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DISCUSSION OF A

GENERIC LETTER ON

BWR CONTAINMENT PERFORMANCE

.

SEPTEMBER 11, 1986

.

.

ROBERT M. BERNER0, USNRC

!

.

e

|

|
- - - - - - _ - - - - - - - - - - - - - - - - - _ - - - _ - - - - - - - - - _ _ - - - _---_--_-_ --_ _-



. _. . . . _... .. _. . .

,

* |

*
....s

- -

, ,

1 .
,

,:
'

:.

-
.

- .

a

f v

,

GENERIC LETTER ON
,_

' '

BWR CONTAINMENT PERFORMANCE - -

,

'

.

,

%.

7 %

: \
,,

.

THE SETTING: PLANT EVALUATIONS'UND$R THE SEVERE ACCIDENT POLICY - ; -

'

STATEMENT
~

.

'

.

.

. -

THE KEY REGULATIONS: GDC 16 AND GDC 50

,

THE SUBJECTS: 37 EWRS WITH PRESSURE SUPPRESSION CONTAINMENTS
.

-

!
#

THE METHOD: 'A GENERIC LETTER OF REQUIREMENTS TO IMPLEMENT 5 ,,

CHANGES BASED ON GENERIC EVALUATION
. .

.
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2

l

NRC SEVERE ACCIDENT ]
-

'
POLICY STATEMENT

,

A

e THE MOST COST-EFFECTIVE OPTIONS FOR REDUCING THIS

VULNERABILITY SHALL BE IDENTIFIED AND A DECISION SHALL BE

REACHED CONSISTENT WITH THE COST-EFFECTIVENESS CRITERIA 0F

THE COMMISSION'S BACKFIT POLICY AS TO WHICH OPTION OR SET OF
'

OPTIONS (IF ANY) ARE JUSTIFIABLE AND REQUIRED TO BE

IMPLEMENTED.
. .

e IN THOSE INSTANCES WHERE THE TECHNICAL ISSUE G0ES BEYOND

CURRENT REGULATORY REQUIREMENTS, GENERIC RULEMAKING WILL BE

THE PREFERRED SOLUTION. IN OTHER CASES, THE ISSUE SHOULD BE

DISPOSED OF THROUGH THE CONVENTIONAL PRACTICE OF ISSUING

BULLETINS AND ORDERS OR GENERIC LETTERS WHERE MODIFICATIONS -

ARE JUSTIFIED THROUGH BACKFIT POLICY, OR THROUGH
1

PLANT-SPECIFIC DECISION MAKING ALONG THE LINES OF THE
'

INTEGRATED SAFETY ASSESSMENT PROGRAM (ISAP) CONCEPTION.
.

'

.

-

!
|

|
|

|
_ _ _ _ _ _ _ _ _
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GDC 16:
,

.

CRITERION 16 - CONTAINMENT DESIGN. --AN ESS NTIALLYE
"

LEAK-TIGHT BARRIER AGAINST THE UNCONTROLLED RELEASE OF

RADI0 ACTIVITY TO THE ENVIRONMENT AND TO ASSURE THAT THE

CONTAINMENT DESIGN CONDITIONS IMPORTANT TO SAFETY ARE NOT

EXCEEDED FOR AS LONG AS POSTULATED ACCIDENT CONDITIONS REQUIRE."
-

.

1

Y 9

a

e

e

r - _ - , _ , . , _ ___- _ _
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.
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t

GDC 50: ,

CRITERION 50 - CONTAINMENT DESIGN BASIS. --AS REQU R D BYIE"

SECTION 50.44, ENERGY FROM METAL-WATER AND OTHER CHEMICAL

REACTIONS THAT MAY RESULT FROM DEGRADATION BUT NOT TOTAL

FAILURE OF EMERGENCY CORE COOLING FUNCTIONING, (2) THE

LIMITED EXPERIENCE AND EXPERIMENTAL DATA AVAILABLE FOR DEFINING

ACCIDENT PHENOMENA AND CONTAINMENT RESPONSES, AND (3) THE
'

CONSERVATISM OF THE CALCULATIONAL MOD.EL AND INPUT PARAMETERS."

.

4
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U.S. BOILING WATER REACTORS-

* .

,

'

I,

e 24 BWR 2/3/4 WITH MARK CONTAINMENT (ALL LICENSED) >

.

e 9 BWR 4/5 WITH MARK II CONTAINMENT (7 LICENSED)
'

,

4

e 4 BWR 6 WITH MARK III CONTAINMENT (3 LICENSED);

G

b

Y

e

l
i

e

e

4

; -

.

I
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:

INSTITUTIONAL PROCESS-

,

6

e CLOSURE OF SEVERE ACCIDENT ANALYSIS FOR CONTAINMENT

NO FURTHER ANALYSIS UNLESS EXCEPTION IS TAKEN-

'

s SPECTRUM OF OPTIONS

RULEMAKING-
-

,

- 50.54F LETTER FOLLOWED BY ORDER
"

-

GENERIC LETTER FROM DIRECTOR NRR OR DIRECTOR DBWRL

I

i

e PROCESS CHARACTERISTICS

- BASED ON TECHNICAL WORK AVAILABLE, IDCOR, SOURCE TERM,

PLANT SPECIFIC WORK, NUREG-1050, NUREG-1150

-

OPEN TO PUBLIC FOR COMMENT AND PARTICIPATION

-
.

O

O

%

0

. , - . , . - ~ ~ -- 1 r -.,-a- ,e
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7

.

A BWR - MARK I> ~

.FOR REFERENCE-

<

i *

'

BEFORE
-

e CORE MELT FREQUENCY: 1x10-4/YR

- A FULL SPECTRUM 0F SEQUENCES INCLUDING BLACK 0UTS

e CONTAINMENT CAPABILITY: UNCERTAIN AND VARIABLE BUT ASSUME 1

OUT OF 2 CORE MELTS GIVES FAIRLY LARGE RELEASE

AFTER

e CORE MELT FREQUENCY: 1x10-4/HR

- IPE FOR FRONT END MAY REDUCE BUT NO CREDIT IS TAKEN HERE
.

e CONTAINMENT CAPABILITY: SUBSTANTIAL ASSURANCE THAT

1 CONTAINMENT WILL MITIGATE CONSEQUENCES, DEGREE VARIABLE FROM

PLANT TO PLANT BUT 1 OUT OF 50 CORE MELTS GIVING A FAIRLY

LARGE RELEASE SHOULD BE REPRESENTATIVE
*

.

A

.

|-

.

- , . - , - - -
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HYDROGEN CONTROL-

- .

PROPOSED REQUIREMENTS'

,

,

o CHANGE TECH SPEC. AT END OF OPERATION FROM 24-H0VR'

ALLOWANCE TO 12-HOUR ALLOWANCE OF NON-INERTED OPERATION AI

REDUCED POWER

e PERMIT 12-HOUR PERIOD AT REDUCED POWER WITHIN THE OPERATING

CYCLE TO SEARCH FOR UNIDENTIFIED LEAKAGE

:

RATIONALE

e DEINERTING TYPICALLY TAKES'4-8 HOURS
,

e LEAKAGE INSPECTION AND MINOR REPAIR CAN BE REASONABLY

ACHIEVED IN 4-8 HOURS

:

1
-

e REDUCED POWER (et 33%) SUBSTANTIALLY REDUCES SHORT-LIVED

FISSION PRODUCT INVENTORY AND DYNAMICS OF POSSIBLE ACCIDENTS

.

e

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

'

-.

9.

.

.DRYWELL SPRAY-

- .

PROPOSED REQUIREMENTS ,

'

,

o REDUCE DESIGN SPRAY RATE (CHANGE N0ZZLES) TO ABOUT 10% OF
'

PRESENT VALUE -

.

e PROVIDE AC-POWERED BACKUP WATER SUPPLY FOR SPRAY AND

AC-INDEPENDENT WATER SUPPLY, AV ILABILITY BY REMOTE MANUAL

OPERATION OR BY' SIMPLE RELIABLE PROCEDURE

DESIRABLE

e MAKE ALTERNATE WATER SOURCES AVAILABLE TO COOL CORE DIRECTLY

~

e 90/10 MODE OF RHR OPERATION

RATIONALE

WATERSUPPLIESANDEQUIPMENTAREALREADYAVAILABLEFORLOWERi e

FLOWS;

e LOWER FLOWS PROVIDE ALL BENEFITS EXCEPT LOW 21T DECAY HEAT
'

REMOVAL AND DO NOT RAPIDLY FLOOD CONTAINMENT
.

.

e ASSURED DRYWELL SPRAY SUBSTANTIALLY REDUCES AND PROBABILITY

SIGNIFICANCE OF DRYWELL FAILURE OR SUPPRESSION P0OL BYPASS

,

, . _ . , , , , , - . , -

, .- - - - - - - , - - - + - - - - , .
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.

,

'

10,

.

PRESSURE CONTROL-

- <.

PROPOSED REQUIREMENTS
,

,

e RELIABLE CAPABILITY TO VENT WETWELL AT EPG PRESSURE ~ LEVEL

WITH OR WITHOUT AC POWER. FOR VENTING WITHOUT AC POWER.

MANUAL PROCEDURE IN ADVANCE NAY BE USED IF NITROGEN PURGE IS

AVAILABLE

e VENT OF 18-INCH DIAMETER OR GREATER

DESIRABLE

:
'

s ABILITY TO VENT SLOWER SEQUENCES THROUGH STANDBY GAS

TREATMENT SYSTEM
.

1 e BURST RESISTANCE DUCTING IN REACTOR BUILDING TO MINIMIZE

COMPLICATIONS -

.

RA~IONALE
-

,

o RELIABLE VENTING PREVENTS UNCONTROLLED OVERPRESSURE FAILURE

WHICH CAN CAUSE CORE MELT

e ' VENTING WITH DRYWELL SPRAY GIVES GREAT ASSURANCE OF RELEASE .

MITIGATION
|

|

. . , .- - . - _ . .--_-_ . . . _ . . _ - _ . . - - . - . - . - - . .
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,' . . .. .. .
,

.

CORE DEBRIS-

- .

/

PROPOSED REQUIREMENTS *

e ASSURE RETENTION OF WATER AT LEAST 3 FEET DEEP 1N TORUS ROOM

IF TORUS LEAKS ENTIRE CONTENTS

DESIRABLE

e CONCRETE CURBS OR OTHER BARRIERS WHICH WOULD RETARD DEBRIS

ATTACK 0F DRYWELL SHELL

e AVOID LOSS OF REC 0VERY SYSTEMS FROM WETTING BY TORUS ROOM

WATER

RATIONALE
.

.

e DRYWELL FAILURE BY DEBRIS ATTACK IS MADE LESS LIKELY AND

LESS SIGNIFICANT BY DRYWELL SPRAY AND VENTING

e RETENTION OF TORUS WATER ENSURES DEBRIS QUENCHING AND SHOULD

. ' FACILITATE ACCIDENT RECOVERY -

!

i

t
. - ._- ._. - - - - - - - _ _ _ _ . -- -_- . . . _ _- - , - -



_.

.

.
.

s

o
>

.-

m tn
C o

.
C L *

~
n -

s~ ~*O a
0 0 We es a m a a w~,> o m C e. J 'O C

.w L U o5 'G 0i
-r ,.2

M . C.
< n e- m 64C %./ a) o/_ .[ - ed L==o o .- z o- r* os v -

- e m u O
C >n c m< "Co o o A,

. -g 5 Ma rs -

> M, '*O j' PVi o > LC-y s- g < o Ow

O) 5 105 5> E- a av e- 4 o n L o wC C-~->3 DZ o O m oi
: > by c4'-"- -

. ~ -*a-

C .o, o a.

{a! f CC& **

9 -' x W YN*~ -
t_. . >oD"o .b o o CG C U

-'o
? C,

?"// ' EcC 5 "C l' b D3 C
'

Cw au = . C* en ~LM) C '. > C C O a y0
cn - o~C c- C C e- oZ**

- a C -
. - - -

Q CC X C C< 0 p ,.o
. .-. c aV! Cm %* 4 . .o en o ~ -

*~ ^ % ~ ' - ~y 9m -
.

> . ' ' ' * ' ?Y b'

r- a o- C .- -
C$' O T A y .

o C'y aC' 'O C '? C oo oC'O C C * Y ~~ oC % C % C-
.

3 ., a ~U C t o 'O 40 4F
'

2 " <* 93 c. O en & en *-- -

- ~ ?~, , s CC Cp= ~C a. o a enL. ,,. - :* .. a~ ~ ~ a e e~ zn'' * 0 C *m & ~,~4

b4 c Q
.J- - - - -" ,

.E m===*
(d ,3 m>*m C ,Q

~ *** *-e- pn p

en - en ec.
., -

_ -
e- O %e "-* 6 V F N Cw g

C / Q .N N*

;: C ~C C rD~
o oC

Lq . > . .~ :- > Ce mv m c.- -

E'm~ '~
-

- * =
C~ h 3 ~5

3...4 M8
~

mw
-" -- m , . , -n e - -= * p

-

_I " " ,[ *Z. * * " =*"" E ,-4
,| I

* >===
w # -,; --

- -.N C-)U y .f)
., - *" ' .

