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ABSTRACT

In support of the U.S. Nuclear Regulatory Commission Accident Management
Research Program, the availability of instruments to supply accident management
information during a broad range of severe accidents is evaluated for a Boiling
Water Reactor with a Mark | containment. Results from this evaluation include:
(a) the identification of plant conditions that would impact instrument performance
and information needs during severe accidents, (b) the definition of envelopes of
parameters that would be important in assessing the performance of plant instru-
mentation for a broad range of severe accident sequences, and (¢) assessment of the
availability of plant instrumentation during severe accidents. A similar evaluation
for a pressurized water reactor with a large, dry containment design is presented in
NUREG/CR-5691.

FIN No. L1425 Accident Management Information Needs

i NUREG/CR-5444



et DAL A LT e A

ABBTRACT .\ cionevsnsssasararsanraed v sasLediasgvanawpentsgsrie b3 s Nk A F
LISTOFFIGURES .......... T U e e o R T T o on 40 e Rty B 3 4
LISTOFTABLES .. .. .0oovniniaisininanin PP I E R PP
EXBOUTIVESUMMARY . i opvvepsirmneianisininiatissanstsnsdoginsintond ;@ et A
ACKNOWLEDGEMENTS ... 0o0vvcrsnsanirssraratiasiusntranniasinins A
ACRONYMS ... ccivipinnennn SR o SR TP PR R
VRRE L o Doy o et papeeee e U PUPPRLTSEPEETCREEA LA LS b L i b

2. APPROACH USED TO EVALUATE INSTRUMENT AVAILABILITY AND DEFINE
THERMAL HYDRAULIC ENVELOPE ..o

21  Approach .......ciesiineiins T R g e TR T D PP T
2.2  NUREG-1150 OVEIVIEW . ..o coovanvnrnmmnriineniannarnmrasss e d {94
23 Overview of BMI-2104 and NUREG/CR-4624 Analyses . ...ooovvrarsioisirany

3. IMPORTANT ACCIDENT SEQUENCES FOR EVALUATING INFORMATION NEEDS
AND INSTRUMENT AVAILABILITY ... PP P R T TR

31 Plant Damage States and Accident Progression BiNS . .ovverresssanninranraneyes
32 Definition of Thermal Hydraulic Conditions .. ..o covwrnovrrrnonmmmnmmsr i
13 Discussion of Accident Sequence Results . ...oocoooocmeoi o
4 INSTRUMENT AVAILABILITY DURING SEVERE ACCIDENTS . .....cccvvevvannes
41 Evaluation of Instrument Availability During Severe AcCidents ... ...ovaiiencies
41.1 Instruments Located in the Reactor Coolant SYSEM . .oovsiriarran 1o
412  Instruments Located in the Containment (Drywell or Torus) . ooovovnns
413 Instruments Located in the Reactor Building .. .covovevvorriisniniianan
414 Instruments Located in the Turbine and Radwaste Buildings . ...........
42  Evaluation of Instrument Availability During a Station Blackout or Loss of
o R R T e i R L it i
5 EVALUATION OF INSTRUMENTATION NEEDS AND INSTRUMENT
AVABLABILITY v sinsssba, san s ¥aaans i ruins €r wusrmedesdunat sinmssadtes
5.1  Summary of Safety Function BVRIGHEON + . oo i s st ebiqnisrasissreyarssrsnbess
52 Installation of Core Temperature Measurements 10 Meet Information Needs .. ...,

v NUREG/CR-5444



PE— N e R e e e e R

§.3  Identification of Analysis Aids 10 Meet Information Needs ... ..................

6. ENVELOPE OF SEVERE ACCIDENT PLANT CONDITIONS AND
BVEINETUNIEINEE 5 (000 64w v vn 0 tan s (0 sore ¥h s 96 8 660 € r e e s e e s e s i

6.1  Eavelope Definition ... ... ... ... ... ... .. ... TIPS A Sl -

6.2  Envelope UNCOrBINGY . . ... .0 iyttt sttt se s enne e s teeestesaenses
7. CONCLUSIONS AND RECOMMENDATIONS .. . .. ... i
B, REERENCES (. onioiinsiinssiet s g B A e e e
Appendix A—Discussion of Peach Bottom Damage States and Accident Progression Bins ... ..
Appendix B—Discussion of Peach Bottom The.mal Hydraulic Results .. ... ... ... . .....
Appendix C—Review of NUREG/CR-5702 Safety Function Information Need: . ... ... . .....

Appendix D—Impact of Radiation Levels During Severe Accidents On Instrument Availability . . .

NUREG/CR-5444 vi

R L R e ————



R i e s ——

P —————e—————.

LIST OF FIGURES

Safety objective tree: prevent dispersal from vessel (from NUREG/CR-5702) ... ... ..., 4

Safety objective tree: prevent contaminant faiture (from NUREG/CR-5702) ... ... Sk k 5

Safety objective tree: mitigate fission product release from containment

LR E e T S e R S S 7
LIST OF TABLES

Maximum value of key parameters during each phase for all accident sequences . ... . ... ... 10

Time range of key events for BMI-2104 and NUREG/CR-4624 accident sequences

ERRRIIRD 5 o (Tt b o a9 s FaE s u v € AT AN 92 s 6 AN g h R e BN aw §dad 1
Summary of Peach Bottom Regulatory Guide | 97 measurements ... .......... .. ..., 15
Summary of Peach Bottom measurements not listed in Regulatory Guide 197 ... . . 23
Summary of instrument availability . ... . ... T 26
Summary of Peach Bottom measurements not listed in Regulatory Guide 197 ............ i6

vil NUREG/CR-5444



S PSRN N Umpeem— .

T Y o PGy m—— - R P R———

EXECUTIVE SUMMARY

The Nuclear Regulatory Commission (NRC)
identifies accident management as an essential
element of the Integration Plan for the closure of
severe accident issues.! Accident management
ensures that planned actions and preparatory
measures are developed to enhance the ability of
nuclear power plant personnel to effectively man-
age severe accidents. An arca that affects this
ability is the availability of timely and accurate
informanion that will assist in determining the sta-
s of the plant, selecting preventative or mitiga-
tive actions, and monitoning the effectiveness of
these actions. The plant instrumentation is rehied
o to supply this information.

Because instrumentation is an important ele-
ment to accident management, the NRC needs a
strong technical basis to understand the capabili-
ties and shontcomings of instrument systems under
severe accident conditions that are representative
of instruments used in existing plants. The data
provided by the series of studies on information
needs and instrument capabilities for both the
Pressurized Water Reactor (PWR) and the Boiling
Water Reactor (BWR) plants (which this study 1s
a part) will enable NRU staff to evaluate the validi-
ty of licensees claims concerning the ability of
plant staff to detect the onset of a severe accident,
diagnose and evaluate severe accident status,
select appropriate corrective actions, and monitor
the effectiveness of these actions.

The capability of representative plant instru-
ments to supply the information needed to man-
age a broad range of severe accidents is
conducted for s BWR with a Mark [ containment
in this study. The objectives of this study are to:
(a) identify plant conditions that would influence
the availability and performance of the instru-
mentation and the information needs during
severe accidents, (b) define envelopes of parame-
ters that would be important in assessing the
availability of plant instrumentation for a broad
range of severe accident sequences, and (¢) assess
the availability of plant instrumentation during
severe accidents,

The approach used 1o meet these objectives
ncludes the following steps.

1. ldentify a set of possible severe accident
sequences that represent the spectrum of
accident types that have a principal impact
on the risk for a BWR with a Mark 1
containment.

2. Define the expected conditions within the
reactor coolant system, containment (dry-
well and orus), and reactor building for the
identified severe accident sequences,
Define bounding envelopes for these
conditions.

3. Assess instrui .ent availability during the
severe accident sequences, hased on the
location of the instrument components and
conditions that would influence instrument
performance.

4. Provide an accident man-gement informa-
tion assessment that discusses information
needs and the instruments that are available
to meet these needs. ldertify potential
limitations on the information available for
sssessing the status of plant safety
functions,

The set of severe accident sequences that has
the potential to influence nsk for a BWR with a
Vark 1 containment is based on NUREG-1150°
results. These results represent the most recent
evaluation of the types of accidents that will dom-
inate core damage frequency and risk to the pub-
lic. The set of sequences (plant damage states)
wdentified were the following: station blackout
(SBO), large and small break loss-of-coolant
accidents, antiipated transients without scram
(ATWS), and all transients other than SBO and
ATWS. Results from existing studies
(BM1-2104" and NUREG/CK-4624%) were used
to define thermal hydraulic data within the reactor
system and containment for accident sequences
representative of the NUREG-1150 results,

Assessment of instrument availability is pri-
marily based on the environmental qualification
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available prior 16 containment failure for
non-ATWS sequences where core melt
occurs. I containment failure occurs after
core milt, then severe conditions e the
reactor building could cause degraded
instrument performance.

Because of differences in the electrical power
system configuration at different nlants, it is not
possible 1o generically evaluate instrument uvail-
ability for a station blackout. It is noted that many
plants provide battery backup for all Regulatory
Guide 1.97, Category | instrumentation although
it is not a requirement. If battery backup s pro-
vided, then most of the information required to
monitor the status of the reactor coolant system
and containment will be available until the bat-
teries deplete or accident conditions challenge
instrument availability. In addition, systems used
1o obtain and analyze samples of reactor coolant,
containment atmosphere, and suppression pool
water may not be available in the event of a sta-
tion blackout. Information needs that require
sampling information may not be met as a result.

Information needs were reviewed for each of
the safety functions defined in the safety objec-
tive trees developed as a result of an NRC spon-
sored information needs evaluation presented in
NUREG/CR-5702. This review shows that the
ability to meet safety functions associated with
maintaining pressure and temperature control for
the reactor and containment will be impeded dur-
ing an accident, particularly if severe conditions
develop in the reactor building.

