process for Developing an Accident Management Plan

Table 6, (Continued)
Formulate Accident Response

Identify and assess accident management stralegies to prevent or arrest core damage,
orevent contanment fatlure, and reduce radiologicul releases

Identity alternate or nonsafety-grade equipment that can compensate for the
loss of safety-grade equipment and systems (use list of candidate accident man-
agement strategies)

Identify system configurations that can provide adequate core cooling
Recopnize limitations 1 restrictions on the use of plant systems o mitigate
acciost consequences (such as pressure rating of containment vent piping,
design disc! age head of condensate and service water pumps, and ‘nterfocks
on operation of reactor coolant pumps or main steam isolation valves)
Urderstand possible measures to mitigate radioactive releases once the core,
vessel, or containment has been damaged (such as use of reactor building fire
sprirtlers 1 reduce releases, and flooding containment pr - to vessel failure to
prevent linor attack)

Use PRA/IPE insighis to set priortties for corrective actions
Implement response actions

Take positive action 10 reectablish the mdundancy, diversity, and independence of the
safety systems, and integr...  :ffort with control room operators

Implement accident management strategies 1o arrest core damage, prevent containment
failure, ond reduce radiological releases

Pre-plan to expedite implementation, for example, p=positioning stocks of
materials, electrical jumper cables, hose adapters

Preapprove anthority 1o ovoeride forme! procedures and controls or implement
ad hoc equipment moditications

Monitor and update
Monitor the effectiveness of strategies implemented by the contral room operatars

Anticipate problems likely to further degrade the configuration of core and safety sys-
tems

43 NUREGA R -60C9
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Process for Developing an Accident Management Plan

Some examples of computational ids are as Lol
lows:

Computational methods and wds 1o determine
plaiit stuius and predict the progression of the
accident sequence, and to determine timing of
key phenomenological events (inttistion of
core nelt, lower head failure, containment
furiure, etc.)

Computational methods and aids 1o predict
severe accident consequences (core damage
assessments, combustion potential as deter-
mined by the containment hydrogen, steam,
and air content that results in inertion, defla-
gration and detonation conditions: magnitude
and di- ibution of radiological releases; eic.)

Computational methods and aids 1o assess the
impact on the accident consequences of modi-
fications to, or creation of new, severe acci-
dent strategies or procedures that may be
needed during the event,

The tormat of the aids used in the above examples
mignt include the following:

Nomographs (for example, containment
aydrogen, air, steam profiles showing iner-
ton, deflagration, and detonation regions;
tme o lower head failure based on core exit
thermocouple time-al-temperature; contain:
ment faiture probability as a function of RCS
pressure at time of lower head failure; etc.)

Simple calculational methods 1o be used in
hand calculations

More complex ca'c lational methods 1o be
implemented on a PC

Simplified fast-executing system codes capa-
ble of estimating response, for examg'e, tran-
sienit thermal-hydraulic blowdown of the RCS
or containment temperature and pressure
1esponse

An integrated severe accident analvsis code
package that includes transient thermal

hydraubic models, severe core damage and
melt progression models, RCS pressure
boundary farlure madels, containment phe-
nomena mo 2ls, and radiological release
models. Thic package may be on & mainframe
of special workstation environment and
should be fast-executing.

The process of assembling the above computution-
al aids includes the following:

From the assessment of information needs
that cannot be supplied by the existing mea-
surements identified i ~ubsiep 5.5, Evaluate
Instrument Performance, fist the information
needs of the operating staff for those items
where information necessary to manage the
accident is deficient (failed, unavanlable, miss-
ing, or excessive error). If possible, computa-
tional aids should be developed and imple-
mented 1o provide the missing information,
These aids may provide information for diag-
nosis, sources of backup information for con-
firmation, or for decision making in ac¢ident
management.

As required by the final plant and station pro-
cedures and guidelines and the results from
Substep 8.3, computational aids and methods
may also be needed by the technical support
venter staff 1o alert the operators that a given
procedure will be needed to control an
impending accident consequence, These
computational aids would be used to assess
plant status and to project the overall accident
progression. These aids would be used to
understand progression of event and where
and when the impending challenges to the
plant safety functions will occur.

