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ABSTRdCT

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 iloiting
Water Reactor with a Mark I containment. Results from this evaluation include:
(a) the identification of plant conditions that would impact instrument perfomiance
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 (c) 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. Ll425-Accident Management Information Needs
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EXECUTIVE SUMMARY
,

The Nuclear Regulatory Commission (NRC) The approach used to meet these objectives
identifies accident management as an essential includes the following steps: |
element of the Integration Plan for the closure of i

1. Identify a set of possible severe accident jsevere accident issues.1 Accident management
ensures that planned actions and preparatory sequences that represent t'ie spectrum of '

measures are developed to enhance the ability of accident types that have a principal impact
on the risk for a BWR with a Mark Inuclear power plant personnel to cifectively man,
c nta,mment.age severe accidents. An area that affects this

ability is the availability of timely and accurate
, ,

2, Define the expected conditions within the
mfunnation that will assist in determmmg the sta- reactor coolant system, containment (dry-
tur. of the plant, selecting presentative or mitiga- well and iorus), and reactor building for the
tive actions, and momtonng the effectiveness of identified severe accident sequences,
these actions. The plant instrumentation is relied Define bounding envelopes for these
on to supply this mformation' conditions.

3. Assess instrus .ent availability during the
Because instrumentation is an important ele- mere a ent seqwnees, based on &

ment to accident management, the NRC needs a I cati n f the instrument c mp nents and
strong technical basis to understand the capabili-

con ns t wouM innuence mstnnnent
ties and shoncomings ofinstrument systems under

"" "##'
severe accident conditions that are representative
of instruments used in existing plants. The data 4. Provide an accident man:gement informa-
provided by the series of studies on information tion assessment that discusses information
needs and instrument capabilities for both the needs and the instruments that are available
Pressurized Water Reactor (PWR) and the Boiling to meet these needs. Idcr"ify potential
Water Reactor (IlWR) plants (which this study is limitations on the information available for
a part) will enable NRC staff to evaluate the validi- essessing the status of plant safety
ty of licensees claims ccncerning the ability of functions.
plant staff to detect the onset of a severe accident,
diagnose and evaluate severe accident status, The set of severe accident sequences that has

select appropriate corrective actions, and monitor the potential to influence risk for a BWR with a
the effectiveness of these actions. Ltark I containment is based on NUREG-11502

results. These results represent the most recent
evaluation of the types of accidents that will dom-

The capability of representative plant instru' nate core damage frequency and risk to the pub-
ments to supply the information needed to man' lie. The set of sequences (plant damage states)
age a broad range of severe accidents is identified were the following: station blackout
conducted for a BWR with a Mark I containment (SBO), large and small break loss-of-coolant
in this study. The objectives of this study are to: accidents, anti:ipated transients without scram
(a) identify plant conditions that would influence (ATWS), and all transients other than SBO and
the availability and performance of the instru- ATWS. Results from existing studies
mentation and the information needs during 3 4(BMI-2104 and NUREG/CR-4624 ) were used
severe accidents,(b) define envelopes of parame- to define thermal hydraulic data within the reactor
ters that would be important in assessing the system and containment for accident sequences
availability of plant instrumentation for a broad representative of the NUREG-il50 results,
range of severe accident sequences, and (c) assess
the availability of plant instrumentation during Assessment of instrument availability is pri-
severe accidents. marily based on the environmental qualification'

ix NUREU/CR-5444
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limits,instmment rang, and the source of backup management Utuations (days or weeks), radiation
power for each inurument. Instrument informa- exposure could affect instrument performance.
tion for this evaluation is based on the imple- The effects of radiation on instrument components
mentation of Regulatory Guide 1 975 located in the reactor building are considered to be
requirements at the Peach Bottom Atomic Power particularly significant, because the hardw are was
S tation,6 the technical evaluation report for qualified for radiation levels resulting from a
equipment qualification at Peach Bottom,7 and design basis accident where the primary contain-
information on pressure and temperature qualifi- ment stays intact.
cation conditions from the Peach Bottom Final

Resub from t e evaluation of instrumenth .

Safety Analysis Report (FSAR).g
availability based on the Peach Dottom design
and the thennal hydraulic conditions for a broad

The assessment of instrument availability . range of severe accidents are presented in this
assumes that instrument performance will be report. These results are summarized as follows:
degraded if the pressure, temperature, or radiation
conditions in the vicinity of the instrument The detectors used by the neutron monitor-*

.
. .

exceeds the specified qualification limits, or if the mg sy ern am anu to com dam-
age. After the onset of core damage,

parameter being measured y.s outside the b k * Mi d h demmstrument range. This definitmn meludes the
possibihty of instrument failure. Degraded instru- w 11 exceed the qualification temperature

ment performance denotes that the mdicated and the instrument performance would

magnaude or trend of the measured parameter is degrade. The performance of the system

in error. This error may cause the operator to take may degrade during an Kl'WS, if the pres-
sure and temperature in the drywell exceedsinappropriate action, cause premature

termination of the operation of an automatic qualification limits, because components of

safety system, or start the operation of an this system are located in the drywell.

automatic safety system when it is not required. Perfonnance of instruments in the primary.

An example would be tennination of the opera- containment (drywell and torus) could
tion of the high pressure coolant injection system degrade prior to the onset of core damage if
(HPCI) due to an false indication of high vessel the containment pressure exceeds the quali-
water level. fication pressure during an ATWS with

SLCS failure or during sequences involving
failure of the containment heat removalPressure and temperature conditions have the systems,

greatest impact on instrument availability, particu-
~

larly in the early stages of the accident. Degraded Performance of instruments in the primarye
.,

instrument performance due to severe pressure conta% ment (drywell and torus) could
and temperature conditions can occur prior to core degrade if the reactor vessel fails.

darnage for accidents involving an ATWS with a
Performance of instrument systems withe

standby liquid control system failure. For these
types of accidents, severe conditions can occur in components in the reactor building could

the containment (drywell and torus) and in th degrade prior to the onset of core damage
for ATWS sequences with SLCS failure duereactor buildmg upon containment failure. Con-
to containment failure or failure of nonhar-tainment venting could cause severe reactor build-

ing conditions if vents other than the hardened vent dened ducts after containment venting.
Degradation of these systems would affect

system are used during an ATWS with Stamiby
the capability to monitor and control condi-Liquid Control System (SLCS) failure, or if a
tions in the reactor coolant system andhardened vent system is not installed. Typical
containment. '

hardened vent systems are being designed for
decay heat levels and may not have sufficient Performance of instinent systems with*

capacity for an ATWS. For long-term accident components in the reactor building are

NUREG/CR-5444 x
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available prior to containment failure for - exceed the specified qualification condi-
non-ATWS sequences where core melt tions because most instruments are tested to
occurs. If containment failure occurs after more severe environments than those speci.
core mLit, then severe conditions in the fied by the licensee. This difference could
reactor building could cause degraded increase instrument availability for some
instrument performance. accident sequences.

,

Because of differences in the electrical power 2. More detailed analysis of the environmental

system configuration at different plants, it is not conditions at the location of instrument

possible to generically evaluate instrument avail- components m the contamment and reactor -

ability for a station blackout, it is noted that many building would tend to increase availability,
1.ocadon of mumment emnponents vanes

plants provide battery backup for all Regulatory widely from plant to plant and specific loca-
Guide 1.97. Category I .mstrumentat. ion although tions may be protected from severe accident ,

it is not a requirement. If battery backup is pro- conditiona,
vided, then most of the information required to

- monitor the status of the reactor coolant system 3. Degraded performance of instruments is -

and containment will be available until the bat- likely influenced by the length of time and
teries deplete or accident conditions challenge the magnitude of the difference between the
instrument availability, in addition, systems used environmental and qualineation conditions.
to obtain and analyze samples of reactor coolant, If the environmental conditions exceed the
containment atmosphere, and suppression pool specified qualification conditions by small
water may not be available in the event of a sta- amounts or for short periods of time, the
tion blackout. Information needs that require instruments would likely remain available.
sampling information may not be met as a result.

Plant-specific evaluations of instrument avail.
Information needs were reviewed for each of ability would be necessary to eliminate conserva-

the safety functions defined in the safety objec- tism from the results. The evaluations would need

- tive trees developed as a result of an NRC spon. to include an assessment of the relationship be-

sored information needs evaluation presented in tween the instrument uncertainties and the timing -

NUREG/CR-5702.9 This review shows that the and degree to which the qualification conditions
are exceeded, based on a detailed study of basic

ability to meet safety functions associated with
instrument capabihties and failure modes. These

,

maintaining pressure and temperature control for plant-specific evaluations are beyond the scope
: the reactor and containment will be impeded dur- of this study,

ing an accident, particularly if severe conditions
; develop in the reactor building. The results of the study should provide an .

understanding of conditions for which i_nstrumeny
The results from this instrument availability tation system response' may become unreliable,

= evaluation are intended to provide scoping - and could adversely affect the ability of licensees
information that can be used to understand the to effectively diagnose and manage severe acci-
general characteristics of instrument availability ~ dents. When coupled with the results of a pro-
for a wide range of plant conditions during severe posed study to evaluate the actual response
accidents. These results are conservative in that characteristics of selected representative systems
less availability is predicted in this study than when operated beyond their qualification or.

i would be predicted by a more detailed, plant- design limits, the NRC staff should have a strong
specific study for the following reasons: technical basis to evaluate the accident manage-

ment claims of licensees, as well as evidence pro-

1. Specified instrument qualification condi- vided by them to justify the adequacy of their
tions were used rather than actual qualifica- instrument systems for implementing appropriate
tion conditions. The actual conditions may accident management procedures and guidance.

xi NUREG/CR-5444
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ACRONYMS

ac alternating current PCS Power Conversion System

ADS automatic depressurization system PDS plant damage state

ATWS anticipated transient without scram RCIC reactor core isolation cooling

BWR Dolling Water Reactor
RCS reactor coolant system

..

)
CRD control rod driveline

Ril relative hum.dityi
.

de direct current
RllR Residt 1Ileat Removal

ECCS Emergency Core Cooling System
RPS Reactor Protection System

liPCI high-pressure coolant injection

IRM intermediate range monitor

SBO station blackout
LOCA loss-of-coolant accident

tan y a teatment System,

LPCI low pressure coolant injection

MSIV main steam isolation valves SLC3 Standby Liquid Control System

NRC Nuclear Regulation Commission SRM source range monitor

ORNL Oak Ridge National Laboratory SRV safety relief valve
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Instrumentation Availability During Severe Accidents
for a Bolling Water Reactor with a Mark i Containment

1. INTRODUCTION

The Nuclear Regulatory Commission (NRC) and (4) to identify potentially misicading in- ,

identifies accident management a, an essential fonnation.

element of the lategration plan for the closuie of
severe accident inues.1 Accident management
ent,ures that planned actions and preparatory Results presented in this report show the

measures are dueloped to enhance the capability impact of possible plant emironmental condi-

of nuclear powei plant personnel to effectively tions during a range of seveic accidents on the

manage severe accidents. Successful accident availability of instruments needed to meet the
severe accident infunnation needs discussed inmanagement h strongly influenced by instrument
NUREG/CR-$702. This evaluation is performed

availability.
for a llWR with a Mark I containment. Section 2

- A methodology to assess informotion reds describes the approach and the data used to evalu- .

and instrument availability was develop" o ate instrument availability, and defines an erne-

NUREO/CR-$702 to identify (a) the s fon,w ,.n lope of plant v,onditions. Section 3 discusses

needed to determine the status of a llWR for a important accident sequences for evaluating

broad range of severe accidents, including recov- infonnation needs and instrument availability.

cry actiom,(b) the eidsting piant measurements Section 4 presents an evaluation of instroment

- that coukt be directly or indirectly used to supply availability. Section 5 presents an evaluation of

these infonnation needs, and (c) the conditiom in information needs based on available instru-
which information from the measurement sys- ments Section 6 discuwes an envelope of severe ,

tems could mislead plant ptsonnel. A four step accident plant conditions and event timing. The ,

approach was developed in NUREG/CR-5702 summary and conclusions are presented in

for identifying nuclear power plant information Section 7 and the references are listed in
necos during severe accidents and for detennin- Section 8. Appendices A through D discuss

'

ing the estent to which these needs will be met by peach 110ttom plant damage states, results from

instrumentation cunently in use at the phmts. The peach Ilottom thennat hydraulic analyses, acci-

steps are (1) to develop safety objective trees,(2) dent management information assessment, and

to determine information needs and sources of in- long-term efIcets of radiation on instrument
fomiation, (3) to identify available imtruments, availability.

r

i NUREG/CR-5444
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I

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

The approach used to evaluate the availability performed for the Peach llottom plant were used
of instrumentation durmg sesere accidents is to detennine the thennal hydraulic conditions for
described in this section. The sources of a range of imponant ilWR accidont sequences. A
information on potential accident r.cquences and brief overview of these analyses are presented in
severe accident thermal hydraulie behavior are Section 2.3. These analyses are used because
ah" described. most of the important events espected during a |

severe accident from core melt through lower |
2.1 Approach heaa feiture and beyond are found in these I

reports. This includes the possible effects on the

The approach used to evaluate instrement primary containment and the reactor building.

: lability for various severe accident conditions These analyses provide a baseline for gaining
a, sununari/ed in the following steps: insight into challenges to instrument wailability.

The auignment of the sequences analyicd by
Step l-Identification of Types of Severe flattelle Colurubus to the NURiiG-il50 results
Accidents is :hstuwed m Section 3. Appendix 11 provides a

discuuion of the results of the flattelle analyses

The types of severe accident sequences that and how they were categonted in NURiiG-1150.

potentially influence risk are identified for a spec-
tann of severe accidents using the probabilistic Step 3-livaluation of Instrument Availability
risk assessment tesults presented in

2NURiiG-il50 for Unit 2 of the Peach flottom Instrument availability (Step 1) is evaluated
Atomic Power Station. 'the Peach llottom station based on accident conditions, principany pressure
has two General filectric boiling water reactors and temperature in the vicinity of the instnnnent.
(llWR4). Iloth have a rated thennal power out- relative to the range and qualification conditions
put of 3293 MWo, and are housed in a Mark I con- established for the instrument. The source of
tainment. NUREG-1150 results are used because backup power for each instrument is also consitt-
they represent the most recent evaluation of all md for a station blackout event. The evaluation
credible types of accidents that will dominate focuses on the impact of pressure and temperatux

core damage frequency, and risk to the public, conditions because they appear to strongly influ-
Although the results are specific to Peach ence instrument availability, particularly in the
llottom+2, the sequence categories identified in e uly stages of the accident. Relative humidity,
this document are sufficiently broad ti.at the3 steam condensation, and radiation are also fac.

would apply to any liWR with a Mark I contain. fored into the evaluation for instrutnents in the
ment. A brief overview of NUREG-il50 m;th. reactor building.

odology is presented in Section 2.2.
Instrument information for this evaluation is

Step 2-Determination of Severe Accident based on the implementation of Regulatory Guide
Conditions 1.97? requirements for the Peach llottom station.6

The instrument qualification icmperature and
The condition:, within the reactor coolant sys- pressure conditions used for this evah.'ation are

tem (RCS), containment, and reactor building are based on the results of the Technical Evaluation
detennined from a review of the results of severe Report for equipment qualification.? nfonnationI

accident analyses available for IlWR plants with on pressure and temperature qualification
Mark I containments. The results from the conditions from the Peach llottom FSAR is :dso
ilMI-210P and NUREG/CR4624'8 analyses utilized.k

NUREG/CR-5444 2

1
,

. . . * - . - - < - - . . . - . . . - , - , - . ,...---.,-w.. - , , - - . . , < , - . + . a -4---% # y.. ,,,,m ,.- - . . , - - . ..- - ,-- -,,-y-- . - , -- - , - - - - - - , - - < - _ _ , , . - ..-<.-4



___- __ - __ -____ _ _ _ _ - - _ _ _ _ - - _ _ _ _ _ _ _ _ _ - _ _ _ - - _ - _ - _ _ _ - _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ - _ _

Approach

The auessment of instrument availability Instrument availability is reviewed to deter-
auumes that instrument performance will be mine the degree to which the information needs
degraded il the prenure, temperature, er radiation can be fulfilled. Potential limitations in tenns of
conditions in the vicinity of the instrument range and quahfication conditions of the existing
eseceds the specified qualification limits, or if the instrumentation that would otherwise be capable

parameter being measured is outside the of sathfying infonnation needs are reviewed con-

instrument range.1his defmition includes the sidering the rangt of conditions eywted during a

pouibility of instrument failure. Ikgiaded instrw severe accident. The accident management
mera performance denotes that the indicated information aucument is discuued in Section 5
magnitude or trend of the measured parameter is and Appendix C.
in enor, Ihis error may cause the operator to take
inappropriaie action, cause premature termina. 2.2 NUREG-1150 Overview
tion of the operation of an automatic safety sys-
tem, or start the operation of an automatic safety lh'"hjCCIIVC of NUREG~il50 is to pmvide~

an awennient of. he severe accident ri>Ls for fivet
system when it is not required. An example would
be termination of the operation of the high- plants of different designs. The plants considered

in the NUREG-il50 analysis were Zion
pressure coolant injection sy stem (llPCI) duc to
an false indication of high venel water level. (Unit 1), Juny (Unit 1), Peach Ilonom (Unit 2),

Grand Gulf (Unit 1), and Sequoyah (Unit 1). The '

Peach Hottom analysis is the basis for the plant
Step 4-Auenment of Accident Management damage state (PDS) and accident progression bin
infonnation Needs auignment discuued in Section 3 of the report.

'the general approach used in NUREG-il50 is
An assessment of accident management based on the systematic clicitation of expert opin-

infonnation needs considering instrument avail- len on plant system analysis that determines core
ability is performed. This accident management damage frequency and severe accident
infonnatbn assessment utilites the safety objec- phenomena as described by llora and Iman?
tive trees, and the infonnation needs tables des el- Experts from various nuclear industry organiza-
oped in NUREG/CR-5702. The safety objective tions were selected and organized into panels
trees define the relationship among the safety convened to study particular aspects of severe
objectives and safety functions, possible chal- accidents. These experts were trained in the meth-
lenges to them, mechanisms causing the chal- ods used for systematic clicitation of expert opin-
lenges, nnd strategies to prevent or mitigate the ion. Issues were then presented to the expert
consequences of the mechanisms causing the panels to establish conshtency and common
challenges- understanding of the issues addressed. A period

of time was allowed so that the assigned issues
There are three safety objective trees used in . could be studied by the experts, thus allowing the

,

this report for llWR plants with a Mark I contain- development of preliminary subjectise proba-
'

ment design: Prevent Core Dispersal from Ves- bility auessments. Meetings were held during
sel, Maintain Containment Integrity, and Prevent this time to allow for the exchange of irfonnation
Fission Product Release from Containment, on various issues among the eyierts. Afterwards.
These trees are shown in Figures 1,2, and 3. clicitauon sessions were held to obtain and docu.
Tables of infonnation needs developed from the ment the opinion of each expert. This clicitation
safety objective trees are presented in Appen- included the justification of er.ch opinion and 'a
dis A of NUREG/CR-5702. These tables pro. probability distribution for parameters pertinent-

vide a tabulation of the information needs, and to a given issue. The probability distributions
available or potential instruments for meeting a from e ch expert were assembled for use in
given infonnation need. NUREG-1150.