The results from this instrument availability
evaluation are intended to provide scoping
information that can be used to understand the
general characteristics of instrument avatlability
for a wide range of plant conditions during severe
accidents. These results are conservative in that
less availability is predicted in this study than
would be predicted by a more detailed, plant-
specific study for the following reasons:

1. Specified instrument qualification condi-
tons were used rather than actual quahifica-
tion conditions. The actual conditions may

X1

exceed the specified gualification condi-
tions because most instruments are tested to
more severe environments than those speci-
fied by the licensee. This difference could
increase imstrument availability for some
accident sequences.

to

More detaried analysis of the environmental
conditions at the location of instrument
components in the containment and reactor
building would tend to increase availability,
Location of instrument components varies
widely from plant to plant and specifiz loca-
tons may be protected from severe accident
condition.,

3. Degraded performance of instruments is
likely influenced by the length of time and
the magnitude of the difference between the
environmental and qualification conditions.
If the environmental conditions exceed the
specified qualification conditions by small
amounts or for short periods of time, the
instruments would hikely remain available,

Plant-specific evaluations of instrument avail-
ability would be necessary to eliminate conserva-
tism from the results. The evaluations would need
to include an assessment of the relationship be-
tween the instrument uncertainties and the timing
and degree to which the qualification conditions
are exceeded, based on a detailed study of basic
mstrument capabilities and failure modes. These
plant-specific evaluations are beyond the scope
of this study.

The results of the study should provide an
understanding of conditions for which instrumen-
tation system response may become unreliable,
and could adversely affect the ability of licensees
to effectively diagnose and manage severe acci-
dents. When coupled with the results of a pro-
posed study to evaluate the actual response
characteristics of selected representative systems
when operated beyond their qualification or
design limits, the NRC staff should have a strong
technical basis to evaluate the accident manage-
ment claims of licensees, as well as evidence pro-
vided by them to justify the adequacy of their
instrument systems for implementing appropriate
accident management procedures and guidance.

NUREG/CR-5444
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Instrumentation Availability During Severe Accidents
for a Boiling Water Reactor with a Mark | Containment

1. INTRODUCTION

The Nuclear Regulatory Commission (NRC)
identifies accident management as an essential
element of the Iategration Plan for the closure of
severe accident issues.! Accident managenient
ensures that planned actions and preparatory
measures are doveloped 1o enhance the capability
of nuclear powe, plant personnel 1o effectively
manage severe accidents. Successful accident
management « strongly influenced by instrument
availability

A methodology 10 assess information peeds
and instrument availability was develops* 1+,
NUREG/CR-5702 1o identily (a) the »fort. .0
needed 10 determine the status of a BWR for a
broad range of severe accidents, including recoy -
ery actions, (b) the existing piant measurements
that could he directly or indirectly use.. 10 supply
these information needs, and (¢) the conditions in
which information from the moasurement sys-
tems could mislead plant personnel. A four step
approach was developed in NUREG/CR-5702
for identif ying nuclear power plant information
neeas during severe accidents and for detennin-
ing the extent to which these needs will be met by
instrumentation currently in use at the plants. The
steps are (1) 1o develop safety objective trees, (2)
to determine information needs and sources of in-
formation, (3) to identify avalable instruments,

and (4) to identify potentinily misleading -
formation.

Results presented in this report show the
impact of possible plant ens ironmental condi-
tions auring a range of severe accidents on the
availabibity of instrumenis needed to mect the
severe accident information needs discussed in
NUREBG/ACR-5702 This evaluation is performed
for a BWR with a Mark | contaimment. Section 2
describes the approach and the duta used to evalu-
ate instrument availability, and defines an enve-
lope of plant conditions. Section 3 discusses
important accident sequences for evaluating
information peeds and instrument availability
Section 4 presents an evaluation of instre:cent
availability. Section § presents an evaluation of
information needs based on available instru-
ments Section 6 discusses an envelope of severe
accident plant conditions and event timing. The
summary and conclusions are presented in
Section 7 and the references are listed in
Section 8 Appendices A through D discuss
Peach Baottom plant damage states, results from
Peach Bottom thermal hydraulic analyses, acci-
dent management information assessment, and
long-term effects of radiation on instrument
availability

NUREG/CR-5444



2. APPROACH USED TO EVALUATE INSTRUMENT AVAILABILITY
AND DEFINE THERMAL HYDRAULIC ENVELOPE

The approach used 1o evaluaty the aveilabiliny
of instrumentation duning severe acoidents is
described in this section. The sources of
information on potential accident sequences and
severe accident thermal hydraalic behavior are
ali described.

2.1 Approach

The approach used to evaluate instrement
Tability for vanous severe accident conditions
o summarized i the following steps:

Step 1-ldenufication of Types of Severe
Accidents

The types of severe accident sequences that
potentially influence risk are identified for a spec-
toum of severe accidents using the probalistic
risk  assessment  results  presented  in
NUREG-1150° for Unit 2 of the Peach Bottom
Atomic Power Station. The Peach Bottom station
has two General Electnc boiling water reactors
(BWR-4). Both Lave a rated thermal power out-
put of 3293 MWy, and are housed in a Mark | con-
tainment. NUREG- 1150 results are used because
they represent the most recent evaluation of all
credible types of accidents that wili dominate
core damage frequen.y, and risk to the public,
Although the resulis are specific to Peach
Bottom-2, the sequence categones identified in
this document are sufficiently hroad tiat they
would apply 1o any BWR with a Mark | contain-
mant. A brief overview of NUREG- 1150 ni_th-
odology is presented in Section 2.2,

Step 2-Determination of Severe Accident
Conditions

The condiions within the reactor coolant sys-
tem (RCS), comainment, and reactor building are
determined from a review of the results of severe
accident analyses avatlable for BWR plants with
Mark | containments. The results from the
BMI-2104% and NUREG/CR-4624% analyses

NUREG/CR-5444
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petformed for the Peach Bottom plamt were used
to determune the whermal hydraulic canditions for
a range of important BWR acoident sequences. A
briel overview of these analyses are presented in
Section 2.1 These snalyses are used begause
most of the important events expected dunng a
severe accident from core melt through lower
head feilure and beyond are found in these
reports. This mcludes the possible effects an the
primary containment and the reactor building
These analyses provide a baseline for gaining
imsight into challenges (o instrument availabihty,
The assignment of the sequences analyzed by
Battelle Columbus to the NUREG-1150 results
18 discussed in Section 3. Appendix B provides a
discussion of the results of the Battelle analyses
and how they were categonzed in NUREG-1150.

Step 3-Evaluation of Instrument Availability

Instrument avarlability (Step ) is evaluated
based on accident conditions, principaiy pressure
and temperature in the vicimity of the instrument,
relative to the range and gualification conditions
established for the instrument. The source of
hackup power for cach instrument is also consid-

i for a station blackout event. The evaluation
focuses on the impact of pressure and temperatuie
conditions because they appear to strongly influ-
ence instrument availability, particalarly in the
early stages of the accident. Relative humidity,
steam condensation, and radiation are also fac-
tared into the evaluation for instruments in the
reactor builiing.

Instrument information for this evaluation is
hased on the implementation of Regulatory Guioe
1.97% requirements for the Peach Bottom siation ®
The instrument qualification temperature and
pressure conditions used for this evalvation are
based on the results of the Technioal Evaluation
Keport for equipment gualification.” Information
on pressure and temperature gualification
conditions from the Peach Bottom FSAR is also
utilized



The assessment of instrument availability
assumes that instrument performance will be
degraded if the pressure, lemperature, of radiagtion
cond!tions in the vicinity of ihe instrument
excoeds the specified qualification limits, or if the
parameter being measured v outside the
instrument range. This definition includes the
possibility of instrument fatiure. Degraded insiry-
ment performance denotes thai the indicated
magnitude or tend of the measured parameter i
in error. This erfor may cause the operator 1o take
INGPPIOPHINE GCHON, Cause premature termina:
tion of the operation of an automatic safety sys
tem, or stant the operation of an automatic safely
system when it is not required An example would
be termination of the operation of the high.
pressure coolant injection system (HPC dor 0
an false indication of gh vessel water level.

Step 4-Assessment of Accident Management
Information Needs

An assessment of accident management
information needs considenng instrument avil:
ability is performed. This accident management
informay’ n assessment utilizes the safety objec-
tive trees, and the information needs tables devel-
oped in NUREG/CR-S702. The safety objective
trees define the relationship among the safety
objectives and safety functions, possible chal-
lenges 1o them, mechanisms causing the chal-
lenges, and strategies (o prevent or mitigate the
consequences of the mechanisms causing the

challenges.

There are three safety objective trees used in
this report for BWR plants with a Mark 1 contain-
ment design: Prevent Core Disporsal from Ves-
sel, Maintain Containment Integrity. and Prevent
Fission Product Release from Containment.
These trees are shown in Figures 1, 2, and 3.
Tubles of information needs developed from the
safety objective trees are presented in Appen-
dix A of NUREG/CR-5702. These tables pro-
vide a tabulation of the information needs, and
available or potential instruments Jor meeting a
given information need.

Instrument availability is reviewed to deter
mine the degree to which the information needs
can be fulfilled. Potential himitations i terms of
range and qualification conditions of the existing
instrumentation that would otherwise be capable
of satstying information needs are reviewed con-
sidenng the range of conditions expected during a
severe accident. The accident management
information assessment is discussed in Section §
and Appendix C.

2.2 NUREG-1150 Overview

The objective of NUREG-1150 18 1o provide
an assessment of the severe accident nsks for five
plants of different designs. The plants considered
in the NUREG- 1130 analysis were Zion
(Unit 1), surry (Unit 1), Peach Bonom (Unit 2),
Girand Gulf (Unit 1), and Sequoyah (Unit 1), The
Peach Botom analysis is the basis for the plant
damage state (PDS) and accident progression bin
assignment discussed in Section 3 of the repon.