As identified in the assessment of phe-
nomenological behavior in Step 5.2, computa-
tional aids may be required to implement and
manitor the status of some of the strutegies,

From the needs identified above, prepare a
reguirements specification and a development
and implementation plan for each of the com-
putational aids needed

NUREG/CR-6009
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Process for Developing an Accidem Management Plan

mentation, the computational aids, eic. This will
ensure that the training adequately addresses all
aspects of the job within the system. Develop
requirements for all participants in the pracess of
accident management for a given strategy. This
includes not only the reactor operators but also
members of the TSC and sthers as defined by the
individual utilities. These requirements will differ
substantially as a function of the position, and
will be composed, for example, of different com-
binations and levels of academic knowledge ver-
sus practical working-level knowledge of various
phenomena and systems. Also consider general
taining in the arcas of teamwork and decision
making. as these areas may greatly impact overall
performance of the utility. The process for devel-
opment of this training should follow acceptable,
industry standard practices (Rloom), and will be
based on all prior analyses conducted in Steps 3
and §,

o Perform a detailed analysis to determine the
role that training will play for ail individuals
involved in the management of accidents for
cach strategy and its man-machine system.
This should include traimng foi control room
personnel, members of the TSC, and others
involved in the accident management process
as defined by the individual utilities. This

analysis should be based on task analysis data,
which includes all the necessary nlormation
regarding skills, knowledge, abilities, tools,
information, and required operator aids 1o
enable complete development.

¢+ Define the goals and objectives of the tramng,
Formally state goals and objectives, using
behavioral, enabling, and terminal learning
objectives.

¢« Select instructional methods and media. Give
special attention to ensure the highest transier
of training is possible, by using state-of-the-
art simulation technigues, and by involving all
accident management team members.

+ Select and develop evaluation criteria that
directly test the masteiy of the instruction
objectives and successful completion of the
goals, as well as all materials and facilines.

+  Develop a plan for drills and follow up, to
maintain utility readiness.

The product of this element will be a compleie
tratning module that will ensure mastery of the
tasks necessary for the successful implementation
of the selected stralegy.

NUREG/CR-6009
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accident or malfunction of equipment Mechanical Engineening
impaortant to satety previously evaluated.
\ Civil Engineering
The change does not create the possibility Nuglear or Reactor Engineering |
of an accident or malfunction o1 a differ- (React 't Physics) J
et type than previously evaluated. ‘
| ' Nuclear Safety Engineering
| = The change does not reduce the margin of (Design Basis Accidents and PRA)
safety defined previously in the basis for

the technical specifications,

Electrical Engineering ‘

< The change does wot adversely affect Licensing |
achievement of a long term stable state of S‘;ulitm Operstions |
core cooling. |

, |

Procedures should already exist for making Training and Emergency Responss. |

plant procedural, echnical specificaiion, or T
design changes, These same procedures * Ones each discipline has approved the change, |

should be used in evaluating cnanges 1o the perform Steps 2 through 7 to ensure complete- !
accident management program. i is ness in incorporating the change into the acci- :
important to ensure that =i major engi- dent management plan. '
neering disciplines be involved in & formal, ?
do-umented review to ensure conplete- The product of this step will be a formal pro- ;
tuess and avaareness 1o the change, The  cedure for identifying, approving, and ir srporat- :
cngineering disciplines engaged in the  ing new research results or developments into the |
evaluation should include accident management program,

NUREG/CR-6009 5
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4. Criteria for Assessing Arcident Management Plans

We have developed a set of general assess:
ment criteria tht can be used 1o assess the adequa-
cy of methods suggested for developing severe
cocident management placs or to examine the
capability of plans that are completed. These on-
(eria are based on the preliminary criteria docu-
mented in NUREG/CR-5543, and revisions to
these criteria presented in Velume 2 of this
NUREG/CR, but they have been generalized so
that they are not specific tc a partioular develop-
ment or implementation process.

The asscssment criteria are o anized using the
nine general attributes of accident management
discussed in Section 2. They are presented in three
groups that fellow the sequence for preparation
and impiementation of an accident management
plan: (1, critecia for attributes that relate © the
preparation of information necessary to develop
accident management plans, (2) crieria for aitnb-
utes that are important during the preparati~n and
implementation of accident management plans,
ard (%) critena for antributes that are necessary 1o
ensure that an established accident management
pian is validated and properly maintuined.

