S L S ——— ——
g 3 T ———— —erTe. eSS MmN S T T ST ===,

ENCLOSURE 3

PERRY INDIVIDUAL PLANT EXAMINATION
TECHNICAL EVALUATION REPCRT

(BACK-END)

(a4 o8220071 XA )%




ERI NRC 92-1106

STEP 1 TECHNICAL EVALUATION REPORT OF THE PERRY

INDIVIDUAL PLANT EXAMINATION (IPE) BACK-END SUBMITTAL

HINAL

June 1994

R. Vijavhumar, A. S, Ruritzhy. und M. Rhatih-Rahbar
Energy Research. Inc.
P.O. Box 200
Rockyville, Murstand 20847

Prepared for:

SCIENTECH. iInc.
11821 Parklawe Drive
Rockville. Marviand 20852

under Contract NRUAM-91-068-04
with the L8, Suckear Regulators Commission
W ashington, D (. 2088%



TABLE OF CONTENTS

! INTRODL CTION

2 CONTRACTOR REVIEW FINDINGS -
2.1 Review and Identification ot IPE Insights :

211 General Review of IPE Back-E~d Analytical Process | 3

212 Containment Analysis and Characterization 2

213 Quantitative Core Damage Estimate A

214 Reducing the Probability ot Core Damage or anon Product Releue ... 10

215 Responses to The Recommendations of The CPI Program . . 10

2.2 IPE Strengths and Weaknesses , . T B R T N O 11

221 Swengths of IPE . _ o I

222 Weaknesses of IPE 12

23 Evaluation of Pringipal lssues trom Licensee Response to NRC Questions 12

3 OVERALL EVALL ATION AND CONCLLUSIONS IS
- REFERENCES 16
APPENDIN I

Perry IPE Back-End Review 1" ER! NRC 92-1106



Tahle |

LIST OF TABLES

Containment Failure as a Percentage of Total CDF. Comparison with NUREG-1150

Study tor Grand Gult Plant

Perry IPE Back-End Review in

ERI NRC 92-1106



ACKRNOWLEDGMENT

The review and comments provided by Dr J Meyer of SCIENTECH. In. are gratetully acknow ledged

Perry IPE Back-End Review " ERI'NRC 92-1106



REFERENCES




ENCLOSURE 5

SUMMARY OF THE PERRY NUCLEAR POWER PLANT
INDIVIDUAL PLANT EXAMINATION (IPE)
SUBMITTAL ON INTERNAL EVENTS



Summary of the Perry Nuclear Power Piant Individual Plant Examination (IPE)
Sybmittal on Internal Events and Internal Flooding.

The NRC staff completed its review of the internal events portion of the Perry
nuclear power plant Individual Plant Examination (IPE) submittal, and
associated documentation which includes licensee responses to staff generated
questions and comments. The licensee's IPE is based on a Level 2 PRA
consistent with guidance issued in Generic Letter 88-20 Appendix 1. The IPE
was performed by a team of personnel from Cleveland Electric I1luminating
Company (CEl), Halliburton NUS Environmental Corporation, Gilbert
Commonwealth, and Garbor Kenton and Associates. CEI maintained involvement 1n
the development and application of PRA techniques to the Perry facility with
the objective of transfer of PRA technology to the CEl licensee personnel.

The Perry IPE represents the currently as-built and as-operated plant. The
staff notes that major plant departments provided input to the IPE development
as part of a peer review. In addition, the licensee intends to maintain a
“living" PRA.

Perry has several features that impact the core damage frequency (CDF).
Features that have a positive impact on CDF include: a stand-by moter driven
feed pump, dc bus cross-tie capability with the (uncompleted) Unit 2 dc
batteries. different size HPCS DG than the other two DGs (diversity reduces DG
common cause failures); cross-tie capability of the HPCS DG to the Divis.on 2
emergency bus. Features that have a negative impact include: containment
failure leads to injection failure, did not take credit for HPCS injection as
part of the success criteria for ATWS, and "ADS inhibit" action is not
automatic.

The licensee used NUMARC Severe Accident Issues Closure Guidelines to identify
vulnerabilities. According to these guidelines if the contribution from a
given initiator or systems failure is greater than 507 of the total CDF, then
it 15 interpreted as a significant vulnerability. If the contribution is 20-
50/, it is interpreted as a potential vulnerability to be investigated.
Similarly, sequences with frequencies between 1.0E-5 and 1.0E-4 were

reviewed by the licensee to determine if an effective plant procedure or
hardware change would reduce these frequencies. No vulnerabilities were
identified based on this definition.

The Perry IPE results are different from the Grand Gulf NUREG-1150 study,
where the major contributor was common cause failure of the DGs. The
differences stem primarily from the fact that the Perry IPE (a) did not take
credit for manual insertion of individual groups of control rods and (b) did
not assume HPCS injection as part of the success criteria for ATWS.

Based on the review of the Perry IPE submittal and associated documentatior,
the staff findc the licensee's conclusion that no fundamental weakness or
cevere accident vulnerabilities exist at Perry acceptable and concludes that
the licensee met the intent of Generic Letter 88-20.