The general approach used in NUREG- 1150 is
based on the systematic elicitation of expert opin-
1on on plant system analysis that determines core
damage frequency and severe accident
phenomena as described by Hora and Iman ©
Expents from various nuclear industry organiza-
tions were selected and organized into panels
convened 1o study particular aspects of severe
accidents. These experts were traned in the math-
ods used for systematic elicitation of expert opin-
won, Issues were then presented to the expert
panels to establish cons ' stency and common
understanding of the issues addressed, A period
of time was allowed so that the assigned issues
could be studied by the expents, thus allowing the
development of preliminary subjective proba-
bility assessments. Meetings were held during
this time to allow for the exchange of irformation
on vanows issues among the expents. Afterwards,
elicitation sessions were held 10 obtain »nd dovcu-
ment the opinion of each expert. This elicitation
included the justification of ewch opinion and a
probability distnbution for parameters pertinent
to a given issue. The probability distributions
from e.ch expert were assembled for use in
NUREG-1150.

NUREG/CR-5444
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Approach

Included in NUREG-1150, is an accident
frequency analysis and an accident progression
analysis. The accident frequency analysis idents-
fies the combination of events that can lead to
core damage and estimates their frequency of
oceurrence. This unalysis results in a set of PDSs
with corresponding probability levels that ure
subsequently used in the accident progression
anglysis. The accident progression analysis uti-
lizes the results of the accident frequency analysis
10 investigate the physical processes affecting the
reactor core after the initiating event. The results
of this analysis are presented as a set of accident
progression bins defining the possible outcomes
for a severe acoident.

2.3 Overview of BMI-2104 and
NUREG/CR-4624 Analyses

The purpose of the BMI-2104 and NUREG/
CR-4624 analyses was to esamate the source
term magnitude for various severe accident
sequences that are important 1o risk. The 1esults
published in BMI-2104 and NUREG/CR-4624
are hased on computations performed with the
MARCH2 and MERGE programs, which are cur-
rently part of the Source Term Code Package. An
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overview of the Source Term Code Package is
presented in NUREG-0956."" Descriptive
information on MARCH2 and MERGE is pres.
ented in Section § of BMI-2 104, Volume V1. The
MARCH2 program is used to determing the plant
thermal hydraulic conditions during a severe
accident and incorporates models for primary
system and containment response, fuel mehidown
and slumyp, and lower head failure, among others,
The MERGE program i developed o determine
detatled flow and wemperature information in the
upper plenum, piping, and other primary system
components. This information is not available
from MARCH2 and 1s needed to determine
fission product retention in the primary system.

The BMI-2104 and NUREG/CR 4624 results
are useful in performing this instrument avail-
“bility evaluation since data for most of the
important events expected during a severe acor-
dent from core melt through lower head failure
and beyond 1s presented. The data is a good base-
line for ganing insight into the challenpes of
instrument availability. There is uncertainty in the
BMI-2104 and NUREG/CR 4624 results thet are
discussed in Section 6 of this report. However, the
results are considered 1o be adequate for
evaluating instrument availability.




3. IMPORTANT ACCIDENY SEQUENCES FOR EVALUATING
INFORMATION NEEDS AND INSTRUMENT AVAILABILITY

This section presents the results from Steps |
and 2 of the methodology discussed in Section 2.1
Identification of important accident sequences for
use in the evaluation of mstrument aval'ability is
based on plant damage states and accident pro
gression bins used in the NUREG- 1150 analysis
for Unit 2 of the Peach Bottom Atomic Power Sta-
tion. Although these PDSs and accident progies
sion bins are specific for Peach Bottom -2, results
from other probabilistic risk assessments show
them 10 be typical for other BWRs with Mark |
containments. As discussed in Secton 2, thermal
hydraulic conditions are determined for the PDSs
and accident progression bins based on BM1-2104
und NUREG/CR 4624 results,

3.1 Plant Damage States and
Accident Progression Bins

In the NUREG- 1150 analysis, accident
sequences for the Peach Bottom plant are grouped
into four summary PDSs. They are

. Stanion blac -

¢  Large and small break loss of coolant
accidents

¢  Anticipated transients without scram

{ATWS)

o All other transients except station blackout
and ATWS,

Each PDS 1s defined by a group of accident
sequences that has similar characteristics with
respect (0 accident progression and containment
engineered satety fcature operability

Several accident progression bins are devel
oped to cover the range of potential outcomes for
each PDS. A set of ten accident progression bins
are identified in NUREG-1150 for Peack Bottom
that relate the time of vessel hreach to the time of
containment tailure or containm, nt venting. Pres-
sure at the time of vessel breach and containment

farlure location are also included. Bins are also
defined for secidents where comainment feilure,
vessel breach, or core damage does not ocour
Further discussion of the PDSs and acoident pro-
gression bins 18 found in Appendix A

2.2 Definition of Thermal
Hydraulic Conditions

Thermal hydraulic condations for the PDSs and
accident progression bins presented in Sestion 3,1
are defined based on the BMI1-2 104 and NUREGY
CR-4624 analyses. Of the many thermal-
hydrauhc parameters caleulated, the parameters
of interest for evaluating nstrument availability
is the temperature and pressure in the areas in
which instrument companents are located. These
areas include the reactor coolant system, contain-
ment (drywell and torus), and the reactor building
for all sequences. A tbulation of the maximum
value of vanous therinal hydraulic parameters
reached during the important accident phases is
presented in Table | based on the information
presented in Appendix B. A tabulation of the tim-
ing of each accident phase is presented in Table 2.

3.3 Discussion of Accident
Sequence Results

A review of the NUREG/CR-1150 PDSs and
accident proaression bins and the thermal
hydraulic results from BM1-2104 and NUREG/
CR-4624 shows that if pressure and temperature
inside the primary containment are approaching
the point where containment failure is possible,
then instrument availability and the ability to
meet information needs will be affected. Instru-
ments that are located in the drywell and torus
could be subjected 1o pressure and temperature
conditions outside of their qualification limit as
comainment temperature and pressure increases.
I duct failure occurs when the containment is
veated or iff containment failure occurs,
instruments located in the reactor building could
be subjected to conditions outside their
gualihcation range due to the introduction of high

NUREG/CR-5444
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Yable 1. Maximum value of key parameters during each phase for all acadent sequences.

Iipnmm™ u Mesess' 3

imiaton o Uncovery ¢ Meladown 1o Core slump ©

Parameter COTE URCHVETY _ stant of meh core siump head favlure
Within the reactor vessel
Average core temperature (“F) 1277 (AE-y) 2233 {AE-v 3K (TCH ITR4(AE-
Core exit gas temperature (“F) N/A 1750 (AE-v) 3250 (AE-y) BSHAE -7}
Maximum RPV structure temperature (°F) N/A S50(TCy) 25080 (TC-y) 2500 (TC-v»
Maximum Reactor System Pressure (psia) 1202 (TCH 108G (TC2) HSO(TC2)y 1168 (TC2)
Primary contamment
Pressare (psia) i2007CH) 129(TCH 30 (TB1) 131 (AE-7)
Temperature ("F) 324 (FC1) 324TCH 276(TCH 2031 {AE-7)
Pool temperature (F) M24TCH 9(TC 212(7TCH) 22 (ICH:
Reactor burkdmg
Teraperature (“F) 250(TCY) 250(TC1) 1200(TC2) 2504TCY)
Notes:

1. The accident sequences for each parameter s given i parentheses.
2. N/A - not applicable

e SR
NA
NA
NA
NA

X248
1391 470

ZIZATCH

2500 - TB2)
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Tabie 2. Time range of key events for BMI-2104 and NUREG/CR 4624 accident sequences (mipuies).

Accdent Imtiation: to Core uncovery 1o Core meltdown Core slump 10 After head Contasnment

seguence COPe BACOVETY start of meitdown to core slump lower hewd fatkure farlure faslure tame

TBi Upto 5285 S285-6424 6424 594 R 6948 - 7335 733513335 9i45
(578.5) (113.9) 524y R7T) (600.0)

TB2 Upto 5269 5269 -6155 61S5-6937 693.7 -7358 7358 - 13335 7358
{526.9) (88 6) (78.2) 421 39T

AE-y Upwe 15 I5-115 IS5-268 268 -339 3391262 RER
(1.5) (16.9) (153 7.1 92.3)

TCl Uptwe9 8 938 -130 1340 - 1665 1668 - 2305 2305 - 13335 853
(93.8) (40.2) 328 63.7) (11a3;m

T2 Uptwo 338 338-583 583 -%&3 883 -1263 1263 -7363 1263
(33.8) 24 5} (3003 (38.0) 61 0)

TC3 Upto 338 3138 -583 S8.3-8R3 8831263 126.3-7363 CV@a9el
335 (24.5) {30.0) 380y 6100

TW-y Upte 26196 2619627479 27479 -2817.1 2R17.1 -3055.2 3055.2 - 36554 1756.2
<= "9.6) (12855 69.2) {238.1) (606.2)

Notes:

1. Number i pasenthesis 1s the elapsed ume.

ra

-

. For TC3, CV denotes containment vent,

. The value of the upper limat of the range is the accident time at which the MARCH ~ase was termmnated m the afier head falure colur

sasuanbag Japoy



Accident Sequences

temperature steam and noncondensible gases into
the reactor building. Hydrogen bums in the reac-
tor building are also possible if core damage has
occurred. Contatnment failure can occur at any
time duning a severe accident depending on the
accident initiator and the system failures that have
occurred, including prior to core uncovery befare
any core damage has occurred.

