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February 20, 1992
,

Docket No. 50-605,

APPLICANT: General Electric Company (GE)

PROJECT: Advanced Boiling Water Reactor (ABWR)

SUBJECT: SUMMARY OF MEETING HELD ON JANUARY 22, 1992

A public meeting was held between the Nuclear Regulatory Commission

(NRC) staff and GE representatives at NRC headquarters in Rockville, Maryland,

on January 22, 1992, from 9:00 a.m. to 4:00 p.m. The purpose of this meeting

- was for GE to present the status of their probabilistic risk assessment

sensitivity and uncertainty analyses for the ABWR. Enclosure 1 is a list of

the attendees, and Enclosure 2 is a copy of the handout presented by GE.

original signed by: Victor M. McCree
Rebecca L. Nease, Project Manager
Standardization Project Directorate
Division of Advanced Reactors

and Special Projects
Office of Nuclear Reactor Regulation

Enclosures:
1. Attendees List
2. GE Handout
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General Electric Company Docket No. 50-605
,-

cc: Mr. Patrick W. Marriott, Manager
Licensing & Consulting Services
GE Nuclear Energy
175 Curtner Avenue
San Jose, California 95125

Mr. Robert Mitchell
General Electric Company
175 Curtner Avenue
San Jose, California 95114

Mr. L. Gifford, Program Manager
Regulatory Programs
GE Nuclear Energy
12300 Twinbrook Parkway
Suite 315
Rockville, Maryland 20852

Director, Criteria & Standards Division
Office of Radiation Programs
U. S. Environmental Protection Agency
401 M Street, S.W.
Washington, D.C. 20460

Mr. Daniel F. Giessing
U. S. Department of Energy
NE-42
Washington, D.C. 20585

Mr. Steve Goldberg
Budget Examiner
725 17th Street, N.W.
Room 8002
Washington, D.C. 20503

Mr. Frank A. Ross
U.S. Department of Energy, NE-42
Office of LWR Safety and Technology
19901 Germantown Road
Germantown, Maryland 20874

Mr. Raymond Ng
1776 Eye Street, N.W.
Suite 300
Washington, D.C. 20006
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Enclosure 1

4

GENERAL ELECTRIC'S (GE'S) OVERVIEW
OF THE ADVANCED BOILING WATER REACTOR

JANUARY 22, 1992

83mg Oraanization Mail Stop

C. Buchholz GE

R. Sherry (GE contractor) GKA

J. Gabor (GE contractor) GKA

G. Bagchi NRC/NRR/ESGB 7-H-15
R. Nease NRC/NRR/PDST ll-H-3
T. D'Angelo NRC/NRR/SPLB 8-D-1
A. Drozd NRC/NRR/SPLB 8-D-1
R. Palla NRC/NRR/PRAB 10-E-4
B. Hardin NRC/RES/ARB NLS-169
J. Jo Brookhaven National Laboratory
R. Youngblood Brookhaven National Laboratory
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GENuclearEnergy |
:.

AdvancedBoiling WaterReactor :
. .

; PRA Backend Analyses
,

!

Presented to'

/
,

iNRC- NRR
:.

!
! 1

CarolBuchholz i'

JeffGabor i ;
; Rick $herry i. '
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January 22,1992 ;

White Flint Building
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Items fordiscussion :
,

t
i

* ResultsofLiteratureSurvey )
;

Planned SensitivityStudies i*
t

Details ofDCHAnalysis*

t

Core Concreteinteraction !*

Top events ofDET; -

Determination of pedestalstrength ifsidewallerosion occurs-

BNL Reporton ABWRi *

Preliminary information on vacuum breakers, dryweII head and rupture disk; *

interactions i
-

e

ei

ATWSissues from DSER b
'

*
i

!'

; .

!

t

i
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^
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Sources Reviewed for Possible ABWR CETEvents

* NUREG/CR 4551 Evaluation of Severe Accident Risks: Grand Gulf, Unit 11

Kuosheng BWRMMarkIllPRA*

NUREG/CR-4551 Evaluation of Severe Accident Risks: Peach Bottom [*

;

NUREG-1150*
i

Generic letter 88-20 i*
!