3 NUREG/CR-5444
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Approach

included in NURi?G-il50,is an accident overuew of the Source Term Code Package is
frequency analpis and an accident progrenion presented in NUREG-0956.H Descriptive
analysis.1he accident frequency analpis identi- infonnation on h1AllCll2 and hiERGE is pres-
fies the combination of es ents that can lead to ented in Section 5 of HMI-2104, Volume VI. The
core damage and estimates their f requency of h1ARCll2 program is used to detenuine the plant
occurrence. This analpis results in a set of PDSs thermal hydraube conditions during a vvere
with corresponding probability levels that are accident and incorporates models for primary
subsequently used in the accident progression splem and containment response, fuel meltdow n
anelpis. The accident progreuion analpis uti- and slump, and lower head failure, arnong others.
lires the results of the accident frequency analpis The MERGE program is developed to detennine
to investigate the physical proccues af fecting the detailed flow and temperature infonnation in the
reactor core af ter the initiating es ent. The results upper plenum. piping, and other primary splem
of this analysis are presented as a set of accident components. This information is not available
progneuion bins defining the pouible outcomes from MARCil2 and is needed to determine
for a severe accident. fluion product retention in the primary system.

2,3 Overview of BMI-2104 and The uMI-2MM and NUREG/CR-4624 results

NUREG/CR-4624 Analyses " ' " " ' * I" ' i " P# d" "" i " 8 ' h ' ' ' " '' '"'"' "' " ' " " '
ability evaluation since data for most of the
imponant events expected during a severe acci.

The purpose of the HMI-2104 and NUREG/ dent from core melt through lower head failure
CR-4624 nnalyses was to esnmate the source and bey ond is presented. The data is a good base-
term magnitude for various severe accident line for gaining insight into the challenges of
sequences that are imponant to risk. The iesults instrument availability. There is uncertainty in the
published in BMI-2104 and NUREG/CR4624 BMI-2104 and NUREG/CR-1624 results that are
are based on computations perfonned with the discussed in Section 6 of this report, llowever, the
M ARCil2 and MERGE programs, which are cur- results are considered to be adequate for
rently pan of the Source Tenn Code Package. An evaluating instnunent availability.

|
|

|

|

l
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3. IMPORTANT ACCIDENT SEQUENCES FOR EVALUATING
INFORMATION NEEDS AND INSTRUMENT AVAILABILITY

This section presents the results from Steps i failure location are also included. Ilins are also
j and 2 of the methodology discussed in Section 2.1. defined fo* accidents where containment failure.
. Identification of important accident sequences for vessel breach, or core damage does not occur. !
l use in the evaluation of imtrument avaihbihty is Further discussion of the PDSs and accident pro-

based on plant damage states and accident pro- g'ession bins is found in Appendit A.
gression bins used in the NUREG-ll$0 analysk
for Unit 2 of the Peach llottom Atomic Power Sta- 3.2 Definition of Thermal
tion. Although these PDSs and accident propes- Hydraulle Conditions
sion bins are specific for Peach llottom-2 results.

from other probabilistic risk assenments show 'Ihennal hydraulic conditions for the PDS 4 and
them to be typical for other llWRs with Mark I accident progression bins presented in Section 3.1
containments. As dhcussed in Section 2. thermal are defined based on the llMi-2104 and NUREG/
hydraulic conditions are determined for the PDSs CR-4624 analyses. Of the many therrnal- i

and accident progression bins based on B Mi-21N hydraulic parameters calculated, the parameters
and NUREG/CR-4624 results. of interest for evaluating instannent availability

is the temperature and pressure in the areas in i

3.1 Plant Damage States and w hich instrument components are hicated. '!hese
'

Accident Progression Bins a'cas include the reactor coolani sysiem. contain-
ment (drywell and torus), and the reactor budding

'

In the NUREG-il50 analysis. accident for au sequences. A tabulation of the maxinmm ,

value of various thennal hydraube pararneins
sequences for the Peach Bottom plant are grouped

muhed during the important accident phases is
into four summary PDSs. 'Ihey are

presented in Table I based on the informanon

* Station blas sui presented in Appendix 11. A tabulation of the tim;
ing of each accident phase is presented in Table 2.

I arge and small break loss of coolant g gg ggg.

Sequence Results
Anticipated transients without scrame

(ATWS) A review of the NUREG/CR-il50 PDSs and
accident proa,ression bins and the thermal

All other transients except station blackout hydraulie results from IIMI-2104 and NUREG/e
l

and ATWS. CR-4624 shows that if pressure and temperature
imide the primary containment are approaching

-Each PDS is defined by a group of accident the point where containment failure is possible,
sequences that has similar characteristics with then instrument availability and the ability to
respect to accident propession and conuinment meet information needs will be affected instru-
enginected safety feature operability, ments that are located in the drywell and torus

could be subjected to pressure and temperature
Several accident progression hans are devel- conditions outside of their qualification limit as s

oped to cover the range of potential outcomes for containment temperature and pressure increases.
each PDS. A set of ten accident progression bins if duct failure occurs when the containment is
are identified in NUREG-1150 for Peach Ilottom vented or if containment failure occurs,

that relate the time of vessel breach to the time of instruments hicated in the reactor building could
,

containment failure or containm nt venting. Pres- be subjected to conditions outside their
sure at the time of vessel breach and containment quatification range due to the introduction of high

9 NUREG/CR-5444
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i

!
;

4 ,

P

>
Table 1. Maximum value of key parameters during each phase for all accident sequences.-

3.x
m "-

[k
0 initiation to UrKvvery to Meltdown to Core slump to X2

j 7
'

t Parameter cwe uncovery start of melt core slump head f ailure After head failure
, m =
i A Q$ Within the reactor vessel w
,

Average core tengerature (T) 1277 (AE -7) 2233 ( AE-y) 3368(TCI) 3784 (AE-y) N/A |

+

Core exit gas temperature (T) N/A 1750 ( AE-y) 3250( AE-y) 3250( AE-y) N/A
d >

Maximum RPV structure temperature (T) N/A 550 (TC-y) 250')(TC-7) - 2500(TC-7) N/A
<

Maximum Reactor System Pressure (psia) 1202 (TCl) 1090(TC2) I150 (TC2) I165(TC2) N/A >

Primary ccmtainment .
,

Pressure (psia) 129 (TCl) 129 (TC1) 30 (TBI) 131 ( AE-y) 132(TBI)
|

3 Temperature ("F) 324 (TCl) 324 (TCl) 276(TCt) 2031 (AE-T) 1391 (TC1)
'f

Pool temperature (*F) .M9 (TCt) 349 (TC1) 212(TCt) 212 (TCIt 2I2 (TCI)
!

f Rextor building
,

i
'

Temperature (*F) 250(TCl) 250(TCl) 1209(TC2) 250(TCl) 2500 t TB2)

I
.

Notes: r'

t

1. The ac.:ident sequences for each parameter is given in panthee.
,

.

,,

?
,

i 2. N/A - not applicable ,

;
.

i'

i

t

I
t

!

$ !
f.

!~ !

:

!
!
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Tabie 2. Time range of key events for BMI-210% and NUREG,CR-4624 accident sequences (minutes). 5
~ i

!' Accident Initiation to Core uncovery to Coreme!tdown ' Core slump to After head Containment f
sequence . core uncovery start of meltdown to core slump lower hest failure failure failure time

[
!

TB1 Up to 5283 528.5 - 642.4 642.4 - 694.8 694.8 - 733.5 733 3 - 1333.5 914.5 !

(578.5) (l13.9) (52.4) (38.7) (600.0) [
TB2 Up to 526.9 526.9 - 615.5 615.5 - 693.7 693.7 - 735.8 735.8 - 1333.5 735 8 i

(526.9) (88.6) (78.2) (42.1) ' (597.7) |

AE-y Up to 1.5 1.5 - 11.5 11.5 - 26.8 26.8 - 33.9 33.9 - 126.2 33.9 !,

(1.5) (10.0) (15 3) (7.1) (92.3) *

TCl Up to 93.8 93.8 - 134.0 134.0 - 166.5 166.8 - 230.5 230 3 - 1333 3 853
!(93.8) (40.2) (32.8) (63.7) (l103.0)

TC2 Up io 33.8 33.8 - 583 583 -883 883 - 1263 1263 - 7363 1263 ,

(33.8) (243) (30.0) (38.0) (610.0) !

TC3 Up to 33.8 33.8 -583 583 -883 883 - 1263 126.3 - 736 3 CV @ 063 [_

(33.5) (24.5) (30.0) (38.0) (610.0)-

;

TW-y Up to 2619.6 2619.6 - 2747.9 2747.9 - 2817.1 2817.1 - 3055.2 3055.2 - 3655.4 1756.2 j'

N 9.6) (128.3) (69.2) (238.1) (M10.2) i

>

I

Notes: I
t

i
1. Number in parenthesis is the elapsed time. |

t

2. The value of the upper limit of the range is the accident time at u hich the MARCil :ase was terminated in the after head failure colur r. f
y J

Z 3. For TC3. CV denotes containment vent. e i
C O. ;

x . c :
m- @ !

o -- >

h ? |x .c t

' n i. , ,

t R ?
u a r

i

.!
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Accident Sequences ;

i

temperature steam and noncondensible gases into ing during non-ATWS accidents and alleviate
the reactor building. llydrogen burns in the teac- concerns on the availability of instruments
tor liuilding are also possible if core damage has located in the reactor building.

.

'

occurred, Containment failure can occur at any
time during a severe accident depending on the During an ATWS with SLCS failure, use of the ;

accident initiator and the system failures that have haMened vent system (designed for decay heat
'

occurred, including prior to core uncovery before loads), would decrease the rate of containment
any core damage has occurred. pressurization and prolong the time to contain- '

ment failu.e during an ATWS, but does not climi-
From the reviews of NUREG-ll50. IlMI-21N, nate the prospect of containment failure If the
and NUREG/CR-4624 analyses, the types of decision was made to vent the containment
events that can lead to containment failure before through vents other than the ha;dened system to
cose darnage has occurred are ATWS initiated achieve a greater containment depressurization
accident sequences involving failure of the SLCS rate during an ATWS or if a hardened vent system
and transient initiated accident sequences involv- is not installed, duct failure could occur. At Peach
ing failure of the containment heat removal sys- Hottom, there are a total of nine vent paths,
ierns,. If the accident is imliated by an ATWS and including four 18 in. vents from either the drywell

- efforts to reduce power to the capacity of the con- or torus as discmed in Section 2.1 of NUREG/
tainment heat removal systems are unsuccessful, CR-4551.83 During an ATWS, the energy gen-

_

continued containment pressurization and con- eration rate will require three or four of the 18 in.
tainment failure is possible before core uncovery vents to reduce containment pressure, assuming
occurs. Containmen; venting could be initiated to power levels of atmut 15%. Ducts in these vents .

avoid containment failure in an ATWS initiated would likely fail, releasing the steam to the reac- ,

accident with SLCS failure. For transients where tor building. liigh temperature conditions will
the high and low pressure mjection systems are result in much of the reactor building, thus affect-

,

functioning, but failure of the containment heat ing instrument availability. Personnel accest to -

removal systems have occurred, the continued the reactor building will also t : impeded in this
heat rejection to the suppression pool will again situation.
cause containment pressurization and possible
failure before core uncovery occurs. Again, con- The path of the steam and noncondensible
tainment venting could be initiated to avoid con- gases in the reactor building will affect instru-
tainment failure. For accidents initiated by a ment availability. As explained in Section 2,1 of
non-ATWS transient or a loss-of-coolant acci- NUREG/CR-4551, the reactor building com- '

dent (LOCA) and where the containment heat pletely encloses the primary containment and
removal systems are functioning, the need for consists of several Doors that are generally iso-
containment venting or the possibility of lated from each other except for a lerge open
containment failure should not exist until after hatch that extends to the refueling floor. Blowout !

vessel failure when large amounts of non- panels are located in the refueling bay that vent to
condensible gas can be generated due to core con- the environment. Steam released to the reactor
crete interaction. building will, for the most part, pass through the

open hatch to the refueling Door and out through
Survivability of the ducts used for containment the blowout panels. A steam vent path exists from

venting would h a concern although many utili- the reactor building to the turbine building- >

ties are installing a hardered system for contain- through blowout panels locat. d in the steam tun. 1

ment venting in response to Generic Letter nel. Any venting using (N 18 in. lines will likely
89-16.12 These hardened vent systems are typi- open all of the blowout panels. Most of the steam

j cally being designed for decay heat loads. Use of _ is expected to exit through the r-:r cling floor j

a hardened vent system would prevent severe because of the larger flow area in the path to the ]
conditions from developing in the reacter build- refueling floor compared to the steam tunnel.

|
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Accident Sequences

!

I

The poutble temperaNre in the reactor build. flow rate is 164 lbA and after i hour decreases to

ing if the containment fatis or if duct failure ll0 lbh.

occurs w ben the containment is vented w ill af fcct '

the availability of instruments located in the reac- W mpermme re b hom the CONTAIN
tor building. The NUREO/CR--4624 document analys.is perlotmed by ORNL shows a rapid rise
presents the results of acc. dent sequence analyses in temperature from an ambient temperature ofi

that account for conditions m the reactor building. lWF in all vohimes to 180*F at 621 ft, to 210*F ,

i
Sequences where containment fails before core m 693 4 and W MPF m 565 h & 30 tMnun
damage and where containment failure occurs The Mmospheric composition in the reactor '

after cose damage were analyred. The analyus buihling af ter 60 minutes of containment venting
shows that temperatute conditions above the kom Mm W p e y a %5h m
qualibcation limits of many instruments can be Am 5% water (95% a r) at 639 ft. ORNL notes
expected due to the large amount of steam and that the combination of temperature and atmo..,.

!

noncondensible gases released on the reactor spheric composition conditions will impact
building as the containment depressurites. Tem- qMpmem milabuity aW will mb N m
peratures of 210 to 230'l are predicted in the of plant personnel to the reactor building.
reactor building, if core damage has occurred,

,

then the possibility of hydrogen bums in the reac- Design dilferences among plants must be |

tor building exist, if hydrogen burns occur, kical recognized in applying the NUREO/CR-4624
temperature spikes in excess of 2000*F in the and the ORNL results generically to llWR plants
reactor building are possible (see Appendix B). with Math I containment designs. ORNL noted

that there are design differences between llrowns
Oak Ridge National 1 * 7 tory (ORNL) eva.

luated conditions in the reactor building during an Ferry and Peach llottom. This includes no floor

ATWS with SLCS failure auuming duct fore wide system of fire prot etion sprays on any floor
at Peach flottom, as well as differences in build-

during containment venting.M The CONTAIN
ing arrangem* These differences would not

computer program was used for these analyses,
significantly wrect the temperature predictions orThese analyses were done to evaluate contain.

ment venting as a mitigation strategy during an the prediction of a steam environment in the reac-
t

ATWS with SLCS failure at a ilWR plant with a for building. Among a larger group of plants, ,

design differences would include 'the hardenedMark I containment. Unit i of Ilrowns Ferry was

considered in the evaluation. These resuks are of
vent design and configuration and location of the

interest because of the possible effects of contain.
blowout panels in the reactor building. Vent

ment venting on reactor building conditions dur-
designs that can withstand the loads resulting
from containment venting would alleviate con-

ing an ATWS. cerns on the availability of instruments in the

la the CONTAIN analysis, the reactor building reactor building. If a blowout panel is located

was subdivided into four control volumes repre- near the paint of containment or duct failure,

senting the rooms at $65,593,621, and 639 f t of
steam exiting the failure location would flow

. the llrowns Ferry reactor building. Steam from through the panel to the environment, thus

two-18 in. vent lines is released to $65 ft. The
bypassing most of the reactor building. In this

effect of fire protection sprays at 565 and 593 ft is case, there may be less of a problem with instru-

factored into the evaluation. Initially, the steam ment availability,

,

f
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4. INSTRUMENT AVAILABILITY DURING SEVERE ACCIDENTS

Instrument availability during a severe The imiruments listed in lable 3 are prouped
accident ! Step 3 of the methodology dhcuued in by the three electric power source categotics
Section 2.1)is auessed in this section. I rom the defined in Reputatory Guide IM7. Category I
review of NUREG-ll50 PDSs and the thermal proudes for f ull qualification. redundanty, and
hydraube data from IIMI-2104 and NUREGf continuous real time display and requires omite
CR-M24. it was found that the conditiom that (standby) pow er. Onsite istandby) pow er does not
will bas e the pr"atest impac t on iminunent as ail- necewarily mean that the power source has a bat-
ability are the following: tery 1.ackup. Category 2 prmides for qualifica.

Imn, but is less stringent in that it does not (of
%escre preuure and temperature emiron. itwlf) include wismic qualification, redundancy*

ments in the vicinity of the components of of continuous display, and requires only a high
the imtrument system causing instrument reliability power source (not neceuarily statalby
performance to degrade (ses ere conditions power). Category I and Category 2 mstruments j

means that environmental conditions in the are required by Reputatory Guide 1.97 to have |
sicinity of the imtrument components have battery backup power only when momenlary j
exceeded the qualification limity interruption of the imtrumemation is not toler-

able. Category 3 is the least stringent. It procides

E!cctric power f ailure resuhing f rom station for high-quahty conimercial grade equipment*

blackout, loss of a direct cunent (de) bus or that requirn only offdle powa Thew categorin
other power interruptions that cause imtm- me used since the power source is an important

ments to be unavailable Iactor in determining imtrnment as allability dur-
my a station blackout sequence. llatterpbacked

liigh radiation fields in the reactor building pgwer sources and thei{ instrument loa $ s vary1e

f. llowing reactor vessel rupture and con- w ely depending on individual plant design.o

tainment failure cause instivinent perfor-
CoM Hons that are expected to significantly

mance to degrade in the long tenn (days or
affect imtrement availability are the pressure and""
temperature conditions m the primary contain.
ment and the te'nperature conditions in the reac-

Instrument availability is evaluated based on tor building resulting hom containment or duct
the pressure and temperature conditions at the failures during containment sentmp in the event
instrument location relative to the guidification of an ATWS with SLCS f ailure.The pouibility of
conditiom and the source of backup power. high steam concentrations in the reactor building

| may also af fect instruraent availubility due to
Table 3 presents a list of imtruments that are steam condensation on instrument components.

included in the Regulatory Guide 1.97 recasme- The evaluation of imtrument asailability focuses
mears for Peach flottom. Tahle 4 lists a descrip- on the hscation of the semors with comideration
tion of severalimtruments that were not ;isted in given to electronics, cabling, splices. and other
the Regulatory Guide. The tables include the components.
measurement range, specified qualification
conditSns, sensor location. and source of power Results from the instrument availability
for each instrument. The data are based on quali- evaluation are intended Io provide scoping
fication infonnation from Regulatory Guide 1.97 information that can be used to understand the
review for the Peach Bottom Atomic Power Sta- limits of its availability for a wide range of plant
tion and the Technical !! valuation Report for conditions during severe accidents. The results
equipmeni qualification. are consersative in that less availabihty is

|

|
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Table 3. (continued).