"
:: 01 COm-r.--

- -

L ,.

G' r,, e,,
t i! ,,

.. ,""
_ -- . -

. . .y .-

S h *" b/
"; << 4

C, <4" C
'i

SC!yv' .-- g e
A
V-

;

t



> , || ,

.

.

G
S
t
f
l
/W
B
1

,

t
f
l

@
P
1 e

t s zT n e ti lce nm o
C i

u ea

nd ei oe vx PI cI c q r nL PMm tA e) o e nJJ S i

O d oou s r e- l

S R s u me t TTi e sdI t n- U 1 c e sd e r pnp ie d nnMO T e p E ulp
oA v u eqi

tL x c g
en aS oregi

P f u c tEo sG dri r g Te
nk y A n i

l

vtiO r Tt n yenf c a f t nu c
l I r O n e ri

U Saa oit s e n a
l

M sl p e._
el S m V Cal r o a s eP

i t l! i

- l i

eFF b rP N
I r szr-

l r eielun u
o e r e es eP T c ns

l
I l

- O at wt u wsuurA Dol t

d e gU[ i
l i

c eT n NcdoA Fa y eo t s sl*
t r pk e e s o r

. O ? e o od A s e nrt S D Sc W PrP C s Ar Ae_ (

f n a d e ot
S eg t dl t pi l n r n r e r yt sn1 mi n aI n geo s o e fl eneE G nd uee o n iFN d dl ogi i n

iu m3 o m s vr s e obi a[ l

f) eOsu al n D e r sf e ti ait1f 1 i
i c n Medi t r r hI ct nt1 i rt a t s onn a ot a t np a a r r d r na! n

E T ol oI t lFS aov
N C Cs n n Aept

P e P nl

sCde o eg o emu s i

y ArtAe rj nS r t
it c rnC bi C bif b a a

l l

l n nn c oE n wt nte e e e ad e aaO e uB es
l rt e e a eg vu& l r u rdb el b en e D ad gl io e q i

veiclP r r e a pc a pos re vd epc onl el P S OI OCU r EA
i i

l<

C y e e o ml OATl l

l t tf - - - C E- - -i I I
f
\J a . - . .

J

E1
R
ET
Y
O

,4 ! ;



-_

.

.

A fjT1C)l'[Ej LV! LAP [F[[ELOD AM' |LPLf[[(jGljll[pff

HYDROGEN CONTROL

No Need For Major Design Change*

* Administ rative Control To Limit The Amount
Of Time Containment Is Deinerted Is Under Study

* Ih cision Will 13e Made After Reliability Evaluation
Of Nit rogen inerting Function is Completed

|

|
. ,

!

!
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.

|

CORE DEBRIS BARRIERS

* Core Debris Behavior Will Be Evaluated Using i:

The IDCOR MAAP Code

* Based Upon Industry Studies To Date,.

No Modifications Are Anticipated

I
i

,

1
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a

f.'()NTAINMENT WETWELL VENTING
!

- ('apabilit.y For Venting Wetwell at ('ontainment Design
l'r< ssure Using Supression Pool As Filtering Medium
Will lle Provided

~

Criteria And Guidance For Operational Use Of This Vent
Will Be Prepared To Ensure That The Intended Risk
lleduction Benefits Are Achieved

* Options For Routing The Vent Discharge Are Under
Evaluation. A Selection Will 13e Made Afler Reliability
And Risk Evaluations Are Available

.

O
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,

i

i

EMEltGENCY PROCEDURES AND TRAINING
|

* Revise Procedures To Incorporate Plant Changes Made
This Outage:

,

. Revise Procedures For Station Blackout Event

* Review Procedures Against Current ATWS Event
Aualysis For Possible Improvements

.

Revise Procedures For Combustible Gas Control.

'

. Operators Will Be Trained In All Emergency '

O

1

_ _ _ - _ _
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. SEVERE ACCIDENT CONTAINMENT PCLICY

INDUSTRY EVALUATICNS

SEPTEMBER 11, 1986

BETHESDA, MD.
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OBJECTIVES:

o PRESEf4T RESULTS OF IDCOR/BWROG a UTILITY EVALUATICllS

OF PROPOSED SEVERE ACCIDEllT CONTAINMENT POLICY ELEMENTS

o DISCUSS C0f1CLUSIONS REACHED BY UTILITIES

,

;

;

!
l

l

|

|

1

-
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_

.

. . .

.
.

; CONCLUSIONS - BWR EXECUTIVE MEETING

i

o AUGUST 19 MEETING - 20 0F 23 BWROG UTILITIES REPRESENTED

| -

i o CONTINUE CONSTRUCTIVE DIALOGUE WITH NRC

i
i

o AGREEMENTS:,

'

COMMIT T0 IMPLEMENTATION OF REVISION 4 TO EPGS-

| - NUMARC CONTACTED TO CONSIDER SEVERE ACCIDENT

: CONTAINMENT ISSUE AS A GENERIC INDUSTRY ISSUE

i

| CONTINUE WORKING WITH NRC TO BETTER DEFINE ISSUES-

; FOR RESOLUTION
i

; -

PROPOSE TO BWROG SEVERE ACCIDENT INSIGHT
-

_

| REVIEW 0F EPG REV. 4

;

i

i
;

i .

i
1 ,

i
'

;
'

I

!

i
.'

a

| |

!a
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; IDCOR/BWROG/ UTILITY EVALUATIONS:

!

i o WIDE VARIATION IN ESTIMATED COST
i

i

! o EVALUATIONS PERFORMED ON SMALL NUMBER OF PLANTS
!

; o OBJECTIVES APPEAR GENERIC - EllHANCEMENTS APPEAR
I

; PLANT SPECIFIC

!
1

| o QUALITATIVE ASSESSMENTS OF BENEFITS AND NEGATIVE- |

I IMPACTS PERFORMED i,

:

!

t

,

t

,

'

!

;

)

i
|

1

!
;

!

!
1
)
*
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ELEMENT 1 - HYDROGEN:

i l

; i
!
! OBJECTIVE: PREVENT HYDROGEN COMBUSTION CAUSED FAILURE !

! l

i
~

t REQUIREMENTS:

I A, 0XYGEN CONTROL (MARK I AND HARK II)
|

B. HYDROGEN CONTROL (MARK III)
.

.

1

! IDC OR/BWROG EVALUATIONS:

! i

t o OXYGEN CONTROL BY NITROGEN INERTING ADEQUATE FOR ;
*

MARK I AND MARK Ils,
1

|

j o LIMITING THE TIME DEINERTED UNDER REVIEW,

I !

: o MARK III HYDROGEN CONTROL BEING ADDRESSED BYi
,

'

HYDROGEN CONTROL OWNERS' GROUP (HCOG),
,

! I
i

i
I

,

|

|

1

I
i
'

,

!

i

'

'

i

i

I

|

|
t :
i

. ._ .

-
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HYDIOGEN CONIBOL OtiERS G00P

,

I

I SIEMEGY TO MDRESS SEVERE NrTTTMrS JM) SmTICN BUD 0UT

.

MEETDIG WITH THE NIC CN SEVERE Nrmpms
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BAGGottoi

1

* Established HCDG Prograns to address Hydrogen Rule requirments for
" Degraded Core Accidents".

- Omrter Scale Testing Program*

1

- Analytical effort
;

* Station Blackout as a hydrogen generation event (HGE) within the .

| context of recoverable degraded cores is an issue being addressed.

- Current HCDG evaluation indicates that SB0 is not a credible HGE

,

- HCDG responding to NRC questions
4

* Die need for an indepht power supply for igniters in the event of
an SB0 identified by the NRC in the context of Severe Accidents.

,

i

l

'
.

l

.

(
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H[DG PfGOSAL

lo0G to supply the design criteria for a backup pow.r supply to the
hydrogen igniters.

* Backup power supply need not be safety related

* Identify i@ of addressing Severe Accidents en the design of a
backup power supply.

* hw ber of igniters required in the event of an S m

- Make use of existing data base and criteria

- Additional testing, only if necessary, to follow ccmpletion of
current Test Program - end of this year

Responsibility of individual Mark III owners with support of HOOG as
required.

- Define backup power stgly source

- Define associated costs

- Meet and discuss with the NRC the details of the design, costs,
and benefits of a backup power supply to the igniters

- Decision and timing for pr M ing
|

|

,

- - - - - -_- - - - _ _ - - - - - - - -
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ELEMENT 2 - SPRAYS

GJECTIVE: SPPAY WATER T0:

1. QUENCH DEBRIS (PRIMARY)

. 2. SCRUB AEROSOLS (SECONDARY)

3. LCWER PRESSURE (SEC ONDARY)

4. COOL VULNERABLE EQUIPMENT (SECONDARY)

REQUIREMENTS:

1. SPRAY IN DRYWELL

2. BACKUP WATER SOURCES AND PUMPS

- HOSE C ONNECTIONS

- USE OF FIREMAINS
.

IDCOR/BWROG EVALUATIONS:

0 TYPICAL SPRAY CAPACITY 5 - 10,000 GPM/ HEADER

0 CONCEPTS CONSIDERED
,

o CONNECTICN TO HOSE STATICN IN REACTCR BUILDING,

- APPR0(IMATE FLOf PROVIDED 200 GPM

- DCES NOT PROVIDE SPRAY

|

,

1

i

l
1

. _ _ _ _ _ _ . . _ - _ _ . -- _ _ . . _ _ _ _ |
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ELEMENT 2 - SPRAYS (Continued)

-.

O CROSS TIES FROM DIESEL FIRE. PUMPS TO RHR

- APPR0XIMTE FLCW PROVIDED 1/2 0F FIRE

PUMP' RATING'*

- CLOSE OFF APPR0XIMATELY 70% T N0ZZLES

TO ACHIEVE SPRAY b ,

..

o FLOW RATES IDENTIFIED APPEAR ADEQUATE

o DEBRIS QUENCHING DOES NOT REQUIRE SPRAY

..
.

POTENTIAL BENEFIT / RISK WARRANTS FURTHER STUDYo

;

,

|

I
-

..
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E LEMENT 3 - PRESSURE

OBJECTIVES: 1. AVERT UNCONTROLLED OVERPRESSURE FAILURE

2. CONTROL RELEASE PATH (SCRUBBING)

.

REQUIREMENTS:

i 1. SUBSTANTIAL CAPABILITY TO VENT WETWELL

2. REMOTE / RELIABLE CONTROL OF VENT VALVE

'

3. ABILITY TO RECLOSE VENT

IDCOR/BWROG EVALUATIONS:

o CONCEPTS CONSIDERED

o UPGPADE DUCTING AND STANDBY GAS TREATMENT SYSTEM

(SBGTS) TO CONTAINMENT DESIGN PRESSURE CAPABILITY

- NOT FEASIBLE TO UPGPADE SBGTS

o HARDPIPED BYPASS ARWND SBGTS

.

'

o HARDPIPED DEDICATED VENT

>

0 COSTS ARE C WPAPABLE FOR HARDPIPED TTIWS

- __ -- . . __-_ -. .
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ELEMENT 3 - PRESSURE (Continued)

C

'4

o VENT SIZING UNDER REVIEW
'

.

O ATWS

o DHR'

:

o NEGATIVE IMPACTS NEEDING FURTHER REVIEW

! O SECONDARY CONTAINMENT CONTAMINATION

;

o DELIBERATE RELEASE

i

!

i

|

t ,

!

)
I

t
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ELEMENT I4 - C @E DEBRIS

OBJECTIVE: REDUCE LIKELIHOOD E FAILURE BY DIRECT ATTACK

'

REQUIREMENTS:

1. USE PRACTICAL DEBRIS RETARDING BARRIERS

2. CONSERVE SUPPRESSIm POOL WATER AS A

QUENCHING POOL

IDC N/BWROG EVALUATIWS:

0 DRYWELL

o CONCEPTS CONSIDERED ,

.

- PLUG IN PEDESTAL OPENING

- INCREASE SUMP SIZE INSIDE PEDESTA L

- CURB OJTSIDE PEDESTA L OPENING

- CURB AT DRYWELL LINER /FLOCR JUNCTION

ADDITIGAL PEDESTAL OPENINGS TO PROMOTE EVEN-

,

DISTRIBUTION

o NEGATIVE IMPACTS

LOCA CWSIDERATIONS' -

- SEISMIC INTERACTIGS
|

ALAPA CWCERNS1
-

. ._. _. , _ . . .-. - . - - - .. _ _ - .- . - - - - _ . . .
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ELEMENT 4 - CORE DEBRIS (Continued)

I
'

c OUA LITATIVE BEflEFIT LOW |

,
DEPENDENT ON ANALYTICAL MODELS OF DEBRIS-

MOBILITY WHICH ARE VERY UICERTAIN:

.

o WETWELL.