The licensee's IPE results are (*) summarized below:

o

Plant type: BWR 6
Containment Type: Mark 111
Total Core Damage Freguency (internal events and flooding): 1.32E-5/year

Flooding alone: 1.54E-6

Major Initiating Events and contribution to core damage frequency
(internal events):

Contribution
LOSS OF OFFSITE POWER 12.4%
LOCAs 2.6
BLACKOUT 19.3
ATWS 40.7%
TRANSTENTS 25Y%
Major contributions to dominant core damage sequences:

Transient followed by failures of PCS, the control rods, the
feedwater pump, and the operator to inhibit ADS (19.5% of the
total CDF),

Loss of PCS followed by failure of containment heat removal
through RHR and containment venting (13.9%),

Station blackout followed by failure of HPCS, recovery of offsite
power within 3 hours, the fire protection system (6.6%),

Loss of instrument air followed by failures of RCIC and HPCS and
of the low pressure ECCS and low pressure alternate injection
systems (6.5%),

Transient, followed by failure PCS, the control rods, and the
operator to initiate the standby liquid control (5.4%),

Loss of offsite power followed by failures of HPCS, suppression
pool cooling, recovery of offsite power, and of the low pressure
fCCs and alternate low pressure make-up (5.2%).

Station blackout followed by HPCS and RCIC failures, non-recovery
of offsite power in 0.4 hours and the fire protection system to
provide alternate injection. (4.5%)

Station Blackout followed by failures of HPCS, the batteries at 7
hours and recovery of offsite power within 13 hours, resulting in
failure of containment heat removal and coclant injection. (2.9%)
Loss of offsite power followed by HPCS and RCIC failures, non-
recovery of offsite power in 0.4 hours and failure of the Tow
pressure ECCS make-up and the fire protection system to provide
alternate injection. (2.9%)

Trancient, foilowed by failure of the PCS, the control rods, the
operator to re-open the motor feed pump and depressurize the
reactor. (2.77%),
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- Maintenance improvements for reducing out-of-service time for
certain critical components.

- "Fast firewater' tie between Fire Protection and HPLS for
alternate emergency cooling injection, and

- Permanent Division 3 to Division 2 "quick" crosstie,

0 Modifications under evaluation:

- ADS automatic initiation (other than ATWS),

- Passive Containment Vent,

- ATWS/ADS automatic inhibit,

- ATWS /Feedwater runback between MSCWL and the Level 2 MSIV
isolation bypass, and

- Alternate Boron Injection.

* Information has been taken from the Perry IPE and has not been
validated by the NRC staff.



1. INTRODULCTION

This Technical Evaluation Report ( TER) documents the results of 4 Step | review ot the Perry Individual
Plant Examination (IPE) Back-End submuttal [1]. hased on the Step | review objectives set torth by the

NRC. These objectives include the tollowing

. To determine if the IPE submittal essentially provides the level o detail requested in the
Submittal Guidance Document. NUREG- 1335

L To assess the strengths and the weaknesses ot the IPE submittal
. To provide a preliminary list of Guestions hased on this limited review
. To complete the IPE Evaluation Data Summary Sheet.

This TER complies with the requirements of the contractor task order for Step 1 review. Section 2
summarizes our findings and briefly describes the submittal as it pertains to te work requirement. Each
portion of Section 2.1 corresponds o a spevitic work requirement as outlined in the NRC contractor task
order. Identified IPE submittal strengths and weaknesses are summarized in Section 2.2, Section 2.3
contains a review of the principal issues addressed in the licensee response 1o NRC questions, which were
torwarded to the licensee tollowing the 1ssuance ot the draft version of this report  Section 3 contains
4 summary of the overall IPE evaluation and the review conclusions The Appendix contains the IPE

evaluation summary sheets
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2, CONTRACTOR REVIEW FINDINGS

The present Step | review compared the Perry IPE submittal to the requirements of Generic Letter 88-20
(GL), according to the guidance provided in NUREG-1335 The tindings of the present Step 1 review
are reported in this section. The review findings. hased on NRC s acceptance criteria tor IPE submittals.
are divided into submirtal strengths. submittal weaknesses. and issues that can only be resolved through
further interactions with CEL In Section 2.3 ot this report, questions are posed tor NRC staft use n

further review of the IPE

The key points of the GL (and its Supplements) have heen addressed in the IPE submittal report
However, some areas of concern do exist These are discussed in Section 2.2,

2.1 Review and ldentification of IPE Insights

2.1.1 General Review of IPE Back-End Analytical Process

2.1.1.1 Completeness

The IPE submittal is essentially complete with regard to the requirements of the Generic Letter and
NUREG-1335§

2.1.1.2 Description, Justification and Consistency

The IPE methodology used tor the back-end evaluation tollows the procedure of the NUREG-!150
analysis of the Grand Gult plant (2] The entire process. including the definition of the plant damage
states. the Containment Event Tree (CET) analysis. and the definition of source term bhins, represents a
condensed version of the NUREG-1150 analysis. It is important to note that the Perry IPE back-end
analysis 18 much more transparent and easily understandahle (ian the NLU REG-1150 analysis, with no
apparent 1.ss of completeness. The approach tollowed 18 consistent with generic letter GL 88-20

2.1.1.3 Peer Review of the IPE

Section 5 2 provides a discussion of the independent review of the 1PE submittal.  No-speciic 1asues
related to the back-end analysis were identified hy the reviewers

2.1.2 Containment Analysis and Characterization

The Perry plant has a General Electric BWR 6 reactor rated at 3579 MWt and a Mark 11l steel
containment. A description of the containment 15 provided in Section 4.1.1 and Appendix H.1 of the
submittal. and Figure 4.1.1-1 illustrates some of the design features ot the containment.