Plant instrumentation Range Qualification cenaitions IAmtion of sensor Power supply

Category 1(continu@

Containment and drywell 0 to 20 volume % 141"F. 0 psig Reactce building Claw 1E

100% Rilhydrogen concentration 83.5 x 10 rads

Primary containment area i to 10" R/h 317'F. 49 psig Drywell ClassIE

100% RIIradiation-high range 74.44 x 10 rads

Primary containment Closed or not closed. Reactor building For valves wita direct Wries-Class 1E or onsite

isolation valve ; osition 141-250^F. O-2 psig position indication: The

100% Ril valve limit switches tre
(excluding check valves)

3.5 x 10 rads located in the drywell and4

Drywell - 317#F reactor building.

49 psig.100"r Ril For valves with indirect
; 4.4 x 10 rads position indication: The7 ,

I
vah e control circuit
location is outside drywell.

Category 2

Vent stack effluent Low range: 10-7 to 1.6 150'F. I psig Reactor building Onsite for kiw range
Onsite for high range

3 100 Rilradioactivity pCi/cm """
* '

fligh range: 1.4 x 10-2 to Offsite for the high range {
$ 3 -

1.4 x 1& pCi/cm recorders
S

$ Suppression chamber 0 to 25.000 gpm 150'F. O psig Reactor building Onsite power s2
:

100% Ril
Et spray flow

3.5 x I0* rads ?a9
y Drywell atmosphere 40 to + 440'F 317"F. 49 psig Drywell Class!E yn g

100% Ril y'g temperature 74.44 x 10 radsg

__ -
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r
2: Table 3. (continued). c
C 2

g Plant instrumentation Range Qualificat on conditions Locatior >f sensor Power supply gW ~

E
h y
N Category 2 (continued) a

[ Drywell spray flow 0 to 25.OlX) gpm 150 F. I psig Reactor building Onsite power p
I1(XFi R H4 E

3.5 x la' rads w

Main steamline isolation Not insta!Ied N/A N/A N/A

valves leakage control
system presmre

Primary system safety Open, closed. open pre- 31TF,49 psig Drywell Cless 1E
,

relief valve position, viously l(Kri Rif
74.44 x 10 radsincluding ADS or flow

through or pressure in
valve lines

RCIC flow O 700 ppm 120"F. I psig Reactor building Station batteries
.--

" 10(rv Rli
43.5 x 10 rads

IIPCI flow 0 6.000 gpm 120'F. I psig Reactor building Station batteries

1(Yr1 RII
43.5 x 10 rsds

Core spray system flow .%10.000 gpm 120^F. 2 psig Reactor building Onsite power

100'r* RII
43.5 x 10 rads

LPCI system flow O-50JXt) gpm 120^F. 2 psig Reactor building Onsite pmer

100'r RH
83.5 : 10 rads

Standby liquid control 0-1680 psig 140"F 2 psig Reactor build:ng Onsite

100T Rif
system flow (pressure)

3 5 x 10' rads

I _
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Table 3. (continued).

Plant instrumentation Range Qualification conditions Location of senwr Power supply ,

|

l Category 2 (continued) ;

SLCS storage tank level 7- 131.25 in . 140T,2 psig Reactor building Onsite power [
i

; 100% RH |

3.5 x 10 rads t8
-

!

j' RilR systen; now 0-50.000 gpm 1207.2 psig Reactor building Onsite ptmer ;

i 100% REI !

3.5 x 10* rads I'
t

'

: RilR beat exchanger outlet - 0 - 600 1207. 2 psig Reactor building Uninterruptible power.a

100% RH battery backuptemperature'

4
I 3.5 x 10 rads
<

RCIC room 0 - 600T 120T.2 psig Reactor building Station baneries
100% R11 -j temperature

83.5 x 10 rads .
_

i e
' IIPCI room 0 - 600T 120T,2 psig Reactor building Station batteries

I temperature 100% RH

/ 3.5 x 10 rads8

Emergency ventilation Open/ closed 120T.2 psig Rextor building or Onsite

! damper position 100% Ril Radwaste building,

8

f
3.5 x 10 rads

.

I Status of standby power Various ranges 250T. 2-0 psig Reactor. Turbine. Diesel Station batteries and onsite

and other energy sources 100% Rii generator. and sources2

i important to safety 3.5 x 10' rads Radwaste buildings 5"

(electronic, hydraulic. }--
; 7 ;;;

C pneumatic)(voltages, n,

y currents, pressures) g
;

>@ :
'

! n =
+ |c m

, ,I*
<

4= ,
I
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'Z- Table 3. (continued).
'

I
C y

|
'

M 5,

g' Plant instrumentation Range Qualification cmditions Location of sensor . Power supply =,

3 2c.

M Category 2 (continued) h,

u -

h'g Common plant vent or At 20,000 CFM: the low Not found Offgas stack equipment A combinatien of
multipurpose vent discharging range is 10-7 to1.6 building aninterruptible power 3.any of the above releases; pCi/cmh the high range (Onsite sourte backed by ;-
(Offgas stack is 1.4 x 10-2to 1.4 x I gs station baneriest onsite

'

3radioactivity-noble gases.) pCi/cm sources and station
batteries for the low range;
otTsite for high range

j recorder (only)
Common plant vent or 0 to 600 KCFM 120'F.2 psig Reactor buikling Onsite;

multipurpose vent discharging 1007cRil,

i any of the above releases. 3.5 x 10' rads
c (Unit vent stack flow).

u
; Common plant vent or 0 to 40 KCFM Not found Offgas stack equienent Onsteo

multipurpose vent discharging building
any of the above releases.;

(Offgas stack flow).1

j Category 3

; Control rod position indicator Full-in or not full-in 31TF.49 psig Drywell Urrinterruptible power.
100% RH battery backed

7* 4.44 x 10 rads

| RCS soluble boron 50 to 1100 rpm Not found Radwaste buildine ' Onsite and offste sourtn
i concentration (grab sample)
i Analysis of pnmary coolant I pCi/cm to 10 Ci/cm . Not found Radwaste building Onsite and offsite sourtu3 3

; (gamma spectrum)

l
t
i
l

1
4

i

. . - _ _ ._ . _ _ _ _ _ - - _ -
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Table 3. (continued).-
4

| Plant instrumentation Range Qualification conditions Location of sensor Power supply i;
i

i
t

Category 3 (continued)
;

Offgas stack radioactivity At 20.000 CFM: Not found Offgas stack equipment A combination of
i Low range - 104 building unirectruptiNe power. '

! to 5.0 pCi/cm3 ons .ources and station !
} Ifigh range- batteries for the low range; i

|. 1.4 x 10r2 to and onsite sources for high'

81 C e 10 pCi/cm3 range sensors offsite for !
high range reander i

| Main feedwater flow 0 to 7 x 106 lb/h Nrt found Turbine building Uninterruptible p>wer.
. battery backed |

Condensate storage tank level 0-42 ft 140'F. 0 psig Turbine building Onsite pwer ji 99% RH
! y Turbine bypass valve position 0-100c,rr, and open/close 140'F. 0 psig Turbine building Batteries. uninterruptible
j 99% RH power and onsite sources
i t

; Condenwr hotwelllevel 0-32 in. 140'F. O psig Turbine building Onsite power f
99% RH

Condenser vacuum G-30 in. hg vacuum 140^F. 0 psig Turbine building Onute power3

j99% RH
! ,

l4 Condenser cooling water 0-30 psig Not found Circulating water pump Onsite power
a flow. (Pump discharge structure
! pressure) '

| Primary loop recirculation 0-70.000 gpm 120~F. 2 psig Reactor builling Onsite power [ [
:

! Z flow 100% RH 2 L

! $ 3.5 x 10 rads ! !
8

, ~
I t*7 o .

[k -

n h
f

-
;

m i

i I z iE ta m i
'

'

I

i
'

,i

4
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- Z Table 3. - (continued). 5- !C;
- :c . -c ;

Plant instnamentation Range Qualification conditions - Location of senwrr Power wpply
{

; 6 E \

f Category Heontinued) g :
. w e: g Radiation exposure rate Varies.O.01 to 10 mR!h '4ot fourd Main control nun. vent Onsite. batteries for p [

]
** (inside buildings or areas stack effluem. spent fuel pwtable monitors i (

! where access is required to poolarer alwponable J |
| service equipment important trmrtitors '

!
j. lo safety)

!t. *

|: Particulates and halogens. Requirement met with Not found N/A N/A f
Allidentified release points. proper sampling volume

{(Sampling with onsite and counting time i

analysis capability) -

'

Airborne radk> halogens and Requirement met with Not found N/A Banery for portable {
! particulates (portable proper sampling volume samplers !
j sampling with onsite and counting time (analysiscapability) .

[

- w

Ej Reactor building or 1 sensor- I to 10 mR/h. 141-250^F. 0-2 psig Various locations in reactor Onsite
6

; econdary contain- B@true of Ansors- 0.01 100% Ril building
{_ ment area radiation to M' mR/h 3.5 x 10 rads8

; Plant and environs radiation 0 to 2 x 10' R/h. gamma Not found N/A Banery
; (pwtable instrumentation) and beta radiations
.

'
.

t
Primary coolant and sump 1.Gmss Activity- Not found Radaave buildmg Onsite or offsate sources ,l
(grsb sample) ~1 pCihnL i

| - to 10 Ci/mL
] 2. Boron Content-
j 50-1100 ppm
!: 3. Dissolved Hydrogen
! 0 -2tKO cc/kg

i

,

j. 4. Dissolved Oxygen . }
i 0 - M gn ' i
I i
t t

! I
! i

t

i

. I
4

_ ,
.

i
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Table 3. (continued).

Plant instrumentation Range Qualification conditions Location of senwr Power supply

Category 3 (continned)

Containment air (grab 1. Hydrogen Content: Not found Radwaste building 0:tsite or ofNie wmrtn

sample) 0.1 to 30%
2. Oxygen Content

0.1 to 30%
3. Gamma Spectrum

(Imtepic analysis)

liigh radioactivity liquid 0 - 100% lesel(tep to Not found Radwaste buildmg Uninterruptib!c power

tank level bottom)

|

9J
,

'A

Table 4. Summary of Peach Bottom measurements not listed in Regulakvy Guide 1.97.

Plant instrumentation Range Qualification conditions Location of senvy Power wpply

Reactor building temperature -20 to 200^F Not found Reactor building Onsite or efNtc vmrto

On7 te or effsite vmrcesi
Reactor building pressure O- 50 psig Not found Reactor buildmg

._

2_
z 5~C

-
=

%
M >

-O
s

ma =-
4-

4.

._



Instrument Availability

predicted in this study than would be predicted by The results of the study should prmide an
a more detailed, plant-specific study for the undentanding of conditions where an instrumen-
following reasons: tation system response may become unreliable,

thus af fecting the abihty of h;ensees to ef fec-

Specified instrument qualification (ondi- lively diagnow and manage sescre accidents.- e

tiom were u ed rather than actual qualibca- Men coupled w hh the resuhs M a proposed

tion conditions The acteal conditiom ma)
Mudy to evaluate We adual responw charac-

escced the specified qualification condi- teriuies of selectd reprewntative synenn when

tiom because most imtruments ate teued m opnated bey ond their qualification or design lim-

more severe environments than thow speci- as the NRC staff should have a strong technical

Ged by the licensee. This difference could has to naluate the accident management clairm

increase instrument availability for some of bcensen as weH as the eWence tojunify the

accident equences adequacy of their imtrument syuems for imple-
menting ap;)ropriate accident management pnwe-

More detailed analysis of the environmental*

conditions at the location of instrument h shouhl be mentioned that operators may not
components in the containment and reactor recognize that instrument performance is
building would tend to increase availabihty, degraded. An imtrument reading could appear to
Location of instrument components varies be nonnal or the trends plausible when the plant
widely from plant to plant and specifit conditiom and trends are different than indicated.
instrument components may be relatively As a result, the operators could be misled about
protected from severe conditiom espected plant conditions and pursue inappropriate
during an accident. operation strategies. A mme detailed evaluation

on the expected accuracy and reliability of the

Degraded performance of instruments is inuruments for conditions where the qualifica-e

likely influenced by the length of time and lion linut is esceeded is recommended. Ways that

the magnitude of the difference between the erroneous mununent readings can be recognized

envimnmental conditiom and the qualifica- by operaton are also needed. This evaluation
tion conditiom. If the environmental condi, should consider the entire instrument loop,

tions exceed the specified qualification including tramducers, transmitters, amplifiers,

conditions by small amounts or for short cabling, electronics, and other imtrument system

periods of time, the instruments would components.

likely remain available. In this analysis
degraded perfomiance is assumed when the 4.1 Evaluation of instrument
qualification limits are exceeded, regardless Availability During Severe

; of the magnitude of the difference or length Accidents
i of time.

I The principal environmental challenge to any
Plant-specific evaluations of instrument avail- instrument is the occurrence of severe pressure

j ability would be necessary to eliminate conserva- and temperature conditions in the vicinity of the
tism from the results. These evaluations would instrument. These conditions can result in

|

need to include an assessment of the relationship degraded instrument perfonnance as defined in'

between the instrument uncertainties and the tim- Section 2,1. As used in this evaluation, severe
ing and degree to which the qualification condi- conditions means that conditions in the vicinity of
tiom are esceeded, based on a detailed study of the instrument have exceeded the specified quali-
basic instrument capabilities and failure modes. fication limits. Severe conditions will occur within
These plant-specific evaluations are beyond the the reactor coolant system for any accident result-

| scope of this study. ing in core meltdown. Severe conditions can also
|

|
|
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lustrument Availability

* Sesere contammem conditions before toreoccm in the contaimnent (drywell and torus) and
in the reactor buildmp pnot to the occunence of damage

core damage for accidents initiated either by an
. Severe containnient conditions ahn emeATWS w ith SlfS f ailure or for transient initiated

accidents wah succcuf ul act uation of core cooling damage

systems but where containment heat removal sys-
. S rmtm buildhg conditions beforetems has e failed. In either case, continued heat re-

tore damagejection to the suppreumn pool will cause dry wcll
and torus pressurization. Severe conditions can Ses ere reactor building conditions af tere
also occur in the wntainment alter low ci head fail ~ core damage.
me due to pencration of noncondensible gases. If
containment iailute occurs or il duct f ailure occuts This approach is used because of the pouibility
af ter the to.aainment is vented, then release of the of seve" conditions in the containment and reac-
steam and noncondensible pases can cause ses ere tot building prior to core damage during an
conditions in the reactor building. ATWS or accidents where the containment heat

removal sptems have failed.

Radiation could afic(t instrumeni asailability 4,1,1 Instruments located in the Reactor
in the longer term (days or weeks)if core melt Coolant System. The only instruments h>cated
occurs. Instrument components located in the

n the reactor contant system used for accident
reactor building couhl be panicularly susceptible management are the detectors for the source
smcc these instruments are generally qualified to range monitor sptem, the intermediate range4a integcated dose limit af 3.5 x 10 rads.This inte' monitor system, the local power range monitors

grated dose could be exceeded in a few hours in a
system and the average power range monitor sys-

core melt accident where contaimnent f ailure tem. 'T hese systems would provide irnportant
occurs. For instr'iments located in the contain- information during a severe accident because
ment, the radiation qualification limit is generally they would be used to monitor the reactivity74.4 x 10 rads, The length of time required to safety function.
exceed this dose is on the order of a few weeks,

assuming a realis'ic amount of fluion product Severe conditions will develop in the reactor
retention in the suppreuion pool. In either case, coolant system if core unemery occurs and core
the principal challenge to imtrument availability damage starts. Degraded performance and the
is judged to be pressure and temperature condi- failure of detectors for the systems mentioned
tions in the vicinity of the instrument compo- above, will occur as temperatures approach core
nents. Degradatie.n of instrument components meltdown for any severe accident since tempera-
that is induced by radiation will probably occur tures approachmg 3500f or more would occur.
only if the instrument survis es the severe pressure As discussed in the following section, there is the
and temperature conditiom. The long-term effect possibility that the perfonnance of these systems
of radiation on instrument availability is dis- would degrade before core damage occurs as a
cuued further in Appendix D, resuh of severe conditions in the containment or

reactor building.

Table 5 presents a summary of the instrument 4,1,2 Instruments Located in the Contaln-
availability evaluation grouped m the three elec-

ment (Drywell or Torus), Imtrument sensors
trical power categories defm.ed in Regulatory

hicated in the dryw ell, as listed in T.ble 3, m. elude
Gu de 1.97. .Iable 6 lists ses eral instruments thati

e dryw cH sump bel, pnman mntainmem areawere not included in the Guide. Availability is
ra& anon nmnhon and &ywd atum@ere tend

described for the following situatiom:
perature. Imtrument sensors to monitor suppres-
sion pool temperature are located on the torus

Severe conditiom only in reactor system shell. The motorized drives for the movable*

25 NUREG/CR-5444
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y Table 5. Summary of ir.strumen: as ailability.

7

$ Category I

h
x A instrument Available

3-
t

Degraded Performance PossiNe
1,

i |

Severe

Severe Severe Sescre reactor reactor

Severe containment containment building building
|
! conditions only conditions conditions conditions conditions

Safety in reactor before core after core before core after core3

Plant instrumentation functions system damage damage damage damage
|

Reactor pressure V1.V2.V3. A A A
,,
# V4.C2

_
_

Reactor water level V2,V3.V4.Cl A A A

Source range monitor V2

/-

---

Intennediate range V2
E

monitor =
=
5
=

Average power V'
?range monitor

=
2
k

..



' -
.. ..-

--

. . .

Table 5. (continued L

Category I twntinued)

Severe Ses ere

Severe Sescre reactor reactor

Severe containment containment building building

conditions only conditions conditions conditions conditions

Sa fety* in reactor before core after core before core af ter core

Plant instrumentation functions system damage damage damage damage

Suppression pool water V1.V2.Cl.C2 A

temperature
~ '

|
Suppression pool water VI.Cl A A A

1 les el
,

,

O '
Dryw ell pressure Vl.V2.V4 A A A

I

C1. C2. C3. F3
|

Dryweli sump level V2.V3 A

V4.C3 /
Primary containment - C3 A

is tion valve position _

?
(drvwell) -

3 Isolation valve position C3 A A A [-

,
'

'

I
N (reactor building) -

>m
'

g
<O

Q Containment and VI.C1.C3 A A A
' i

& drvwel.. mygen .,f
t level
u

. . _ . _ _
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l

{ Table 5. (continued). J
= 5
q Category 1 (continuedi g

oR EO >~

& - Severe Sesem g.
u Severe Severe reactor reactor rp

Severe containment containment hiilding tviilding [~

conditions only conditions conditions conditions conditions G
Safety * in reactor before core after core before core after core

Plant instrumentation functions system damage damage damage damage

Containment and V3 A A A |

drywell hydrogen
concentration

' '
Containment area V1.V3.V3 A
radiation - high Cl.C2.C3.Fl. /

[range F2.F3tj

Main steam VI.V4.C3 A /
isolation valve
position

,

.
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Table 5. (continued).

Category 2 (continued)

Severe Severe

Severe Severe reactor reactor

Severe containment containment building building

conditions only conditions conditions conditions conditions

,

Safety in reac*or before core- af ter core before core after core3

Plant instnimentatioa functians system damage damage damage damage
'

| Suppression chamber V4,C2 A A A

spray flow

I>rywell atmo:,phere V4,Cl,C2 A

temperature

Drywell spray flow rate V4,Cl,C2 A A A

/ ,

Vent stack effluent V I, V4, C3. El A A A

(radioactivity)

Emergency ventilation CI A A A

damper position _

=
t1

[|

l y Common plant vent or VI V4,C3,F1 A A A -,

o
g

y multipurpose vent

3".Q release (unit vent) E
O ET
N 7

.h =
t v
u

.