,

o MCST PLANTS CURRENTLY HAVE CAPABILITIES TO HOLD

WATER IN TORUS CHAMBER OR PROVIDE PROTECTIm TO

1 CRITICAL EQUIPMENT IN C TNER R0mS

o QUALITATIVE BENEFITS LOW

I

o N0 NEGATIVE IMPACTS

o NO FURTHER STUDY WARRANTED
<

:

2

i

!

!

'
. . _ _ . _ _ . . . . . . _ . _ , _ _ . . , . - - - . . _ _ . _ - _ _ _ . . _ _ _ _ . . . _ _ . . _ - . . - - _ - - . . _ , , , _ . . . . . - - - .
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ELEMENT 5 - TRAINING AND PROCEDURES
,

*

<

@JECTIVE: ENSURE CPERATCRS ARE READY TO USE PLANT FEATURES

TO BEST ADVANTAGE IN SEVERE ACCIDENTS

.

REQUIREMENTS:

1. C LEAR SYMPTm BASED STRATEGIES (INTEGRATED)

2. REMOVAL OF UNNECESSARY INHIBITIWS *;-

3. TRAINING /PRCEDURES
,,

IDCOR/BWROG EVALUATIONS:

o REV. 4 IMPLEMENTATION BY ALL UTILITIES C GSISTENT WITH

PREVI QJS PCST-TMI COMMITf1ENT

:

o PROPGE REVIEW OF REV. 4 WITH INSIGHTS FRm SEVERE

ACCIDENT STUDIES

4

|

'I

a

I

i

1
'

_ - _ _ . . . _ - - _ . _ _ . . _ _ _ . _ _ _ _ _ _ _ _ _ . . _ . . _ . . _ _ _ , . - - . . - . _ _ ._ -, _.
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CONCLUSIONS - BWR EXECUTIVE MEETING-

|

o AUGUST 19 MEETING - 20 0F 23 BWROG UTILITIES REPRESENTED

.

o CONTINUE CONSTRUCTIVE DIALOGUE WITH NRC

o AGREEMENTS:

COMMIT T0 IMPLEMENTATION OF REVISION 4 TO EPGS-

- NUMARC CONTACTED TO CONSIDER SEVERE ACCIDENT

CONTAINMENT ISSUE AS A GENERIC INDUSTRY ISSUE

CONTINUE WORKING WITH NRC TO BETTER DEFINE ISSUES-

'

FOR RESOLUTION

PROPOSE TO BWROG SEVERE ACCIDENT INSIGHT
'-

-

REVIEW 0F EPG REV. 4
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PRD CONSULTING
D. R. Davis, President
1935 Sabin Dr.
Icano Falls, ID 83401 '

(208)529-2861
Oct. 30, 1986

Mr. Geraic R. Tarant
Commissioner, Dept. of Public Service
State of Vermont
120 State St.,

Montpelier, VT 05602 '

Dea- Commissioner Tatant,

Transmittec herewith is one copy of my repcrt,'A Rev!ew of the Vermont
Yankee Containment Safety Study." Upon your acceptance, this report
constitutes fulfillment of the provlsions in Contract No. 0938124
However, I will endeavor, as time permits, to examine YAEC-1564 (*BWR
man I Contatnment Evaluation-Vermont Yankee, Oct.1986) to cete:Tntne if
the results are consistent with and support the Vermont Yankee
Containment Safety Study. I will provice you offlee with a letter if I find
any important discrepancies. As you know, I did not receive tne recort

; until Oct. 29, one day bef ore I was obilgated to mall the encJosed report in
order to meet the Oct. 31 deadline. As we discussed, I cid not consider itr

| mandatory for my review to evaluate YAEC-1564 since my review was
y based primarily (as statto in the attached report)on comparlson of'the

VYCSS with slmtlar contemporary severe accident assessments and.

related Information, with less emphasis on an in-depth review of thet
'
t VYCSS analysts.
.

I
1 hope my report is useful to you and the State. I enjoyed working with you
and Pnti Paull on this project. I particularly appreclated the cooperation
Olvan my you and Dhli In setting up the irringements for the roulew and
also the 00jective and competent evaluation of the material as the project

,

jprogressed.
;

Sincerely,

| CE;

: 4 0 R Davis
'

i

> |

|

4

. __ _. __ . . _ . _ _ _ _ , _ __ _ _ _ _ - .
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A REVIEW OF THE VERMONT YANKEE CONTAIM1ENT SAFETY STUDY

prear edfui
1
' .

State of Vermont
Department of Public Service

.

by

P. R. Davis
principle author

; -

PRD Consulting
1935 Sabin Dr.,' Idaho Falls,10,83401

*
and

I
s

Michael L Cerradini, PhD
contributing author,

Universt'ty of. Wisconsin

i !
'

Oct. 31,1986,
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DISCLAIMER OF RESDON5?BILITY, ,

.

Tnts document was prepared by or for PRD Consulting Company Neither
PRD Consulting nor any of the contributors to this document:i

A naKes any warranty or representation, expr ets ur.mipuvu, woun ewru
to the accuracy, completeness, or usefulness of the informatten contained
in this d0cument, or that the use of any information disclosed in this -

j document may not Infringe privately owned rights; or

B. Assumes any resoonsibility for liability or damage of any kind which
may retult frCm the UF.e nf any informat100 dlSCloSed in thl5 @0'emtnt,

.
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A REYlEW 0F THE YERMONT YANKEE CONTAINMENT SAFF i Y 5IlH)Y
.

. .

1. INTn0 DUCTION Th10 report peccento the reculte of a roviow of tho -

Vermont Yankee Containment Saf ety Study prepared by the Vermont Yankee
Nuclear Power Corporation. The reytew was uncertaktn for anc Tynded by
the State of Vermont, Dept of Public Service. The objectives of the review
were as follows: ,

. -

1. perform an overall evaluation of the Vermont Yankee Containment
Safety Study.

2. Determine whether the containment study provides a reasonably
accurate estimate of the probability of containment failure from severe -

accidents. If the estimate is judged to be not accurate, determine If it is
too high or too low and by what magnitude.

3. Identify te;hnical shortcomings in the study and estimate their offeet
on the tuntainment (4119: v pi ubability.

4. Cetermine what changes ca.) Do done which would increase the
probability that the Vermont Yankee plant containment would not f all in
the event of a severe accident. Included will be an evaluation of changes
that Vermont Yankee Nuclear power Corp. has identified in its report,
changes suggested by the Nuclear Regulatory Commission but not accepted
by Verment Yankee, and other notantially of facttva changet

.

Un 30pt. 2,1V00, tr,e Vermont Taar.ee Nucludr Auwgr Cuiput allun sulamllled
' to the Nuclear Regulator Commission a document entitled ' Vermont Yankee.

Centainment Safety Study *. This Study evolucted and estimated the ,
. p.'obability of a luge rolossa of radlesetivity frem the Veement Von 900
Nuclear power Plant as a re? ult of a severe accirient. The study employed
cata and methodology from a technical discipline commonly referred to oc
prctabilistic risk assessment. A brief description of this discipline along
with an eva!Ustlen of its Strengths and limitotions 1,G provided in the
following subcoction.

IA Drebabilfst!c Afsk Assessment - In 1975, the U.S. Nuclear
Regulatory Commission published the Reactor Safety Study (WASH-1400) ;
This cccument provided the results of the first serious attempt in the U.S.

"

to Quantify the risks from th6 operation of nuclear power plants. The
study empicyed a relatively new technical discipline refered to as
probabilistic risk assessment (pAA). In this :pproach, accident Intlttating
events are postulated and their frequency is estimated based on actual

1-1
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plant operating expertence or apolication of other data. These initiating
events are used as starting events on " event trees', which are basically -
logic diagrams which consider the plant response to various combinations -

of safety system success or failure following the postulated initiating,

event l'ig.1 orovides an example of an event tree prepared for a nuclear
power plant PRA study. The headings on the event tree represent safety
systems (or safety functions which are supplied by systems within the.

plant). The hor 170ntal lines across the event tree re: resent the varlows
possible accident sequences which can occur following the initiating ;

event. The Itnes enter each event tree heading from the left and branch
.

into two segments. The branches represent success or failure of the -

system represented by the event tree heading, with the top branch
Indicating success and the bottom branch Indicating fatture in some
instances, there is no branching, which indicates that the system has
failed as a consequence of an earlier failure of a different system. The
column on the far right of Fig.1 indicates whether each of the various
sequences results in successful cooling of the reactor core (s), the core
'overheates and releases radioactivity to the containment (cm), or the
sequence is transferred to another event tree cut to a failure (LOCA).

The ne' xt step in tne pRA prccess is to quantify the probability of the
accident secuences cellntated on the event trees. This is done by

,

combining the frecuency of the Initiating event with the success or failure-

'

probab111ttes, as accropriate, for each branch point of the individual
accident secuences. The failure probabilities for each of the event tree |
headings is generally determined by one of two methods. If the event tree
heading represents a system for which sufficient data exists from testing
or actuation, then failure probabilities may be obtained from this source.

.

I

If insufficient data exists, then failure probabilities are established by )
the fault tree technicue. In this instance, fault trees are constructed for
the event tree system of interest. The fault trees may also be thought of
as logic diagrams wntch subdivtce the system into its mechanical,
electrical, and hydraulic components which are arranged through the use of
legte gates such that the manner in which Individual components
centribute to system failure are depicted. An example of a fault tree is
given in Fig. 2. By assigning tech tndtvidual component a fatture rate
which is obtained from applicable data bases, the failure rate of the
system can be calculated.

|
|

-

Af ter the procac11 tty of each accicent secuence has been comouted, the |

'1-2
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I hin nin.g
probability of various conttinment failure modes is estimated for each

| sequence or group of secuences which have similar characteristics in th' e-

! Context of imposing a threat to the containment Integrity. The
.

' ~

j containment failure probabilities are estimated by analyzing the'

containment response to each of the accident secuences, and assessing the
.

likllhood of various failure modes. This process may utilize containment
event trees in which the event tree headings are represented by the1

| containment safety systems.
,,

I Following the assessment of containment fallure modes and associated
~

.

probacilities, a radfoactive source term is estimated for each containment
; failure mode. This scurce term defines the amount of each important
!

radioactive species in the core which is expected to be released to the
! environment following each of the containment failure modes. This source
| term is then used to calculate the public health erfects given a scecific
{ containment failure mode.
;

'

i Sy combining the accident sequence probabilities with the containment 1 *
i failure mode crobability and the cublic health effects associated with
| each containment fallure mode, an estimate of public risk can be obtained. 6(. k'This risk is generally expressed as either an early fatality which rcsults

fecm large doses of radiation, or a later)t health fatality (cancer) which g $x4
9

4
*

| can result from lower doses of radiation. g. ,,

This description fs a vey simpilfled overview of the PRA process, in k
reality, the process can be extremely complex and exhaustive. A major

I nuclear plant PRA may evaluate milltons of accident secuences. Such an .,(,eA6,
-

effort typically require; several mill!on dollars and regulres 40 or more ? '

i
man years of ef fort. As will be discussed in later sections, the Vermont A
Yankee Containment Safety Study is a limited PRA study which does not, J-

i and was not intended to, include all of the elements of a full scope PRA.
.

Since tne completfcn of the first major PRA study in 1975, there have been
some 35 additional PRA efforts completed for a variety of plants in the;

U.S., and several PRAs have also ceen complete 0 for foreign plants, in
I general, these studies have estimated low public risks from the coeration
i of nuclear power plants. Typically, the probability of a serious
i (core damage) accident has been found to be on the order of one enance In

ten thousand per year (usually written as IX104/yr,) or less, and early
fatality risks have generally been estimated at less than che chance in s

.

A- --_ - . -. .------- -- - - - - - - - -
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4million per yr. (IX10 /yr.) for a person residing within one mile of the .
; plant. Similarly, latent cancer fatalities have been generally estimated at

l
'

less than one chance in a million per yr. For comparison, the average risk
of death fr'om accidents and adverse offects for an Individual in the U.S.'Is

4about one chance in 2500 ( 4x10 /yr.) and the average risk of death from
-

I. cancer is 1.9X10'3/yr. based on recently published statistics for the year
! 1982 (most recent year compiled)l5,

,

.

I The advent of pRA in the assessment of public risks from' nuclear power
;

j has represented a major and significant advancement In the assessment of
; nuclear power safety. prior to 1975, no realistic and comprehensive
i estimate of the risk nf nuclear power generation existed. Nuclear power
j safety was based on designing the plants to withstand a spectrum of

design basis accidents Whlch were selected in an effort to encompass4

what were thought to be all important accidents. This was combined withi

[ the defense in depth philosophy which required that multiple barriers
j (Including the fuel cladding, the primary system, and the containment)

exist to inhibit the transport of radioactive material from the core to the
; environment. The pRA approach, on the other hand, provides a systematic

| and Integrated assessment of all conceivable acc_! dent sequences couoled 9f
I with a comprehensive evaluation of plant systems resulttrig in a numerical \

_

estimate of public risk.
' '

,

. :. In addition to being used to provide overall risk estimates, the pRA
,

ap'proach has been used extensively to provide some risk perspecttve on'

numerous reactor safety issues, and has been a major factor In several-

i NRC decisions regarding nuclear power plant safety

Desp!'te the wide acceptance and extensive use of pRA in nuclear power'
.