4.1 Prepare Necessary Information

Critena for the attribute relating to gathering
and preparing information necessary for develop-
ing an accident management plan are presented in
this sectior. The attribute is stated first, followed
by the critenia.

| Adeguate information should be assembled to
understand the capabilities and potential limi-
tarions of the plant. including borh equipment
and personnel.

a. Information should be compiled that
clearly identifies those severe accident
sequences to which the plant could be
vulnerable, including high-consequence
low-probabilily sequences and sequences
with a high probability of core damage.

57

For each accident seauence, the nforma-
tion sheuld be sufficiently detailed to
describe important failures of equipmert,
human errors, important events ar' their
timing, and current and poiendial preven-
ton o mitigation actirns.  Detailed IPE
or PRA results will generally satisfy this
criterion.

Accident sequences should be grouped or
categorized such that they can aid in
(dentifying plant accident management
capabilities and assessing the suppart of
plant safety functions by accident man-
agement strategies. These assessment cat-
egovies should encompass the plant IPE or
PRA results to ensure that all severe acci-
dent behavior that might challenge the
plant safety functions are included.
Separate groups or categories should be
established if significant differences are
noted in the timing of key events, system
conditions, support system availability, or
system environmental conditions.

Detailed descriptions of the plant equip-
nent, instrumentation, operations,
resources (borated water, electrical prwer,
ete.), and training skwld be compiled.
These descriptions must include design
and operaticnal limitations.

A review should be performed 1o identify
how existing plant hardware ar.d person-
nel can be used to provide the capability
to manage severe accidents. The review
should use structured and formal methods
that apply to all groups or categories, Yor
example, a structured set of questions
designed to dtermine how current proce-
dures, safety and nonsafety equipment,
instrumentation, decision making respon-
sibility and authority, and aaining relate
to severe accident prevention and mitiga-
tion.
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strategy selection, implementation.
and evaluation

{. The severe accident mavagement sirate-

gies should be organized into & sympiom-
hased, function-oriented structure, and
should be reviewed 1o ensure coverage of
all plant safety functions, A minimum of
one strategy should be identified for each
group or caegory of severe accidents
identified.  Whenever possible, stitve for
redundancy and diversity in the strategies
dentified.

¢ Resalts from the strategy evaluations

should he used to prioritize the order of
strategy usc if 1wo of more strategios are
identified for implementation.

Procedures and guidance sheqla be imple-
mented at ali appropriate levels in the organi-
zation for vxecuting the strategies.

4. Procedures for (he management of severe
sccidents, including severe accident man-
agement strategy selection, implementa-
ton, and monitoring should be avatlable
for the plant operating crew. They should
be hased on results from task analysis and
be integrated with existing plam SOPs and
emergency response facility guidance,
They should clearly establish lines of
authoiity and respansibility and identify the
coardination that is necessary with person-
nel 21 the emergency response facilities.

b, Guidance for the management of severe

accidents, including severe ~<cident man-
agement strategy selection, implementa-
tion, and monitoning, should be available
for all personnel in the emergency
response facilities.  The grdance should
be mtegrated with the proceduzes used by
the operating crew.  They should clearly
establish lines of authonty and responsi-
hility and specify necessary coordination.

¢. Procedures and guidance should exist dur-

ing a severe acoident for the continuing

59

tashs of commumications among the per
sonne] and organizations wvolved in accl-
dent management, coaitrol of plant config-
uration and personnel, and contral of per-
sonnel exposure.

Special needs of personnel involved in
implementing strategies should he recog-
nized, that is, specialized tols, analysis
wids, elc.

1 Engineered methods (necessary systems and

eqripment) showld be identified for the proper
imiplementation of strategies.

a.

The need tor Lapporting sysiems, eguip-
ment, services, and aperator action should
be described for each severe accident
strategy.

The likelihood of failure, impact of fail-
ure, estimated failure time, and failure
mode of systems and equipment necessary
for severe accident maagement should be
determined.

The tolluwing information shoula be
availuble for each new piece of equip-
ment or each new engineered system
identified:

The purpose and needed specific
capabilities for the equipment, engi-
neered system, or method

A guidel for creating a procedur for
using the system, if needed

« The environmental conditions under
which the engineered system will be
used

« Limitations on the vse of the equip-
ment, engineered system, or method

4. Adeguate plant status information should be

available to monitor all plant safety functions
and to select und assess the effectiveness of all
strategies.
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