. ... .
. . .

. .
.

.

. -.
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Z Table S. (continued). 'FC
ra ~,

- @ Category 2 (continued; E
.

'

~n n
x E

h >
Severe Severe {t Severe Severe reactor reactor 5 r

Severe containment containment building buildmg g
conditions only conditions conditions conditions conditions *

Safety" in reactor . before core after core before core after core .!
Plant instrumentation functions system damage damage damage damage ,

Common plant vent or VI.V4 A A -A A A
multipurpose vent '

C3, F1
release (offgas)

c Status of power VI A A A Ab Ab ,

(electrical and other
g energy sources)

,

9

9

2

'

l

!

i

{
1

T

I

f
!
t

!
!

.

h

6

e
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Z Table 5. (continued).C E"W c.m
0 Category 3 (continued) 2

=
h 5
x .=
b Severe Severe ,s

Severe Severe reactor reactor sk Severe containment containment building t uilding h,

conditions only conditions * conditions conditions conditions -@Safety" in reactor before core af ter core before core after core *
Plant instrumentation functions system damage damage damage damage

Reactor building or C3,F2 A A A
secondary containment
area radiation monitor

.,
Turbine bypass valve V1 A A A A Aposition indicator

y Condenser vacuum VI A A A A A

Condenser cooling V3 A A A A Awater flow

Condensate storage V3 A A A A Atank level

Containment gases,142 VI,V3,V4, A A A A AO , gamma (grab Cl,C2,C3,F1,2

sample) F2,F3
1
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instrument Availability

detectors used in the source rrnge monitors sible due to severe conditions in the drywell. As a

(SRM) and int (rmediate range moniton (IRM) result, the ability to monitor core power during an

are also hicated in the drywell. Some BWR plants ATWS could be af fected.

may hase additional equipment located in the
drywell, such as teference legs for the reactor ves* Severe Conditions in the Containment After Core

i sel level system. Damage

Severe Conditions in the containment Before A review of the BMi-210A and NUREGI
Core Damage CR-4624 results show that drywell and torus

pressure and temperature spikes are predicted to

Degraded performance of instruments in the occur suddenly at nonnal reactor wolant system

drywell and torus is possible during accidents pressure due to the release of the steam and n< a-

where containment pressurization occurs prior to condensible gases from the vessel upon vessel

core damage. The principal challenge to instru- failure. These conditions are illustrated by the

ment availability is high pressure conditions gen- results of the TB2 analysis presenteu in
crated from contint.ed heat rejection to the Appendix B. A drywell temperature spike of
suppression pool during an ATWS or resulting 900'F is predicted for the TB2 analjsis at the time
from failure of the containment heat removal sys- of lower head failure with a corresponding rise in

tems as explained earlier. Pressurization resulting pressure to 100 psia. Instruments h3cated in the

from these postulated accidents would reach 100 drywell could experience temperatures and pres-

to i15 psia before containment venting is initi- sures well abose the qualification limits for brief'

ated. For Peach Bottom, this is almost twice the periods of time. Exposure to these conditions
instrument pressure qualification limit of 64 psia. could result in degraded instrument performance.

If the containment is not vented, then higher pres- Containment hydrogen bums are not considered

sures approaching the mean failure pressure of in this evaluation since the containment is inerted

165 psia are possible. The mean failure pressure with nitrogen,

of 165 psia was used in the NUREG-1150 evalu-
ation of Peach Bottom. The primary containment Both pressure and temperature in the contain-
area radiation monitor may be particularly ment will rise after ves,el failure due to genera-*

affected by pressures above the qua.nication limit tion of hot non-condensible gases from concrete
since a gas filled detector tube is used which decomposition. The result is illustrated by the
could be affected by pressure changes. Contain- TB1 analysis preser d in Appendix B. In this
ment temperature would also rise above the case, temperature and pressure increases gradu-
instrument qualification limit as the mean failure ally until either the containment is vented or con- '

pressure is approached, tainment failure occurs. Degraded performance
of the drywell atmosphere temperature, suppres-

Temperature conditions in the containment sion pool temperature, or containment area radi-

resulting from an ATWS or from the failure of ation monitor instrumena uould not be expected

containment heat removal systems will princi- until the temperature or pressure increased
pally affect the suppression pool water tempera- beyond the qualification limit in the containment.
ture indication since the upper limit of the range
of this instrument will be exceeded. In the case of 4.1.3 Instruments Located ir4the Reactor
surpression pool temperature, the upper limit of Building. Severe conditions in tM reactor build-
the instrument range is 230'F. This limit would be ing will have the greatest effect on instrument
exceeded by 100 F or more during an ATWS with availability during a severe accident. The
SLCS failure. principal reasons are because components of

many instrument systems are located in the
Degraded performance of the mot ( rized drives reactor building as seen from Table 3 and because

used for the SRM and IRM systems is also pos- the qualification limits are generally lower when

37 NUREG/CR-5444
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instrument Availability

compared to instruments located in the multiple hydrogen burns would cause temocra-
containment. tures to exceed the qualification !imits. Both

transducers and cabling failed w hen multiple
Scirie Conditi<nn in the Ncac tor Buildinx #c/ ore hydrogen burns were used in the tests. Based on
Core Damage these results, degraded perfonnance of the instru-

ment sptems in the reactor building is awumed
The principal challenge to availability of when multiple hydrogen bums were predicted. It

instrument located in the reactor building is the is recognized that the general auumption that
flow of high temperature steam that would be multiple hydrogen burns will degrade perfor-
released to the reactor building if the containment mance of all mstruments is conservative since the
fails. Containment veming could also release high extent of the failures would be dependent on the
temperature steam to the reactor building .f vents building design, the amount of hydrogen
other than the hardened vent system are used dur- released. md instrument system hardw are.
ing an ATWS with SLCS failure or if a hardened
vent system is not installed. This steam could 4.1.4 Instruments Located in the Turbine
cause the temperatures in n'any reactor building and Radwaste Buildings,inshuments h.cated
locations to approach 250'F, which is above the in the turbine building at Peach Hottem may be ed
temperature qualification limit for mo t instru- posed to steam from the reactor building if duct |

ments h>cated in the reactor building. As a result, failure occurs during containment venting or if '

degraded performance of these instruments is contaimr.ent failure occ. rs. As discussed in Sec-
expected. tion 3.3.there are blowout panels la the steam tun-

nel at Peach Bottom that provide a path frem the
An additior.at challenge to instrument avail- reactor building to the turbine building if the pan-

ability in the re .ctor building is the effect of els are opened. Honver, most of the steam and
steam condensation on instrument components. hydrogen would be vented through the refueling

'

particularly electronic components. Condensa- bay to the environment at Peach Bottom. As a re-
tion on component surfaces could cause failure sult, instruments located in the turbine ouilding
due to electrical shorts. should remain available for all accident se-

quences. At other BWR plants, differences in
Severe Conditions in the Reactor Building After blowout panel location could cause more or less
Core Damage steam to be vented to the turbine building, which

could affect instrument availability.
If both core damage and containment failure

occurs, severe temperatures and high steam con- Instruments iocated in the radwaste buihling,

l centrations will occurin some areas of the reactor should not be affected by any release of steam or
I building causing dyraded performance of the hydrogen from the reactor building.
| instruments in those areas. In addition, there is

| the possibility of hydrogen burns it, the reactor 4.2 EvaluatlOn Of Instrument
! building. These nydrogen burns can cause tem MaHaMity Durig a Station
i perature spikes m excess of 2000*F, It is noted

that the reactor building is compartmentalized Blackout Or LOSS Of a dC
and that the effect of hydrogen burns on instra- BUS
et performance could be localized.

Table 3 presents a summary of the backup
Some testing has been conducted to assess the power sources available for each instrument at

effects of hydrogen bums on typical nuclear reac- Peach Bottom. The backup power sources identi-
tor instrumentation system components.is,16 fled on Table 3 are listed below:
Results from these tests indicate that a single
hydrogen burn wuld not fail either the trans. * Class lE these power sources meet the
ducers or cabling of the tested systems. However, requirements of IEEE Standard 308 and are
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instrument Availability
,

typically backed up by diesel generators and and load shedding. Generally, Category 2 or Cate-

batteries, but not necessarily toth. gory 3 instruments would not be available,
although some plants have some Category 2 or 3

e flatteries - station batteries equipment on battery backup.

Uninterruptable power - onsite or offsite During a station blackout, systems that are*

power sources backed up by station used to obtain and analyze samples of reactor

batteries coolant, drywell or torus atmosphere, and sup-
pression pool water may not be available. As a

Onsite power - alternating current (ac) result, information needs requiring samplit te

power sources backed up by diesel information may not be met.

generators
if a severe accident sequence is initiated by a

Offsite power - offsite ac power sources. loss of a de bus, then Category 1 instruments thate

are powered from another de bus would be avail.

Class IE powcr sources that have a battery able since Regulatory Guide 1.97 provides for

backup typically have diesel generator power redundancy for Category 1 instruments. As the de

charging the battery. No indication on which bus is backup to a primary ac source, or alter-

Class 1E power sources are backed up by nately the de bus is the primary power source with

batteries is given in the Regulatory Guide 1.97 the ac source as a backup, in all probability, no

review for Peach Ilottom. instrument will be lost in this event. Loss of an
instrument ac bus is, however, another matter aud

| The availability of instrumentation during a is addressed in I&E Ilulletin 79-2717 along with

station blackout or loss of a de bus is dependent loss of a de bus. Some of the Category 2 or 3

on the plant design. Instrument availability would equipment would be unavailable since there are
not be uniform among all plants. If the licensee two de buses and presumably Category 2 and 3

has provided a battery backup for all Category 1 instruments are powered from one of the two
or Class IE equipment, then these instruments buses. Instrument availability during a severe
would be available at the beginning of the station accident initiated by a loss of a de bus must be

blackout. The duration of the instrument avail. evaluated for a specific plant due to differences in .

ability depends on the battery design, sire, load, instrumentation design.

39 NUREG/CR-5444

_ _ - - _ - _ _ _ _ _ - _ _ _



. __ _ _ _ ____ _ _ _ _ _ _ _

5. EVALUATION OF INSTRUMENTATION NEEDS AWD
INSTRUMENT AVAILABILITY

Information needs for each of the safety func- If severe condit.ons develop in the reactor
tions presented on the safety objective tiers are building because of containment failure or
reviewed h this section. This review utilizes the because of duct failure during containment vent-
information presented in the safety objective trees ing during an ATWS, then the performance of
presented as Figures 1,2 and 3 of thh eport, and instruments in the reactor building will degrade,
the tabulated oata in Appendis A of NUREG/ Affected instruments wculd include the reactor
CR-5702. vessel water level morntor. reactor coolant system

pressure, and dryw ell pressura instruments. In the
5.1 Summary of Safety event of an ATWS or an accident with successful

Function Ev3uation EcCS function, but with loss of containn.ent heat
remosal, the ability to monitor vessel inventory

A review of the information needs based on and n acionmhu system pressure could be lim-
ited. The reactor coolant system pressure is a keyinstrument availability for the safety functions

listed in Figures 1,2, and 3 is presented in parameter in monitoring the Maintain !! cat Sink

Appendix C of this report. Table 5 lists the (VI), Maintain Reactivity Comrol(V2), Maintain -

alfected safety functinEs for each instrument. O re IIcat Removal (V3), and Maintain Vessel

Note that the saferv function identifiers (VI, V2. Bmndary (V4) safety functions. 'I ne vessel water
level is needed to monitor the Mainuin Core Heat

'

etc.) are also .hown in Figures 1,2, and 3.
Removal (V3) safety function.

Important findmgs from the snfety function
review are presented in the following sections One possible outcome of the accident progres-

sion for ATWS is tha; pover re luction 3trategiet
Severe Containment: Reactor Building Conditions will be sucs ess(s? before core damage occurs. If

Before Core Damage duct failure has occurred during containment
venting, then severe conditions will have oc-

If severe conditions develop in the containment cur *cd in both the containment and reactor build-
(drywell and torus), performance of key instru- ing before core damage. Many of the instruments

ments used to monitor the Maintain Heat Sink needed to monitor conditions in the reactor cool-
(VI) and Maintain Reactivity Control (V2) safety ant system and containment may have degraded
functions may degrade, limiting the ability to in perfortnance as a result or these severe condi-
monitor these safety functions. The possible tions, increasing the difficulty of determining that
effect on the source, intermediate nower, and a given strategy is successful,

average power range moniten that are located in
the drywell is particularly important. In the event Severe Containment! Reactor Buitding Conditions
of an ATWS with failure of SLCS, performance After Core Damage
of these in,truments will dyrade, affecting the
ability to monitor core power. If containment cooling is maintained, severe

conditions will probably not develop in the con-
Severe pressure conditions in the containment tainment until after failure of the lower head. At

affect the ability to monitor the containment that time, the Maintain Temperature Control
safety functions. Important instruments that mon- (Cl), Liaintain Pressure Control (C2) and Main-
itor these conditions are the drywell temperature tain Integrity (C3) safety functions will be chal-
instruments. They are qualified to 61 psia. The lenged. The principal challenge to the instruments
ability to monitor the Maintain Temperature Con- located in the drywell and torus used to monitor
trol (C2) safety function, which relies on the dry- these safety functions will be increasing tempera-

|
I well temperature instruments, could be affected ture due to hot noncondensible gas generation due

when the design pressure is exceeded. to core-conciete interaction.
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instrumentation Needs

5.3 Identification of Analysisif containment failure occurs, severe tempera-
tures and high steam concentrations will occur in Aids to Meet Information
some areas of the reactor building, causing Needs
degraded perfonnance of the instruments in those
areas. There is also the possibility of hydrogen Analysis aids are analytical tools itsed by the
burn occurring in the reactor building that could tednical support staff to provide current plant
also degrade instrument performarce. status information and projections of expected

behavior during a severe accident.These aids can
be based on numerical first principle method-

5.2 Installation of Core ologies, unificial iniciligence techniques, or a

Temperature Measurements combination of both.

to Meet Information Needs Two analys.is aids that would be useful to the
.

technical support staff during a severe uccident
include the following:

From the perspective of accident management.
An analysis aid to project core power levelone possible limitation in the instrumemation in a e

as a function of ECCS flow and other rele-BWR is the inability to directly monitor core
temperature. During normal operation and design vant parameters in the event of nn ATWS

basis accident conditions, a BWR operates at or An analysis aid to determine plant status*

| pear saturation conditions and the tempeiature in from interpretation of results of the sam-
the cote region can be inferred from the system'

P ng and analysis of the contents of theli
pteasure. Once core uncovery and heatup begins, reactor coolant system and containment.
core temperature becomes unknown

As part of the accident management strategy

.

during an ATWS, proposals to reduce core power
i Core temperature measurement is listed in by throttling ECCS flow have been made. An

'

Regulatory Guide 1.97. Ilowever, the decision t analysis aid to project the effect of throttling
n. quire core temperature measurements was not ECCS flow on core power could be developed to
finalized at the time Regulatory Guide 1.97 was pve technical support teams greater flexibihty in
published. Regulatorv Guide 1.97 review for managing an ATWS; This type of aid has been
Peach Bottom sta:ea ttiat BWR core temperature proposed in NUREG/CR-5736.N lt is antici-
instrumentation is not metalled based on justifica- pated that this analysis aid would be developed
tion provided in report SLl-8?ll h from the from a detailed data base of coupled thermal
BWR Owner's Group. Section 6.1.b of Supple- hydraulic and neutronic calculations for the range

1ment No, I of NUREG-0737 9 excludes BWR of thermal hydraulic conditicas and a represen-
core thermocouplu from Regulatory Guide 1.97 tative set of control rod positions possible during
mstrumentation r*quirements. an ATWS, it is expected that the aid itself cauld

be a n:latively simple set of formulations to esti-
mate core power as a function of reactor coolant

it is recommended that the need for core tem- system parameters. Most of the work in
perature indication for severe accident manage- developing this analysis aid would be in perform-

ment be evaluated. This culuation should ing the analyses necessary for developing the set
include ahernate methods to obtain core tempera- of formulations.

c
'

ture indication in lieu of measurements. The need
for core temperature measurement should also be Analysis aids can also be developed to assess

evaluated from a cost-benefit perspective since plant status through the interpretation of results of
i-
L installation of these instruments will likely sampling and analysis of the contents of the reae-

tor coolant system and containment. Sampling
exceed several million dollars.

, NUREG/CR-5444
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instrumentation Needs

and analysis will be an important source of _ sponsored by the NRC. As a result, a data base

}- information on plant status, particularly if core esists which can aid in estimating such parame-

= melting or vessel failure occurs, During a severe ters as the extent of core damage or if the core

accident, samples of the contents of the reactor concrete interaction is in progress. The occur-
coolant system and the containment are taken and rence of a given mechanism challenging the plant

analyzed for radionuclide composition and safety functions will be inferred from the con-
hydrogen content. The degree of core damage in centration of radionuclide and hydrogen in a sam-

later stages of the accident can be inferred from ple and the trend of that concentration based on
the radionuclide and hydrogen content of the all samples taken.

samples based on experimental data on radio.
nuclide reletise from the fuel during core melt-
down, core-concrete interaction and other severe The estimated cost of developing the analysis

accident phenomena. aid to project core power as a function of ECCS
flow would be in excess of $1 million dollars,

An approach that could be used to infer the principally because of the large number of nen-
plant state will be to establish criteria for the tronic and thermal hydraulic calculations that
occurrence of a particular plant mechanism that would have to be done to encompass the range of

challenges the plant safety functions based on the conditions possible F-ing an ATWS.The cost of
radionuclide and hydrogen content of the sample, developing an analy is aid to determine plant sta.
Radionuclides will be categorized based on tus from interpretat an of results of the sampling

expected chemical behavior during the different and analysis of the ontents of the reactor coolant

phases of a severe accidenti Radionuclides system, cow.oment atmosphere, and suppres-
expected to evolve from the fuel during the dif- sion pms is expected to be in the range of
ferent phases of a severe accident have been eva- ino,000 to $500,000. The costs includes devel.

luated through various research programs opment and testing.

|

l.
p
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6. ENVELOPE OF SEVERE ACCIDENT PLANT CONDITIONS AND
EVENT TIMING

This section presents an envelope of severe continued heat rejection to the suppression pool

accident conditions based on the llMI-2141 and will cause the pressure and temperature in the

NUREG/CR-th24 analyses and pmvides a dis- containment (drywell and toruu to increase. If the

russion of uncenainties in the results. The ther- accident is postulated to continue, the pressure

mal hydraulic and timing data are intended to will increase to the point where either contain-

provide an imtication of the conditions to be ment venting is required or containment failure

expected for a broad range of sesere accidents.
occurs. Under these conditions, there is little

llowever,it is not recommended that this data be uncertainty th mstrument perfonnance could be

used for establishing quahlication conditions. affected.