,

plant safety and risk evaluations, there remain shortcomings and
! limitations to the pRA approach. Further, several important areas exist

where controversy and disagreement can be found among pRA researchers.4

'

Some.cf the more significant of 'these problems is discussed below:
I a. Inndeconte Data- The accurate estimate of risk from the pRA

approacn requires that statistically significant and applicable data exist,

j to evaluate the frequency of Initiating events, system f ailure rates, and
component failure rates. In numerous Instances, such data is limited, and
in some cases, sucn as large seismic Initiating events, it is lacking

4

| altogether.
.

, ,

b Human Error- Curing the course of a postulated severe accident,

1-4
1

! I
|
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opportunities exist for the plant operators to intervene in an attempt to-
Improve the potential for adequate core cooling. It is also possible for
these attempts to have a deleterious effect if the operator commits an
error or acts with inadequate or incomplete Information from plant
Instruments. The potential for and probability of such action is extremely -

difficult to evaluate quantitatively since human behavior under various
stress levels is unpredictable. ' -

c Svstem Decendencies-Detailed system analysts performed as part of
past DRAs has revealed the existence of important system dependencies,
or Instances where a system failure or an initiating event can cause
additional system f ailures by virtue of links between the .9ystems,

i Sometimes these links can be subtle and troublesome to analyze properly.
It is also dif ficult to demonstrate that all such important dependencies
have been found as part of a PRA since there does not exist a validated
methodology which is universally acceited for finding dependencies.

d. External Event Init!ators- In some pRA studies, accidents which are
Initiated by events external to or not associated with the operation of the
plant have been estimated to be important contributors to risk. External
event initiators include earthquakes, fires, and high winds. It has been
extremely dif f! cult to assess the frequency of such events because, in
general, they have to be mere severe than any event recorded at the plant
site. Thus, frequency evaluations must rely on extrapolations and
juccement. Furthermere, it is not always easy to evaluate the plant
response to such events since the important contributors are frecuently
beyond the design basis of the plant and no experience exists..

e. Severe Accident ohenomena- Since there has never been a severe%

k accidentin uclear power plant of U.S. design which has progressed
beyond core d mage within the reactor vessel, the assessment of such
progression must depend on analysis and a limited amount of small scale,
highly idealized experiments. The physical and chemical processes in
these accident progressfons are predicted to be extremely complex
Interrelated events, in several areas, analytical techniques are limited,
and debate and controversy surrounds the most likely accident progression

'

scenarlos.
f. Uncerta!nties- Due to the limitations described in a. through e.

preceding, as well as additional f actors, all pRA assessments contain a,

i considerable amount of uncertainty. The cuantification of, and a ropriate
~

acounttng for, this uncertainty in the utilization and Intrepretation of the -

pRA results has been an area of centroversy, it is usually not possible to

rigorously cuantify the uncertaintles involved in a PRA assessment. 3 ,I
' ' l-5
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! It should be noted that additional research and anlysis is underway in all
of the above areas, and it is anticipated that PRA assessments will
become more accurate and complete as this work prngresses .:

!
i The foregoing areas describing major limitations and uncertaintles with
! respect to PRA assessments will be described in more detall in subsequent
i sections of this report as they apply to and influence the results of the

Vermont Yankee Containment Safety Study. The next subsection of this -

i intreduction provices a brief overview of the Vermont Yankee Containment
i Safety Study.

I B Overvfew of the Vement Yankee Conta'inment Safety Studv- The
j subject of this report is a review of the document entitled " Vermont

Yankee Containment Safety . Study" which will be hereaf ter referred to as
i

the VYCSS. This document describes the results of an assessment of the
. Vermont Yankee nuclear power plant to determine the probability of a
'

severe release of radloactivity from the plant. The study was a limited
PRA assessment performed principally to examine the integrity of the
containment structure under severe accident conditions. It does not, and,,

was not Intended, to provide an explicit estimate of public risk fromt

operation of the plant. The approach taken in the study was to modify the;

; analysis and results of the Reactor Safety Study (WASH-1400) In an
atterrot to render them applicable to the Vermont Yankee reactor. Thei ..

plant used in the Reactor Safety Study was the Peach Bottom nuclear
power plant, a plant similaf, but not identical to, the Vermont Yankee
plant. The modification process in the VYCSS Involved adjusting the
erobability of the Reactor Safety Study accident sequences to: 1) account

.

for Vermont Yankee plant. specific design features and 2) uttilte more4

current data and accident sequence progression analysis. A further
modification involved a r" ore realistic assessment of the containment

! response to severe accidents based again on Vermont Yankee plant specific
design features as well as increased knowledge regarding containment

)
,

) response and failure modes from research and anlysis conducted since 1
'

1975. A more thorough description of the methods, assumptions, and
procedures utillted In the VYCSS will be provided in subsecuent sections
of this report, particularly tri those areas that are Important to succortingi

the results.
;

i 1-6.
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The principle results stated in the VYCSS are that the probability of core
melt for the Vermont Yar.kee plant is 3X10(-5)per yr. or about one* chance
in 33,333 per year. The pectability of having a large release of

,'

radioactivity from the plant was estimated at 2X10(-6)/yr., or about one
chance in 500,000 per year. In other words, the VYC$$ concluded that .

there was a 75 chance of having a large release followthg a core melt
8CCldtht StCVence, Conversely, there was a 933 chance that the
containment and its support systems would prevent a large release

.

-

following a core melt accident. The purpose of the review described in'

this report, as stated in more detall in the first part of this section, was
to attempt to a'scertain if this result is valfd, and, if not, what a more
realistic value.mtght be. The summary and major conclusions from this
review is presented In the following sectlen. '

.:
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9 Su11Am ANO CONCLl610tS- The Vermont'Y'ankee Containment Safety i

| 5tudy(WCSS)provides an estimate cf the probability of severe core
i damage accidents at'the Vermont Yar.kee nuclear power plant and the
' .

i l!kellhood and mode of containment fallure and resulting radioactive -

t '

release as a result.of sun accidents. This review of the WC55 consisted .. ,.

i primarily of comparing the assumptions, analysis, data, and results wIth .

!j current available information regarging the probability and proression of ;
i severe acetdents m order to ottermme n tne stuuy wwm waistm t o f th i
!

!
this cwrent knowledge. The report was also examined to determine if any
Important omissions might exist. Where' deficiencies or omissions were

;
i

found, an attempt was niede to evaluate their significance. The primary j.

fIndicgs and conclusions of this review are as follows:
|

A overall results - The WCSS is censidered to present a reasonable !
estimate of contaloment f ailure protabilities fro'm severe accidents which;

could be Initiated from internal events only. Although the WCSS does_not'
| _ provide any uncertsfaty analysis, and this is considerad a major deficiency
! as noted in item C following, based on selected sensitivity studies and
'

compariscos performed es pu t of this revlow, the WCSS Drobability -

resuits fu wammt meante maaame ta he amamently ennaletant with erntat *

inowleoge regarding severe accident befiavior and within the rangs.af,

TiFiie uncertainty assocfated wlm sucn ven.nw. lith respect to external;

j event inittstors, it is concluded that seismic events have the potentjal to
| _ Increase the probability of containment failure in conjunction, wd$ severe
! .accideas et um vermont Yankee pWt.

.

! ^

; 8. Inadequate characterfratton of results wf th respect to iImitat!ons
| regrding omission of external events- The WCSS is considered ceficient
j in not adequately quallf Ing the results with respect to ornissicn of/
j extemal events. An evaluation of the potentlat contribution from external

events is given in Sect. 8.,

i

C. Inadequate characterlzatten of results with respect to,

j i .uncertalntles- The WCSS does not adequately 1) quellfy tphefn
j i latss_of tmcertathtles, 2) discuss me um M i . yiimions of
| w uncertalnty In eneTw=vik w 3),wice a r,Ela for isi.eu alun anjhe
! . resutts. This aspect is discissed in d_etaf f in S1ec 8, item 2.

, -

| |
'

, .

| D. Inadequate beefs for torne frequencies and probabillllts- The report
j does not provide an adequate we for name af the frequenet** =d

'
'

,

j | gies usea_ posed on a response from Vermont Yankee Nuclear
.

) Power Corporation, the basis for these frequencies and probabilities is
now considered to be adequately documented (Sect. 8, item 7).4

I 2-I.

)
'
i
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E. Inac' equate description and implication of radioactive release'

following containment failure- The description of potential consecuences
from, and characterization of, radioactive release ranges used in the
VYCSS are considered inadequate. Detalls are provided in Sect. 8, item 6.

F. Reasonable assessment.cf containment failure issues- The VYCSS
provides a reasonable assessment of containment failure scenarios and
related probabilities. However, the report is c'ensidered deficient in not
explcring the effect and likellhood of alternative scenarios which would
enccmpass the uncertainty involved evaluating important containment
f alture rmeces. .

.

G. Generally adequate assessment of containmentintregrity
improvements- With a few exceptions with resoect to 1) Coerattpn of
drywell sorays (Sect. 81 and M nevwell liner failure from molten ccre
[fnteractim (Sect. 6,8), the VYCSS 'aopears to adequately addressW
suggestions regarding improving containment integrity as well as other
recommendations identifled in the VYCSS. Two addit!cnal plant changes.

i and modifications with the potential for reducthg the. probability of a
'

| significant release were identified during the review. These changes were
,

B trerease m2:lty and reliability of drvwilLt00lfrs, and 2) raalgetto
the 'ng'c ascontrol-Mr4htmah4tuILisolation valves. These aspects
are discussed in detall in Sect. 7. .
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3. PROCEDURE- This section cescribes the procedure utilizeo in reviewing
the WCSS. It is important to note that resources available for the review;

were not sufficient to perform an Independent assessment of the VYCSS by:

performing a comprehensive PRA from basic methodology, indeed, the '
VYCSS Itself did not use this approach as noted in Section I preceding.

,

i

Further, some of the supporting data and analysis referred to in the VYCSS
,

was not obtained in time for the review, and a visit to inspect the plant
was not carried out. Such a visit would have been of limited value since
the plant is operating, rendering access to the containment impossible.

, Due to these limitations, the review relied significantly on comparison of
i the VYCSS assumptions, data, and results with the substantial body of

similar assessments (other than the Reactor Saf ety Study) currently-

ava!!able in an attempt to determine If the VYCSS results were consistent
; with and supported by this additional Informatfon. It should be
] emchasized and recognlZed that in several areas, to be noted in subsequent

s'ections, data and information are lacking to the extent that major
| diffaranaas af opintan 4Wist am6Ag responsible PDA Peetspeheps. Thuo, it

is not possible to determine which approach or result is correct. These,

!

unknowns do not render the VYCSS results (or any PRA results) invalid.
They do, however, contribute to uncertainties in the results, and the
significance of such uncertainties can be important in qualifying and
interpreting the results.

I
j The basic approach employed in the review consisted of five steps, as

follows:,
~

a. Accident sequence probabilities- The VYCSS Important accident
sequences were compared with several other pRA studies for similar !
nuclear power plants to determine if the assessed probobillttoc woro i

-

consistent, and if not, what vallo reasons might exist to render them |
.

Inconsistent.
b. Accident sequence completeness- The VYCSS Important accident

sequences were compared with several other PRA studies for slmtlar
plants to determine if any sequences found to be impnrtant in ntner
studies are missing from the VYCSS and, if any were Cound, to determine if |

the missing sequences would be a:plicable to VYCSS and what their ef fect,

; would be on the results if they were included.
~

c. Conditional Containment Failure Probability- The VYCSS conditional,

containment failure probability from dominant accident sequences were;

compareo with two very receht independent assessments for a similar
plant destgn. Of f ferences were evaluated, and an estimate of the effect of

i any changes in the VYCSS judged to be valid on the basis of the c0mparison
'

was made.
3-1
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O. Containment Failure issues- A review was performed of the current
'

,

state or knowledge.regarding important containment failure modes and
processes from severe accidents to determine if the VYCSS assessment.
reflects appropriate consideration of this information, and if the VYCSS
results in this regard are properly quallfled and uncertaintles
acknowledged or accounted for. The potential affect of any discrepancies
in this area were, evaluated. -

e. Containment integrity improvements- A review was made of
various suggestions and analysis for providing plant modifications to

.

improve the ability of the Vermont Yankee containment to sustain the
loads imposed by severe accidents. Such improvements include those,

suggested by the NRC, the VYCSS, and others found potentially beneficial
as part of this review,

f. General Deficiencies- Any additional deficiencies, not directly
related to the above areas, were Identified, described, and their '
implication evaluated to the extent practical.

The following Section provides the results of the first two review areas
(a. and b.), while Section 5 provides the results of the review of item c.
Secticn 6 considers item d, Section 7, item e, and Section 8, ! tem f.

.