From the reviews of NUREG- 11580, BMI-2104,
and NUREG/CR-4624 analyses, the types of
events that can lead to containmient failure before
core damage has occurred are ATWS ininated
accident sequences involving faiure of the SLCS
and transient imitiated accident sequences involv-
ing failure of the contwinment hoat removal sys-
wms, if the accident s imiiated by an ATWS and
efforts to reduce power 1o the capacity of the con-
tainraent heat removal systems are unsuccessful,
continued containment pressurization and con-
tamnment failure is possible before core uncovery
occurs. Contammen. venting could be imtiated 1o
avoid containment failure in an ATWS initisted
accident with SLCS fwlure. For transients where
the high and low pressure mjection systems are
functicaing, but failure of the containment heat
removal systems have occurred, the continued
heat rejection to the suppression pool will again
cause containment pressurization and possible
failure before core uncovery occurs. Again, con-
tainment venting could be initiated to avoid con-
tainment failure. For accidents initiated by a
non-ATWS transient or a loss-of-coolant acci-
dent (LOCA) and where the containnent heat
removal systems are functioning, the need for
containment venting or the possibility of
containmeni failure should not exist until after
vessel failure when large amounts of non-
condensible gas can be generated due to core con-
crete interaction.

Survivability of the ducts used for containment
venting would t+ a concern although many utili-
ties are installing a hardered system for contain-
ment venting in response to Generic Letter
89-16.'7 These hardened vent systems are typi-
cally being designed for decay heat loads. Use of
a hardened vent system would prevent severe
conditions from developing in the reacivr build-

NUREG/CR-5444
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ing during non- ATWS accidents and alleviate
concerns on the availability of instruments
located in the reactor building

During an ATWS with SLCS failure, use of the
hardened vent system, (designed for decay heat
ioads), would decrease the rate of containment
pressunzation and prolong the ume to contain-
ment faill ¢ during an ATWS, but does not elimi-
nate the prospect of containment failure 1f the
decision was made to vent the containment
through vents other than the ha:dened system 1o
achieve a greater containment depressurization
rate during un ATWS or il a hardened vent system
is not installed, duct failure could occur. At Peach
Bottom, there are a total of nine vent paths,
including four 1% in. vents from either the drywell
or torus as disesed in Section 2.1 of NUREG/
CR-4551."" During an ATWS, the energy gen-
eration rate will require three or four of the 18 in
vents 1o reduce containment pressure, assuming
power levels of about 15%. Ducts in these vents
would likely fal, releasing the steam (o the reac-
tor building. High temperature conditions will
result in much of the reactor building, thus affect-
ing instrument availability. Personnel acces to
the reactor building will also t : impeded in this
situation.

The path of the steam and noncondensible
gases in the reactor building will affect instru-
ment availability, As explained in Section 2.1 of
NUREG/CR-4551, the reactor building com-
pletely encloses the primary containment and
consists of several floors that are generally iso-
lated from each other except for a large open
hatch that extends to the refueling floor. Blowout
panels are located in the refueling bay that vent to
the enviroument. Steam released to the reactor
building will, for the most part, pass through the
open hatch 1o the refueling floor and out through
the blowout panels. A steam vent path exists from
the reactor building to the turbine building
through blowout panels locatad in the steam tun-
qel. Any venting using U¢ 18 in. lines will likely
open all of the blowout panels. Most of the steam
is expected to exit through the r'i eling floor
because of the larger flow area in the path to the
refueling floor compared to the steam tunnel.



The possible temperature in the reactor build-
ing if the containment faiis or it duct fatlure
occurs when the contwnment 1s vented will affect
the availability of instruments located in the reac:
tor building. The NUREG/CR-4624 document
presents the results of accident sequence analysrs
that account for conditions in the reactor building.
Sequences where containment fails before core
damage and where containment failure occurs
afier core damage were analyzed The analysis
shows that temperature condittons above the
gualitication limits of many instruments can be
expected due 1o the large amount of steam and
noncondensible gases released on the reactor
building as the containment depressurizes. Tem-
peratures of 210 to 230°F arv predicted in the
reactor building. If core damage has occurred,
then the possibility of hydrogen bums in the reac:
tor building exist. 1f hydrogen burns occur, local
temperature spikes in excess of 2000°F in the
reactor building are possible (see Appendix B).

Oak Ridge National 1 * dory (ORNL) eva-
luated conditions in the reactor building during an
ATWS with SLCS failure assuming duct fu."oe
during containment venting.'! The CONTAII
computer program was used for these analyses.
These analyses were done to evaluate contain-
ment venting as a mitigation strategy during an
ATWS with SLCS failure at a BWR plant with a
Mark 1 containment. Unit | of Browns Ferry was
considered in the evaluation. These resulis are of
interest because of the possible effects of contain-
ment venting on reactor building conditions dur-
ing an ATWS

1 the CONTAIN analysis, the reactor building
was subdivided into four control volumes repre-
senting the rooms &t 565, 593, 621, and 639 ftof
the Browns Ferry reactor building. Steam from
two 18 in. vent lines is released 10 §65 ft. The
effect of fire protection sprays at 565 and 593 fi is
factored into the evaluation. Initially, the steam
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flow rate is 164 Ib/s and after 1 hour decreases 1o
110 Ih/s,

The temperature results from the C( INTAIN
analysis petformed by ORNL shows a rapid nise
in temperature from an ambient temperature of
100°F in all volumes 1o 180°F at 621 f1, 10 210°F
at 593 11, and to 225°F at 565 11 afier 30 minutes,
The atmospheric composition in the reactor
butlding after 60 minutes of containment venting
ranges from almost pure water vapor at S68 firo
about $% water (95% wir) @ 639 f ORNL notes
that the combination of temperature and atmo-
spheric composition conditions will impact
equipment availability and will restrict the acoess
of plant personnel to the reactor building.

Design differences among plants must be
recognized in applying the NUREG/C R-4624
and the ORNL results generically to BWR plants
with Mars [ cortainment designs. ORNL noted
that there are design differences between Browns
Ferry and Peach Bottom. This includes no Noor
wide system of fire prot_ction sprays on any floor
al Peach Botiom, as well as differences in build-
ing arrangemer’  [hese differences would not
significantly waect the temperature predictions or
the prediction of a steam environment in the reac-
tor building. Among & larger group of plants,
design differences would include the hardened
vent design and configuration and location of the
blowout panels in the reactor building. Vent
designs that can withstand the loads resulting
from containment venting would alleviate con-
cerns on the availability of instruments in the
reactor building. 1f a blowout panel is located
near the poinat of containment or duct failure,
steam exiting the failure location would flow
through the panel to the environment, thus
bypassing most of the reactor building. In this
case. there may be less of # problem with instru-
ment availability.

NUREG/CR-5444
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4. INSTRUMENT AVAILABILITY DURING SEVERE ACCIDENTS

Instrument availability during a severe
accideni (Step 3 of the methodology discussed in
Section 2.1) is assessed in this section. From the
review of NUREG-1150 PDSs and the therimal

hydraulic data from BML-2 104 gnd NUREG

CR-4624, it war found that the conditions that
will have the groatest impact on instrument aviol-
ability are the following:

¢ Severe pressure und temperature environ

metits in the vicinny of the components of
the instrument system causing instrament
performance to degrade (severe conditions
means that environmemal conditions in the
vicitity of the instrument compuonents have
exceeded the qualification Himits)

. foctric power failure resulting from station
blackout, loss of a ditect current (do) bus, or
other power imterruptions that cause nstru-
ments to be unavailable

¢ High radiation fields in the reactor butlding
following reactor vessel rupture and con-
tatnment failure Cause instrument perior-
mance 10 degrade in the long term (days or
weeks).

Instrument availability is evaluated based on
the pressure and temperature conditions at the
instrument location relative 1o the quulification
conditions and the source of backup power,

Table 3 presents a list of instruments that are
included in the Regulatory Guide 1.97 megsure-
maats for Peach Bottom, TaNe 4 s a deserip-
tion of several instruments that were not Jisted in
the Regulatory Guide. The tables include tie
measurement range, specified qualification
condit ons, sensor location, and source of power
for each instrument. The data are based on guali-
fication information from Regulatory Guide 1.97
review for the Peach Bottom Atomic Power Sta-
tion and the Technical Evaluation Report for
eguipment qualification,

NUREG/CR-5444

The instroments fisted m Table ¥ are grouped
by the ihree electric power source Calegonios
defined i Regulatory Guide 197 Category 1
provides for full qualification, redundancy, and
continuous resl time display and reguires onsile
(standby ) power. Onsite (standby ) power does not
necessanily mean that the power source has o hat-
tery Luckup, Category 2 provides for gualificu:
fon, but s less stringent ir that it does not (of
Hsell) include seismic qualification, redundancy
of continuous display, and requires only a high
tehability power source (nod necessanly standby
power). Category | and Category 2 mstruments
are reguired by Regulatory Guide 1.97 1o have
battery backup power only when momentary
interruption of the instrumeniation s nol toler-
able, Cutegory 3 is the least stringent It provides
for high-qeality commercial grade equipment
that requires only offsite power. These categories
are used since the power source 1s an impontant
tactor in determining instrument availability dur-
Mg a station blackout sequence Bantery-backed
power sources and their instrament loads vary
widely depending on individual plamt design.