The Perry containment vessel is a tree standing steel shell with an elliptic dome located inside a concrete
shield building  The drywell s inside the containment vessel  All of the structures are supported hy a
concrete mat. The steel containment vessel is designed tor @ maximum internal design pressure of 15
psig with a coincident temperature of 185°F. and a maximum external pressure of 0.8 psid. The drywell
is a vertical cylinder connected to the suppression pool by 120 vents. Table 4.1.1-1 in *he submittal
provides a summary comparison of the key design features of the Perry and Grand Gulf plant and

containment systems
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2.1.2.1 kront End Back End Dependencies

The interface hetween the front-end and hack-end analyses 1s defined by & set o Plant Damage States
(PDSs) The plant damage states detine a set ot tunctional characteristics tor system operation which are
important to accident progression, containment tailure and source term definition.  Each plant damage
state defines a unigue set of conditions regarding the state 0f the plant and containment systems. the state
of the core and the Reactor Coolant System (RCS). and the state of the containment boundary at the time

of core damage
The Perry IPE plant damage states are defined based on the tollowing combination of binning
characteristics:

1. Initiating Event Type Identifies the accident initiator. Types of accident initiators include Station
Blackout (SBO). loss of offsite power. Anticipated Transient Without Scram (ATWS), and all
other transients and LOCAs, which are classified under the sub-heading of ‘other’ accident

sequences
2 Containment Status at Core Damage Identities the containment status at core damage as either
intact, isolated. bypassed or tailed
3 Timing of Power Recovery tor SBO Sequences Indicates the timing of offsite power recovery

for station blackout sequeices (1@ . prior to vessel fatlure, pror o containment tailure, or no

recovery)

4 Starus of Containment Mitigation Features  Ditterentiates accident sequences based on the
tunctional availability ot containment mitigation features such as containment sprays. containment
heat removal. and containment venting.

) Reactor Pressure Vessel Injection Status Indicates the reactor fressure vessel (RPV) injection
tailure time. Also., indicates the possibility tor late in-vessel injection (prior to core plate tailure)
6 ressure of the Reacto ure Vessel Indicates whether or not the RPV is depressurized

during core damage

The assignment of the end states 01 the Level | event tiges to the corresponding plant damage states was
performed by extending those event frees through a plant damage state grouping logical diagram
(displayed in Figure 4.3.2-1 of the submittal) The plant damage state event tree has 11 top events
including the tollowing  status of the containment. availability of containment heat removal, containment
heat removal with vent, late RPV depressurization, and late in-vessel injection and the recovery of AC
power. It was found that 75 possible plant damage states were required to group all the Level 1 accident
sequence outcomes.  Plant damage states with trequencies less than 10" were eliminated from turther
back-end analysis. A listing of the |5 plant damage states contributing 95.2% ot the total core damage
trequency (including both internal and flooding sequences) is provided in Table 4.3.3-1 of the submittal.
The PDS binning process appears to be reasonable. and includes all indicators of interest to back-end

analysis.
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2.1.22 Sequences With Significant Probability

Prohabilistic quantification of severe acaident progression tor plant damage states is performed using a
condensed version of the Grand Gult contanment event tree (CET) dey eloped as a part of NUREG-1150
[2]. The actual event tree Is 100 detaited 1o be listeu here. and is provided in Table 4.5.1-1 ot the
cubmittal  Severe accident progression was classified into the tollowing tour general time periods of
interest (1) initial, which involves the time period prior o core damage (tor entry into the tree). ()
early, which involves the time period from the beginning ot core damage to just before v.isel breach.
(3} intermediate. which involves the time period trom immediately betore vessel breach to the ime of
significant core concrete interaction, and (3) late, which involves the time period during the time of
significant core concrete interaction. A total of 125 questions covered the accident progression in the
Grand Gulf CET. whereas the event tree in the Perry IPE submittal has 68 nodal questions. A summary
containment event tree is presented in Fig. 4.5.2.1-1 ot the submittal, but this tree groups together several
of the nodes in the actual event tree, and is for the purpose ot understanding only.  Descriptions of each
event and the rationale for assigning particular spht fractions to C ET nodes are provided in Appendix H

(Section H. 3

The first 11 events in the Perry CET cover the detinition of plant damage states, and have already been
addressed in Section 2.1 2.1, 1t is to be noted that although the corresponding portion of the Grand Gult
CET has 22 questions. ail of the important issues are addressed by the CET tound in the submittal

The next 18 events analyze the early time frame. from the time of core damage to the uime just prior o
vessel breach  Important phenomena treated include coolahility uf debris in-vessel, containment failure
hetore vessel breach (principally due to hydrogen combustion), and injection and spray tailure due w
containment failure. Some important phenomena not treated include the probability of the Steam Rehet
Valves (SRVs) sticking open (during cycling), and the prohability of the core reaching a critical
configuration after core damage. The phenomena of recriticality of the core after core damage 8
important for BWRs, especially tor ATWS sequences A probability ot 0.1 was assigned in NUREG-
119 tor the core reaching a critical contiguration after injection