O

i . .i -

~.

;

3-2
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! 4. REVIEW OF VYCSS DOMINAhT ACCIDENT SEQUENCES
! Inis section presents the rescits of a comparison between dominant -

I
accident secuences from several PR^ studies 'to those found to be
dominant !.n the VYCSS. The main focus of the comparison was to ~

,

determine If any important sequences might have been lef t out of the |
WCSS, or if any inconsistencies appeared to exist in establishing accident |

*

probabilities. These two aspects are considered separately in subsections
.which follow. It was considered important to make this comparfson
primarily because the WCSS relles en the sequences found in the Reacter

;

Safety Study which is now some Ii years old. Several assessments of* '

plants similar to WCSS have been completed in the Interim, and these are
used as the basis for the comparison.

.
.

,

'

Prior to proceding with the results of the comparison, it is useful to
|re-arrange the WCSS results. This will facilitate subsequent evaluations'

.

on the significance of differences which may be found, and will provide
some perspective on the WCSS results which are not currently directlye

)displayed in the report. '

Table i is a re-arrangement of the WCSS results, and has been prepared
based on Information contained in Table 4.7, Pg.108 of the WCSS report. .
Table 1 lists the accident classes found to be important in the VYCSS

,

" study. These classes contain accident secuences which have common
features in terms of their impact on the containment, and as such, are
characterf2ed by similar initiating events and system fall,ures which are
summartred in the second column. The third column provides the computed i

probability of each accident class. This value.ls followed by a percentage
contribution (In parenthesis) of each accident class to the overall core
melt prcbability. The next column is the fract'fon (expressed in percent) of
of each accident class that was found to fall in the EH or EM radfonuclide

,

release categories. EH designates a containment f ailure mode which
results in an early release with high levels of radioactivity, while EM !s an
early release with medium levels of radloactivity. These designations are ;
important because they represent the two classes of release which were

i

considered to be high release levels in the WCSS report. All other release'

categories were considered to be low (locluding no containment failure) or
much later releases Implying much lower public health consecuences. The
last column in Table 1 is the overall fraction (agaln expressed in percent)!

that each accident class contilbutes to the total probability of either an
EH or EM release.

!

; Table I serves to illustrate some important features relative to the
'

WCSS results in terms of the overall relationship between accident
|

1

|
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| classes and significant releases. For example, the most significant
accident class in terms of contribution to core melt probability,ls class

'

I A, with a 432 contribution. However, this class is an insignificant
;

!
contributor to the overall EH and EM categories. On the other hand, class
IC 15 a relatively low contributor to core melt probability (32), but a very
significant contributor to the overall EH and EM categories. This is

.

because these accident sequences were determined to have a relatively .

I high probability.of damaging the contalnment and therefore,resulting in a
significant release. This is illustrated by the fractional release columns
which Indicate that 208 of the class IC accidents are expected to result in
an EH release. Thus, as Illustrated by the table, there is a significant
variation in the relative contribution of each accident cattagory to both
core melt probability and contributton to significant release. These
relation $hlos will become important in evaluating the influence of
potential changes to the WCSS results. For example, if it were found that
a more realistic estimate of class IA core melt probability were 1.33E-4,
a very significant ten-fold increase, the core melt probability would be
in. creased to 1.63E-4, a factor of about 5. However, the increase in EH and
EM release probalbilty.would be very modest, under 205 in both cases.
Conversely, a modest increase in probability of IC accident class:

sequences, or an increase in the fractional contributton of these sequences (

to EH or EM categcries would result in a significant increas,e in lH or EM
release probabilities. '

,

; .
, ,

4A. Revfew of Accident Secuence Drobabilities-This review consisted of.

t two phases. In the first phase, the VYCSS results were examined to
ii determine if the adjustments and modifications to the accident sequence

probabilities used from the Reactor Safety Study )(RSS) appeared to Dell
o

i valld. As incicated previously, the WCSS did not uncertake an Indepencent

t assessment of core melt probability, but rather used the RSS results as a ,

baseltne from which modifications were made. The second phase of the .

review consisted of comparing the WCSS results with numerous results
i from other PRA studies completed for plants simil67 to Vermont Yankee.

These results from these two phases are described belou
.

4.A a. Mocifications to RSS results -
The RSS estimated that the core melt probability for the peach Bottom
reactor is 3.2E-5/yr. The WCSS result is 3.0E-5/yr. These two results
can be considered identical since the uncertatntloc in the estimates are
signif tcantly greater than the difference. However, the acc! dent sequence

.

d d%

_ . . . - _ _ . .
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probabilities which make up the total core melt probability for the two !

studies were not identical in that the VYCSS made, in some cases,
,

significant modifications to the RSS sequence probabilities on the basis of
plant design dif ferences or what was considered to be more applicable

!

,

data. This difference can be important since different sequences, as noted
prevleusly in this section, can have markedly dif ferent influences on the

|

,

liklihood and mode of contalnment failure leading to large releases.
|.

Section 4 of the VYCSS provides a requantification of the RSS accident;

i sequence probabilities. A review of this section revealed no slanificant'

errors or omissions, and it is therefore concluced inat tne VYCSM -~

recuantification of RSS accident sequence probabilities la cassonela ?nd
'no significant changes to any accident secuence probability were found to
ha wrrantec. However, two general deficiencies of note were fnet 1)
The basis for some of the numerical changen made to the RSS =aquances
were not adequately dellnlated, and 2) There was an inadecuate treatement
of uncertainties in Ine requantification process. The first prcblem was
largely resolved on the basis or answers to questions provided by the
Utllity(Vermont Yankee Nuclear Power Corp.) as given in Append!x A of
this report, and the second deficiency is explcred further in Sect. 8.
Further comments on Section 4 of the VYCSS are also provided in Sect. 8,

,

but ncnt. of these are judged to be significant in the context of the overall
|

VYCSS results and conclusions.

4Ab. Comparison with Recent pRA Studies - '

Since the publication of the RSS, as noted previously, there have been
numerous additenal PRA studles completed for U.S. plants Several nf
these have been for plants very similar to Vermont Yankee, which is a

,

Bolling Water Reactor, Type 4, with a Mark I containment. For the
purposes of this comparison, four other PRAs for Type 4 BWRs will be

!
used. Table 3 lists the plants for which these pRAs were completed, glves :
the organ!: Ucn which sponsored the study, and the performing |

organization As noted_!n the Table, the four plants are peach Bottom,
i L!merick, Browns Fen y, and S].s! vhen). Two of these clants (Peach Bottom

and Limerick) have fiark I contatnments, wnlle Limericx anc Snorenam nave
Mark 11 containments. However, for pur50ses of core melt compariscns,
the difference in containment design is not consloered important. The
BWR Type 4 design is essentially Identical in terms of systems included

G. which can Influence the probability and t!mtng or core melt acc! cents ).
,

.

--.-- --, .--,, , , , . , . - - , ....
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As noted previoucly, there have been two independent assessments for the
Peach Bottom plant since the RSS was published. The first such peach ,

Sottom results, as indicated in Table 3, are from an NRC updating of the *

'

RSS assessment. These results are not yet published, but were presented
at a recent meeting of the Advisory Committee on Reactor Safeguards (2) .

The mund Peach Bottom assessment is from the Industry Degraded Core
RuleMAR1ng (IDCOR) program whleh is e pregecm to provido an independent
(frnm NRC) eYaluation of stYtit ScCldent ft$pQAse in nVClear power plants.>

The 1.1merick and Shoreham PRA s'tudies (references 8 and 9) have '
undergone NRC review. These reviews (references 10 andl 1) resulted in a
requantification of accident sequence probabilities in those instances
where the reviewers felt the PRA study was deficient.

The results of all of the assessments descriced in the preceding are
presented in table 3. In this table, the dominant accident sequence
probabilities have been arranged into the same accident classes, as
appropriate, thd we e'us6d th the WCSS in order to fac111 tate
comparisons. The table thus shows the accident class probab111tles for
each study, as well as the total core melt probability (in the last row).

'

Comparing the total computed core melt probability (last row of table 3)
shows that the WCSS estimate is about In the middle of the results given,
with three assessments lower than WCSS, and four greater. The WCSS
result is about four times greater than the lowest value (IDCOR-Peach
Bottom), and about seven times less than the h1 gest (Browns Ferry). This
comparison Illustrates two observations; 1) the WCSS results is within
the range, and therefore consistent with, other ' core melt probability
assessments, and 2) there is substantial variation among the results used
in this comparison (the range extends to almost a factor of 26 from
lowest to highest result). The reasons for these substantial variations.are
not considered in depth in this study. The differences are primarily
related to credit given for operator action, the use of different data bases,

| and, to a lesser extent, plant specific design differences and site specific
initiating events (such as loss of off site power).

In examining individual accident class probabilities, it was found beloful
to combine some of the VYCSS classes in order to render the results
comparable, sine they were considered as single secuence classes in
some of the otor studles. These include classes IA and ID as well as IC
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and IV as indicated in the first column. Further, some of the studies |
Included accident sequence classes which were not considered as separate l

,

in the VYCSS. These include those designated as TPol and Tp0E on the
.

table. In these cases, the sequence resulted in a loss of coolant accident
(stuck open relle.f valve) and were apparently considered as 1.0CAS in the
WCSS (and RSS) study, or accident citss Ill.

In comparing the accident class proabability results from table 3, it is
noted that, in some cases, substantial differences exist. For classes I A,

,

ID (loss of make-up water to the core) the VYCSS results are within and
nearer the higher end of the probability range, and thus are consistent
with the other assessments. For class IB, the VYCSS results are also
within the probab111ty range of the other assessments, although near the
lower end of the range. This sequence is loss of all AC power (plant
blackout), and was assessed in the VYCSS to have a somewhat lower
probability than the RSS because of the proximity of, and electrical
connection to, the Vernon hydro electrical generating station. The credit
assessed in the VYCSS for this additional power source was fcund to be
reasonable In terms of reducing the probab111ty of AC power loss.

'

For the next combination of classes. IC and IV (anticipated transients
! ' without scram) the VYCSS probability assessment is also syithin the range

| of other assessments, being about a factor of 5 higher than the lowest
.

! (NRC assessment for peach Bottom) and a factor of about 121ess than the
I highest (Browns Ferry). The major reason for the difference between the g,

[ VYCSS ATWS probability estimate and that for Browns Ferry as assessed

) by EG&G 1s credit taken in the VYCSS for Implementation of the ATWS ~
~

'rulei61 This rule is being implemented at BWR plants and conM
; features which will have a significant influence in recucing the ,

probability of ATWS, The rule was being formulated at the time the -

| Browns Ferry assessment was published (1982). Based on the review of 1

the VYCSS and this comparison of other assessments, it is concluded that
the VYCSS estimate of ATWS probability is reasonable.;

r

For accident class 11 (loss of containment heat removal), the VYCSS
assessment is again within, sithough closer to, the highcr probability end

L of the range of other assessments.The VYCSS result is a factor of about
y 200 higher than the lowest (peach Bottom, NRC), and a factor of 50 loweri

than the highest (Browns Ferry). This class therefore has a very large
range. The primary reasen for the difference among the assessments is

1



,

|
-

. .

~~ ' ' "

Nov C3 '85 14:43 VE*5 802B292342 P . dd ' ' j

.

. '

,
.

the credit taken for operator action and use of plant equipment noti

specifically designed for containment heat removal. For example, the two
assessments for Peach Bottom take credit for manual venting of the
containment drywell. This accident develops very slowly (many hours), .

and time is available for positive operator intervention and alignment of
other ecupiment which may be available at the plant. The WCSS result is
considered reasonable and consistent with other results although
substantial uncertainty, to be considered later, is associated with the
probability estimate for this class.

,

! able 3 shows for accident class ill (loss of coolant accfdents) that the
WCSS result is at the high end of the probability range, but within a
factor of 7 of all assessments except the very low L!rrerick result. This

ensidered reasonable agreement.

.

The V accident class (containment bypass) was not Cound to be a3

, significant contributor for any of the assessments except that the
Shoreham PRA assigned th!S class a probability of 25-7, which is not a!

significant contributor (less than IS) to the Shoreham core melt
probability of 4.4E-5. Since the WCSS did not provide a basis for the

L conclusion that this sequence would be a negligible contributor, the utility
i (Vermont Yankee) was asked for the basis. Their response is included in

Appendix A as response "10. The response indicates that this accident '

class is estimated to have a probability of IE-7, quite comparable to the
Shoreham result, and Insignificant in terms of the overall VCYSS core meltr

probability (less than a IN contributor). It should also be noted that, '

based on Table I results, this accident class would not be a significant
'

contributor to the probability of a large release even If a large fraction of
the accident class. contributed to high releases.

! As shown in Table 3, the two accident classes (TPol and TPOE) not
} considered separately in the WCSS were not found to be significant

contributors (less than 108) for any of the studles.

From this comparison, it is concluded that the WCSS assessment of core
j melt prooability is consistent with other Independent studies and PRA
$ reviews. Further, all Important accident classes appear to have been

considered. As noted in the Table 3 comparisons, the overall core melt
protabilities ranged from a factor of 7 higher than the WCSS result to a

,

t

factor of about 4 lower.