NUREG-125i *

!

!
!
i

I
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!
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NUREG/4551 Grand GulfAPET

Question Subject No. ofquestions

16' Plant damage state*

4Structuralcapacities' *

12Systems availability*

6AC/DCpower*'

47
Hydrogen issues*

21Containment /drywellpressure*

8i

CCI/pedestalfailure*

4Steam explosions*

4Core damage progression / vessel breach*

1Criticality*

'.

CEB-1/22/92-4
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Other Questions identified !1

!
.I
,

Questions from otherstudies i

Linermelt-through ;*

i :
i

!

Ouestions specific to ABWR design j'

Flooderoperation -*

Rupture disk characteristics*

!

!
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j Sensitivity Study for ABWR |
- t

| :
Information on key issues gathered from the following sources |

,

NUREG- 1150 |*

NUREG- 1335*

Recommended Sensitivity Analyses for an Individual Plant Examination '*

using MAAP3.08(EPRI)

Advanced Light Water Reactor Requirements Document, Volume II, Chapter .*

1, Appendix A: Evolutionary Reactor Key Assumptions and Guidelines

ARSAP/EPRl/NRC Technical Exchange Meetings !*
i

,

Draft letter report on ABWR Uncertainty Analysis*
.

!
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SensitivityIssues to be Considered

In-vesset

Hydrogen generation-

Fissionproductrelease from core-

Cslre-evaporation-

Time of vesselfailure-

Ex-Vessel*

Debris entrainment and direct containment heating-

Steam explosions-

Debris to waterheattransfer-

Debris to curstheat transfer-

Containment failure location-
:

Containment failure area-

|

|
r

CEBM2292-7 ,
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High Pressure Melt Ejection and, Direct Containment Heating |

: .

1
'

Sensitivity step skipped and uncertainty analysis performed based on*

Staffinterestin topic- a
<

CE belief that this might be an important issue for ABWR-

a

Goal for today's discussion is staff concurrance on details of treatment ;*

!

i
c

i
,

*
1

i
'

|
i'

4

!,

.
. j-

!
1

CEB-Ir27/92-8 - [
:

-

|.

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



. .- _____

. . .
. ,

:
,

. ,

-

|
:
,

Basic EntrainmentPhenomena i,

* Entrainmnet occurs due to stability between the gas and liquid

Two mechanisms may strip droplets from surface*
.

Helmholtiinstability-

.

Taylorinstability-

Debris which has been stripped from surface remains entrained until velocities'*

fallbelow free field Taylorlimit - |-

:

-|i
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?

!
' ;

i
'

i

'[
;

[

CEB-1r2292-9 [
>
!j

.

.



_

1

4

Entrainment due to Helmholtz instability

,

\ instrument tunnel Reactor
Vessel,

%e
"l%5M5&P~

-3

!?!nn
? na

'n Molten core !!B~

debris ||-
.,

,. u un ,t,.
__ c+ennn_c~- m eecec u a =RI L A,'

,,c'

Mechanism proposed forPWRs

.

!
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Entrainmentdue toTayloru .sbility <;

|

Reactor
Vessel >

.
'

' '

!

i %:J \
| y \ Probable i

mechanism (} g ;i .

& forBWRs j
Passageway i 1
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' HPMEandDCH UncertaintyModelling i

|
- - - -

r
i

!
'

| Consists of a main tree and three decomposition event trees (DETs)*
;

| Main tree sorts sequences by importantplant damage state attributes |
-

3

-

DETs assess probability of drywell head failure resulting from HPME and*
-

DCH -

i

\ Deterministic analysis performed to determine peak containmentpressure* ;

i
| Plant damage state information used as Exed conditions-

;
;

|
Uncertainty informatin varied for each plant damage state |

-

!j

Peak pressure compared to drywell head fragility curve to determinei
*

j probability of early containment failure
.