Conditions that are expected 1o significantly
affect instrement availability are the pressure and
temperature conditions in the primary contain-
ment and the wemperature conditions in the reac-
tor building cesulting from containment or duct
farlures during containment venting in the event
of an ATWS with SLCS tailure. The possibility of
high steam concentrations in the reactor building
may also affect instrument availubility due 1o
steam condensation on instrument components.
The evaluation of instrument availability focuses
on the location of the seasors with consideration
given 1o electronics, cabling, splices, and other
components,

Results from the instrument availability
evaluation are intended 1o provide scoping
nformation that can be used to understand the
limits of its availability for a wide range of plant
conditions during severe accidents. The results
ire conservative in that less availability is
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Table 3. (contmued).

ngzm
SLCS storage tank level T7-13125m. 140°F, 2 psig Reactor burliding Onscte power
100% RH
35x 10% rads
RHR system. Tow 0-50.000 gpm 120°F, 2 psag Reactor bmilding Onsate power
100% RH
15 x 10 rads
RHR beat exchanger outlet 0 - 600 120°F. 2 pig Reactor bumlding Uninterruptible power.
temperature 1005 RH hattery backap
3.5 x 10% rads
RCIC room 0 - 600°F 120°F. 2 psag Reactor bulding Station battenes
temperature 190% RH
3.5 x 10° rads
HPCI room 0 - 600°F 120°F. 2 psig Reactor butiding Station battenes
temperature 100% RH
35 x 10 rads
Emergency ventilation Open/closed 120°F. 2 puag Reactor burlding or Omnsate
damper posibon 100% RH Radwaste burlding
35 x 10° rads
Status of standby power Vanous ranges 250°F, 2 D pmig Reactor. Turbine, Diesel Statron battenes and onsite
and other energy sources 0% RH generator. and SORFUCS
important io safety 3.5 x 10° rads Radwaste busidings
(electronic, hydraulic,
pacumatic) (voltages.
currents, pressures;
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Tabie 3. (continued).

Plant mnsirumentation Range Qualification condiions { acaton of sensor Power sapply

Category 2 (continued)

Common plant vent or At 20000 CFM: the low Not found Offgas stack equipment A comisnation of

multipurpose vent discharging  range is i 10 1.6 buitding sremterruptibic power

any of the above releases. pCi/cm”; the high range (Onsste source backed by

(Offgas stack isidx 107014 x 100 station batteries . onsare
batieries for the low range;
offate for ngh range
recorder (oniy )

Common plant vent or 0 10 600 KCFM 120°F. 2 psag Reactor buthing Onsate

muitipurpose vent discharging 100% R

any of the above releases. 3.5 x 107 mads

{Umit vemt stack flow).

Cmﬁ-vena 010 40 KCFM Not found Offgas stack eguaprnent Onsate

any of the above releases.

{Offgas stack flow).

Category 3

Control rod position mdicator  Full-n or rot fuli-n JITF. 9 pug Drywell Uniterruptible power.

100% RH battery backed
4.44 x 10 rads

RCS soluble boron 56 1o 1100 ppm Not found Radw aste bunidime Onsite and offsite sources

concentration {grab sample)

Analysis of primary coolant ! uCifem” 10 10 Cijem® Not found Radwaste busidmg Onsate and offate sources

{ramma spectrum)
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Category 3 (continued)
Offgas stack radoactivity A1 20000 CFM Not found Offgas stack oquspment A combmation of
Low range - 10~ buriding umrtermuptibic power
0 5.0 pCilem’ ons - ources and station
High range - batierses for the low range;
145 10710 and onsite sources for gh
17 < 10* uCifom’ range sensors. offsite for
high range rmoorder
Main feedwater flow 0w 7 x 10° Ibh Net found Turbne buslding Uminternaptible power.
hattery backed
Condensate storage tank level 0-42 fi 180°F. O psag Turbine busldmg Omstte power
99% RH
Turbine bypass vaive postion  0-100% _ and open/close 140°F. O psig Turbwne building Batienes. unanterruptible
9% RH power and onsite sources
Condenser hotwell level 0-32 in. 130°F, 0 pag Turbme burkding Onsate power
99% RH
Condenser vacuum 0-30 m. hg vacoum 130°F. O pag Turbine busidng Omsite power
99% RH
Condenser cooling water 0-30 psig Not found Circulating water pump Omsste power
flow. (Pump discharge structure
pressure )
Primary ioop recirculation 0-70.000 gpm 120°F. 2 psag Reactor bualdng Omsste power
flow 100% RH
35 x 10% rads
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Plant instrumentation Range Quahficatron condiions Location of senswor Power supply

Category * (continued!
Radiation exposure rate Vanes, 901 to 10 mRMh ot foursd Main control mom. vent Onsne. hattenses for
(ssade busldngs or aveas stack effimens. spent tuel portabic montors
where access 1s reguued o pool are. alve portable
SIVIce egquipment important meonrtors
1o safety)
Particulates and halogens Requirement met with Not fourd N/A N/A
Al identificd release ponts.  proper samping volume
analysas capabalaty)
Airbormne rad*ohalogens and  Reguirement met with Not found N/A Batzery for portabic
analysis capabibity )
Reactor building or Isensor: 110 10PmRA.  141-250°F 0-2 pag Vanoes locabons m reactor  Onsite
“econdary contam- Bo-anw e of seasors: 0.01 e RH baniding
ment arca radiation to (T mRMh 35 x 19% rads
Plant and environs radiation  Ote 2 x 10F R/h, gamma  Not found N/A Ratiery
(portable mstrumentation)  and beta radiations
Prnimary coolant and sump 1. Gross Actwity: Not found Radwaste bldmg Onsate or offsste sources
(grab sample) 1 wCyml

to 10 Cymil

2. Boron Content:

S6-1100 ppm
3. Dissoived Hyvdrogen
0 - 2000 cckg

AU PRAY IS







predicted in this study than would be predicied by
a maore detalled, plam-specific study for the
following reasons;

¢ Specified instrument gualification condi-
tions were used rather than actual quaiifica
ton conditions. The acteal conditions may
exveed the specified qualification condi
tions because most instruments are tesied o
more severe environments than those spect-
fied by the licensee. This difference could
nctease instrument avalability for some
accident sequences.

¢ More detatled analysis of the environmental
conditions at the location of instrument
componenis in the containment and reactor
building would tend 1o increase avalability.
Location of instrament components varies
widely from plant to plant and specific
instrument components may be relatively
protected from severe conditions expected
during an acoident.

¢  Degraded performance of instruments is
likely influenced by the length of ume and
the magnitude of the difference between the
environmental conditions and the qualifica-
tion conditions, If the environmental condi-
tions exceed the specified qualification
conditions by small amounts or for short
periods of time, the instruments would
likely remain available. In this analysis
degraded performance is assumed when the
qualification himits are exceeded, regardless
of the magnitude of the difference or length
of time.

Plant-specific evaluations of instrument avail-
ability would be necessary to eliminate conserva-
tism from the results. These evaluations would
need to include an assessment of the relavonship
between the instrument uncertainties and the tim-
ing and degree 1o which the qualification condi-
tions are exceeded, based on a detailed study of
basic instrument capabilities and failure modes.
These plant-specific evaluations are beyond the
scope of this study.

NUREG/CR-5444
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The results of the study sheuld provide an
understanding of conditions where an mstrumen-
tutton system response may become unreliable,
thus alfecting the ability of liensees 1o effec-
tvely diagnose and manage severe accidents,
When coupled with the results of a proposed
study to evaluate the actual response charac-
tleristics of selected representative systems when
operated beyond their qualification of design lim
its, the NRC staff should have a strong technical
basis to evaluate the accident management claims
of licensees, as well as the evidence 1o justify the
adequacy of their instrument systiems for imple-
menting appropriaie accident management proge-
dures und guidance.

It should be mentioned that operators may not
recognize that instrument performance is
degraded. An instrument reading could appear 1o
be normal or the trends plausible when the plant
conditions and trends are different than indicuted.
As a result, the operators could be misled about
plant conditions and pursue inappropriate
operation strategies. A more detailed evaluation
on the expected accuracy and reliability of the
mstruments for conditions where the qualifica-
ton limit s exceeded is recommended. Ways that
erroneous instrument readings can be recognized
by operators are also needed. This evaluation
should consider the entire instrument loop,
including transducers, transmitters, amplifiers,
cabling, electronics, and other instrument system
components,

4.1 Evaluation of Ingtrument
Availability During Severe
Accidents

The principal environmental challenge to any
instrument is the occurrence of severe pressure
and temperature conditions in the vicinity of the
instrument. These conditions can result in
degraded instrument performance as defined in
Section 2.1. As used in this evaluation, severe
conditions means that conditions in the vicinity of
the instrument have exceeded the specified quali-
fication himits. Severe conditions will occur within
the reactor coolant system for any accident result-
ing in core melidown. Severe conditions can also
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Table 5. (continued).

Category 2 {continued
Severe Severe
Severe Severe reactor reactor
Severe conta.nment containment building burlding
conditions only conditions conditions conditions condmions
Safety® n feactor before core after core before core after core
Plant instrumentation functions system damage damage damage damage
Common plant vemtor | VI, V4 A A A A A
multipurpose vent .
release (offgas) 3.
Status of power Vi A A A AP Ab
(electrical and other
| energy sources)
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Table 5. (continued).
Category 3 (continued ) R
Severe Severe
Severe Severe reactor reactor
Severe containment contaimment building burldmg
conditons onfy conditions * conditions condions conditions
Safety* N reactor before core after core before core after core
Plant insirumentation functions system damage damage damage damage
Reactor building or C3i. F2 A A A
area radvation monitor
Turbine bypass valve vi A A A A A
position mdicator
Condenser vacuum Vi A A A A A
Condenser cooling vi A A A A A
water flow
Condensate storage V3 A A A A A
tank level
Containment gases, H,, | V1, V3 V4, A A A A A
O3, gamma (grab Cl1,C2,C3.F1,
sample) F2.F3
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4.1.3 instruments Located in the Reactor
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Instrument Availability

compared 1o instruments Jocated in the
continiment

Severe Conditions in the Reactor Budding Before
Care Damage

The principal challenge to availability of
mstrument locaed i the reactor building 1s the
flow of high temperature steam that would be
released 10 the reactor tutlding if the containment
fails, Containment venting could also release high
lemperature steam to the reactor building .f vents
other than the hardened vent system are used dur-
ing an ATWS with SLCS fmlure or if a hardened
vent system is not instalied. This steam could
cause the temperatures in many reactor building
locations to approach 250°F, which is above the
temperature qualification himit tor mo=t instru-
ments located in the reactor building. As a result,
degraded performance of these instruments is
expected.