I Qualification conditions should he developed Severe conditions occurring in the reactor
based on plant-specific evaluations. The building before core damage severe enough to

-

envelopes are most useful in assessing the ade. degrade inununent performance is more uncer-
quacy ol envelopes proposed for plant specific tain. Again, there is a strong dependence on the
applications. type of accident being postulated. In the case of

an ATWS with St.CS failure, the major uncer- =

6.1 Envelope Definition tainty is the power generation rate. The effect of
mntaimnent venting on n' actor nuMing cond- -

The envek,pe for severe accident plant condi. lions is Iso an uncertainty during an ATWS
tions is defined as an upper limit which covers the ahhough, fmm e penpective of inununent pen
expected pressure and temperature for each acci- formance, there is little uncertainty that release of
dent phase for any sequence. The data in Table i high temperature steam to the reactor building as
presents a summary of the maximum value of the a resuh of duct faihn iuring containment vent-
key thermal hydraulic parameters fiom the ing e uht impact instrument perfomiance. For a
IIMI-2104 and NUREG/CR-4624 analyses, tr nsient with ECCS function and failme of the
These data represent a bounuing envelope bsed mntainnu'nt heat n nwval systems, severe acci-
on these analyses and show the magnitude of the dent phenmnena wh as the rate of nonmn-
pressure and temperatures expected during a dens ble gas generation during core concretei
severe accident. interaction are the major uncertainties. _

A summary of the elapsed time for each There is more uncertainty in assessing the per-
accident phase for each of the BMI-2104 and formance of instruments located in the drvwell
NUREG/CR-4624 accident sequences is and torus because of the generation of stea[n and

preu nted in Table 2. These data give an indica- Mt p M diderent times during the accident,
tion of the timing of the accident progression and The uncertainty here is the temperature predie-
could be used to estimate the time that instru' tions which are sensitive to the analytical assump-

'

ments would be avai.able. tions made. An example is the rapid containment
pressure increase predicted in the AE-y sequence

6.2 Envelope Uncertainty leading to containment failure which is due to
the assumed core slumping scenario (See

The uncertainty of the prediction of tempera- Section B.I.2 of Appendix Bh
wre and pressure varies with the type of sequence
being considered. For sequences where severe if severe conditions develop after core damage,

conditions develop before core damage during an there is little uncertainty in the conclusion of

ATWS with SLCS failure u a transient with degraded performance or failure of instruments

ECCS function and failure of contaimnent hew
located in the reactor vessel if exposed to the tem-

removal systems, there is little uncertainty that peratures expected during a core meh. which are
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... Severe' Accident Envelope

well in excess of the qualification temperatures. - The event timing presented in Table 2 is judged -

Whether the core melting temperature is 4(KX) or to be conservative, meaning that the time until
.45(XFF does not alter this conclusior.. Ilowever,- major severe accident events occur such as the

-;- - -- with the exception of the detectors for the neutron start of core melt will be longer. Analysis using
- monitoring system, there are no Regulatory the current generation of severe accident simu-

-

Guide 1.97 instruments located near the BWR lation programs such as SCDAP/RELAPS or
core. MELCOR should support this judgment.

1

w

-
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*/. CONCLUSIONS AND RECOMMENDATIONS

Based on the review of thermal hydraulie the 5.ccident could be much more difficult
; results from BMI-2iO4 and NUREG/CR-4624. because the performance of instruments located

it is concluded that instrument availability for in the containment and reactor building could
BWRs with MARK I containments is strongly degrade before any core damage occurs. Condi-
influenced by (a) the severe accident phenomena, tions in the containment and reactor building
(b) the design features of the reactor sessel, con- could also be uvere following core degradation
tainment, and reactor building including the con- and vessel failure as a result of core concrete
tainment sent design, and (c) the sequence of interaction or contact of the melted material with
esents that occur 6 ring the sesere accident. Se- the drywell shell.
sere accident phemena important to the avail-
ability of instruments located in the reactor The principal challenge to instrument avail-

coolant system or containment include the clad _ ability during severe accidents in a BWR with a
_

~

Mark I containment is ucluded to be severeding and fuel melting temperature, the amount of
energy transferred to the containment atmosphere 1.ressure and temperature environments in the

upon vessel failure, and the energy released and containment and the reactor building. These

amount of noncondensible gas generated as a re. severe conditions can develop either before or

sult of molten core-concrete interactions. In the after core damage, depending on the sequence,

reactor building, important phenomena includes Radiation is a longer term effect and would

the energy transfer from gases escaping a rup_ become important when instrumentation is
_

tured containment and the energy released during requ; red for monitoring that may extend weeks or

combustible gas burns. months beyond the initiating event. Steam con-
densation in the reactor building could also affect
instrument availability.

Design features of the plant have a direct influ-
ence on the conditions that can occur in the reac' The ability to monitor reactor coolant system
tor coolant system, the containment, and the and containtr nt heat removal is essential to long

- reactor building and affects instrument avail- term recovery, particularly if core cooling is
'

ability. The failure pressure of the containment reestablished before core meltdown progresses to
boundary is an important example because it is a noncoolable state. If the performance of the
significantly higher than the containment design reactor system and containment pressure and ,

pressure, which was used to establish the qualifi- temperature monitoring instruments has degraded
cation conditions for the instrumentation. Condi- as a result of high system temperatures or high
tions in the reactor building will be affected by containment or reactor building pressures and
the availability and design of containment vent temperatures,it would be difficult to reliably
systems as well as the design and location of monitor the core heat removal safety function and
blowout panels' to accurately determine the vessel water level and

plant pressures and temperatures. Even if instru-
Severe conditions can develop in the contain- ment qualification limits are not exceeded, it is

ment (drywell aad torus) and in the reactor build- probable that some of the instruments that moni-
ing either before or after core damage has tor temperature, for example those located in the
occurred. Accidents where severe conditions can suppression pool, will be exposed to temperature
develop before core damage include sequences conditions above their measurement range result-
initiated by an ATWS followed by standby liquid ing in degraded performance.
control system failure. Severe containment condi-
tions can also develop during accident sequences in the event of a station b%ckout, instruments

initiated by a transient with successful ECCS which have a battery backup will be operational

function but with failure of the containment cool- until power is recovered or until the battery power

ing system. For these sequences, management of is depleted. Because of differences in the power
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| Conclusions
l

source configuration at different plants, it is not sesere accidents. This evaluation should include
possible to generally evaluate instrument perfor- alternate methods for obtainin<; core temperature
mance for a station blackout. It is noted that many indication m lieu of measurements. The im;or-
plants proside battery backup for all Regulatory tance; of direct core temperature measurements to
Guide 1.97 Category I instrumentation although accident management at a llWR must also be
this is not a requirement. If battery backup is pro- evaluated from a cost-benefit perspective,
vided, then most of t'ne information required to
monitor the aus of the reactor coolant system Two analysis aids which can potentially pro-
and containment will be available until environ- vide assistance to personnel in the technical sup-
mental conditions challenge instrument perfor- port center in managing severe accidents are
mance. Systems used to obtain and monitor
samples of reactor coolant, containment atmo- An analysis aid to project core power level*

sphere and suppression pool water may not be as a function of IICS flow and other rele-
available in the event of a station blackout. As a vant parameters in the event of an ATWS
result, information needs requiring sampling
information may not be met. An analysis aid to determine plant status.

from interpretation of results of the sam-
As discussed in Section 5.2, no direct indica- pling and analysis of tne contents of the

tion of core temperature is available on a llWR. reactor coolant system and containment.
Previous evaluations have been perfonned on the
need for core temperature measurements and it As with core temperature measurements, the
was concluded that they were not needed, it is importance of these aids to accident management
recommended that the need for core temperature must be evaluated from a cost-benefit
indication be reeveluated for management of perspective.

,
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Appendix A

Discussion of Peach Bottom Plat.t Damage States
and Accident Progression Bins

A-1. REVIEW OF THE PEACH BOTTOM PLANT DAMAGE STATES

In the NUP EG-il50^ 1 analysis, accident sequences for the Peach Bottom plant are divided
into four summary plant damage states. They iire:

Station blackout.
_

Large and small breat LOCA.

Anticipated transients without scram (NlwS).

All other transients except station blackout and ATWS..

L

Each PDS is defined by a group of accident sequences that has similar characteristics with
respect to accident progression and containment engineered safety feature operability. These plant
damage states are defined from seven indicators identified in NUREG/CR-4550 -2 which are (a) the4

initiating event, (b) stetus of electric power, (c) status of safety relief valves (i e. any stuck open
vulves), (d) status of high pressure injection sys ms, (c) status of RCS depressurization, (f) status ofu

low pressure injection and decay heat removal systems, and (g) status of containment venting and
containment isolation systems.

_

The four summary plant damage states piescated above are developed from nine plant damap
states for internally initiated events that are described in NUREG-1150,^ ! NUREGCR-4550,^ 2 and

NUREO/CR-4551.^ 3 These plant damage states are reviewed so that the types of accidents that

affect instrument availability aie tactored into the evaluation. The plant damage states included in
each summary PDS and the types of accident sequences that characterite each PDS are described
below.

Station Blackout

The station blackout summary plant damage state includes PDS-4 and PDS-5.
,

PDS 4 results from a station blackout with tailure of de power. Two sequences are included
in PDS-4. One involves a stuck oren safety relief valve (SRV). In these sequences, de power failure
has also occurred. Early core damage results from the immediate loss of the HPCI and the reactor

A-3
NUREG/CR-5444
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core isolation cooling (RCIC) systems, both of which require de power Coro damage would occur

in about 1.h6ur in this case. Containment venting is not gxksible because of the loss of ac power.

!-

. PDS-5 invohes a long. term stati6n blackout and includes three sequences. One involves a

stuck open r.afety relief valve SRV. The lipCl system is initially working since this system is
independent of ac power, if the recovery of ac power does not occur, then the following outcomes
will result:

.

Depletion of the batteries occurs, 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) followed by boiloff of the primary coolant
and core damage. Batteries are expected to be depleted in about 10 hours in this. "

situation.

Failure of IIPCI and RCIC systems occurs due to high suppression pool temperature 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 IIPCI will fail (i.e., about 40 psig at the start of core
damage).

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

,

Loss-of-Coolant Accidents (LOCA)

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

1. A large 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 to have failed,
p

For either 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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Anticipated Transient liithout Scram (ATil'S)

The ATW3 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. Howeser, high suppression pool temperatures causes HPCI failure, resulting
in early core damage. Containment venting is available but is not done before core damage occurs.

PDS 7 is an ATWS involving the failure of the SLCS du to a stuck open relief valve.
Otherwhe, it is the same as PDS-8 described below.

PDS-8 is an ATWS sequence with loss of either the ac bus or the Power Conven. ion System

(PCS) followed by failure to scram. The HPCI system f ails due to hi;;h suppression pool f emperature.

There are two possible outcomes, which are:

1. The operator does not manually depres>urize the reactor.

1. The operator depressurizes thr reamor and uses the low pressure coolant injection
(LPCI) system until the injection valves fait due to excessive cycling, containment failure
cecurs, or the containment is vented. Containment failure or venting results in failure

of the LPCI system due to severe environments in the reactor building.

Early core damage ensues in about 15 minutes after initiation of the event in cases where the

operator does t.ot manually depressurize the reactor. The time to core damage ranges from
20 minutes 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 before core
dama;e eccurs.

PDS-9 is an ATWS with failure of the SLCS initiated by a loss of offsite power, llowever,

onsite ac power :,ources are available. Othemise, PDS-9 is the same as PDS4

Transients

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

PDS-2 consists 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 HPCI working pressure. All other injection systems have

- failed and early core damage results. The control rod driveline (CRD) and containment heat removal

systems are working as in PDS-1 but steam h directed 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.

A-5
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PDS 3 is similar to 1 DS 2 except that the containment heat removal is not working. The
control rod drive system is also not funcdoning fer some of the sequences included m this PDS.

A-2, REVIEW OF ACCIDENT PROGRESSION BINS

Accident progression birs were developed by considering the possible outcome of the various

plant damage states. Accident progression bins were develoried from the quantiGeation oi the
accident progression event tree. The development of this tree requires the answers to key question

regarding accident progression. Section 2.3 of NUREG-CR 4551^3 presents a list of 145 questions

that were considered for the Peach Bottom accident progression analysis. Although .he list of
questions is intended for use in determining the probability of different events and system availability
for the plant damage states, the questions are germane to accident management because the technical

support center and operations personnel will be asking the same types of questions in a severe
accident situation.

A set of bins was developed to categorize the accident progression outcome of each plant
damage state based on the answers to questions on accident progression from NUREG/CR-4551.^ 3

These bins are summarized below:

Vessel breach at a pressure >200 psia with early containment failure in the wetwell.

P

'

Vessel breach at a pressure <200 psia with early containment failure in the wetwell.

i

Vessel breach at a pressure >200 psia with early containment failure in the drywell.

Vessel breach at a pressure <200 psia with early containment failure in the drywell.

Vessel breach with late containment failure in the wetwell.

Vessel breach w;th late containment failure in the drywell.

Vessel breach with containment venting.

Vessel breach with no containment failure.

No vessel breach.

No core damage..

Early containment failure refers to containment failere before or slightly after vessel breach

(lower head failure). Ec.ch of the PDSs can follow an accident progression represented by one of

NUREG/CR 5444 ^4
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these bins. The possibility of arresting the core damage process before core slump and collapse
occurs is also considered in ;he NUREG 1150^ 1 analysis.

There is a relationship between the NUREG 1150' ' PDSs and accident progression bins and

the safety objective ;rees presented in Figures 1,2, and 3 of the main document. The PDS will
determine which of the challe ges and mechanisms are important from among the (a) loss of flow

path, (b) scram failure. (c) recriticality, (d) inadequate insentory, (e) and llow bhwkage challenges
from the Prevent Core Dispersal From Vessel safety objective tree. The accident r agression will

determine which challenges and mechanisms are important from the Vessel Overtemperature and

Overpressure challenges and the challenges presented on the Present Containment Failure and
Mitigate Fissien Product Release From Containment safety objective trees (Figures 2 and 3).
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1 Appendix B1

Discussion of Peach Bottom Thermal
Hydraulic Results

Appendix B presents the results from Bh112104"I and NUREG/CR-4624"2 accident
sequences that are representative of the NUREG-1150"' PDSs and accident progression bins
discussed in Appendix A lor the Peach Bottom plant. Table B 1 presents a matrix showing the
relationship of the Bh112104" ' and NU REG!CR-4624"'2 accident sequences analyzed to these PDSs

and accident progression bins for Peach Bottom. Note that the wetwell failure and drywell tailure
accident progression bins are combined since containment failure kication will have little impact on

instrument availability.

Data from the Bh112Rt4"' and NUREG/CR-4624" analyses for core average temperature.'

reactor system pressure, reactor system gas and structure temperature, and containment pressuie and

temperature are presented graphically in the figures in this appendix. Severe accident phases are
identified on each plot and are defined as follows:

Phase 1 - from accident initiation to start of core uncovery.

'

Phase 2 - from start of core uncovet) to start of core melt.

Phase 3 - from start of core melt to core slump.

Phase 4 - from core slump to lower head failure.

Phase 5 - from lower head failure to end of analysis.< .

B-1. PEACH BOTTOM THERMAL HYDRAULIC RESULTS

Tne se etc accide.at sequences from Bh11-2104" and NUREG/CR-4624"~2 that were selected

for the PDS and accident progression bin matrix are presented in Table B-1. These sequences are

discussed in the following sections.

B-1.1 Station Blackout

ne TB1 and TB2 sequences from NUREG!CR-4624" 2 are used to represent the station
/ blackout sequence described in NUREG 1150. The TB1 and TB2 sequences are characterized by

.

Ib3 NU REG /CR-5444
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Table B 1. Assignment of the 11h112104 and NUREG Cib4624 results to the NURI:G.ll50 plant

damage states / accident progression bins.

Station

Accident progression bin blackout 1OCA ATWS Tiansients

" ^
VB >2tO psia, early WWF or TB' TC'
DWF

"AE-y 'I C Id
VB <2tM psia, early WWF or --

DWF

TW-y^ "

VB. late WWF or DWF TBl - -

"TC3VB.CV -" -' -

No CF -" -" " "
- -

No VB -" -" -' *
-

" " " "

No core damage

VB - Vessel Breach
WWF Wetwell Failure
DWF - Drywell Failure

CV - Containment Venting

CF Containment Failure

a. No analysis was found in NUREG CR-4624 or BN11-2104 that corresponds to this plant

damage state or accident progression bin. See Section B 2.

a loss of all onsite and offsite ac power resulting in a loss of core cooling except for HPCI and RCIC,

since battery power is assumed to be available. In NUREG/CR-4624, the batteries were estimated
to be depleted six hours after accident initiation as compared to 10 hours in NUREG-ll50"'3 causing
loss of HPCI and RCIC and resul;ing in core melt for both Till and TB2. In Se TB1 case, the
containment is assumed to faillate in the accident sequence due to accumu|ation of noncondensible

gases as a result of concrete decomposition. In the case of TB2, it is assumed that containment
failure occurs due to rapid pressurization following reactor vessel failure. The failure occurs in the

drp. ell for both the TB1 and TB2 sequences.

Tables B 2 and . -3 present the timing of key events for the TB1 nd TB2 .,equences,B

respectisely. The timing of key events between both sequences is essentially the same up to the point

of bottom head failuie. which occurs at about 730 minutes. Containment failure is assued to occur
at about this time for the TB2 analysis.

1

NUREG CR-5= g.4
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Table B 2. Key accident event times for Peach Bottom Till sequence.

Time

lhInt (minj
_

ECC off 360.1

Core uncavery 528.5

Core melt starts 642.4

694.8Core slump occutsa
695.3Core collapse occurs

Lower head dryaut 7MS

Lower head failure 733.5
,

Start of concrete attack 733.5

Containment failure 914.5

flydrogen burn 914.9

915.3Ilydrogen burn
919.1Ilydrogen burn

Corium layers invert 92RO

End ca;eulation 1333.5

Note: Data from Table 4.1 of NUREG/CR-4624, Volume 1.

c

NUREG/CR 5444B-5
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Table B 3.- Key accident event times for Peach Bottom TB2 sequcnce.

Time
lhent (min)

ECC off 3(4.1

Core uncovery 526.9

Core melt starts 615.5

Core slump occurs 693.7

Core collapse occurs 694.3

Lower head dryuut 705.1

Lower head failure 735.8

Containment failure occurs 735.8

.

Start of concrete attack 7.45.9

Hydrogen burn 736.9

Ilydrogen burn -739.8

Hydrogen burn 934.4 i

Corium layers invert 934.9

Ilydrogen burn 935.0

Hydrogen burn 933.4

Hydrogen burn 946.4

Hydrogen burn 946.9 ,

Hydrogen burn 963.9

Hydrogen burn 996.5

|
Hydrogen burn 1058.7

- Hydrogen burn 1105.9
"

Hydrogen burn -1138.6

End calculation 1333.5'

Note: Data from Table 4.1 of NUREG/CR-4624, Volume 1

i

NUREG/CR-5444 B6
i

,

.. ._ . . , , , , _ _ _ _ . . , _ . _ . , . _ . , , , ,



___._.__.____._._._._._ _ _. . - - - _ . . . - - - _ . _

Appendix B

Figure B 1 presents the pressure and temperature conditions in the reactor coolant system up
to vessel failure for the TB1 sequence. Figure B.2 presents the pressure and temperature conditions

in the dryell for the TB1 sequence. Thia Ogure shows a relatively slow pressure increase to about'

30 psia just before vessel failure. A pressure spike to idnut 110 - 120 psia occurs due to the release
of steam from the reactor system upon vessel failure. The pressute remains at a relatively high' +

80 psia after the pressure spike since heat iemoval from the suppression pool is lost due to the
station blackout. Containment failure occurs at about 914 minutes due to the high steam pressure

and the addition of noncondensible gases due to core concrete interaction. The suppression pml and

wetwell air space temperatures for the TB1 sequence is presented on Figure B-3. The temperature
conditions in the reactor building outside of the primary containment are presented in Figure B 4.
The temperature spike at 915 minutes is caused by a hydropn burn pressuie spikes of about 18 psia

I are predicted in the reactor building at the time of the hydrogen burn.