Long term failure due to high temperature effects willbe considered elsewhere|
*

:

i,

>

1

[. .

-

!

}

CEB -2/22f92-14 . f
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Main DCH Trees

Containment pressure prior to reactor vessel failure*

Three pressure regimes considered

Low (15-20 psia) Non-ATWSSequences with
-

operable contaimnentheat
removalorfastcore damage

Intermediate (Ka-45 psia) LBLOCAs with no containment
heat removal,S80 with RCICand

-

loss of containmentheatremoval

High (> 45psig} ATWS with RCIC
-

* Reactor vesselpressure at time of vessel failure

Two pressure regimes considered

Low (<200 psia) Entrainment does not occur
-

High (2200 psia) Entrainmentcan occur
-

CEB t TL S2 21

_ _ _ _ _
.. .. ..



- - - - - - - - _ - _ - - __ . _

1

:

|

i

Quantification ofDCH DETs;

i

Mode ofreactor vesselfailure*

| Two regimes considered-

Smallfailure -Nominalsize 0.1sq m-

Instrument tube, control rode drive tube or drain line penetrationn -

' Large failure -Nominalsize2.0sq m-

:

Lowerheadcreep rupture failure; -

t

Quantified using insights from NUREG/CR-4551 Grand Gulf and Recent INEL'
-

Analyses (Rempe)'

i

I

Fraction of core inventory molten in lower head*

7

| Defines the maximum amount of debris that can participate in HPMEand-

DCH

i Two regimes considered-

Small(0-20% ofcore inventory)-

- . Large (2 thio % ofcore inventory) .

Quantified using NUREG-4551 mean values-

CLB- 1:2292 W
, .

I
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Quantification of DCH DETs (continued)

Gigh pressure meltelection (HPME)*

Evaluates whether a substantial fraction of the debris is dispersed from the-

lower drywell floor by high velocity gas flow

HPME can occur only for high pressure sequences-

Branch probabilities taken from NUREG-4551 Grand Gullbased on the-

similarities between the Mark 111 pedestal cavityand the ABWR fower(

drywell

CEB t 7212 23
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QuantificatiOR of DCH DETs (continued)

}
* Fraction of entrained debris fragmented and entrained to the upper deywell

} Fourfactors considered-

Trapping of debris in the lower drywell|
-

'

..

Impaction and removal of debris in the gas transport pathway to the; -

' upperdrywell
.-

Partitioning of entrained debris between the upper drywell and-

I wetwell(basedon gas flow)

\ Debris dispersed by wave formation rather than as smallparticles-

I Fraction ofmolten debris participating in an HPnfE that is fragmented and-

,

. dispersed into the upper drywell has been represented byi

kag"$ ownconser*$ mpaction *$ split-upw*$partS d i

{ where distributions were assumed for each parameterin the above-

relationshipV

.

'

CEB-172"32-24
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Quantification of DCH DETs (continued) |
,

1

i

j * Fraction of entrained debris frapnented and entrained to upper cavity (cont)

The resulting distribution for fu,y has the followingproperties |
-

,

4 s

Afedian .22 |j -

90th percentile .42 |
-

99th percentile .60 || -

4 t

| The following discretized distribution was then constructed to represent |-

\ thisparameter

Ikaa Probability
^

.

Low 0. .3!T 0.8

latermediate .3!F .60 .19

.

'High .6 - 1.0 .01
i

| .,

!

!

1 1

(CEB 1RS2 25
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Quantification of DCH DETs (continued) ;
"

, :

| :
.

'

| Peak containmentpressure following vessel failure*

This event has no branching - it is used to sununarize ne results of the-

; deterministic DCH model. Predictions forpeak containmentpressure for ;

ieach panwayGrough the tree,

The pathways through he tree represents different sets of assumptions |j -

| regarding the majorphenomena which impact containmentpressurization i
t

: Drywell head fails following vessel failure ;' *
!