Twenty-tfour nodes in the event tree address the intermediate time trame. from just prior to vessel breach
until the time prior to the beginning of core-concrete interaction Potential modes ot drywell or
containment tailure considered include a-mode steam explosions, pedestal cavity steam explosions, high
pressure melt ejection induced direct containment heating. hydrogen combustion, and steaming.  In
addition, suppression pool bypass is treated by two event tree nodes.  Four nodes address spray and
injection failure due to containment tallure. One important point 1o be noted here is that the probability
used in the submittal for an a-mode explosion-induced bottom-head tailure was taken trom NUREG-1150.
but was arbitrarily reduced by a factor of ten. The submittal did check the impact of this parameter by
performing a sensitivity analysis, the results of which showed a 58 % decrease in No RPV Failure, a 10%
decrease in No Pool Bypass. and a 1 % increase in Containment Failure.

The last 15 nodes in the tree address events that occur in the late phase, 1e., during the core-concrete
interaction phase of the accident. Core concrete interactions in the pedestal cavity. the assoviated pedestal
structural tailure. and the generation and possible combustion of hydrogen are all considered in the event
tree. However, the treatment of combustion of CO in the event tree s not clear. Late suppression pool
bypass is also treated . Late venting ot the containment and the possibility of operator error in failing w0
open the vent (if AC power is available) are not considered
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In summary. almost all the phenomena ot interest tu severe acvident phenomenology are treated in the
Perry CET. However, the submittal is not transparent on the treatment of phenomena such as combustion
of carbon monoxide and recriticality of the degraded core after core damage

2.1.2.3 Containment_Failure Modes and Timings

The Perry Mark 11i steel containment has an internal design pressure of 15 psig. For the IPE submittal.
the following ten potential containment fiilure modes were identitied by the containment architect

(Gilbert/Commonwealth)

Dome knuckle

Dome apex

Cylinder

Personnel airlock
‘ Equipment hatch
-8 Penetrations Pi23, P205 and P414
<10, Steel and concrete anchorages

The most likely failure Jocations were found to he the containment penetrations Of all the containment
failure modes, these penetrations have the lowest tailure pressure 157-60 psig). Two unlikely, but
important. failure locations that were identified in the analysis are the steel and concrete anchorages.
which can in turn fail the RPV injection lines and cause the loss of suppression pool water inventory
Anchorage failure can also lead 1o releases trom the drywell directly to the environment without
suppression pool scrubbing. A median tallure pressure of 64 3 psig was arrived at for the containment
tailure pressure. The conditional probability of tailure of the containment anchorages was also evaluated.
as was the effect of containment overpressure failure upon RPV injection

The internal design pressure of the Perry drywell s 30 pug The tollowing five failure modes were
ide ~titied tor the drywell

| Drywell wall

2 Drywell root

3 Drywell head

- Drywell equipment hatches
5 Drywell personnel airlock

The tailure of the drywell head was tound to be the most significant mode of tailure. The drywell was
found to have a median failure pressure of 708 psig. However. it should be noted here that in the
evaluation of drywell capacities. the results obtained from plant specific calculations were discarded and
data for Kuosheng plant is used. The reason for using the Kuosheng data is stated to be the geometric
similarity ot the two plants

The eftects of high temperature on concrete, reinforcing steel, steel plate. and seal materials are addressed
in Appendix H.1 of the submittal. The only significant effects were noted to be for the steel plates and
seal materials. Data for the high temperature pertormance of the drywell hatch seals and electrical
penetration seals are provided in Section 8 ot Appencix H 1 for some cases, and referenced there tor
others. However it is not clear how these data are used in the actual evaluation of containment fragilities
at high temperatures in the IPE subinittal The leakage behavior ot inflatable seals at elevated
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temperatures (such as the ones tound in the personnel lock and escape fock) has been 4 subject of study
in the recent past. and an analytical empirical methodology is reported in Reterence [4] for the ey aluation
of threshold pressure of leakage for these seals The licensee should include such data tor the evaluation
of the containment tragilities at elevated temperatures

In summary, the evaluation ot the containment capacities in the submittal appears to be acceptable
However. the use of data for the Kuosheng plant drywell capacities tor the Perry plant. and the lack of
clarity on how the effect of elevated temperatures upon the containment capacities is treated are two
shortcomings of the submittal

2.1.24 Radionuclide Release Categories and Characterization

The results of CET analyses lead to an extensive number of end-states, which are in turn binned tor
source term analyses. This process is analogous to the definition of PDSs for the level | to level 2
interface. Outcomes of the CETs are classitied into a manageahle number of releases, which are
characterized by similarities in accident progression and source term charactenistics

The Perry IPE submittal [1] defived 25 source term release categories, including intact
contamment/recovered states (Figure 4.7 1-1 of the submittal) The grouping logic is also described in
that figure

The Perry IPE source term bins are detined based on the tollowing combination of hinning
vharacteristics

I Containment Bypass. Describes whether containment hypass ocears due to intertacing systems
LOCA (V seguence). and main steam line breaks

., Debris Coolability In-vessel  Provides an indication of whether or not ex-vessel debris
interactions are possible