Figure B-5 presems the pressure and temperature conditions in the reactor coolant system up
to vessel failure for the TB2 sequence. Figure B.h presents the pressure and temperature conditions

in the drywell for the TB2 sequence. The suppression pool temperature for the TB2 sequence is

presented on Figure B-7, The wetwell air space temperature is the same as the pool temperature
for this sequence. The temperature conditione, in the reactor building outside of the primary
containment are presented in Figure B-8. Containment failure occurs at the time of lower 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 B 8. pressure spikes of about

24 psia are predicted in the reactor building during hydrogen burns. Tempeiature data for the dryers
and separaton and other structures within the reactor vessel were not presented in NUREG/CR 4624
for either the TB1 or TB2 sequence, -

I B-1,2 Loss-of-Coolant Accidents

The accident sequence selected to represent the LOCA sequences for this evaluation is the
H''AE y sequence from BMI 2104 The AE-y sequence is the only LOCA ecquence analyzed in

BMI.2104 and NUREG/CR-4624."4

The AE-y sequence is characterized by a large break (equivalent diameter >6 inches) in a
recirculation line. All ECCS are assumed to fail. The suppression pool remains subcected
throughout the accident due to continued operation of the Residual lient Removal (RHR'j system _

operating in the suppression pool cooling mode. The containment failure scenario fo; the AF
sequence involves an early failure due to overpressurization from generation of nonconded gases

produced from steam cladding reactions and core. concrete interaction.

The timing of key events for AE-y is presented in Table B-4. The reactor coolant system

pressure and core ~ average temperature is presented in Figure B-9. The pressure and temperature
conditions in the drywell during this accident sequence is presmted on Figure B-10. The suppression

B-7 N OR FG/CR-5444
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Table B 4 Key accident event times for Peach Bottom AE sequence.

Time
Event Lmin)

Core uncovery 1.5

Suppression pool cooling on 10.0

Core melt starts 11.0

Core slump occurs 26.8

Containment failure occurs 33.9

lower head dryout occurs 40.0

Core collapse occurs 65.2

Lower head failure 126.2

Start of concrete attack 126.3

End calculation 727.0

Note: Data from Table 6.2 of BMI-2104, Volume 2.
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pool and wetwell air space temperatures are presented in Figure 13-11. A rapid containment pressure
increase from about 27 to 34 minutes resulting in containment failure is attnbuted to the production

e

of hydrogen and the transport of the noncondensibles into the wetwell in BMI-2104. Containment'

failure is predicted to occur before lower head failure in this sequence. BMI-2104 notes that the
prediction of the occurrence of containment failure at this point in the accident sequence is sensitive
to the core slumping scenario used in the analysis. Inwer head failure (end of phase 4) is predicted
to occur at about 126 minutes after accident initiation Since suppression pool cooling is maintained
throughoat the accident, the pool water temperature remains constant and the wetwell airspace
temperature remains relatively low. No data for the temperature in the reactor building outside the
primary containment is given in BMI-2104.

Figure B-12 presents the gas temperature at the core exit and the lower annulus and the
temperatures of the separator and lower annulus structures. The teactor system flowpath considered
in the MARCIUMERGE analysis is from the core through the separators, outer annulus, jet pumps
and out through the assumed recirculation line break to containment.

NUREGlCit-5444n.13
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B-1.3 Anticipated Transient Withotit Scram Sequences

The result of three ATWS sequences presented in NUREG/CR 4624n 2 are used for this

evaluation. These ATWS sequences are denoted as TC1, TC2 and TC3, in addition, the reactor

primary system gas and structure temperature results from the TC t sequence in BMI-2104" ' is also
used for this evaluation.

Tue TC1 sequence is initiated by a transient with a failure to scram. The main steam isolation

valves close. The operators are not successful in initiating early powet reduction but are successful

in depressurizmg the primary system. Suppression pool heatup and containment pressurization results
from continued reactor operation at an elevated power level greater than the capacity of 'he RilR

system operating in the suppression pool cooling mode. tontainment failure occurs as a result of the
pool heatup and containment pressurization. Upon containment failute, flashing of the saturated
suppression poolis assumed to lead to failure of the emergency ce*e cooling pumps due to cavitation,
causing core melt. The primary system is assumed to remain depressurited throughout tt e sequence
although NUREG/CR-4624"i alludes to the possibility that control air pressure may not be sufficient

to keen the safety / relief valves open as the containment pressuritca.

Table B.5 presents the timing of key events for the TCl sequence. Containment failure is'

predicted to occur at about 85 minutes, which is about 50 minutes before core melt is predicted to

start.

Figure B.13 presents the pressure and temperature conditions in the reactor coolant system

up to vessel failure for the TC) sequence. Figure B-14 presents the pressure and temperature
conditions in the drywell for the TC1 sequence. This figure shows that containment failure is

predicted to occur at 85.3 minutes, before predicted core uncovery. Containment failure occurs
because the rate of heat rejection to the suppression pool is greater than the RilR system operating

in the suppression pool cochng mode. The suppression pool temperature for the TCl sequence is

presented in Figure B-15. The pool temperature remains at saturation conditions throughout the
sequence once pool boiling occurs. The temperature conditions in the reactor building outside of
the primary containment are presented in Figure B-16. Several hydrogen burns are predicted to
occur in the reactor building and the refueling bay starting at about 380 minutes after accident
initiation as shown on Figure B-16. Otherwise, the average temperature in the reactor building is

predicted to be 240"F. Pressure spikes of approximately 22 psia are predicted in the reactor building

during the hydrogen burns.

The TC2 sequence is initiated by a transient with a failure to scram. The main steam isolation

valves close. The operators are not successful in initiating early power teduction or in depressurizing
y

the primary system. Primary coolant inventory is maintained by the combination of the 11pCI, RCIC
and the CRD systems. Suppression pool heatup and containment pressurization results from
continued reactor operation at a power level greater than the capacity of the RilR system operating

i in the suppression pool cooling mode. The llPCI is assumed to fail when the pool reaches 20(PF due

B-15
N U REG,CR-5444
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Table B 5. Key accident event times for Peach Ikittom TC) sequence.

Time
Event (minJ

Containment heat removal on 10.0

Containment failure 85.3

ECC off 86.7

Core uncovery 93.8

Core melt starts 134.0

Core slump occurs lui.S

Core collapre occurs 172.0

Lower head dryout 201.9

tmer head failure 230.5

Start of concrete attack 230.5

liydrogen born 383 3

Ilydrogen burn 388.0

liydrogen burn 388.5

llydrogen burn 399.6

Ilydrogen burn 400.3

Corium layers invert 400.5

{Ilydrogen burn 400.7

llydrogen burn 421,7 j
'

ll>drogen burn 422.2

llydrogen born 446.0

ilydrogen burn 469.3

11ydrogen burn SiG.3

End calculation 1333 5

Note: Data from Table 4,1 of NUREG/CR-4624, Volume 1.

I
1
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to a methanical laiture (loss of lubrication oil cooling or seal overheating). The RCIC is awumed
to fml at a containment of 25 psia due to high turbine eshaust back pressure. How from the CRD

In the TC2 scenario, the
system is insufficient to maintain core cooling under ATWS conditions. (
conta; ament remains intact during core meltdown with failure occuning at alout the time of lower

head failure.

Table B-6 presents the timing of key events for the TC2 sequence. Containment failure is
predicted to occur at the time of bottom head fadure. It i, appr fm** 126 minutes after accident
initiation.

Figure B.17 presents the pressure and temperature conditions in the teactor coolant system
up to vessel failure for the TC2 sequence. Figure 1b18 presents the pressure and temperature -

conditions in the drywell for the TC2 sequence. The suppression imot temperature for the TC2

sequence is presented in Figure 1019 The ;xxd temperature rcrriairw at saturation conditions
throughout the sequence once pool huling occurs. Tne temperature conditions in the reactor
building outside the primary containment are presented in Figure Ib2R liydrogen burns are
predicted to occur in the reactor building and the refueling bay at about 126 minutes, which is the
time of lower head failure. A hydrogen burn is the cause of the temperature spike shae in

Figure B-20. Otherwise, the aserage temperature in the reactor building is predicted to be about
200 F Pressure spikes of about 23 psia are predicted in the reactor building during the hydiurn

burns.

The
He TC3 sequence was analyzed to investigate the effects of containment venting.

initiating events and primary system response for the TC3 scenario is similar to the TC2 scenario.
To simulate containment venting,it was assumed that an 18 in diameter vent in the wetwell air space

would be opened when the containment pressure reached 10% above the design level. This pressure
corresponds to about 77 psia given a design pressure of 71 psia for Peach Bottom. This pressure is
lower than the 115 psia pressure at which venting is assumed to take place in the NUREG-1150"3

analysis.

Table B-7 presents the timing of key events for the TC3 sequence. Containment venting is

initiated at about % minutes after accident initiation.

Figure B-21 presents the pressure and temperature conditions in the reactor coolant system
up to vessel failure for the TC3 sequence. Figure B-22 presents the pressure and temperature
conditions in the drywell for the TC3 sequence. The suppression pool temperature for the TC3

sequence is presented on Figure 1023. The pool temperature reinains at saturation conditions
throughout the sequence once pool boiling occurs. The temperature conditions in the reactor
building outside of the primary containment are presented in Figure B 24. Ilydrogen burns are
predicted to occur in the reactor building and the refueling bay at about the time of containment
venting as shown in Figure B-24. Otherwise, the average temperature in the reactor building is

,

NUREG!CR-5444B.19
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Table B 6. Key accident event times for Peach Bottom TC2 sequence.

Time
Event (min)

Containment heat removal on 10.0

llPCI fails 25.2

RCIC fails 32.6

Core uncovery 33.8

Core melt starts 58.3

Core slurnp occurs 86.2

Core collapse occurs 88.3

Lower head dryout 114.9

Lower head failure 126.3

Containment failure 126.3 .

Ilydrogen burn 126.9

liydrogen burn 128.8

Start of concrete attack 136.3

Corium layers invert 282.8

End calculation 736.3

Note: Data from Table 4.1 of NUREG/CR 4624, Volume 1.
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1

l

Table D 7. Key accident event times for Peach Ikittom TC3 sequence.

Time
Event (mini

Containment heat removal on 10.0

llPCI fails 25.2

RCIC fails 32.6

Core uncovery 33.8

Core melt starts 58.3

Core slump occurs 86.2

Core collapse occurs 88.3

Containment vent %.3

Ilydrogen burn 97.0

liydrogen burn 97.8

Ilydrogen burn 99.4

liydrogen burn 104.2

Lower head dryout 118.1

Lower head failure 127.0

Start of concrete attack 136.8

Corium layers invert 282.8

End calculation 736.3

0

Note: Data from Table 4.1 of NUREG/CR-4624, Volume 1.

.
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Figure B 21. Peach Bottom TC3 reactor system data.
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Figure B-22. Peach Bottom TC3 drywell data.
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predicted to be 20Y F, Pressure spikes to approximately 2? psia are predicted in the reactor building

during the hydrogen burns.

Temperature data for the dryers and separators and other structures within the reactor vessel

were not presented in NUREG/CR-4624"' for the TCl, TC2 oi TC3 sequences in
NUREG/CR 4624. Dryer and separator temperature data for ATWS sequences is taken from Bhil-
21N"4 for the TDy sequence and is presented in Figure B-25. The TC-y sequence is similar to
TCl sequence. He time to core melt, vessel failure, and containment failure is somewhat faster for
'IC-y than for TCl, probably because the assumed power level of 305~c in TC-y is higher than that
assumed for TCl. The structure temperatures may be somewhat higher because of the power level

assumption. Ilowever, more realistic gas and structure temperatures will still be well above the
temperature qualification limit for any in vessel instrumentation.

B-1.4 Transient Sequences

The accident sequence selected to represent the transient sequences for this evaluation is the

TW-y sequence from BN11-2104."4 The TW-y sequence is the only non ATWS sequence analyzed

in Bht 14104 and NUREG!CR-4624.H~2
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Figure B 25. Peach Bottom TC-y gas and structure temperatures.
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The TW y sequence is iri iateu by a transient with a succcuful reactor sciam. All ECCSst

functlan successfully but the suppression 1ml cooling syste,m fail. As a result of this feilure, the

suppression twl heats up causing pressuritation and eventual failure of the containment. Up>n
containment failure, flashing of the saturated suppreuion pool is assumed to lead to failure of the

emergency core cooling pumps due to cavitation, causing core melt.

Table 11-8 presents the timing of key evene for the TW y sequence. Containment failure is
,

predicted to occur at about 1756 minutes alter accident initiation,which is about WI minutes before
core melt is predicted to start.

Figure 1126 presents the preuure and temperature conditions in the reactor coolant system up

to vessel failure for the 1W y sequence. l'igure D 27 prescots ti.e preuure and temperature
conditions in the drywell for the TW y sequence. The suppreuion pod temperature is presented in
Figure B 2K The pool temperature remains at saturation conditions throughout the sequence once

poc,1 boiling occurs. No data for the temperature in the reactor building outside the primary
Idcontainment is g ven in lihil 2104

Figure B-29 presents the gas temperature at the core exit and in the steamlines and the
ternperatures of the separator and lower annulus structures. The reactor system flowpath considered

in the hiARCil/ MERGE analysis is from the core thiough the separators and dryers and out through

the steamlines.

B-2. REVIEW OF RESULTS

in reviewing the matris of results presented in Table 111, a number of the PDSs and accident

progression bins were not covered by the accident sequences presented in Dhil 2104" 3 and
NUREG/Cib4624.H 2 These PDSs include sequences where containment failure (or venting) does
not occur, where vessel b*cach does t'ot occur, and where core damage does not occur Challenges

to instrument availability could still occur in these cases although they would likely be less severe than

in eccidents wnere esents such as containment failure or vessel breach occur.

There are other types of sequences that are of interest in evaluating instrument availability,

.

including the fallowmg:

Sequences initiated by a medium and small break LOCA with failure of high and low'
.

pressure FCCSs. Containtnent heat removal systems ate functioning

Sequences initiated by a trantient with failure of the high pressure coolant injectione

system. The opuator depressurites the system ming the automatic deprenurization
system, but failure of the low pressure coolant injection and low preuure core spray
systems leads to core melt at low reactor coolant system preuure. Containment heat

removal systems are functioning.

B-27 NUREG/CR-5444
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Table D 8. Key accident event times for Peach Ik)ttom 'lW-y seque. ice.
_

Time

I' vent (minL

Containment failure occurs 1756.2

Core uncoset) 261').6

Core melt starts 2747.9

Core :. lump occurs 2817.1

Core collapse occurr. 281KS

1.cwer head dryout 2H29.3

lower head failure 3055.2

Start of con: rete attack 3055.2

lind calculation 36S5.4

Note: Data from Table 6.2 of IIMI 2104, Volume 2.
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Sequences initiated by a transient with failure of the high prenure core injection system.

and failure of the automatie depres'uritation syste.n. Core melt occurs at high reactor
coolant system pressure. Containment heat removal systems are functioning.

These sequence are evaluated against those presented in Table B-1 to determine if the
possible range of plant conditions in the reactor coolaat system are covered in the BMI.2104"4 and |
NUREO/CR 4624" 2 analyses. Also, a bypats or V sequence is analyicd in NUREG/CR-4624. '

Dypass sequenecs are not listed or' Tnble B 1 because oi their low probability relative to the other
PD3s.

For the 1.OCA and transient scoueta listen above,it is judged that the results presented in
BMI21N"4 and NUREG/CR-4624"4 rnInd tl.e possible conditions expected in the reactor coolant

system. containment (drywe|| and wetwell), and icactor building that affect instrument availability.

Conditb::s in the reactor coolant system do not change appreciably for different sequences,
in general, it is the assumed fuel rnetting temperature that determines the temperature reached in
the vessel. In any situation, temperatures sufficiently hot to melt fuel will cause failure of any

i

instrument or instrument tap near the core region. !

NUREG/CR-544+ n.30
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Transient and 1.OCA initiated sequences with ECCS failure, but where containment heat f
remosal sptems are functioning will result in a core melt. %: conditions in containment will remi..
telatively cool until after lower head failure where the generation of noncondensible gases from n i

concrete interactior could cause heatup and pressurization of the comainment. Containment u q, |

would become necessary or containment failure would occur, given a suffic4ntly high gas produdm -

sate. The pressures and temperatures reached would not be much different than those shown for 4
station blackout sequencc3 Till and TB2, although the time at which the peak temperatures would ,

be reached would be different.
,

Severe conditions could exist in the reactor building if the containment is vented or if
containment failure occurs. For transient or 1.OCA initiated sequences with ECCS failure,
containment venting may be needed to avert containment failure after lower head failure. ,

|Survivability of the ducts used for containment venting would be a concern although many utilities
with IlWR plants with Mark I containments are imtalling a hardened sptem for containment venting
in response to generic letter 8916,Hd These vent sptems are typically designed for decay heat loads

as opposed to the heat loads possible during an ATWS with SLCS failure. Use of the hardened vent
svsiem would prevent severe conditions from developing in the reactor building during non-ATWS
accidents and alleviate concerns on availability of instruments kicated in the scactor building, During

an ATWS, use of the hardened vent sptem would decrease the rate of containment pressurization

and prolong the time to containment failure if the decision was made to vent the containment
through vents other than the hardened system to achieve a greater depressurization rate during an
ATWS or if a hardened vent sptem is not installed, duct failure could occur. This failure wuuld
result in severe conditions m the teactor building, affecting instrument availability.

ne bypass or V sequence analyred in NUREG/CR 4624"4 assumes a rupture of a 6 in. line

in the low pressure ECCS in the reactor building. His rupture could cause severe conditions in theI

reactor building although not to the extent caused by an ATWS. Conditions in the reactor coolant

sptem and containment are bounded by the results from other sequences.
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Review of NUREG/CR-5702 Safety Function
Information Noods N'

The appndix presents a review of the information needs for each of the safety functium
shown in Figures 1, 2, and 3 of the main report based on the data in Appendix A to
NUREG/CR-5702.C' De availability of instrur.. ants needed to meet the information needs is aho

assessed.

Appendix A of NUREG/CR 5702 consists of a v.et of tables listing the information needsCl

to meet each of the safety objectives and safety functiom presented in Figures 1,2, and 3. I!ach*

table in Appendix A corresponds to a mechanism on the safety objective tree. He instrurnents
required to monitor the safety function of interest are presented in these tabica.

The instruments identified in Appendix A of NUREG/CR-5702 'l needed to verify the statusC

of each safety function is presented in the following sections. Following each instrument name is
three items in parenthesis that are the instrument location, Regulatory Guide 1.97c2 category, and

backup power r,ourec. The data is taken from Table 3 of the main report. An explanation of the
backup power source categories is provided in Section 4.2 of the main tcport. Instrument availability
is assessed for ATWS in.itiated events, for other than ATWS initiated events, and for station blackout.

Note that severe conditions means that environmental conditions in the vicinity of the instrument

have exceeded the qualification limits.