*-

46

l



|

j> .

l
"

NOV C3 'E6 14:43 VTroS E025252342 P.25

.

.

!
.

6
'

-
.

.

.

TABLE l-Distribution of Significant Radionuclide Release per Accident
Class from the Vermont Yankee Containment Safety Study

ACCIDENT Core Mlt. Fractional % overall R.

Class Type Prob (R) .EH EM EH EM

IA Loss of Makeup-Ht;n Pressure 1.33E-5 (43) 0 0 ,1 2

18 Plant 81eckcut 6.20E-6 (20) 0 2 1 7

IC ATWS-Less of Maksup 2.60!-6 (8) 20 11 96 17

ID Less of Makeup- Lcw Press 3.90E-6 ( l3) 0 1 0 3

|| Less of Ccntainmer,t Hest Remcvel 2.10E-6 ( 7) 0 26 ,0 33

til Less of Coc! ant Aceteents 7.30E-7 (2) 0 0 0 0

lY Anticipate:Trsnstant W/05 cram 2.20E-6 ( 7) 0 30 0 40
,

.
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Table 2. PRA Studles for Solling Water Reactors, Type 4
-

Plant' Sponsor Performing Org. Date Published Reference

Paxh Bottom U.S. NRC Sandte Nattonal Lets (esely 1987) (2)

P6s:h Sett:m ID%t IT Cor;;verte.:s cen- 1986 (3)
tracto. s

t imerir.t Phll. De:tric $ctera A;;11aatt;ns, 1983 (4)
Co. Ger.eral Electrto

Shoreham Lcngis. Lighting SciencsAp;11:attens 1983 (5)
Co.

Breuns Terry U.S. NR'C EG&G Ice.s Inc. 1982 (6)

.

.4

|

|

'
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TABLE 3-COMPARISON OF DCt11NANT ACCIDENT SEQUENCE PR0 ABILITIES
, ,

V
CLASS YYCSS PEACH BOTTOM BROWNU l.lMERICK OREF#1 ,

IDCOR NRC FERRY NRC PRA NRC 9
1A,10 1.72E-5 4.1E-8 2.4E-7 5.5E-7 6.0E-5 6.0E-5 6.8E-5 5.0E-5

g\
IS 6.2E-6 4.5E-7 8.7E-6 2.9E-5 3.1E-5 3.1E-5 1.3E-5 1.3E-5 s

}
IC,lv 4.8E-6 7.3E-6 1.0E-6 5.5E-5 3.7E-6 3.7E-6 4.5E-5 4.5E-5

3

11 8E-7 1.5E-7 1.0E-8 1.0E-4 3.2E-6 3.2E-6 1.lt-5 9.0E-6

111 7.3E-7 1.4E-7 1.IE-7 (1) 2.4E-9 (1) 5.5E-7 (1)

Y (2) (1) (1) (1) (1) (1) 2.0E-7 ( t)
'

'TPCim (4) (5) (5) 1.1 E-7 9.0E-7 9.0E-7 I.7E-7 f.7E-7

TPOEW (4) (5) (5) 1.0E-7 (5) (5) (5) (5)

TOTALCMP 3.0E-5 7.9E-6 9.8E-6 2.0E-4 1.5E-5 9.9E-5 4.4E-Smt.2E-4

(1) Not found to be e cominant accident clecs 1

(2) Estimated by verment Yank 6e to be 1.0E-7/yr., see Appendix A, Answer * 10
(3) Transtant accident with stuck c;en relief velve fel'.cwed by loss of containment haat rencvel
( 4) Considered, es in the RSS, to ts a loss of coolant accident end included under ill
( 5) Not found to te e separats Ocminent eccident class
(6) T ansient accident with stuck open relief velve fcilcwed by ccre injection failure
(7) This value is actually described as a 'ocre vulnereble" cendition in the Shoreham PRA, and a ,

smell facter wts oppited to estimets the cnrs melt pet. ban 111ty 01ven e ccra Yulner@lt CQC;itim |

|
4

e.
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S. COMPARISON OF CONTAINMENT FAILURE PROBABILITY WITH RECENT -

RESULTS .This section phovides a comparison between the VYCSS ' '
assessment of containment failure probacility ano moce witn two recent

,

similar assessments for BWR Type 4 plants with Mark I containments.
These assessments were chosen because they are the most recent

. available, they were done for a reactor and containment design (Peacn
Bottom in both cases) similar to Vermont Yankee, and they were performed
by two different agencies, namely the 10COR group and the NRC and their

, contractors. It should be noted that many of the assessments used in the
preceding section are not suitable for this comparison for various rPMnnS
The Limerick and Shoreham assessments, for example, are for plants with
Mark 11 containment designs and would not be suitable for the Mark i
design of Vermont Yankee. Further, the Browns Ferry assessment used in ,

Sect. 4 did not include an Independent assessment of containment failure
'

probability.

The IDCOR and NRC assessments of Mark | containment failure robability
I9 the results

*'

assessment have been recently summarized in a draf t report
of which were presented at a recent ACRS meettng(2) These results 'were.

used, with some intrepretation, to prepare table 4. It should be noted that
the results, particularly the NRC results, are preliminary and subject to

'

.; revision as their assessment is refined. Table 4 considers two accident
sequence classes; Station Blackout (designated as Class IB.In Table 3 and-

in the VYCSS assessment) and ATWS (Classes IV and IC). These sequences
have been found in previous PRA assessments to be the dominant
contributors to the proability of containment fallure resulting in a
significant release. Examination of Table 1 reveals that these two
sequences were domlnant contributors in the VYCSS assessment also. For-

example, ATWS sequences contributed 96% to the probability of the most -

serious release (EH), and ATWS sequences contributed 572 to the EM i

release probability. The Station Blackout sequences were less significant,
contributing only 12 to the EH category, and 72.to EM..

Table 4 shows the' fractional release probability for the two sequences for
each of the studies. It should be emphasized that the descr!ptors high,
med. and low are qualitative and are based on judgement regarding the

'similarltles of the releases. The footnotes are provided to give additional
information regarding the mechanics assumed for each release. Thus,

5-1

- ,



-- -

,' * - - " " -.

. . . . . . . .
. . . . ,*

..

.
.

p.as
-

,

these categories are equivalent only in a rough
attempt to assess any significant differences rather thsense andare used in an-

a recuantification of the CYVSS results.an as the basis for.

he table Indicates that for* the Station Black
. i

med!um release than either of the IDCOR or NRC stwould estimate a much lower conditional failure pr bout accident, the VYCSSo ability of a high or
table, the primary containment failure mode cudies. As noted on the
from the'IDCOR and NRC studies are overtemontributing to these releases
drywell leakage, and drywell ilner failure fperature failure causing i

debris. The primary reason for this differe
,

rom contact with molten core
'because of the smaller amount (about 1/2) offactors: 1) The VYCSS assumed a lower likiihnce appears to stem from two

:

.

ood of drywell liner failure

drywells for both the peach Bottom and Vavailable due to the lower power level coupled with thmolten core material
be available because of the possibilty of usinin size, and 2) The VYCSS assumed that drywellerritent Yankee plants are similar

e fact that the
-

sprays wouldmore likely

the sprays under Station Blackout conditionwhich can be connected through the RHR system a dg a diesel driven fire pumpn used to pump water to

interactions as well as overtemperature drythe use of drywell sprays would inhibit boths. As pointed out in the VYCSS,drywell liner / molten core
well failures.

ine YVSS reasoning is considered valid but not
effect of less core material reducing the likllhood fconclusive in terms of theliner interactions.

section). However,(This issue is explored in depth in the followingo moltencore/drywell
the use of the dr/well sprays appears to bequestionable due to the procedures involving th

'

explored in Sect. 8 of this report. Given these consideir use. This !ssue is' -further discussion in this report it is exterations, and the

sequences. .There is very little applicable experiment lconditionalprobability of drywell failure for the statio blremely difficult to assess.the
!

,

estimate relles heavily on assumptions and analysi
n ackout

been verified. To assist in evaluating the si if
a data, and any

s, neither of which have
simpilffed sensitivity study was undertaken By usgn icance of this issue, atable i in conjunction witti table 4 7 of th CYe of the Information inreadily shown that raising the VYCSS condition lVS$ assessment it can be

.

e.

release to .SS (consistent with the NRCestimate) wouldraise thea probabilityof ahigh:enditional probability of a high or medium rel
' rom the current CYVSS estimate of 7% to ao ease (given a core melt)

'

Socest increase for such a crastic chout 208. This is a rather~

ange in the conoltlonal probacility of.; - ~ ~w=
-

}

- - _ . _ _ _ - . . -_
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a high release from the station blackout secuence. The.55 conditional *
probability is considered an uc0er limit for CYVSS because of the features
mentioned.which should inhibit the drywell liner failure mode. On the
other hand, it does not seem possible with present knowledge to rule out
such a conditional probability value. Thus, while the CYVSS assessment in '

this regard 15 considered reasonable, the uncertalntles are quite large.
.

For tne ATWS sequences, the CYVSS assessment is between the IDCOR and

NRC assessments. Given an ATWS sequence, the conditional probability of.
a high or medium release is .22, .51, and .31,for the IDCOR, NRC, and CYVSS
assessments respectively. This is considered reasonably good agreement..

To assess the sensitivity or these va!Ues anc to provide some Insight un
the potential range of uncertainty, the CVYSS r.esults were recomputed
ustrg the NRC results. The.NRC fractions were applied to both types of
ATWS sequences (accident classes IC and IV in the VYCSS). The results

showed that the concittenal release probability for an EH or EM release
wou}d be raised to about 10% compared with the 75 for the existing VTCSS
estimate. This change is considered insignificant in view of tne overall
uncertainties.

.

Thus, it is concluded from this comparison that the Vermont Yankee

conditional containment failure probability for a moderate or hlgh early
release could be as high as accut 202, but this is considered an upper limit.
Further, no deficiences were found in the CYVSS which were judged to lead
to a signifIcant potential for changing the best estimate results.
However, there were some problems encountered in assessing the use of
drywell sprays to mitigate drywell containment failures. These are
d!scussed and evaluated in Sect. 7.

.
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6. ASSESMENT OF ISSUES RELATED TO CONTAINMENT FAILURE MODES AND,
EFFECTS- in this Section, the important containment f ailure modes

|
considered in the VYCSS are evaluated. it should be notec that the time,

|

available for this review was limited, and therefore the focus is on the
-

key modes of containment failure (see Sect. 5 preceding for the
indentification of these important modes).

6 A Soecif fe Centainment Fallure Medes- The important containment J
' failure modes are those with potential for causing early failure when the

;
fission products might be suspended in the containment. Because the '

complete details of the particular Vermont Yankee reactor geometry were
not available, use was made of data provided in the VYCSS Appendices, in

conjunction with the Peach Bottom BWR4, Mark I design as a reference.

Based on the discussion in the VYCSS, important contatnment f ailure
modes are those which do not meet the following criterf a:

The containment should remain Intact without excessive leakage for at
least 24 hours and the following limits must be satisfied to insure this
condition: 1) mintmlze spread of molten core material to the drywell
liner, anc 2) do not exceed over-temperature or over-pressure limits
of the containment drywell.

These two limits should be considered in conjunction with both high .

pressure and low cressure core melt secuences. The containment fa!!ure

modes with the cotential to violate these criteria are considered
,

separately, for high and low pressure secuences, in the following
subsections.

6.A.a. Drywell Liner Melt-through- The melt-through of the drywell steel .

\ liner !s a mechanism for f ailure for the Browns Ferry plant that was
identifled during the NRC sponsored containment loads working group
meetings held in 1984. In the problom that was considered as part of this
' of fort, the whole core of the reactor was assumed to be released from the
reactor vessel. The geometry of the Browns Ferry plant is sfmflar to

4

Vermont Yankee In that it has one doorway exiting from the pedestal ,

region (sub-pile room), and has floor sumps located within the sub-ptie
room. The analysis of the thermal attack for this case indfcated that the
drywell liner melt-thrcugh would be assured under conditions of: a) large
melt pool contacting the drywell wall (6' depth), b) relatively high molten

,

,

i

pool temperatures (2550K), and c) no significant heat losses from th'e
molten pool boundary. The situation appears to be dif ferent than this for

,

Vermont Yankee as alluded to on page 136 of the VYCSS due primarily to
ths *maller CCrt CrCyjQlnQ Cnly a \* molten Core pool depth for uniform

. _ _ . _ . _ _ _ . _ _ . _ _ . - . - _ ._ --_-._ --_ -~
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SDreading conditions out to the drywell Wall. However, details of the
cuantitative basis for the yYCSS evaluation are not clear, and the range of
uncertainty is not addressed. Tyee important aspects that ga

.