3 N atus q0) amage Indicates whether or not the containment is isolated at the
point core damage hegins

- Time of Containment Failure: This indicator differentiates the time of containment failure ( tor
non-hypass sequences and sequences that involve no tailure prior to core damage) into Early
(prior o or at vessel breach). Late (several hours after vessel breach), and No failure

s Mode of Containment Failure The modes of containment ..'ure are anchorage failure,

penetration tailure, and containment venting

6 Suppression Pool Bypass Suppression pool bypass is classified into early, late and no bypass for
all sequences

7. Containment Spray Operation This indicator classities sequences with pool bypass based on
whether or not sprays operate over the entire time period when radionuclide release is occurring

8 Type of Core-Congrete Interaction Three types ot core concrete interactions were considered.

namely, dry, wet, and no CCl The wet cases were binned with the dry CCl sequences.
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The determunation of the source term magnitudes. composition. and release uming tor each release
category was performed using the MAAP 3 0B code. MAAP calculations were then pertormed for 11
of these release categories. and the releases tor the other categories were charactenized by similarity to
one of the calculated source terms. The representative acciden: sequences used tor the release category
calculation were selected on the basis of a sigmficant frequency Of Occurrence at the PDS level and a
significant probability ¢t containment failure The accident sequences selected for the specification of
the release fraction corresponding to each source term calegory are listed in Table 4.7.3-1 ot the
submittal The timing of the releases for each release category are provided in Table 4.7.3-2. The actual
magnitude of the source terms for each category are listed in Table 4 7.3-3 Recommendations for source
terms for the unanalyzed source term categories, hased on the analyzed sequences, are provided in Table
4734 From Table 4 7.4-2, release categories that have frequencies greater than 1.0E-10 per reactor-
year appear to have been reported in the submittal. although the IPE submittal does not report the cutott
value Generic Letter 88-20 states that “any functional sequence that has a core damage trequency greater
than or equal to 10" per reactor year and that leads to containment failure which can result in a
radivactive release magnitude greater than or equal to the BWR-3 or PWR-4 release categories ot
WASH-1400" should be reported.  The IPE submittal tulfills this requirement.

Other than the magnitude of the releases of the fission products, no other characteristics are fisted in the
submittal. This audit would have been facilitated it characteristics such as time of release. duration ot
reicase, energy of release. height of release. and isotopic fractions released to the environment had been
provided in the submittal  Though the Generic Letter does not require listing of these characteristics.
nevertheless, they are equally important in terms ot providing insights about containment vulnerabilities

A cursory comparison of Tahle 4 7.3-3 of the IPE submittal and Tables 3.3-1 to 3 3-11 of NUREG/CR-
4551 |2 indicate that the source terms reported in the submittal tor the volatiles and noble gases are ot
the same order of magnitude. while those of Te (assumed to bhe present as TeO. in the submittal) are
larger i Perry The releases for other species could not he compared since NUREG-1150 reports an
inordinately large numher of release hins In summary. the source terms reported in the IPE submittal
are sufficient and satisty the scope of the generic letter 1t s noted, ho - ever. that all the source term
“aleulations in the submittal were performed for transients. and no caleulations were performed tor
(eritical) ATWS sequences, which can lead to large releases

2.1.3  Quantitative Core Damage Estimate

2.1.3.1 Severe Accident Progression

The IPE submittal cites the use of the MAAP 3. 0B BWR version 7.02 code tor the analysis of accident
progression and fission product source terms. The MAAP input file is provided in Appendix H.5. It
is stated in Section 4.6 that intormation regarding the iming of key events, containment loads, mitigation
eftects of injection systems, the generation and combustion of CO and H.. and core concrete interactions
were obtained from the MAAP calculations.  However, no other details are available regarding the
accident sequences for which MAAP analyses were pertormed and the results of the pertormed MAAP
analyses. For evaluating the source terms. MAAP calcutations were pertformed for 11 accident
sequences, and those transients are listed in Table 4 7.3-1  Some results tor key timings ot these accident
sequences are listed in Table 4.7.3-2.
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Sensitivity caleulations are stated to have heen pertormed on the tollowing parameters

The coetficient for critical heat flux used in debris covlability.
Containment tailure area.

Impact of core geometry upon cladding oxidat. .

Delayed hydrogen combustion, and

Dittusion flame modelling during ignitor operation

b Sl 0D e

Appendix B of Reterence [3] recommends sensitivity studies on more than 20 parameters tor the MAAP
310 BWR code. It is surprising that one of the authors of that reterence has pertormed the MAAP
caleulations for this submittal and has not taken into consideration his own recommendations

Phenomenological uncertainties have received a limited treatment in the IPE submittal. Most ot the
phenomenyg of importance o BWR severe accident phenomenology have heen treated in the submittal.
and they include the following:

(1) Hydrogen combustion,

(2) Direct containment heating.

(3) Steam explosions (both alpha mode and pedestal cavity).