C 1. MAINTAIN HEAT SINK SAFETY FUNCTION

The Maintain Heat Sink safety function will be challenged if: (a) the condenser becomes
isolated from the reactor or the condenser vacuum is lost, or (b) the suppression p>ol has a high

water temperature or an abnormal water level. Instruments used to identify challenges to this safety

function are the ruppression pool water level (reactor building, Category 1, Class IE), suppression

pool water temperature (torus shell, Category 1, Class 1E), main steem isolation valve position
indicator (drywell, Category 1, Class 1E), bypass valve position indicator (turbine building, Category

3, ursinterruptable power), condenser vacuum (turbine building, Category 3, onsite power), reactor

pressure (reacter building, Category 1, uninterruptable power), and containment (drywell) pressure
(reactor building, Category 1, Class 1E). The main steam line flowrate is also identified for this safety
function, but is not included in the Regulatory Guide 1.97 review foyPeach Bottom.

.

'

,

~
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C-1.1 Information Needs and Instrument Availability Assessment
Daned on Environmental Conditions for ATWS Initiated Events

Sescre conditions will desclop in the drywell af fecting the ability to momtor the main steam
isolatior vahc position. Severe conditions in the reactor building ruay aho result from duct f ailme

due tc. senting through nonhardened ducts or due to containment failure and can occur at any time
during the accident, including prior to core damage. Severe conditions in the reactor building will

probably result in degraded instrumcnt performance limiting the ability to reliably monitor suppression

pool water level suppress,ma pul temperature, reactor pressure and containment pressure. The
supptassion pool temperature instrument will likely be operating in conditions outside of its range

(30 to 2307) during an ATWS. Instrutnents heated in the turbine twilding used to monitor bypass
valve position and condenser vacuum should remain available throughout the event.

C 1.2 Information Needs and instrument Availability
Assessment Based on Environmental Conditions for Other Than

ATWS Initiated Events '

Sescre conditions win develop in the drywell for transient sequences with successful ECCS

function but with low of containment heat removal. These conditions could affect the ability to
monitor the main steam isolation salve position. He suppression pool temperature instrument inay

be operating in conditions outside of its range (30 to 230*F) during these types of sequences.
Instruments k)cated in the turbine building used to monitor secondary side parameters should remain

available. Assuming the availability of a hardened system for containment venting, instruments
k)cated in the reactor building should remain available.

For accident sequences involving vessel failure after core melt, degraded performance of the

instruments used to monitor the Maintain Heat Sink safety function becomes irrelevant.

C-1.3 Information Needs and instrument Availability Assessment
During a Station Blackout or Loss of de Power

All instruments needed for the Maintain Heat Sink safety function are on either a Class 1E

or uninterruptable power source. If battery backup is provided for the Class 1E instrument power
supplies, then these instruments would be initially asaiinx.

C-2. MAINTAIN REACTIVITY CONTROL SAFETY FUNCTION

The Maintain Reactivity Cantrol safety function will be challenged if: (a) the control rods fail
to insert, or (b) recriticality occurs during the accident. Instruments used to identify challenges to
this safety function are the neutron monitoring instruments including the source range monitor

NUREG/CR 5444
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(drywell, Category I, urious soones), intermediaic range nmnitor (dr>well, Category 1. various
sources), aserage power range monitor (dr)mell Category 1, various sources), control rod position
indicator (dr>vell, Category 3. tminterruptable power), reactor pressure (teactor building, Category

1 uninterruptable power). Vatious sources indicate that dillerent power sources are used for
dif ferent components of the source range monitois, intermediate range monitors, and aserage powe r

range inonitors as shown on Table 3 of the main report.

The main steamline flowrate and safety relief vahe acoustic monitors are aho identified for this

sately lunction but are not included in the llegulatory Guide 1.97 review for Peach liottom.

C 2.1 Information Needs and Instrument Availability Assessment
Based on Environmental Conditions for ATWS Initiated Events

Sescre conditiom in the drywell couhl occur at any time during the accident, including prior

to core damage due to pressuritation of the containment. Degraded performance of the source range. {
monitots, intermediate range monitors, merage power range monitors, and control rod position
indicators could result, increasing the difficulty of monitoring power during the KlWS. If severe
conditiom in the reactor building develop due to duct failure due to venting through nonhardened
ducts or due to containment failure, degraded performance of the reactor pressure imtruments could

aho result.

C 2,2 Information Needs and Instrument Availability
Assessment Based on Environmental Conditions for Other

Than ATWS Initiated Events

The ability to reliably monitor core power could be lost due to severe conditions in the drywell

prior to core damage due to degraded performance of the source range monitors, intermediate range
monitors, average power range monitort, and control rod position indicators. Severe conditions in
the containment could occur prior to core damage if containment heat removal capability has failed

during a transient with successful ECCS function. If core melt occurs, degraded performance of the
instruments used to monitor the Maintain Reactivity Control safety function becomes irrelevant.

C-2.3 Information Needs and Instrument Availability
Assessment During a Station Blackout

The source range monitors and intermediate range monitors have drive motors that are

powered by onsite sources. Degraded performance of these instruments would result since sources
would be unavailable during a station blackout. The average power range monitors may be available

if the reactor protection system motor generator set is unaffected by the station blackout. The

C-5
NUREG/CR 5444
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control rod position indicators and reactor pressure indication are powered by uninterruptable
(battery backed) sources and should be available during a station blackout.

C 3. MAINTAIN CORE HEAT REMOVAL SAFETY FUNCTION

The Maintain Core lleat Removal Safety Function will be challenged if (a) an a sequate
inventory of cooling water is not available, or (b) Dow blockares occur in the core restricting fluid
now. Instruments used to identify challenges to this safety function are the reactor vessel water level

(reactor buildine Jategory 1. Class 1E), reactor pressure (reactor building. Category 1. Class 1E),

containment area radiation monitor (dry # ell, Category 1. Class 1E), and containment atmosphere

hydrogen monitor (reactor building. Category 1, Class lE). The post accident sampling system
(outside the reactor building. Category 3, onsite or offsite sources)is also identified as an information
source.

C-3.1 Information Needs and instrument Availability Assessment
Based on Environmental Conditions for ATWS Initiated Events

Degraded performance of the containment area radiation monitoring instruments is possible
before core damage when containment conditions exceeds the instrument qualification limits. Severe

conditions in the reactor building may also result from duct failure due to venting through
nonhardened ducts or due to containment failure and can occur at any time during the accident,
including prior to core damage. Severe conditions in the reactor building will result in the inability
to reliably monitor vessel water level, reactor pressure, and containment atmosphere hydrogen
content. Containment conditions can also affect the reactor vessellevel instruments, as compensation
elements are located inside the drywell.

Postaccident sampling capability should remain available during an ATWS since sampling
equipment is typically located outside the reactor building.

C-3.2 Information Needs and instrument Availability
Assessment Based on Environmental Conditions for

Other Than ATWS Initiated Events

The ability to reliably monitor containment atmosphere radiation level could be degraded due
to severe conditions in the containment before core damage Severe conditions in the containment

could occur prior to core damage if containment heat removal capability has failed during a transient
with successfui ECCS function. Assuming the availability of a hardened vent system for containment
venting, instruments located in the reactor building should remain available.

For accident sequences involving vessel failure after core melt, degraded performance of the
instruments used to monitor the Maintain Core IIcat Removal safety function becomes irrelevant.

NUREG/CR5444
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Postaccident sampling capability should remain available for other than ATVS initiated events

since sampling equipment is typically hwated outside the reactor building.

C 3.3 Information Needs and instrument Availability
Assessment During a Station Blackout

Allinstruments needed for the Maintain lleat Sink safety f unction are on either a Class 1E

or uninterruptable power souice, if battery backup is provided for the Class 1E iratrument power

supplies, then these instruments would be initially available.

Postaccident sampling capabili.y will be unas ailable during the station blackout since the power

supply to the sampling equipment is from both onsite and offsite ac p(mer sources.

C-4. MAINTAIN VESSEL BOUNDARY SAFETY FUNCTION

The Maintain Vessel lloundary reafety function is challenged if: (a) vessel overtemperature
eccurs as core debris accumulates in the lower head as the core melts or (b) vessel overpressure

occurs due to a steam esplosion when molten core material mises rapidly with water in the corem

region or in the lower plenum. Instruments used to identify challenges to this safety function are the
reactor pressure (reactor building Category 1. uninterruptable power), and drywell sump level
(drywell, Category 1, onsite power). The reactor vessel temperature recorder is also identified for
this safety function but is not included in the Regulatory Guide 1.97 review for Peach llottom.

C-4.1 Information Needs and Instrument Availability Assessment
Based on Environmental Conditions for ATWS Initiated Events

Degraded performance of the drywell sump levelinstruments is possible before core damage
when containment conditions exceeds the instrument qualification limits. Severe conditions in the

reactor building may result from duct failure due to venting through nonhardened ducts or due to
containment failure and can occur at any time during the accident, including prior to core damage.

Severe conMions in the reactor building will result in the inability to reliably monitor reactor
pressure.

C-4.2 Information Needs and Instrument Availability
Assessment Based on Environmental Conditions for

Other Than ATWS Initiated Events

The ability to reliably monitor drywell sump level could be lost due to evere conditions in the
containment before core damage. Severe conditions in the containment could occur prior to core

damage if containment heat removal capability has failed during a transient with succer.sful ECCS,

NUREG/CR 5444*
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function. Assuming the availability of a hardened vent system for contamment venting. insttuments
located in the reactor bui! Jing should remain available.

For accident sequences invohing vessel fa!h% degraded performance of the instruments used
to monitor the Maintain Vessel lloundary safety function becomes irrelevant.

C-4.3 Information Needs and Instrument Availability
Assessment During a Station Blackout

The reactor pressure instruments are powered by an uninterruptable power source and would

be initially available during a station blackout. The drywell sump I"c.* n (,wered by an onsite source
and will not be available during a station blackout.

C-5. MAINTAIN CONTAINMENT PRESSURE
CONTROL SAFETY FUNCTION

The Maintain Containment Pressure Control safety function is challenged if: (a) rapid steam
condensation in the containment causes negative pressure in the containment, or (b) containment
overpressure due to insufficient energy removal. insufficient pool level or other causes. The
instruments used to identify challenges to this safety function is the drywell pressure (reactor building,

Category 1. Class 1E). The seppression chamber pressure is also identified for this safety function
but is not included in the Regulatory Guide 1.97 review for Peach Bottom.

C-5.1 Information Needs and Instrument Availability Assessment
Based on Environmental Conditions for AT'NS Initiated Events

Severe conditions ir, the reactor building may result from duct failure due to venting through

nonhardened ducts or from containment failure and can occui at any time during the accident,
including prior to core damage. Severe conditions in the reactor building could result in the inability
to reliably monitor dr)well pressure.

C-5.2 Information Needs and instrument Availability
Assessment Based on Environmental Conditions for

Other Than ATWS Initiated Events

Assuming the availability of a hardened system for containment senting, the di)well pressure
instruments located in the reactor building should remain available during transient sequences with
successful ECCS function but where containment heat removal is lost.

C-8NUREG/CR 5444
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11 the tontainment heat temmal systenn .ue lum tioning. then the instruments huted in the

containment used to monitut this balely lunction shouhl temain asailable until alter seswl hiilute.
Insitument located m the reactor buihhng should lenuin available untilcontainment failure ocemt i

C 5.3 Information Needs and Instrument Availability
Assessment During a Station Blackout

The drywell pressure instruments are 1mered by a Class 111 power source. || hattery backup
is prosided for the Class lli source, then these instruments wook! be available.

C 6. MAINTAIN CONTAINMENT TEMPERATURE
CONTROL SAFETY FUNCTION

'the Maintain Containment Temperature Control salety function is thallenged ih (a) loss of

adequate containment heat removal oaura, or (b) molten core m.nesial comes in sontact with the
containment shell or melts through the basemat. Instruments used to identity rhallenges to this saiety

function are the diywell temperature (drywell, Category 2. Class lii), drywell spray flow (reactor

building, Category 2 onsite power), suppression pool temper atute (tor us shell, Category 1, Class Ili),
and suppression chamber t. pray Cow rate (reactor building. Category 2, onsite power). The drywell
unit cooler status and vent and putge Dow meter are also identified for this safety function but is not

included in the Regulatory Guide 1.97 review for l'each Bottom.

C-6.1 Information Needs and instrument Availability Assessment

Based on Environmental Conditions for ATWS Initiated Events

Severe conditions m the d:pell could occur during an NIWS tesulting in degraded

performance of the drpell temperature and suppression poci temperature instruments. It is likely
that the suppression pool temperature will be above the upper temperature limit of the instrument
during an ATWS. Severe conditions in the reactor budding may result from duct failure due to
venting through nonhardened ducts or from containment failure and can occur at any time during the
accident, including prior to core damage. Severe conditions in she reactor building could result in

degraded performance of the drywell spray now and suppression pool spray now instrumentation.

C-6.2 Information Needs and Instrument Availability

Assessment Based on Environmental Conditions for
Other Than ATWS Initiated Events

The ability to reliably monitor drywell temperature and suppression pool temperature could
be lost due to severe conditions in the containment before core damage. Severe conditions in the

containment could oaut prior to cote damage if containment heat removal capability has failed

C-9
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during a tr nsient with successful ECCS function. It is jossible that the suppression pool
temperature will be ahme the upjvr temperature limit of the instrument during an accident when
contamment heat ternoval systems are not lunctioning. Assuming the availability of a hardened vent

system lor containment senting, instruments locatcJ in the reactor building should remain available.

If the containment heat remosal systems are functioning. then the instruments located in the
containment used to monitor this safety function should remain available until after vessel failure.
Instrument located in the reactcr building should remain available until containment failure occurs.

C-6.3 Information Needs and Instrument Availability
Assessment During a Station Blackout

The drywell temperature and suppression imol ternperature instruments are powered by a
Class IE power source, if battery backup is provided for the Class lE instruments, then these
instruments woulJ be available during a station blackout.

The drywell spray and suppression pool spray now instruments will be unavailable during the

statiom blackout since the power supply is from onsite ac power sources. Ilowever, the spray systems

will r.lso be unavailable so that unavaliability of these instruments is inconsequential.

C-7. MAINTAIN CONTAINMENT INTEGRITY SAFETY FUNCTION

The maintain containment integrity safety function would be challenged if equipment used for

containment isolation failed to either prevent the initiation of containment isolation or to prevent
its continuation. Ttuce challenges are identified which are isalation failure, bypass failure or
internally generated missiles. Instruments used to identify challenges to this safety function are the

isolation vahc position indication (drywell and reactor building, Category 1, varies Class IE or
onsite), drywell pressure (reactor building. Category 1, Class 1E), reactor building asca radiation
monitoring system (reactor building, Category 1, onsite power), drywell sump and floor water levels

(drywell, Category 1, onsite power), and containment oxygen level (reactor building, Category 1,
Class 1EL The reactor building temperature is also identified for this safety function but is not
included in the Regulatory Guide 1.97 review for Peach Bottom.

C-7.1 Information Needs and Instrument Availability Assessment
Based on Environmental Conditions for ATWS Initiated Events

Severe conditions in the drywell will occur during an ATWS resulting in degraded performance
of the drywell sump and Door level instruments. Isolation valve position indication instruments in the

drywell could also be affected. Sescre conditions in the reactor building may result from duct failure

due to venting through nonhardened ducts or due to containment failure and can occur at any time

during the accident, including prior to core damage. The ability to reliably monitor drywell pressure,
1
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reactor building radiat o,' lesel, and containment oxygen level could be lost. Isolation valve traitioni

indication instruments in the reactor building could also be atfected.

C-7.2 Information Needs and Instrument Availability

Assessment Based on Environmental Condition for
Other Than ATWS Initiated Events

,

'ihe ability to reliably monitor dr,, sell sanip and floor water levels could be lost due to severe
conditions in the drpell before core damage. Isolation valve position indicators kicated in the
drywell could also be aliccted. Sescre conditions in the dowell could occur prior to core damage if
containment heat removal capability has failed during a transient with successful ECCS function.

Assuming the availability of a hardened vent system for containment venting, instruments located in

the reactor building should romain available.

If the containment heat removal systems are functioning, then the instruments used to monitor

this safety function located in the containment should remain available until after vessel failure.
Instrument located in the reactor building shouiu remain available until containment failure occurs.

C-7.3 Information Needs and Instrument Availability
Assessment During a Station Blackout'

'1he drywell preuure instruments and the containment oxygen level monitor are powered by

Ciass 1E power sources, if battery backup is provided for the Class 1E power sources, then these
instruments would be available. The reactor building area radiation monitoring system and the

drywell sump level are powered by onsite sources and would be unavailable during a station blackout.

Most of the valve position indicators are powered by Class 1E sources. If battery backup is

provided for the Class IE power sources, then these instruments would be available.

C-8. CONTROL FISSION PRODUCTS IN PRIMARY
CONTAINMENT SAFETY FUNCTION

The Control Fission Products in Primaiy Containment safety function is concerned with

reducing the concentralian of fission products in the containment atmosphere. Instruments used to
identify challenges to this safety function are the primary containment area radiation monitoring
system (drywell, Category 1, Class 1E). The postaccident sampling system would also be used to'

determine fission product levels in the containment atmosphere (outside the teactor building.

Category 3. onsite or offsite sources).

C 11
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C 8.1 Information Needs and Instrument Availability Assessment
Based on Environmental Condition for ATWS Initiated Events

Degraded performance of the primary containment area radiation monitoring instruments is
possible i clove rote darnage if drywell pressure or temperature esceeds the qualification limits.

l'ostaccident samphng capability should remain available during an ATWS since sampling

equipment is typica4y located outside the reactor building.

C 8.2 Information Needs and instrument Availability
Assessment Based on Environmental Conditions for

Other Than ATWS Initiated Events

'

Degraded performance of the primary containment area radiation monitoring instruments is

possible if dr>well pressure or temperature exceeds the instrument qualification limits during the
event.

Postaccident samphng capability should remain available for other than ATWS initiated events

since sampling equipment is typically located outside the reactor building.

C-8.3 Information Needs and instrument Availability
Assessment During a Station Blackout

The primary containment area radiation monitor is powered by a Class 1E supply and should

be available if battery backup is provided.

Postaccident sampling capability will be unavailable during the station blackout since the power

supply to the sampling equipment is from onsite and offsite ac power sources.

C 9. CONTROL F!SSION PROCUCTS IN SECONDARY
CONTAINMENT SAFETY FUNCTION

The Control Fission Products in Secondary Containment safety function is concerned with

reducing the concentration of fission products in the secondary containment atmosphere. Instruments

used to identify challenges to this safety function are the reactor building area radiation monitoring

instrutnents (reactor building. Category 1, onsite power). Sump water sampling is also identified as

an information source on the level of fission products in the secondary containment (reactor
buildingt

NUREG/CR 5444
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C 9.1 Information Needs and Instrument Availability Assessment

Based on Environmental Conditions for ATNS Initiated Events

Degraded per formance of the reactor building area radiation monitoring instruments is possible

after core damac.e due le venting through non hardened ducts of due to containment failure. In
addition, some of the sensors may tw operating outside of their range if core damage has occurred,

4

paiticularly those with an upper limit of 10 mR/h.

Postaccident sampling capability should remain available during an ATWS since sampling

equipment is typically located outside of the reactor building.