An additior.al challenge to instrument cva,!-
ability in the re «ctor building is the effect of
steam condensation on instrument components.
particularly electronic components. Condensa-
tion or. component surfaces could cause failurs
due to electrical shorts,

Severe Conditions in the Reactor Building Afier
Core Damage

If both core damage and containment failure
occurs, severe lemperatures and high steam con-
centrations will ocour in some areas of the reactor
building causing dee-aded performance of the
instruments in those areas In addition, there is
the possibility of hydrogen burns i1 the reactor
building. These nydrogen burns can cause tem-
perature spikes in excess of 2000°F. It is noted
that the reactor building is compartmentalized
and that the effect of hydrogen burmns on instra-
ot performance could be localized.

Some testing has been conducted to assess the
effects of hydrogen bums on typical nuciear reac-
tor instrumentation system components, '5.16
Results from these tests indicate that a single
hydrogen burn w~uld not 72il either the trans-
ducers or cabling of the tested systems. However,
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muitiple hvdroren Lurns would cause temoera
tures to exceed the qualification imits. Both
transducers and cabling failed when multiple
hydrogen burns were used in the tests, Based on
these results, degraded performance of the instru
ment sysiems in the reactor building is assumed
when multiple hydrogen bums were predicted. It
15 recognized that the general assumption that
multiple hydrogen burns will degrade perfor-
mance of all \nstruments is conservative since the
extent of the fadures woula be dependent on the
building design, the amount of hydrogen
refeased. and instrument system hardw are.

4.1.4 Instruments Located i the Turbine
and Radwaste Buildings . Insiuments located
in the turbine building at Peach Bottom may be ex-
posed to steam from the reactor building if duct
failure occurs during containment venting or if
containment failure occ. rs. As discussed in Sec-
tion 3.3, there are blowout panels () the steam tun-
nel at Peach Bottom that provide a path frem the
reactor building to the turbine building if the pan-
els are opened. Hov rver, most of the steam and
hydrogen would be vented through the refueling
bay 1o the environment at Peach Bottom. As & re-
sult, instruments located in the turbine outlding
should remain available for all accident se-
gquences. At other BWR plants, differences in
blowout panel location could cause more or less
steam to be vented to the turbine building, which
could affect instrument availability.

Instruments 1ocated in the radwaste building
should not be affected by any release of steam or
hydrogen from the reactor building.

4.2 Evaluation of Instrument
Availability During a Station
Blackout or Loss of a dc
Bus

Tabie 3 presents a summary of the backup
power sources available for each instrument at
Peach Bottom. The backup power sources identi-
fied on Table 3 are listed below:

o Class IE these power sources meet the
requirements of [EEE Standard 308 and are
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typicaily backed up by diesel generators and
batteries, but not necessarily both,

. Batteries - station battenies

¢  Uninterrvptable power - onsite or offsite
power sources backed up by station
batteries

e Ousite power — alternating curren! (ac)
power sources backed up by diesel
generators

o Offsite power - offsite ac power sources.

Class 1E power sources that have a batiery
backup typically have diesel generator power
charging the battery. No indication on which
Class 1E power sources are backed up by
batteries is given in the Regulatory Guide 197
review for Peach Rottom.

The availability of instrumentation during a
station blackout or loss 01 a d¢ bus is dependent
on the plant design. Instrument availability would
not be uniform among all plants. If the licensee
has provided a battery backup for all Category |
or Class 1E equipment, then these instruments
would be available at the beginning of the station
blackout. The duration of the instrument avail-
ability depends on the battery design, size, load,
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and load shedding. Generally, Category 2 or Cate-
gory 1 instruments would not be available,
although some piants have some Category 2 or 3
equipment on battery backup

During a station blackout, systems that are
used 1o obtain and analyze samples of reactor
coolant, drywell or torus atmosphere, and sup-
pression pool water may not be available. As a
result, information needs requiring sampling
information may not be met.

If & severe accident sequence is initigted by a
loss of a dc bus, then Category | instruments that
are powered from another dc bus would be avail-
able since Regulatory Guide 1.97 provides for
redundancy for Category | instruments. As the dc
bus is backup to a primary ac source, or alter-
natelv the de bus is the primary power source with
the ac source as a backup, in all probability, no
instrument will be lost in this event. Loss of an
instrument ac bus is, however, another matter and
is addressed in 1&E Bulletin 79-27'7 along with
loss of a dc bus. Some of the Category 2 or 3
equipment would be unavailable since there are
two do buses and presumably Category 2 and 3
instruments are powered from one of the two
buses. Instrument availability during a severe
accident initiated by a loss of a dc bus must be

evaluated for a specific plant due to differences in

instrumentation design.

NUREG/CR-5444



5. EVALUATION OF INSTRUMENTATION NEEDS AnD
INSTRUMENT AVAILABILITY

Information needs for each of the safety func-
tions presented on the satety objective tieds are
reviewed 19 this section, This review utilizes the
informanion presented in the safety objective trees
presented as Figures 1, 2 and 3 of this =eport, and
the tabulated uata in Appendix A of NUREG/
CR-5§702

5.1 Summary of Safety
Function Ev.'uation

A review of the information needs based on
instrument availability for the safety functions
listed in Figures 1, 2, and 3 is presentes in
Appendix C of this report. Table § 1ists the
affected safety functions for each instrument.
Note that the safety funcuon dentifiers (VI V2,
etc.) are also shown in Figuves 1, 2, and 3.

Important tindings from the safety function
review are presented in the following seciions.

Severe Containment/ Reactor Building Conditions
Before Core Damuge

If severe conditions develop in the containr.ent
{drywell and torus), performance of key instru-
ments used to monitor the Maintain Heat Sink
(V1) ana Maiatain Reactivity Control (V2) safety
functions may degrade, limiting the ability to
monttor these safety functions. The possihile
effect on the source, intermediate nower, and
average power range monitcys that are located in
the drywell is particularly important. In the event
of an ATWS with failure of SLCS. performance
of these in truments will d:grade, affecting the
ability to monitor core power.

Severe pressure conditions m the containment
affect the ability to monitor the containment
safety functions. Important instruments that mon-
itor these conditions are the drywell temperature
instruments. They are qualified to 6 psia. The
ability to monitor the Maintain Temperature Con-
tro! (C2) safety function, which relies on the dry-
well temperature instruments, could be affected
when the design pressure is exceeded,

NUREG/CR-54

If severe conditions develop in the reactor
building because of containment failure or
hecause of duct failure during continment vent-
ing during an ATWS, then the performance ol
mstcuments n the reactor building will degrade.
Affected instruments would include the reactor
vessel water level mondor, reactor coolant system
pressure, and drywell pressur= instruments,. In the
event of an ATWS. or an accident with successful
ECCS tunction, but with loss of containment heat
removal, the ahility to monitor vessel inventory
and reactor coolwt! »ystem pressure could be lim-
ited, The reactor coolant system pressure is a bey
parameter in monitoring the Maintain 'cat Sink
(V1), Maintain Reactivaty Control (V2), Mamtain
Core Heat Removal (V3), and Maintain Vessel
Boundary (V4) safety furctions. Tne vessel water
level is needed to monitor the Mait sin Core Heat
Removal (Vv 3) safety function,

One possible vulcome of the accident progres-
sion (or ATWS 1s thal pov 2r wv Juction strategtes
will be suci essfa' before core damage occurs, 1f
duct failure has occurred during containment
venting, then sevare conditions will have oc-
curted ir. both the contaiment and reactor build-
ing before core damage. Many of the ‘rstruments
needed to monitor conditions in the reactor cool-
ant system and containment may have degraded
in performance as a result of these severe condi-
tions, increasing the difficulty of determmning rhat
a given strategy 1s successful.

Severe Containment/Reactor Buiiding Conditions
Afrer Core Damage

If cuntainment cooling is maintained, severe
conditions will probably not develop in the con-
tainment until after failure of the [ower head. At
that time, the Maintain Temperature Control
(Cl), [daintain Pressure Control (C2) and Main-
tain Integrity (C3) safety functions will be chal-
lenged. The princinal challenge to the instruments
located in the drywell and torus used to monitor
these safety functions will be increasing tempera-
ture due to hot noncondensible gas generation due
to core-congciete interaction.

T ——
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I containment Tailure occurs, severe lenpera-
tares and high steam concentrations will occur in
some arcas of the reactor building, causing
degraded performance of the instruments in those
arcas. There is also the possibility of hydrogen
burns occurring in the reactor building tha could
also degrade instrument performar e

5.2 Installation of Core
Temperature Measurements
to Meet Information Needs

From the perspective of accident management,
ane possible limitation in the instrumentation in a
BWR is the inability (o directly monitor core
temperature. During normal operaiion and design
basis accident vonditions. a BWR operates at or
pear saturation conditions and the temperature in
the cotv region can be inferred from the system
pressure, Once core uncovery and heatup begins,
core temperature becomes unknown

Core temperaiure measurement 1s listed in
Regulatory Guide 1.97. However, the decision to
Iouite COTe temperature measurements was not
finalized at the time Regulatory Guide 1.97 was
published. Pegulalory Guide 1.97 review for
Peach Bottom staies :iat BWR core lemperature
instrumentation is not in: talled based on justifica-
tion provided in report SL1- 821" from the
BWER Owner's Group. Section 4 1.b of Supple-
ment No. 1 of NUREG-07371? excludes BWR
core thermovonples from Regulatory Guide 1.97
instrumentation raquirements.