.

the
actual behavior will be considered: 1) specific geometry of the Vermont
Yanxee floor,2) actual temperature of the melt at time of contact with
' the drywell liner, ano JJ ef fect of pressure in the 'prTTffag system at time

pssel_m_elt-thro gh. ^

. First, the specific geometry is imoortant because this will have a large
effect on the material motion, if there are sumps within the sub-pile
room, they they may be capable of accomodating a significant melt mass

-

following molten core melt-through of the reactor vessel. For example, in,

recent analysts by Sandla National Labs for the NRC, the peach Bottom
sum:s were found to have a capacity of 235 cubic feet, which is capable of
accomodating the ecutvalent mass of 20% of the core. Furthermore, the

- melting process is now,not considered to be Instantaneous, but a more

realistic continuous meltdown over tens of minutes. In this case the
inttlal melt mass may be completely accommodated by the pedestal sumps,
and as the molten melt continues to exit the reactor vessel, molten
core-concrete interaction would provide a cavity mtntmizing the spread of
the melt out of the sub-pile room. This scenario is considered a'

reasonable best-estimate scenarlo at this time for those accidents in
which the primary system is at low pressure during core melting. As an
upper limit, if the effect of the sumps and the progressive melting
behavior is ignored, then a molten pool can form, spreading out of'the
sub-pile room. In this case, for even distributton over the floor, the 1"

j depth used in the VYCSS is valid, and this is considered Insufficient to
cause liner failure. However, the melt must exit through the sub-plie
room doorway, and may preferentfally pool up at the doorway exit and
attack the drywell liner adjacent to the doorway. Therefore, a reasonable
modification.to prevent this scenarlo could be to enhance the uniform'

'sprea~ ding of the melt by, for example, small concrete dams on the drywell
floor. Given untform spreading of the melt, drywell liner melt-throughi -

seems quite impr00able.

The second consideration is the melt temperature. At this[ time, the
initial temperature of the melt exiting the core is not well known. '
Therefore, it is prudent to consider relatively high Initial melt

.

} i.emperatures (2800-3100K) and then consistently take into account the
various ways the melt will lose energy as it proceeos toward the liner

__ - . _ _ -. . . _ _ _ _ _ - , _ _ _ _____ ____
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wall. Some of the heat sinks would be; l) heat loss to the water and steel
in the reactor vessel lower plenum,2) heat loss to the concrete floor, and ;
3) heat loss by radiation and convection to the atmosphere and structures . |
over the pool. This final consideration is one of the boundary conditions i.

that must De also considered for temperature conditions in the drywell. |
Given the l~ depth of the pool from the VYCSS analysis, the conclusion that

- the melt will be relatively cool at drywell liner contact is considered
;

reasonable. However, due to the uncertainties as note previe'3 y. It 41

considered prudent to consider thicker localized pools to address the
.sen5Tt1Wty of the analysis to these conditions.

~ 6 Ab. Direct Heating- Finally, the effect of' pressure in the reacter vessel
at the t!me of lower plenum fatture is important. When the pressure
vessel is at low pressures, then the previous qualitative description and
considerations apply. If the pressure vessel is at high pressure, the melt
will be ejected at high pressures and dispersed throughout the drywell. In
this situation; the melt will contact a number of solid surfaces including
the drywell liner wall as dispersed droplets. Therefore, as the VYCSS
states, the heat load on structures will be more uniform. However, the
specific geometry of the drywell is again important and must be
considered to evaluate this case. For example, the location of the pedestal
doorway exit should be considered. As discussed in the preceding, there is
only one doorway exit from the sub-pile room. This suggests that the melt
elected wf M the htch eressure casses will oreferentially impact the
arvw 11 tuar w2H adf acent to the door. It is not clear that this design ;
spectfic situation was considered in the VYCSS analysts. It would be !
useful to quantitatively exaniine this scenario to determine if it could be a

!
consideration for a reasonable range of core melt masses and
temperatures.

For this particular high pressure case, overpressure is probably not a
concern because the pressure rise will be accommodated by the
spppression pool. The rise time for direct heating pressurtration fs '

slower than the time it takes to clear the vents in the suooression 0001. I

'i nererore, the direct heating eners le t=farmod into suppression poole

neating (and possibly vaporizatlon) which manns that overpressure failure
of the drywell is un!!kely from this phenomenon.

6.Ac. Over-temperature /Cver-pressure Failures- Failures from excessive
pressure and/or temperature may also occur. These failure considerations
seem to be reasonably consicered In the VYCSS. However, the effect of

_ _ _ .
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uncertaintles on the heat up and pressure bulld-up in the crywell was not
Specifically discus 5ed.

.

WIth a uniform pool depth, the over-temperature failure potential may be
important and is influenced by the eff ect or the neat loss from the surf ace

_

of the Dool to the &vwell structures above the pool. For example, it W
important to consider the presence of miscellaneous structures in the
drywell near the pool surf ace. It is not clear to what extent these were
included in.the WCSS analysis, and the ef fect of rel.ated ulncertaintles on
the heat up of the drywell, structures. Also, in the structural analysis
there was no specific mention made of the locations for the critical
drywell penetrations (except for the vents to the suppression. pool) that
could be af fected by the liner temperature rise. If these pene.trations are
low In the drywell, near where the molten pool could be, then the effect of
heating could be important to drywell Integrity. It would be useful to .
provide sensitivity calculations to correlate penetration temperatures
with heat flux from the molten pool.

In the case of the molten pool concentrated within the sub-pile room, the
over-pressure condition would be of concern particularly if the metallic
concentration in the pool is high (fpr exam 61e.from molten steel
ttructures in the rea: tor _ytg3el). In this case, the molten-core concrete
interaction would hold the pool temperatures at initially high levels
qausing more noncondenstble gas production and fission product release

_

from the pool. In the WCSS, this possible configuration did not seem to be
evaluated, and would appear to be a useful additonal consideration. It
should be noted that the large containment volume relative to' core volume
of the Vermont Yankee plant will tend to delay the over-pressure f ailure.

! .

&B Conclusions- The important containment f ailure modes in the WCSS

were reviewed. The review indicates that for the cases considered in the
study, reasonable conclusions have been reached. However, ther arel,
riumber or vnef ations of the scenarlos that were not considered that could
be an Imnact on the three modes of early contalnment failure.
Consideration of these scenados would provide additional support that the
WCSS containment failure pr,obabilities are reasonsole, and would provide
some perspective on the ef fect of alternative possible scenarios.

.
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7. CONTAINMENT INTEGRITY IMPROVEMENT 5- Tnis section evaluates
!morovements to the Vermont Yankee clant which have the potential for
decreasing the orobaDility of containment failure in the event of a severe

~

accident. These improvements f all into three categories which are
discussed in separate subsections which follow. The three categories are:
1) Improvements suggested by the NRC,2) imorovements identified in the
WCSS, and 3) improvements identified during this review of the WCSS.

,

7A Imerevements to Containment Intecrity Succested by the NRC -
Section 5 of the VYCSS discusses recent improvements which have been

suggested by the NRC for BWR plants with Mark | containments. These
improvements were recently (Sept. 23,1985) discussed in detall during a
meeting between the NRC staff and the Advisory Committee on Reactor
Safeguards. A revtew of the transcripts from that meeting (18) indicates,

; that the VYCSS properly describes and characterl2es all of the NRC
suggestions. The VYCSS evaluates each of the five NRC suggestions and
derives an assessment of their apolicability in the context of the Vermont
Yankee plant design and severe accident evaluation. The follow!ng table
lists the five NRC suggestions and summarlZes the VYCSS response (as
described in Sects. S and 7) to each:

NRC SUGGESTION VYCSS RESPONSE,

1. It#0 gen ccmbustion ccitrel No eediti ne! cer.sideretion requirtc
2. Centrel cf metten debris !n c:ywell No a@tfonelcensideration required
3. Impreve reliability of contate. ment s;rers Further stu@ racemmenced
4.Centainment venting further stu# reccmmended
5. Agent tratntr.p;rocedures fer severs ace! dents further stu# re=mmenced

The remainder of thts sub-sect!on evaluates the VYCSS response to the

NRC suggestions and provides a judgement on the appropriateness of the
response in the context of providing additional measures to ensure
containment integrity in the event of severe accidents. Each of the
suggestions is considered separately. ,

,

7Aa. Hydrogen Combustion Control- The NRC suggest!on for this issue
consists of two parts; minimize time that containment is not inerted

,

during operation, and minimize the potenttal for oxygen Ingress during the
course of severe accidents. With respect to the former, the VYCSS
Indicates that the Vermont Yankee plant has histortcally been deinerted
only 1.1% of the time with the plant at power, and this is considered

_ acceptable (pg. I15) by the VYCSS although no basis is p*ovided. In order'

to evaluate this conclusion, a sensitivity study was done in an attempt to

7-1
, ,

|



_-_ - - __________________

, .

*NOV C4 '95 16:51 VTDPS 8029292342 P.2

.

~

determtre tne potential Influence on containment f ailure proballity Dy
having the containment de-Inerted IS of the time. If it is conservatively
assumed that a de-Inerted containment will always cause containment
f ailure with either a high or mocerate radioactive release, then, ustrig the
results of Table 4.7 (Pg.108) of the VYCSS it can be seen tnat this-

contribution would reix the early high or moderate relecccc from 7S to
8% of the CMP. This is obtained by multiplying the total CMP by.01 and
adctng the result to the existing VYCSS estimate of EH and EM release
Orebabilittes. This conservative sensitivity study shows that tne ef fect
of naving a de-Inerted containment IS of the time is negligible, and a
substantial increase would be reautred to have a significant eff ect.

With res0ect to oxygen Ingress during severe accicents, the VYCSS
ccncluces that cue to plant modifications in using nitrogen for tnose
systems that could inject alr in the drywell, coupled with existing limits
for tne use of cryweil sprays (to prevent depressurization and air ingress
throu;:S vacuum breakers), oxygen Ingress Is not a concern.

.

The VYCSS response to the nycrogen control issue is consicered adecuate
anc valid with one exceptfort The VYCSS does not provide an acecuate
cescN;t!0n and analysis of wnen anc now crywell soray actuat'on will be
Inhibf ted, and now such Inhibition will assure that air Ingress will not
occur. Tne ref erences to c.ywell spray inhib!tton ( for example, see
40enctx A, Answer '9)in tne VYCSS Incicate that the crywell soray is
Inhibited en the buts of excessive crywell pressure and tempe ature to
avolc the ;otential contatnment collapse from negative pressure. The ,

, inh 1Ditton ts apparently not based on any consideration of atr ingress cue
to opening of vacuum breakers. The issue of drywell spray actuation

,

. dJrir; severe accicents at Vermont Yan'<ee is considerec fur:ner in Sect. 8.

7Ao. Control or r1olten Debris in DIywell- The NRC ccacern regtrding
moiten ceoris control in,the crywell relates to the posstellity that the
molten debris may flow to the intersection of the drywell floor and steel
wall liner, if tnis occurs, tne liner may f all, and a racloactive release may
occu whicn bypasses the suporession pool. The VYCSS concludes that
this issue is not pertinent to the Vermont Yankee plant because the small
core $12e will ilkely prevent the occurrance of molten cebris-liner
interaction, and the use of dr/well sprays will inhibit migration of molten
debris to the liner. It is further arguec (Pg.136) that barrters to molten
debr|= mig etton wculd be counter procuctive cince they would inhibit
crywell spray flow to the sub-plie room.

7-2
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The issue of molten decris-eywell liner l'nteraction is a controversial

'

aspect of severe accident behavior for f1 ark i Dlants. As such, the issue is
censidered separately.in Sect 6. While the VYCSS arguments' on this issue
acpear pertinent, two considerations appear incompletely assessed. First,
as pointed out in the previous sub-section, the use of drywell. sprays under
severe accident conditions is inhlbited by high drywell pressure and
temperature. As a result, it is not clear from information in the VYCSS to
what extent these eprays can be rolled upon to arrest the progression of -

molten debris across the crywell floor.- Second, it does not appear that the
VYCSS has fully explored the alternate placement of physical barriers (for:

example, near the drywell liner wall) which would not inhlblt drywell
spray flow to the sub-pile room, or the use of small local barriers to

-

assure uniferm distribution of the molten debris (See Sect. 6). ..

7Ac. Improve Rellability of Drywell Sprays- The VYCSS concurs witn the
NRC suggestion that this as;ect needs further study, and several areas are
Identifled, starting on Page 116, to improve drywell spray reliability.'

These areas are considered appropriate and valfd. The problem of
inhlbiting the spray actuation when high drywell pressures and
temperatures exist is not addressed, however (see Sect. 8 for additional
disucsiston) Further, the possibility of low NPSH for the ECCS pumps
Idged on page 117 Is not consmareuurtner in the discUsifinn'on
reliability. ItToes not aipear, however, that this is aliiii}0rconcern for
Vermont Yankee since alternate sources of water (other than the
suppression pool) are ava!!able.

.

7Ad. Centainment Venting- The VYCSS Identifies this suggestion as an.