(4) Molten core-concrete attack, and

(&) Containment and drywell pressurization due t© blowdown and vessel breach

The phenomena not treated in the Perry IPE submittal include the tollowing

(1) Core recriticality due to loss ot control materials. and
(21 Combustion of carbon monoxide generated due to MCCI

The lack of detailed MAAP calculated results, and a lack of sensitivity caleulanions (on those sensitivity
[.-ameters recommended in Reterence |3]1 are two shortcomings ot the sohmittal

2.1.32 i : i Wi

Table | shows a comparison uf the conditional probahilities ot the containment tailure modes set out in
the Perry IPE submittal. together with the results ot the NUREG-1150 study [2] tor the Grand Guit plant
All comparisons are made tor internal initiating evenis only

The Perry core damage trequency from internal events in the submittal is an order of magnitude larger
than that reported in the Grand Gulf NUREG-1150 report.  Nearly 32 5% of the Perry core damage
frequency is contributed by sequences which involve containment failure at the time of core damage.
These sequences lead to early containment tailure or venting at the time of core damage. Another 62 %
of the core damage trequency is contrihuted by trunsients with containment heat rejection available. and
which have a depressurized reactor vessel  These sequences contribute to less than 1% to the core
damage trequency of the Grand Gult Plant. Finally. station blackout sequences contribute about 97%
of the CDF (3.96x10" per reactor year) in Grand Gult, while in Perry, they account for 4.4% ot the
CDF (5 6x10" per reactor year). With such large differences in the CDF. and in the dominant accident
sequences. it is to be anticipated that the containment response will be altogether ditferent in the two
plants. Only a cursory comparison can he made hetween the two plants. It appears that all the station
hlackout sequences lead to some torm of containment tailure in Perry. while for Grand Guit. venting
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Table | Containment Failure as a Poreentage of Internal Events CDF Comparison with
Other PRA Studies

Containment Failure Mode

Early Fallure with Early 3.5 158
Pool Bypass, No Spray

Early Failure with Early 0.5 49
Pool Bypass, with Spray

Early Failure with Late 125 07
Suppression Pool Bypass

Early Failure with No g3 218
suppression Pool Bypass

Late Failure 74 28 4
Venting 203 38
Inta.t 39.1 23.0

Core Damage
Freguency. yr

tollowed by late containment failure was tound to be the dominant contributor to containment tailure
Ir Perry all the ATWS sequences seem to lead to early containment tailure and venting. while in Grand
Gult. there is a 6% chance of no containment failure, and a 74 chance of late containment failure
Beyvond these simplified comparisons, no other conclusions could he reached. since submittal Tables
4 3 3.1 and 4.5.3-3 do not hist all the sequences that contribute to all the PDSs

2.1.33 Characterization_of Containment Performance

By performing the MAAP calculations. the IPE team assessed the containment loading and charactenized
containment performance for important accident sequences As already mentioned in Section 2.1.3.1,
a tew sensitivity studies were performed using the MAAP code. However, there are some reservations
ahout the treatment of uncertainties in the phenomena and their impact upon the containment performance

The uncertainties in the phenomenology are treated indirectly. In the hase case IPE quantification. the
analysis is performed within the MAAP tramework of treatment of the phenomenology. Single point
estimates are obtained for the important phenomenological questions and for containment loads. and the
containment loads are compared with the containment tragility curves o arrive at the probability of
drywell/containment failure. Subsequently in Section 4 6.2, sensitivity analvses are performed upon the
CET analyses. For each event node considered to be a source of uncertainty, sensitivity studies were
pertormad by varying the split traction of the node between its logical limits. The results of performing
these sensitivity studies upon the CET outcomes are reported in Section 4. 6.2 Within this tramework
of treatment. the phenomenological uncertainties are explored. Key phenomenological sensitivities treated
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here include the following: RPV depressurization during core damage. in-vessel coolabiiity. mode of
RHR spray operation. fraction ot in-vessel zirconium oxidation, small burns, containment failure
pressure. mode of containment tallure. mode of in-vessel steam explosion honom head tailure, RPA
lower head tailure size. pedestal tailure due to steam explosion,  corg-coolability ex-y essel, and human
action 1o activate the hydrogen ignitor system. Ot those sensitivities. only two were tound to have an
impact upon containment tailure. namely, in-vessel coolability. and the prohabiliny ot in-vessel steam
explosion induced hottom head tailure

The treatment of containment tailure in the submittal 18 adequate and tollows the NUREG-1150 method
of treatment ot containment failure by comparing the pressurization rate with the containment tragihiny
curves and estimating the probabilities of leak and gross rupture. However. the uncertainties associated
with containment loading for ditterent phenomena were not directly treated  Also. the effect of high
temperature upon the containment failure pressure in the late phase of the accident is not treated in the

submittal

2.1.34 Impact on Equipment Behavior

The impact of the severe accident phen.mena upon equipment hehavior is treated in one case. where the
effect of the containment overpressure failure upon RPV injection 1s considered in the containment event

tree The effect of containment tailure upon the Operating injection Systems was evaluated by considering
the tollowing phenomena

1 Injection system piping detormation.
. Containment tailure mode. and
3 Injection system degradation due to environmental conditions

Similarly. the etfect of containment tailure upon the RHR containment spray was also evaluated.
Hov sver. the possibiliy of the equipment tailure at elevated omperatures prior to containment tailure

A4

was not ¢, aluated in the submittal

2.1.4 Reducing the Probability of Core Damage or Fission Product Release

2.1.4.1 Mmmummmwmmmuﬂimmm‘ﬁ

A discussion of vulnerabilities is presemted in Section 3.4.2 of the submittal. though this discussion
corrasponds mainly to the tront-end portion ot the IPE. A general discussion of the vulnerahilities ot the
Mark-111 containment is provided in Section 3.4 2.3, Unigue containment features are discussed in
Section 6.1 2. 1t is reported in that section that one unique containment feature at Perry is the possible
anchorage tailure given containment failure, which can atfect injection sources and lead 1o a loss of
suppression pool water  No spevitic change in containment design is proposed. however. a number ot
procedural changes and several system modifications of interest to the front-end analysis are proposed