It is recommended that the need for core tem-
perature indication for severe acvident manage-
ment be evaluated. This evaluation should
include aliernate methods to obtain core lempera-
ture indication in liew of measurements. The need
for core temperature measurement should also be
evaluated from a cost-benefit perspective since
installation of these instruments will likely
exceed several milhon dollars

— A — P T — B p———
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5.3 ldeniification of Analysis
Aids to Meet Information
Needs

Analysis aids are analyvtica! 1ols used by the
technical support staff 1o provide current plant
status information and projections of expected
hehavior during a severe acadent. These aids can
be based on numerical first principle method-
ologies, artificial intelligence technigues, or a
combination of both

Two analysis aids that would be useful to the
technical support staft during a severe sccident
include the following:

e An analysis aid to project core power level
as a function of ECCS flow and other rele-
vant parameters in the event of an ATWS

s Ananalysis aid to determine plant status
from interpretation of results of the sam-
pling and analysis of the contents of the
reactor coolant system and containment,

As part of the accident management strategy
during an ATWS, proposals to reduce core power
by throttling ECCS flow have been made. An
analysis aid 10 projeci the effect of throttling
ECCS flow on core power could be developed to
give technical support teams greater flexibility in
managing an ATWS. This type of aid has been
proposed 1n NUREG/CR-5736.2" 1t is antici-
pated thai this analysis aid would be developed
from a detailed data base of coupled thermal
hydraulic and neutronic calculations for the range
of thermal hydranlic conditions and a represen-
tative set of control rod positions possible dunng
an ATWS, It is expected that the ad itself could
be a relatively simple set of formulations to esti-
mate core power as a function of reactor coolant
system parameters. Most of the work 1n
developing this analysis aid would be in perform-
ing the analyses necessary for developing the set
of formulations.

Analysis aids can also be developed to assess
plant statns through the interpretation of results of
sampling and analysis of the contents of the reac-
tor coolant system and containment. Sampling

. NUREG/CR-5444
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and analysis will be an important source of
information on plam status, particularly if core
mehting or vessel failure occurs. During a severe
accident, samples of the contents of the reacior
coolant system and the containment are taken and
analyzed for radionuchide composition and
hydrogen content. The degree of core damage in
later stages of the accident can be inferred from
the radionuclide and hydrogen content of the
samples based on experimental data on radio-
nuclide relesse from the fuel during core melt-
down, core-concrete ‘nieraction and other severe
accident phenomena.

An approach that could be used to infer the
plant state will be to establish criteria for the
occurrence of a particular plant mechanism that
challenges the plant safety functions based on the
radionuclide and hydrogen content of the sample.
Radionuclides will be categorized based oa
expected chemical behavior during the different
phases of a severe accident. Radionuclides
expected to evolve from the fuel during the dif-
ferent phases of a severe accident have been eva-
luated through various research programs

NURDG/CR-5444

sponsored by the NRC. As a result, a data base
exists which can aid in estimating such parame-
ters as the extent of core damage or if the core
concrete ineraction is in progress, The occur-
rence of a given mechanism challenging the plant
safety functions will be inferred from the con-
centration of radionuchide and hydrogen in a sam-
ple and the trend of that concentration based on
all samples taken.

The estimated cost of developing the analysis
aid 10 project core power as a function of ECCS
flow would be in excess of $1 million dollars,
principally because of the large number of nen-
tronic and thermal hydraulic calculations that
would have 1o be done to encompass the range of
conditions possible ¢ =ag an ATWS. The cost of
developing an analy 1s aid to determine plant sta-
tus from interpretat on of results of the sampling
and analysis of the ontents of the reactor coolam
system, cortament atmosphere, and suppres-
sion pr i is expected to be in the range of
» 100,000 10 $500,000. The costs includes devel-
opment and lesting.



& ENVELOPE OF SEVERE ACCIDENT Pl ANT CONDITIONS AND
EVENT TIMING

6.1 Envelope Detfinition

.2

Envelope Uncertainty




Ry N S e .

Severe Accident Envelope

well in excess of the qualification temperatures.
Whether the core meltung temperatare is 4000 or
4500°F does not alter this conclusior. However,
with the exception of the detectors for the neutron
monitoring system, there are no Regulatory
Guide 1.97 instruments located near the BWR
core.

NUREG/CR-5444
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The event timing presented in Tahle 2 is judged
to be conservative, meaning that the time until
major severe accident events occur such as the
start of core melt will be longer. Analysis using
the current generation of severe accident simu-
lation programs such as SCDAP/RELAPS or
MELCOR should suppor this judgment.
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Appendix A

Discussion of Peach Bottom Plai.t Damage States

and Accident Progression Bins

REVIEW QOF THE PEACH BOTTOM PLANT DAMAGE STATES




Appendix A

core isolation cooling (RCIC) systems, both of which require de power, Core damage would occur
in about 1 hour in this case. Containment venting is not possible because of the loss of ac power,

PDS-5 invalves a long-term station blackout and includes three sequences. One involves a
stuck open safety relief valve SRV, The HPCI system s ntially working since this system s
independent of ac power. 1l the recovery of ac power does not oceur, then the tollowing outcomes
will result:

. Depletion of the batteries oceurs, resulting in injection failure, reclosure of the
automatic depressurization system (ADS) valves, and repressurization of the RPV (in
those cases where an SRV is not stuck open), [ollowed by boiloff of the primary coolant
and core damage.  Batteries are expected to be depleted in about 10 hours in this
situation,

. Failure of HPCI and RCIC sysiems occurs due (o high suppression pool temperatore or
high containment pressure. Vessel boiloff and core damage occurs at low RPV pressure.
The vessel is assumed to be depressurized since either the automatic depressurization
system is functioning as de power is available or a SRV is assumed to be stuck open.
The containment is at high pressure but less than the saturation pressure corresponding
to the temperature at which HPCI will fail (ie., about 40 psig at the start of core
damage).

Core damage results in about 13 hours as a result of coolant boiloff in cither case.
Containment venting is not possible because of the loss of ac power.

Loss-of-Caolant Accidents (LOCA)

The LOCA summary plant damage state includes large and mediutn break LOCA sequences
in PDS-1. PDS-1 consists of two accident sequences:

. Alarge LOCA followed by immediate failure of all high and low pressure injection
systems.

2. A medium LOCA with initial HPCI success but almost immediate failure as the vessel
depressurizes below HPCI working pressure. The low pressure injection systems are
assumed 0 have failed.

For ecither sequence, early core damage occurs approximately 1 to 2 hours following the
initiating event.  The control rod drive and containment heat removal systems are functioning,
Containment venting is available but is not needed.
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Appendix A
Andicipated Transiemt Withowt Scram (ATHS)

The ATWS summary plant damage state includes PDS-6, PDS-7, PDS-8, and PDS-9. Note that
containment venting occurs in PDS-7, PDS-8, and PDS-9.

PDS-6 is an ATWS where the SLCS functions. The HPCI system also functions and initially
provides core cooling. However, high suppression pool temperatures causes HPC! failure, resulting
in early core damage. Containment venting s available but is not done before core damage occurs

PDS-7 is an ATWS involving the failure of the SLCS duv to a siuck open reliel valve
Otherwise, it is the same as PDS-8 described below.

PDS-8 is an ATWS sequence with loas of either the ac bus or the Power Conversion System
(PCS) follovied by failure to scram. The HPCI system twils due 10 hizh suppression pool temperature.
There are two possible outcomes, which are:

1.  The operator does not manually depressurize the reactor.

The operator depressurizes the reacvor and uses the low pressure coolan® injection
(LPCI) system until the injection valves fail due to excassive cyeling, containment failure
coeurs, or the containment is vented. Containment failure or venting results in failure
of the LPC system due to severe environments in the reactor building,

Early core damage ensues " about 15 minutes after mitiation of the evont in cases where the
operator does .ot manually depressurize the reactor. The time to core damage ranges from
20 munutes to several hours in cases where failure of the LPCI system occurs. The time to core

damage depends on the LPCI failure mode. It is noted that containment will be vented belore core
damaze ocours.

PDS-9 is an ATWS with failure of the SLCS initiated by a loss of offsite povier. However,
nnsite ac power sources are available  Otherwise, PDS-9 is the same as PDS-%.

Transients
The transient summary plant damage state includes PDS-2 and PDS-3.

PDS-2 corsists of four transient initiated sequences. Two SRVs are stuck open in each
sequence (the equivalent of an intermediate LOCA). The HPCI system functions initially, but fails
when the vessel depressurizes below the HPCT working pressure. All other injection sysiems have
failed and early core damage results. The control rod driveline (CRI) and containment heat removal
systems are working as in PDS-1 but steam is dirccted through the SRVs to the suppression pool not
to the drywell as in PDS.1. Venting is available but is not done before core damage occurs.
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Discussion of Peach Bottom Thermal Hydraulic Resuits




Appendix B

Discussion of Peach Bottom Thermal
Hydraulic Results

£.1. PEACH BOTTOM THERMAL HYDRAULIC RESULTS
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Appendix B

Illv
§
|l Table B-3. Key accident event times for Peach Bottom TB2 sequence.
‘T.‘ - - » - - ,
; Time
| Event {min)
ECC off 10011
| Core uncovery 5269
‘; Core melt starts 615.5
| Core slump occurs 693 7
t
| Core collapse occurs 6943
"_ Lower head dryout 705.1
E‘ Lower head failure 7ASR
| Containment failure occurs 7358
*‘,
5 Start of concrute attack 7359
E Hydrogen burn 7359
| Hydrogen burn 7398
| Hydrogen burn 934.4
il
F Corium layers invert 9349
| Hydrogen burn 935.0
Hydrogen burn 9334
| Hydrogen burn 946.4
\[
g Hydrogen burn 946.9
! Hydrogen burn 963.9
| Hydrogen burn 996.5
Hydrogen burn 10587
Hydrogen burn 1105.9
Hydrogen burn 11386
End calculation 1333.5

Note: Data from Table 4.1 of NUREG/CR-4624, Volume |
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Appendix B

Figure B-1 presents the pressure and wmperature condinons in the reactor coolant system up
10 vessel failure for the TBI sequence. Figure B2 presents the pressure and temperature conditions
in the dryw=ll for the TBI sequence. This figure shows a relatively slow pressure increase to about
30 psia just hefore vessel failure. A pressure spike 1o shout 110 < 120 psia oceurs due 10 the release
of steam from the reactor system upon vessel tailure.  The pressure remains at a relatively high
80 psia after the pressure spike since heat removal from the suppression pool s lost due to the
station blackout. Containment failure occers at about 914 minutes due to the high stcam pressure
and the addition ol noncondensible gases due 1o core conerete interaction. The suppression pool and
wetwell air space temperatures for the TB1 sequence i presented on Figure B-3. The wemperature
conditions in the reactor building outside of the primary containment are presented 1 Figure B4,
The temperature spike at 915 minutes s caused by a hydrogen burn, Pressure spikes of about 18 psia
are predicted in the reactor building at the time of the hydrogen burn.