This event assesses ne probability of drywell head failure given the |! -

pressurein thepreceding event
'

The containment peak pressure is compared with the drywell head |i -

| fragilitycurve ;

I
. I'

1

$<

l
;

. ,

1 CEB-17292-26 -
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Model for Computing Peak Containment
Pressure for Direct Containtnent Heating

* Two node modelrepresents dryweIIand wetwell

Initial debris mass entrained into upper drywell based on user de6ned time*

constant

Gas heat-up due to debris energy including oxidation heat*

Horizontal vent clearing time based on model by Moody*

CEB 1222227
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L-

MajorModelAssumptions |
[

RPV and horizontal vent Row calculated as in MAAP GROWsubroutine I*-
i

[-

i

k
;

Debris and gas assumed in thermal equilibrium || *
-

,r

! I
i I

Gas behavesas an idealgas |*
!

4

i I

i !
i

| No credit forcontainmentheatsinks*

i

;
;

Amount ofZr oxidadon limited by steam mass andZr mass enteringi *

contaimnent |
. t

i
i i

! * Simple Eulerintegration |
i.

1

i !
4 1

j I

4 i

i
i .

| CEB-1/2292 28 -
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Requiredinput to DCH Model

* Containment volume

initialgas temperatures*

laitialsteam fraction in containment* <

Horizontalventarea*

Vent clearing depth*

Initial RPVpressure and temperature*

RPVgas volume*

Exit enthalpyforRPVgas*

Initialdebris temperature*

Fraction of Debris Zr to be oxidized (20% ofinitial debris mass assumed*

to be Zr,50% oxidized)

Time constant forentrainment*

1
CEB-1W92 29
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: Case Dependentinput
.

l

: 1
ij

;

Debrismass; * i

1
|

|

|

Vesselfailure area? *

1
!- :-

i I

Initialcontainmentpressure |
'

*

1

3

4

!

l

l

i

a

'
|

*

i

I.

~

f (

. : -

, , - .-. _ |
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!
4

k

-

. .

t

.

Time ConstantforEntrainment j
!

'

'

CONTAIN: Userinput*

DHCVIM(BNL): |
'

*

For comparison to SNL DCH-1, entrainment rate taken from experiment ||
-

Modelnot applied to full reactorscale t-

.

i ;

4
.

I

|: HAROCORE(ANL): i*
!

! Predicted cntrainment time of about 0.1 seconds for smallscale I-

| CWTI-13 and DCH-1 i
>

,
|

$ .

;When applied to fullscale ~ 2.5 seconds'
-

;

! i
t

|

COROE(UK): No information available |*
>

d

j Based on ANL work, an e-folding time of.5 seconds or a linear removal time of (
; 2 seconds is appropriate for the full scale case. |
] f

I

!

:

fI CEB-tm-31
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DETforPedestalFailure due to CCI

* Fraction of core debris in lower drywell early

Basedon:-

,

Amount of debris molten in vessellower head at vessel failure-

&tentofhighpressure meltejection-

Waterenters cavityearly*

Very lowprobability of water in lower drywellprior to vessel failure-

Residualwaterin vessel-

Low pressure systems injecting into vessel after vessel failure for high-

pressure sequences

Water enters cavity late ( 1/2 to I hour after initial debris dryout)*

Lower drywell passive flooder system-

Hrewster addition to drywellleading to overflow ofsuppression pool-

Latepowerorsystem recovery-

CEB iT29233
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l DETforPedestalFailure due to CCI(continued) |
! !
4

Time remaining coru debris falls into reactor cavity ii .*

* Amount ofinitial debris superireat [!
;

-

t
Based on time / mode of vessel failure and amount of debris molten at!

-

I
i vesselfailure

| Heat transfer rate to overlying water*
:

:

|
Area oflarge uncertainty i-

i

Equalprobability assigned to three distinct regimes
k|

: -

| Criticalheatflux-

?
: t

Rim boiling ;:
-

i
,

! Conduction limit |-

|

Amount ofradialconcrete erasion:

| No branches on this event j-

Event will display results of advanced DECOMP CCI calculation for the \i
-

amountofradialerosion ;
. .