2.1.5  Responses to The Recommendations of The CPI Program

As rart of the Containment Pertormance Improvement (CPI) program, several design considerations for
BW RS with Mark 111 containments were considered in the IPE submittal (Section 4.6.3)  These include
the recommendations of the CPI program. and. in some cases. are system modifications identified as &
part ot the submittal.  The tollowing containment and system improvements were considered.
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I Passive containment venting design.

2 ATWS altérnate shutdown and ADS inhibit design consideration.
3 Backup power to hydrogen ignitors tor operdt.on under station blackout conditions and
4 Combinations of the above

A passive vent design would include a rupture disk in an alternate vent line to open rutomatically upon
containment overpressure. Although the alternate vent path has not been designed. the associated change
in the containment failure probahilities was evaluated in the submittal, and the resu’ss displayed in Table
4631 A substantial decrease in the probability of RPV failure and containment failure was observed.

The ATWS alternate shutdown and ADS inhibit design was considered to address the critical ATWS
sequences.  An automatic ADS inhibit was found to reduce core damage frequency. The containment
performance improvement includes a modification in the EOPs to control the RPV power level as 3
function of containment pressure. using a water level band such that the steam generated was within the
containment vent heat removal capacity . The eftect oi this procedural and system modification was tound
o be a reduction of 13% to the conditional probabilities ot hoth RPV failute and containment failure

The provision of a backup power supply to the hydrogen ignitors was suggested by the CPI program to
control hydrogen burning in station blackout sequences However, singe station blackout sequences were
found 1o contribute less than 5% of the core damage trequency in the Perry IPE submittal. this provision
would have limited impact on containment pertormdn.e Calculations performed as a part ot the
suhmittal show a 6% reduction of the conditional probability ot containment structural tailure, and 2%
reduction of the conditional probability of RPV tailure.

Finalls. the joint effect of the passive vent design and ATWS alternate shutdown and ADS inhibit design
change were evaluated  An increased chance ot core damage arrest, ~d a reduction in core damage
frequency and conditional probability of contamment tailure. were found to result. The eftect of
combined passive vent design. ATWS alternate shutdown and ADS inhibit design, and the provision ot
hackup power to the hydrogen ignitors. was also investigated. As explained earlier, the additional ettect
of adding the backup power supply to the HIS system was found to be insubstantial.

The ettect of these possible containment design changes upon the source terms was not evaluated in the
submittal

2.2 IPE Strengths and Weaknesses

2.2.1  Strengths of IPE

] The Back-End portion of the IPE is complete with regard to the information provided in the
subject areas identified in Generic Letter 88-20  However, some clanifications and detailed
results are needed in the submittal to confirm the IPE findings

2 For the most part, the separate models used in the Perry IPE Back-End analysis are technically
sound.
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3 The Perry IPE employs a simplitied version of the NUREG- 1150 PRA methodology. It should
he noted that the methodology used in the IPE submittal is more easily understandahle than that
used in the NUREG-1150 PRA. without sacriticing any of the important details

B The Perry IPE treats most of the phenomens 1 IMportance in severe acoident progression in
accordance with Appendix | of the Generic Letter

The containment event tree used in the IPE submittal 15 a condensed version of tne event tree
used in NUREG-1150 for the Grand Gult plant. Again it should be noted that the smaller size
of the tree and the presentation in Figure 4.5.2 1-1 make it more transparent than the Grand Gult
tree. while virtually all important top event nodes are included in the Perry CET

¥

6 The evaluation of containment capacities and the containment tailure modes are detailed and
complete.

7 The source term analysis in the Perry IPE submittal has heen performed with stare-of-the-art
tools. and sufficient source terms have been calculated

2.2.2  Weaknesses of IPE

l Involvement of CEl personnel in the IPE appears to have heen limited, although the task breakup
indicate at least one CEIl personnel for each task. The majority ot the modelling and anaiysis
eftort appears to have been pertormed by outside contractor personnel (NUS corporation, Gilbert
Commonwealth, and Gabor, Kenton and Associates. L)

: The absence of results trom MAAP analyses o accident sequences. and the lack of sensitivity
analyses of these accident sequences (at & mimimum. those suggested in Reference S). are
important shortcomings of the submittal

The treatment of the containment capacity at elevated temperatures, though discussed in Appendix
H. 15 weak

s

4 The treatment of uncertainties tor ditferent phenomena is a shortcoming of this IPE submittal.
Phenomenological uncertainties associated with the containment loading in BWR accident
sequence modelling are not treated in the Perry IPE submittal. however. a number of sensitivity
analyses were pertformed

o | Evaluation of Principal Issues from Licensee Response to NRC Questions
Following the issuance of the draft version ot this TER. the NRC forwarded a number of questions to
the licensee.  The licensee’'s responses to these quastions |S] have been reviewed. and generally found

to he acceptable. A summary of the principal issues addressed in the licensee's response to the NRC
questions is provided below