C 9.2 Information Needs and Instrument Availability

Assessment Based on Environmental Conditions for
Other Than ATWS Initiated Events

Assuming the availability of a hardened vent sptem for containment venting, reactor building
area radiation monitoring instruments should remain available.

Postaccident r.ampling capability sh1uld remain available for other than ATWS initiated events

since sarnpling equipment is typically hwated outside the reactor building.

C 9.3 Information Needs and Instrument Availability
Assessment During a Station Blackout

Reactor building radiation monitoring capability willim unavailable during the station blackout

smcc the power supply to the required equipment is from onsite and offsite ac power sources.
Postaccident sampling capability will be unavailable durir g the station blackout since the power supply

to the sampling equipment is from onsite and offsite ac power sources.

C-10. CONTROL FISSION PRODUCTS IN WATER SAFETY FUNCTION
-

The Control Fission Products in water safety function is concerned with reducing the
concentration of fission products in the water present in the containment, particularly the suppression

pool. The postaccident sampling sptem (outside the reactor building, Category 3, onsite or offsite
sources) is identified as an information source on the level of fission products in the suppression pool.

C-13
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C 10.1 Information Needs and Instrument Availability Assessment
Based on Environmental Conditions for ATWS Initiated Events

Postaccident sampling capability should remain available during an A'!WS since sampling
equipmc.it is typic; ally located outside the reactor building.

C-10.2 Information Needs and Instrument Availability
Assessment Based on Environmental Conditions for

Other Than ATWS Initiated Events

Postaccident sampling capability should remain available since sampling equipment is typically

located outside the reactor building.

C-10.3 Information Needs and Instrument Availability
Assessment During a Station Blackout

Postaccident sampling capability will be unavailable during the station blackout since the power

supply to the sampling equipment is from onsite and of fsite ac power sources.
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Impact of Radiation Levels Durin0 Severe Accidents ;

On Instrument Availability

Radiation lesels potentully can (hallenge the availability of instrutnents during a severe
acudent in the long term plant recoscry phase of an accident. In particular, instruments which have

componcnts made f rom syr.thetic orgame materiah inay be particularly susceptible. 'lhese materials

are typically used in electrical insulators. padets, and scab as described in the first draft of
NURI G 1150 " '

Thresholds (or radiation danuge is espress.ed in terrns of integrated dose in rads. As a result,

the impact of radiation on instrume' * availabihty is not irnmediate, but h curnulatise over time. This

dillerence k in contrast with the ts of temperature or pressure which can impact instrument

rehabihty if some threshold temperature or pressure value k reached.

This appendis provides estimates of integrated dose at typical instrurnent locations near the
teattor coolant system and within the containment for radionuclide lesels expected during a severe

acyident.
O

D-1. METHODS USED TO ESTIMATE DOSE

Instrument are typically quahned to design basis radiation conditions specified in NUREG-
0737?2 These conditions are based on the anumed release of 100 :F of the noble gas,50's of the

halogen and 1Q of the sohd radioisotopes for 1 OCA events which depressurite the reactor coolant
system. This release is assumed to be to either the reactor coolant system os containment for a
particular piece of equipment. whichever h limiting. For non LOCA events, a release of 10"F of the
noble pas and iodine isotopes and no paiticulates i assumed. Integrated dose to equipment were
estimated as part of the overall equipment qualification evaluation based on these assumptions by

utilities in response to the post Three Mile Island requirements.

The !!MI 2104"' and NUREGrCR-4624"4 reports present estimates of the releases of the

fhsion product and other acrosoh Irom the fuel during core melt. Fission products releases are
presented for chemical groups based on chemical characteristics. Estimates of the fission product and
acrosol distribution for these accident sequences are aho presented. The magnitude of the iodine

D4 andand particulate releases is the principal difference between the BMI2104
NUREG CR-4624"4 reports compared to the NUREG-0737" 2 data.

Table D-1 presents a comparison of the releases during core melt predicted for the AE and
TC2 sequences against those predicted in NUREG 0737? The releases for these sequences are

typical of the releases predic ted during core melt. Altnost itEl of the iodine is piedicted to be

D-3
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Table D 1. Comparison of fission proJoct releases between llh1121tLi and NUlt!!G/ Cit-4624 to
NU111:G 0737._

11clease during core melt (percent)
Chenu. cal -

clement NUitifG 0737 11hil 2104 NUllEG/ Cit-4624

AE TC2

Xe Itu 100 %

1 50 1(R) (Xi

Cs 1 100 96

Te 1 22 69

Sr 1 7 0

Da 1 17 1

Itu 1 1 0

La 1 0 14

Ce 1 0 0

Note:

1. Data from Tables 6.9 of BMI 2104, Volume 11 is presented for the core melt releases for
AE up to the tirne of vessel failure.

2. Data from Tables 4.6 and 4.7 of NUltEG/CR-4624 used to determine the core melt releases
for TC2 up to the time of vessel failure.

_

released from the fuel during core melt .** opposed to 50% assumed in NUREG-0737. The releases

of cesium and tellurium are predicted to be higher than the 1% assumed in NUllEG 0737.

The inventory of fission products in the reactor coolant system will increase as a result of the

higher core melt releases. In addition, core-concrete interaction is predicted to release additional

fission products to the containment. A significant fraction of these fission products can be released
to the reactor building if containment failure occurs.

Increased fission product releases to the reactor coolant system and containment will result in

increases in the integrated dose to equipment. In particular, instruments in the reactor building were
originally designed for the small radiation exposure that would occur during a design basis accident.
'this exposure is much smaller than the exposure that could occur during a severe accident. The
impact of increased fis:. ion product releases is evaluated by estimating the integrated dose in the

drywell, torus, and reactor building considering the increased fission product release expected during

NUREO/CR-5444 D'4
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a severe actident. *lhe integrated dose resulting f rom normal plant operation is not included in these
estimates.

A computer program was developed for performing the dose estimates presented in this
appentht The nnich used in ths program are as follow

1: inion product energy release sate and integrated energy release utilizing the Perkins.

and King data set." t " ^ themical" 2 grouping data from the lleactor Safety Study,"'
I!MI 2104," 2 and NUR14i CR-4624," 3 and radionuclide distribution data from llMI-

2104 and NURiiG!CR 4624

Dose computation models for rectangular plane, spherical, and cylindiical geometries.

from the Enginecting Compendium on Radiation Shielding"*

Dose wnversion factor data from ANS 6.1,1? '.

'the Perkins and King data set" \"'is used to determine the fission product energy release ;

rate and integrated energy release in the reactor coolant sy', tem and containment Data is given for

124 fiwion products. 'Ihe fiuion product inventory is deterndned given a reactor power level of 3293
MW , with an auumed 1(Wi plant capacity factor. A one year refueling cycle with one third of then

core being refueled each cycle is assumed.

The radionuclides from the Perkins and King data set are divided into nine groups by chemical
characteristics generally following the scheme used in the Reactor Safety Study,"-7 but treating the
barium and cerium radionuclides as separate groups as done in NUREG/CR-4624? 3 'the chemical

grouping is presented on Table D-2.

'lhe dose estimates performed for the drywell, torus, and reactor building use the fission
D4 !product source term data presented in llMI 2in4 or NUREG/CR-4624 " for the sequences

presented in Appendix B.

The dose estimate for the drywell u:ilizes models for a spherical source. To estimate the dose

due to airborne radiation, the dose point is assumed to be immersed in a spherical volume source
with a volume of 159Jm it' based on Peach llottom, given that most of the free volurae in the

, drywell is in the lower spherical portion. The receptor is located at the center of the sphere, The
dose due to radionuclides that have settled is estimated awuming that the dose point is located at the

center of a hemispherically shaped surface source with a diameter of 67 ft. It is auumed that M

of the radionuclides released to the drywell settle, with the exception of the noble gas nuclides. The
total estimated dose is the sum of the dose contribution for airborne and settled radionuclides.

The dose estimate foc the pool is performed by representing the suppression pool as a half
filled cylindrical volume source of water which is infinitely long. The source diameter is 31 ft and the

D-5
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Table D 2. Chemical grouping of radionuclides for dose evaluation.

Chernical

gropp name R adinfluclide ipecies included

Xe Xe.I'r

i 1, llr

Cs Cs.Rb

Te Te,Se,Sb

Sr St

Da lla

hu Ru, hio, Pd, Rh and Tc

La La, Nd, Eu, Y, Pr, Pm. Sm. Zr, Nb
(Sn assumed)

Ce Ce

Note: Based on chemical grouping givea in Appendix V, Table 4 of the Reactor Safety Study.'"
_

3water volume is 135,000 f t which are typical for the torus in a hiark I containment. The receptor
is assumed to be at the surface of the cylinder along a line bisecting the source.

The dose estimate for the reactor building utilizes models for a infinite slab and rectangular
surface sources. To estimate the dose due to airborne radiation, the dose point is assumed to be )
immersed in an infinite slab source with a width of 50 ft. The dose due to radionuclides that have
settled is estimated assuming that the receptor is located inside a five sided rectangular box (no
ceiling). Each side is treated as a rectangatar surface source. The volume of this box is assumed to

be 450.000 ft)which is about one. third of the volume of a typical llWR hlark I reactor building. The

dimensions of the box are 120 (1) x 50 (w) x 75 (h). The reason for using only one third of the
reactor building volume is because most of the fission products will follow a path through the open
hatch to the refueling Ibor after containment failure or duct failure after containment venting as
explained in Section 3.3 of the main report. This path is assumed to intercept one third of the
reactor building volume. It is assumed that 90% of the radionuclides released to the drywell settle,
with the exception of the noble gas nuclides. Italf of the settled radionuclides are distributed on the

Ibor with the remainder being distributed uniformly on the walls. The receptor is assumed to be
i
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10 It abme the center of the Door. The total estimated dose is the sum of the dose contiihution for
airborne and settled raJionuclide_

'lhe analytical fit of the gamma ray Dus to dose conversion factors presented in ANS 6.1.1-
1977""'is utilized. Implicit in the use of this data is the assumption that the dose respome of the
most semitive components of any imtrutnent is sinnlar to that for tissue.

It is emphasized that the purpose of this evaluation is to estimate the impact of increased
radionuclide releasca during severe accidents have on total instrutnent dose on a comparative vasis.

This evaluation is not intended to be a dme nuessment of any particular imtrument. Actual dose
assessments for particuiar instruments must be done on a plant specific basis.

D-2. DOSE RESULTS

Figure D 1 presents a dose comparison for the drywell for four cases representing a spectrum
of source terms. A brief description of each case is presented below:

NUREG 0737--based on the asumed release of IWF of the noble gases,50% of the.

halogens and 14 of the solid particulates as speciGed in NURiiG 0737. One half of the
halogens and solids are assumed to remain in the drywell.

AE-drpell-based on the results in 1411 2104" 3 for the AE large break 1.OCA..

Intact Containment--hased on the assumed release of 100G of the noble gases,90G ofr .

the radic,auclides in the iodine and cesium groups,20% of the radionuelides in the
tellurium group, and 1% of the strontium and barium from the fuel. All of the noble
gas radionuclides and one half of the non noble gm radionuclides remain in the drywell.

TC3 drywell-4ased on the 'esults in NUREG/CR-4624 for the TC3 sequence. The TC3.

sequence is an ATWS where containment venting occurs.

The fission product source terms in the drywell for each of these cases is presented in
Table D 3.

The results shown in Figure D 1 shows that the intact containment produces the highest dose.

llowever, the dose results auuming NUREG-0737 releases is within a factor of two of the intact
containment case. The AE drvwell case is lower than the NUREG 0737 case because containment
failure occurred before vessel f ailure, resulting in the release of all noble gases and a substantial
fraction of the other fission products to the environment. The TC3-drywell evaluates the dose in the

drywell given a high degree of fission product retention in the suppression pool which reduces the
drywell source term. An additional TC3-drywell case with no noble gases (no NG) evaluates the

.
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' Dose (rads)
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Figuro D 1. Dose comparison for drywell.

Table D 3. Fission product r.ource terms used for dryv, ell dose comparison.

Fraction of core inventory
_

Chemical intact

6pecies AE TC3 containment NUREO.0737

Xe 0.0 0.0 1.0 1.0

1 1.2 x 10-1 2.4 x 10~3 4.5 x 10 2.5 x 101 l

Cs 1.4 x 10~1 2.5 x 10~3 4.5 x 10'' 5.0 x to 3

Te 3.2 x 10 1.0 x 10 1.0 x 10 5.0 x 10-32 1

Sr 6.9 x 10-2 3.5 x 10~2 5.0 x 10 5.0 x 10-33

Da 1.8 x 10~' 2.4 x 10 2 5.0 x 10~3 5.0 x 10^3

Ru 6.0 x 10-3 1.1 x 10 0.0 5.0 x 106 3

La 3.0 x 10-3 1.2 x 10~3 0.0 5.0 x to 3

3 4Ce 3.0 x 10'3 1.9 x 10 0.0 5.0 x 10

Note: Case where all noble gases are retained in the containment also analyzed for TC3.
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cffect of the noble gases on dose when compared to the 'IC3 dr)vell with noble gases case. As
shov .i on 1:igure D-1, the noble gases add substantially to the integrated dose, depending on the tinm

af ter accident initiation, it is noted that noble gases are generally icleased to the environment during

a severe accident where containment f ailure occurs. In the TC3 drywell case, the noble ga',es are
predicted to be released since containment senting after core melt w at, anumed in the
NUl&G'CR 4e24 analpit

l'ipure D 2 presents a dose comparison for the suppreuion [xml for two cases that are
described below

TC3-pool-based on the resulu in NURl!G/CR-4324D ' lor the TC3 sequence. 'The pool.

radionuchde source term for TC3 is the highest predicted for any of the sequences
presented in NURl:0!CR 4624.

NUltliG 0737 - ba'ed on the anurned release of 1(kri of the noble gases,50% of the2 .

halogens, and 10 of the solid particulates as specified in NUlWG 0737 One-half of
the halogens and solids are assumed trapped in the [mol water.

'lhe fission product source terms in the suppression [xml for each of these cases is presented
in Table D-4. The dose predicted for the TC3 sequenic is about a factor of 10 greater than that
predicted for NUlWG 0737 as shown on Figure D 2.

Figure D-3 presents the dose estimates for the Till, TC2, and 'IC3 sequences from
NUREG/CR 4624"4 for the reactor building. 'lhe finica product source terms in the reactor
building for each of these cases is presented ii. Table D 5. These cases represent the range of fission

product source terms in the reactor building given in NUIEG/CR-4624. In the case of TC3, the

dose is relatively low because of the high degice of fission product retention in the suppression pool.

The dose results for Till and TC2 are substantially hip.her principally due to the high barium and
strontium source term predicted in NUlWG/CR-4624.

The dose results computed for the intact containment and NUlmG.0737 drywell cases ate
compared to results presented in IDCOR Technical Report 17D "' on Figure D-4. The IDCOR
report provides estimates of the integrated gamma radiation dose within the containment for both

PWR and llWR designs. 'lhese dose estimates are based on the design basis accident extended to

account for greater releases of solid fhsion products. No detailed information is presented in the
IDCOR report on how the dow results were determined although the method used is probably
similar to that presented in this section v ith inore consideration given to specific plant peometry. 'the

IDCOR results are comparable to the results computed for the aforementioned drywell cases.

J

D s>
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Figure D 2. Dose comparison for suppression [xml.

Table D 4. Fission product source terms used for pool dose comparison.

Fraction of core inventory

species TC3 NUREG.0737

Xe 0.0 0.0

1 9.6 x 10'l 2.5 x 10~3
1 3

Cs 8.3 x 10 5.0 x 10
1 3

Te 3.7 x 10 5.0 x 10
3

Sr 6.3 x to i 5.0 x 10

Ba 4.2 x 10 1 5.0 x 10~3

Ru 1.2 x 10' 5.0 x 10'3
32 5.0 x 10La 2.1 x 10
3

Ce 3.3 x 10 5.0 x 10

D.10NUREG/CR-5444
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Figure D 3. Dose comparison for reactor bui! ding.

Table D 5, Fission product source terms used for reactor building dose comparison.

Fraction of core inventcry

Chemical

species TB1 TC2 TC3

Xe 0.0 0.0 0.0

4
1 4.2 x 104 2.3 x 10~2 5.6 x 10

4
Cs 4.9 x 10~2 2.6 x 10'2 9.7 x 10

4 9.7 x 10'2 4.7 x 10~3Te 1.9 x 10

4 6.0 x 10'34 3.4 x 10Sr 2.6 x 10

4 4.7 x 10~3Ba 2.2 x 10'3 2.5 x 10

Ru 5.3 x 10-7 4.1 x 10'7 2.8 x 10-7

4
La 2.4 x 10'2 1.2 x 10 2 2.3 x 10

4
Ce 3.8 x 10 2 1.9 x 10'2 3.3 x 10

Note: Case where all noble gases are retained in the containment also analyzed for TC3. ]
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Figure D 4, Dose estimate comparison with IDCOR results.

D-3. ASSESSMENT OF INSTRUMENT AVAILABILIT( !

Based on data presented in Table 3 of the nain report, instruments located within
containment (dnwell or torus) are generally qualified to an integrated dose of 4.4 x 10 rads. For7

instruments located in the reactor building outside containment, the radiation qualification limit is
4generally 3.5 x 10 rads.

Based on the results presented on Figure D-1, thc integrated dose to instruments located in
7the dowell can approach 4.4 x 10 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
7

is also predicted to reach 4.4 x 10 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 invohing 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 10' 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
7

never reach 4.4 x 10 rads. These results suggest that radiation exposure ta instruments in the
drywell should not exceed the qualification limits for most sequences.

l

D-12
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Based on the results pre >ented in Figure D L the integrated dose to instruments located in the
7

suppression pool should not exceed the qualification limit of 4.4 x 10 rads. The dose due to airborne
radionuclides in the torus is negligible based on the results presented in NUREG/CR 4624.D"

The results shown ou Fyere D-3 suggest that the integreed dose to instruments located in thel '#
reactor building is picer.ted to exceed the qualificat;on limit of 3.5 x 10 rads within a few hours of ,

4

accident initiation if containment failure ocurs during or after core melt. These results also suggest

that the qualification limit may be exceeded if the containment is vented during or after core melt and
duct failure occurs. These results would apply to any sequence where fission products are released

to the reactor building dering a severe accident. It should be emphasized that the availability of
in:,truments in the reactor building will be challenged by the temperature conditions for any sequence

involving contaimaent f ailure or duct failure during containment failure (See Section 3.3 of the main

report) Degradation of instrument performance that is radiation induced will probably occur only if
the instrument can sursive the temperatures possible in its location.
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ABSTRACT (M wornas ty han)11

In support of the U.S. Nuclear Regulatory Commission Accident Management Rescaich Program, the availability of
instruments to supply accident management mformation during a broad range of severe accidents is evaluated for a
Boiling Water Reactor with a Mark I containment. Results from this evaluation include: (a) the identi6 cation of plant
conditions that would impact instrument perfonnance and information needs during severe accidents,(b) the defmitio r

of envelopes of parameters that would be important in assessing the performance of plant instrumentatic-) for a broad
range of severe accident 5:querm. nnd (c):w.essrtent of the avaihibility of plem insimmentation during severe
necidents. A similar evaluation for a pressurized water reactor with a large, dry containment design is pesented in

NUREG/CR-5691.
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