~

!
'

- t

CEB L2292-34 . !
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Ability of Pedestal to Withstand Ablation

* ABWRpedestalcan withstandatleastMcm ofablation

Calculated by comparing the design load to residualpedestalarea*

Analysis is conservative:*

- Design load contains significant margin

- Strength of fillconcrete ignored

- Stresskeptbelowyieldstress
After ablation, pedestalis still highly resistant to buckling because of fill*

concrete andgeometry

y oncreteFillOuterShell C

innerShell

Wetwell Lower Drywell

Web Stiffners

CEB 1??92-35
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Bypass Leakage andyou i
i
i

* Sensitivity analyses performed assuming vacuum breaker leakage between 0 \
and2000 cm^2 (one vacuum breaker full open) |

Bypass leakage has been identiRed as an area which could have signiHcnat*

impacton offsite dose j
Release time for rupture disk opening approaches a limit of about 8 hours |

'

-

aftervesselfailure ic
-

|-
Release time drywell head failure (at median value) approaches about 9.5 |-

; hoursafter vesselfailure |
4 i

Release fractions also approach an asymptotic limit of about 6% forrupture disk |[
*

_

openmg
e

Evidence of revaporization differences are observed y!.
*

,

!

i

h
: i
i j
i

*

!
L

t

~ l,.

i
'
;.

1 '
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Vessel Retention Fractions for A VB = 30 cm^2 ;
4

I

|
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Release Fractions forAVB= 100 cm^2
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! Vessel Retention Fractions for A VB = 100 cm^2 .
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ATWS without Baron injection
;

Issue: INEL Report D0FJIO10211 interpreted as showing that 3.45 heat.

exchangers are necessary to remove heat from the containment
during an ATWS event win no baron injection.

INEL analysisindicates nat-
.

3.45 heat exchangers are needed to maintain containment pressure*

below design limit.

3 heat exchangers limits containment pressure to 72 psig.*

With 3 heat exchangers containment pressure will not exceed design| *

foralmost 6 hours.'

!

1

| CEB 1r229243
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ATWS Without Baron injection (continued)

GEposition:

This event is a seriously degraded event - weII beyond the design*

basis
Success criteria for the PRA use realistic limits rather than licensing*

ordesign basislimits

Peak pressure predicted using three heat exchangers is below*-

service levelC;

Further, time until design levelis reached is adequate for the*

alternate insertion of baron, so it is extremely unlikely that even the
,

design limit willbe reached

Three heat exchangers have adequate heat
removalcapacity to mitigate ATWS

~

CEB-U229244
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Observations on DSER text for A TWS success criteria
'

!' Page 19-24

,

Text states that staff raised questions about the adequacy of a single*

train of RHR to remove heat foran AMS with failure of baron
injection

;

Referenced RAI discusses only AMS with successful boron injection; *

Text goes on to say that GE's response confirmed staff's finding that*

two RilRsystems are required

; Ifintent was AMS withoutboron-

The previous discussion indicates three RHRs are required-

' Ifintent was AMS with baron-

GE analysis (in RAI 73.65) indicates a peak containment-

pressure of49psig

As previously, the appropriate success criteria for the PRA|
-

|
are not limited by the design condition .

GE analysis does not confirm staff finding; -

i

|

!
ctemmes
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Observations on DSER TextforATWS
Page 1949

The DSER notes an apparent inconsistency between the seismic*

| analysis in Figure 19J.5-7 and the text on page 19.4-11.
,

GEconcurs and willamend the text
'

-

The DSER comments that the power will be high in the event of*

ATWS with failure of baron injection and flow control, and states that
core damage may ensue despite continued cooling

Maximum flowis 4760m^.Vhr-

3 LPCIpumps at 1000m^.Whr each,-

2 HPCFpumps at865m^3/hr each, and-

CRD at30 m^.Vhr-

Feedwaterflow about9000 m^.Whri
-

Maximum power level weII below that which could cause core-

damage

CEB-1!22/92-46
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