B.E.1 Recriticality After Core Damage Due io Meltdown of Control Rods

For non-ATWS sequences, during core damage progression atter mehdown ot control
rods. there is a (small) possibility of core becoming recritical This was not addressed
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B.E.2

B.E.2

B.E4

in the Perry tand several other) IPE .ubmittals. The response claims to have addressed
this question imphicitly as a part of the late containment failure (dug to steam generation)
event. Since there 18 no dependency on any recriticality node. we can only guess that the
analysts corservatively increased the probahility of  containment tallure by
averpressurizetion 10 account for tie recriticality event. However. it 1s not anticipated
that recriticaliy for non-ATWS sequences will significantly add o the conditional
probability ot containment tailure. and it appears that the licensee is aware of this issug

CO Generation

Although not mentioned in the submittal. the licensee has used the NUREG-1150
analyses for Grand Gult tor

(a) moles of CO generated for dry and wet pedestal floor (although not all the
Grand Gult CET branches appears to have been included). and indirectly for
drywell pressure, and

(h) AICC burn code used in the NUREG-1150 code was used to calculate the
burn pressures

The licensee used the CO generation and combustion results from the NUREG-1150
analyses, whereas trom the submittal. it appeared that the MAAP results had been used
for the late phase of the accident. Hence, the treatment of CO generation and
combustion appears to be comparahle to NUREG-1150 analyses.

in-Vessel Steam Explosion

The licensee has concluded that the NUREG/CR-4551 estimates of the probability ot
IVSE are one order of magnitude too large. It appears that the necessary insights have
heen gained through their sensitivity analyses and a literature review to buttress the IPE
results

Drywell Fragility Curve

The response to this question 1s still not cony incing  This question was raised because
it appears that the Perry-specific caleulation by Gilbert Commonwealth has heen
discarded by NUS._ It is possible that the drywell of the Perry plant is very similar to
Kuosheng. but the licensee has not providad proper justification for using the containment
fragility curve tor Perry in the submittal It is also not clear to the reviewers why the
containment capacity (64.3 psig) 18 about 10-20 psig larger than other BWRs with Mark-
Il containments (i ¢ . Grand Gult)

Impact of Elevated Temperature on Equipment Performance

The response to this question implies that the only equipment that are considered (for
equipment performance in back-end anslyses) are Hydrogen Ignition System (HIS) and
H. analyzer (for the HIS). Containment spray header plugging and RHR heat exchanger
plugging was not considered atter core damage In addition, the effect of local hydrogen

Perry IPE Back-End Review 13 ERI/NRC 92-1106



Perry IPE Back-End Review 14

detonations within the containment (wetwell) upon the hydrogen ignition system (1. .
temperatures above 345 F) also does not appear to have heen considered

AC Power Recovery, Recovery of Sprays and Hy drogen Carbon Monoxide Burn

It was not clear from the submittal it recovery ot AC power late. RHR sprays. and
hydrogen ignitor operation late in the accident where questioned.  However. in
retrospect, since the (abridged) Grand Gulf event tree was used, it appears that the same
split tractions as in NUREG-1150 are used for the tour late burn-related questions. 1.¢..
for RHR spray operation and steam condensation. probability ot late burn, late
availability of AC power and hydrogen 1gnition sources.

In addition. for the late controlled burn (i.¢.. use of containment Sprays 1o control burn
pressure), the NUREG-1150 AICC burn model has been used tor hoth the hase case and
the sensitivity study. There are no objections to this model. but. the use of the NUREG-
1150 analyses and the description of the various subcases (as described in the response)

should have been included in the submittal
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3, OVERALL EVALUATION AND CONCLL SIONS

A submittal-only review of the Perry IPE indicated that. tor the most part. the IPE is transparent and well
ducumented, Some details, such as the method of treatment of combustion of noncondensable gases. and
the hases for the sphit fractions used tor the quantificaion of soime severe accident issues. are lacking
Following the issuance of the dratt version ot this TER. a number of questions were torwarded 1o the
licensee. A review of the licensee reponses showed that the licensee had pertormed additionai detailed
analyses which were not documented in the submittal  Based upon the review of the submittal and the
licensee responses to the back-end questions. 1t appears that the licensee has provided a substantial amount
ot Back-End information which contributes to the resclution of the severe accident vulnerability 1ssues

for the Perry nuclear plant
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APPENDIN

IPE EVALUATION AND DATA SUMMARY SHEET

W ‘k-End Facts
Plant Name
Perry
Containment Type
Mark 11 containment

Unigue Containment Features

The possible anchorage tailure given containment tailure. which can aftect injection sources and
lead to a loss of suppression pool water (Applicable to all Mark Ui containments)

Unique Vessel Features
None found
Number of Plant Damage States
75 total; 15 used
Containment Failure Pressure
643 psig (median); Drywell Failure Pressure = 70.8 psig (Median)
Additional Radionuclide Transport and Retention Structures
No additional structures credited
Conditional Probability That The Containment Is Not Isolated
0.0
Important Insights Including Unique Safety Features
None found related to back end
Implemented Plant improvements
Plant improvements under consideration include (1) passive containment venting design. and (2)

ATWS alternate shutdown and ADS inhibit design consideration
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C-Matrin

See Tahle 4 § 3.2 of the submitta
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