Figure B-£ presenis the pressure and temperature conditions in the reactor coolant system up
to vessel failure for the TH2 sequence. Figure Bo6 presents the pressure and temperature conditions
in the drywell for the TB2 sequence.  The suppression pool temperature (or the TB2 sequence is
presented on Figure B-7. The wetwell air space temperature is the same as the pool lemperature
for this sequence. The temperature conditions in the reactor building outside of the primary
containient are presented in Figure B8 Containment failure occers at the time of lowe: head
failure followed by a number of hydrogen burns in the reactor building or in the refueling bay
resulting in the pressure and temperature spikes shown in Figure BE Pressure spikes of about
24 psia are predicted in the reactor building during hydrogen burns. Temperature data for the dryers
and separators and other siructures within the reactor vessel were not presented in NUREG/CR-4624
for either the TR! or TB2 sequence,

B-1.2 Loss-of-Coolant Accidents

The accident sequence selected to represent the LOCA sequences for this evaluation s the
AE-y sequence from BMI.2104."" The AE-y sequence is the only LOCA scquence analyzed in
BMI-2104 and NUREG/CR-4624.%7

The AE-y sequence is characterized by a large break (equivalent diameter >6 inches) i a
recirculation line. Al ECCS are assumed to fail.  The suppression pool remains subscoled
throughout the accident due to continued operation of the Residuz! Yeat Removal (RHR system
operating in the suppression pool cooling mode.  The containment failure scenano fo. the AE
sequence invalves an early failure due 1o overpressunzation from generation of not.onden L gases
produced from steam-cladding reactions and core-conerete imteraction.

The timing of key events for AE-y s presented in Table B4, The reactor coolant system

pressure and core average temperature is presented in Figure B9, The pressare and temperature
conditions in the drywell during this accident sequence is presented on Figure B-10. The suppression
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Figure B-17. Peach Bottom TC2 reactor system data.

e s S B il L e S S MLl B A S S 1000

140

w.-rrr—rﬂrvrlﬁwvwlv'r

# Phase 1 ends /

200

(g
i 4
|

1 FiLai s 2 ends /

Chase U ends /
Phase | ends /
b B

P

HG0

700 °

DTN [ S. PIEPRTR PP

600

500

400

Temperature (°F)

axiadan ool agd

300

0 200

2
PROTE TWETS |

0 L P AP T ISR PO (RSO R mener e wer e SV SESRERTE L o ) ¢ )
0 100 200 300 400 500 604G To0 800
Time (min)

TR w——

Figure B-18. Peach Bottom TCZ dryweil data.

B-21 NUREG/CR-5444







Table B.7




‘VX;J < h "4




300 A e ok TS o e S s B G e s s e al e s S e e e dae e s e B e R
P ) !

250 |

il ¢ l‘ . Phase 2 ends

| | e hase 3 ends

-y

160 < Phase 4 ends

Pool Temperature (°F)

i
1

100 qH.Q_,; LS NOTSITIPE TS TEORPITIss ERCSEPGESSINES [N OR i S e
O 100 200 A00 400 500

Time (min)

Figure B-73. Pcach Bottom TC3 suppression pool temperature.

Appendix B

;
600 700 800

ooy et do e e e e e e

P P

1
o ad

1400 vy yr—rpmp ey ey e o e DR s L o e S
o T o o b g i v By
o [ |$1=+0 Reactor Building|
':‘ 1200 + f—f:o Refueling Bay
- SRRt R
5 EEE B
- ' |

0 o i
E 1000 | |
a FEL
g 800 —ggg —g
@ ' o ;Q
= Sl B
-E 600 5 {u

@
£ ;ﬁg 8
E o fERE)E
g L
4 |

200 il ) | Rres o © Y | Se—
g -
(&) il

0

o

100 200 300 400 500
Time (min)

Figure B-24. Peaco Botiom TC3 reactor building data.

B.Z§

SESLEV RS ST NP IPRSIPRNCUNT G ST S G (S SRS S (S-S U

N FEPERTRRVE R L W T |

800 700 #8000

NUREG/CR-5444




r-—
A
)
e
r
-
"




o

1§

£

L.

&

REVIEW OF

RESULTS







“o N B B gy T Co B e e S S B e A 4 o i I b e B Sl 7“()
=i tom e : MGs TR |
tomnti Press ‘ e !
120 } £_~ ...4| ']‘e!-,.\P /*“ : lhlhtz . Ehdh & iadini 4 -
| a8 | 000
; | Phoase dends . o 1
= 100 } / { Phase 4 gnds oo - {as
h- [ / ‘ 600 %
8 | g
2 ! | i
- i bes
oo #0 /1 | l =
o . v o 400 B
SLLE
=3 £ ' : | ™
w 680 / _ : %
0 <%
L - o | 300 E
B 40 o - | e | 1 ¢
& ” - 4
: 20¢
- 'r” L ! ¥ | _ ERE _f 4 L. q 200
0 Lrt'__.f-:jr_::; PO ATRIPRERETIE, T ey me I S §saarabed bbb doa st acdobom Al doa ddhn 1 ]0()

0 400 800 1200 1600 2000 2400 OO0 IR0 IAVO 4000
Time {(min)

Figure B-27. Peach hotom TW-y diywell data.

QOO prpR Ty e cu e at TR L o i Ny ey L B f-'rwvrw—r-g L me ate e i bl | L RE e B o'
1 H

Phase lends. . ||| 1
! : j

.l’!mge_k‘. 3T ——
AR |

w
-
=]
%
e
L
\\

F |

/ Phase 3 euds o
{1 j

/ /7 SRR, |
‘. ! 1 :

”0
o
o

~

Dool Temperature (°F)
e

/ Phased ends. ol el

X Bl o |

’Oa [é-d‘t. Rt il i el s i Bl i i bl ibinih 5 | P ST S IR TP e ‘
0 400 @00 1BOO 1600 R000 2400 2000 3200 60O 4000 :
Time (min) ‘,

Figure B-28. Pcach Botiom TW.y suppression pool temperature. |
:

NUREG/CR-5444 :

B-29

- | TR é







Appendix B

Transient and LOCA initiated sequences with ECCS failure. but where containment heat
removal systems are functioning will result in a core melt. The conditions in containment will rems
relatively cool until after lower head failure where the generation of noncondensible gases from .
concrete interaction could cause heatup and pressurization of the containment. Containment v
would become necessary or containment failure would occur, given a suffic'ently high gas produ. de -
rate. The pressures and temperatures reached would not be much different than those shown for v
station blackout sequences TB) and TBZ, although the time at which the peak temperatures would
he reached would be different.

Severe conditions could exist in the reactor building if the eontainment is vented or i
conainment failure occurs.  For transient or LOCA initiated sequences with ECCS [failure,
containment venting may be needed to avert containment lallure after lower head failure.
Survivability of the ducts used for containment venting would be 4 concern although many utilities
with BWR plants with Mark | containments are installing a hardened system for containment venting
in response to generic letter 89-16." 4 These vent systems are typically designed for decay heat loads
as opposed 10 the heat Joads possible during an ATWS with SLOS failure. Use of the hardened vent
susiem would prevent severe conditions from developing in the reactor building during non-ATWS
accidents and alleviate concerns on availability of instruments located in the reactor building, Duning
an ATWS, use of the hardened vent system would decrense the rate of containment pressurization
and prolong the time to containment failure. 11 the decision was made to vent the containment
through vents other than the hardened system o achieve a greater depressurization rate during an
ATWS or if & hardened vent system is not installed, duct failure could occur. This failure would
result in severe conditions n the reactor building, alfecting instrument availability.

The bypass or V sequence analyzed in NUREG/CR-4624" * assumes a rupture of a 6 in, line
in the low pressure ECCS in the reactor building. This rupture could cause severe conditions in the
reactor building although not 1o the extent caused by an ATWS. Conditions in the reactor coolant
system and containment are hounded by the results from other sequences.
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Review of NUREG/CR-5702 Safety Function
Information Needs

C-1. MAINTAIN HEAT SINK SAFETY FUNCTION
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Impact of Radiation Levels During Severe Accident
On Instrument Availability
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Figure D-4. Dose estimate comparison with IDCOR results,

D-3. ASSESSMENT OF INSTRUMENT AVAILABILITY

Based on data presented in Table 3 of the main report, instruments located within
containment (drywell or torus) are generally qualified to an integrated dose of 4.4 x 107 rads. For
instruments located in the reactor building outside containment, the radiation qualification limit is
generally 3.5 x 10" rads.

Based on the results presented on Figure D-1, the integrated dose to instruments located in
the drywell can approach 4.4 x 107 rads about a day after accident initiation for cases where
suppression pool retention of fission products is relatively low. The dose for the NUREG-0737 case
is also predicted w reach 4.4 x 107 rads after about 1 day. Relatively low pool retention would occur
for sequences where the fission products are released directly to the drywell, as would be the case
for the AE sequence. For sequences involving a high degree of fission product retention in the pool,
which is the case for transient initiated accidents such as TC3, the integrated dose would approach
4.4 x 107 rads after several weeks if the noble gases are not released from the containment. If the
noble gases are released from the containment due to containment failure or venting, the dose should
never reach 4.4 x 107 rads. These results suggest that radiation exposure 5 instruments in the
drywell should not exceed the qualification limits for most sequences.
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