'

Issue reputring further study. Various aspects of the benefits and -
potential detrimental effects are discussed throughout the VYCSS, and
these considerations appear valid. The discussion regarding further study
of the issue (starttng on Pg.121) also appears consistent with the.NRC
postion, and enc 0mpasses those areas which appear to be important with

'

one exception. The only deficiency noted in the VYCSS with respec,t to this
issue is the lack of any consideration regarding the addition of a
completely separate venting system, the evaluation considers only
modification to existing plant equipment.

7Ae. ' Augment Training / Procedures for Severe Accidents- The NRC-

objective for this suggestion is to assure that the plant operators makei

the best use of plant systems for the preventton and mitigation of severe *

accidents. The VYCSS response to this suggestton (starting on Pg.139)
appears appropriate and complete. The only deficiency found was th,e lack
of any discussion regarding the schedule fer the implementation of the
changes identified for future consideration.

7-3
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7R Containment intecrity tmorevements identified in the VYCSS .

Scattered throughout the WCSS are suggestions and recommendattons for
'

additional analysis and study regarding potential plant improvements for .

reducing the risk from severe accidents. In Sect. 6.2 on page 178, thei

WCSS explicitly discusses " continuing erforts regarding severe acc! dent
- analysis". These ef forts are grouped into three categories. The first

category covers " procedure changes (which) are recommended for final
evaluation and implementation" These changes consist of six Items. The
first five items all pertain to improved recovery from station blackout
scenarios, and the sixth pertains to improved procedures to respond to the
ATwS accident. As noted previously in Sect. 5 of this report, the station
blackout and ATWS sequences are dominant contributors to containment ,

failure leading to a significant release. Thus, the WCSS recommendations
address those secuences of significance, and they are considered
appropriate .

t he second category of WCSS Improvements are described as
" recommended f or f urther study augmented by detailed analysis to ensure
that the positive and negative impacts of potential changes are well -
understood." Three items are recommended, all of which are considered to

,

be appropriate and potentially important. The three items are upgrading of
the Emergency Cperating procedures, enhancement of containment-

'

spray / reactor injection capaallity, and enhanced capability for venting of
the centainment. As the WCSS points out, all of these items have
positive and negative aspects wntch need to be carefully evaluated before
any changes are implemented.

The third category is described as * areas which merit furt' er study", andh

consists of four items. These include evluation of RHR pump response to j
1

high suppression pool temperature, evaluation of nitrogen supply to j

! safety /reitef valves, reliability evaluation of the service water system,
and reliability evaluation of the standby liquid control system. All of
these items appear to be appropriate items for consideration.

-.
.

While all of the above items appear appropriate and recognize the'

important severe accident issues, it is not clear which items Vermont
Yankee Nuclear power Corporation has committed to accomplish and on'

' what time schecule. The WCSS Impiles that all of the items will be j
,

-

accressed, but they are described as " recommendations", not commitments. |

!
7-4
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7C imcreveme'nts Identified Durina the Revfew of the VYCSS- In
; reviewing the VYCSS, one of the objectives was to identify additional -

; improvements not considered by the study or suggested by the NRC which
appeared to have the potential for improving the probability of maintaining.

I containment integrity in the event of a severe accident. Two such
j tmorovements were Identif fed, as follows:

I.
1. Upgrade the capacity and reliability of the drywell coolers- At

1 present, according to the VYCSS, the drywell coolers will be
isolated during severe accfdents. It'also appears that theirl

p capacity is Insufficient to remove decay heat until tens of hours
af ter core shutdown. However,if the capacity of these units could3
be upgraded, and their reliability assured during severe accidents,.

it appears they could be effective in reducing the likithood of
drywell failure from overtemperature or overpressure. They also
could remove some of the heat loading on the suppressfcn pool for

'

translents, and extend the time of, or prevent, overpressure
containment failure.'

,

2. Reduce the frequency of main steam Isolatton valve (MSIV) closures
for transients and/or make provisions to reopen these valves; .

followfng transients. This modif! cation could improve the
likellhood that the main condensor would be available as a heat sink
for some accident sequences. The VYCSS does acknowledge (pg.
151) the possibility of re-opening the MSIVs for the ATWS event.
Howev,er, there is no discussten regarding the likely success of
such a strategy, or what operator actions would be required.,

Further, there appears to be no consideration for changing the
j MSIV closure legte, or re-opening the valves for other, more likely,

transtent events.
,

It should be emphasized that neither the cost, feastbility, nor quantitative4

risk reduction potential was evaluated in formulating the above-

,

; suggestfons for pstentIal improvements. Further, it is not meant to imply
by making the suggestions that any plant Improvements are necessary to
decrease severe accident risks. .

7-5
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8. Mtscellaneous Comments and Discussion of issues
-

!
This section presents a listing of comments which were developed in .

| conjunction with the review of the WCSS report which are not directly
related to items discussed in previous sections. Some of these comments
were considered significant and an expanded discussten is provided. Those
considered signif! cant in terms of impacting the important results are
identified and an evaluation of their impact is addressed where
appropriate. Editorial and other minor comments not relevant to the
interpretation or validity of the results are not included.-

The comments and a discussion, where ' appropriate, follows:

~

1. Daracterization of resulti- The conclustons gtven in the WCSS (page
1781 state that "...the best estimate single-point conditional containment
f ailure probab111ty is 7W. Also, the cover letter transmitting the CYVSS
(Weigand to Denton, Sept. 2,1, 86) indicates (third paragraph) that9
Vermont Yankee has concluded that the best estimate of probability of"

containment fatture is once every 500,000 years, which corresponds to a 7
percent containment failure probablitty in the unitkely event of a serious
accident resulting in core melt." These statements appears to be improper
charactertzations of the VYCSS results for two reasons. First, the

I
probability of containment f atture given a core melt is not 72, but actually '

; h322 based on the results presented on Pg.108 of the report. The 72 value
) ts the probability of containment failure resulting in an early radioactive
> release of high or medtum magnitude. Second, the one in 500,000
I (2E-6/yr.) probability quoted in the cover letter appears to be based

1 directly on combining the WCSS core melt probab111ty result (3.0E-5)
times the containment failure probablitty with significant release, or 75
(.07). However, on page 58 of the WCSS tt is stated that "As noted'

. earlier (Section 4.1), this approach (referring to the approach used in the
WCSS)is not capable of supporting a * bottom line" value for the core melt
frequency al Vennunt Yankee * While the meaning and intent of this

, statement is not entirely clear (there is no corresponding admonttton
"noted" in Section 4.1, contrary to the statement contention) it seems to

i imply that overall core melt probability numbers calculated in the study
are insufflctently accurate tQ use in a bottom line sense. While this
statement on page 58 may be too severe a characterization of the overall
core melt probability results, it seems to undermine the uncualtf ted'
statement of results in the transmittal letter. This apparent discrepancy !

Is closely related to the uncertainty discussion which follows.
'

. - . - - - - - _ . -. -. - - . . _ . . -
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2 tecertainties- The report 1s. considered deficient in not providing a .'

reasonable assessment of uncertainties. The assessment of uncertainties
is said to be beyond the available resources. However, this feature of PRC
analyses has been found to be so imoortant and contreven;in1 that nmittq
any discussion detracts from the usefulness and credibility of the
assessment. Even a judgemental estimate of uncertaintles with
aporopriate otscussion of the basis (as opposed to a rigorous statistical
based assessment) would have been an Important addltion. Instead, the
repttt does not even include much qualltative insight on the' significance
of uncertainties which would add some perspective'to the results. To
compound the problem, there appear to be several inconsistent and
confusing references to the results in the context-of their perceived
r;ccuracy. For example, on page 37 it is stated that "Because this
parameter (condittonal failure probability of the containment given a
severe accident as calculated in the VYCSS) was not the Intended purpose
of earlier analyses, the containment conditional failure probability that,

can be inferrec from such analysis is a conservative unoer bound estimate
(emphasis added) adequate only for use in the Integrated public risk
estimates." The VYCSS assumptions, analysis, and data do not appear to

'
support the contention that the results are a conservative upper bound
estimate, nor is it clear how these results are judged to be adequate only-

-

for use in the (whten?) Integrated public risk estimates. Further, on page
39 tt is conceded that 'Because of the limited time available for this

, Vermont Yankee specific analysis, this uncertainty was not explicitly
quantifted; rather a 'best estimate'value was developed. However, despite
the. attempt at a best estimate calculation, there'may still be excessive
conservatism in the evaluation.

Another character!2ation of the results in this context appears on page 48,
to wit;"In the text which follows the term "best estimate" is used to'

1

characterize the processes and results (for the containment failure
,

probability evaluation). This term is intended to indicate that the |
evaluation was performed in an objective manner that attempted to
balance uncertainties . The analysis provides a iormal means for
investigating possible challenges leading to core melt or containment
failure and hence charactertzing tn approximate terms the probabillt'y of
containment failure." Again, on page 81, it is stated that 'The process has

8-2
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led to a number of procedural insights' which could be enhanced to preserve

the best-estimate nature of the numerical assessment." Also on page 81, . .

there appears to be a range of uncertainty provided in some of the results,
but there is no basis provided. For example, 'The best-estimate of
successful containment performance for such a definition (early or
intermediate fallure times with high or moderate release) 1s in the range
of 90 to 982..0ther ranges for various measures of contatnment
performance appear on page 81, and they have ranges of IOS, encompassing
tne test estimate value. Further, on page 178 (6.0, CONCLUSION) It is
stated that *For all severe accident types involving core dama~ge and
having the potential of causing a significant radlonucilde release, the
conditional containment failure probability is 2-10S." These results do ,
not seem to support the earlier contention (' conservative upper bound
estimate'), and no discussion is provided indicating how such ranges were
derived.

.

'
,

In the comparisons provided in Sect. S of this report, some discussion of . '

the ranges of results found in pRAS for SWR 4s was given. On the basts of
that evaluation, and utill210g other judgements, it is estimated, roughly,
that the VYCSS core melt probability has an uncertainty of about a factor

'

of 5, and the containment conditional failure probability for an early.

release of high or moderate magnitude has a range of perhaps 45 to an
Lupper bound of 205 (vs. the VYCSS "best estimate" of 75). : ,

1 Evterna1 Events- The VYCSS excludes consideration of external events
(Pg. 54). While this limttation does not invalicate the results for the
events considered, it does open the question of the potential Influence of,

j external event considerations on the results. Further, the results stated
in the report (particularly in Section 6.0, CONCLUSIONS), and in the cover
letter, do not express this limitation, nor is there any qualitative

I judgement offered regarding the potential etfeet of this limitation. In
order to provide some perspective on the possible sfgnificance of external
events for the Vermont Yankee plant risks a literature search was
undertaken to determine if risk assessments for plants in the regfon of the
Vermont Yankee site (i.e. Northeast U.S.) found external events to be
significant. It should be emphaslZed that such a survey.cannot conclude
that external events are or are not important for Vermont Yankee because
1) As pointed out in Reference 10, external event risks are very plant and

'

B-3
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Site specific, and therefore external event risks from one site cannot be
extrapolated, in general, to another,2) external event risk estimates are
exceedingly uncertain and controversial, and not much confidence can be .

00), and 3) no PRA has been published for a BWR4placed in the results
with a Mark I containment in the Northeast U.S. Notwithstanding these
limitations, it is useful to assess the overall significance of external
event risks fr0m other PRA studles in order to obtain some perespective
on trends and potential significance as applied to the Vermont Yankee -

,

case.
!

The results of s1x published pRAs for plants in the Northeast U.S. which
,

have incluced an assessment of external event risks were examined in this
survey. These include Millstone 300, Limerick % Shoreham(s) ,

Seabrookus) and indlan Point Units 2&302). The Mllistone and IndianToint,

i plants are PWRs (with reactors built by Westinghouse), while the Limerick
'

and Shoreham plants are BWR$, Type 4, with Mark || containments. In
summary, in all of these PRAS, external events were found to be ,

significant (in most cases dominant)in terms of contributton to the"
probability of sertous release. In most cases the dominant external event
contributor In this regard was seismic events. In all cases, however, the
overall risks computed were very low. For example, in the Shereham case,
the estimated frequency of a significant release (capable of causing one or
more early fatalattes) was 2.5E-7/yr., and was dominated by selsmic.

events.

The only valid conclusion from this survey is that external events have
been found to be important contributors to nuclear plant risks in the
region of the U.S. In which Vermont Yankee is located. This implies that
such risk contributtons could be important for Vermont Yankee.

,

I
4 Use of Crvwen Scravs- The VYCSS assessment of the potential use and f

effectiveness of drywell sprays is somewhat confusing and apparently'

i incomplete. For example, there does not appear to be an adequate.
consideration of the potential for a steam overpressure sotke when the
spra/ wa'.er may centact the pool of molten debris late in some accident,

sequences. If this contact dogs not occur, as might be the case earlier in
'

-

the sequence, it may be possible for the sprays to condense and cool the'

dyrywell atmospnere to an extent that the recuction of pressure could
,

open vacuum breakers and allow oxygen to flow into the drywell, raising*

8-4
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the potentf al for hydrogen combustons. While this possibility is
u

recognized, it coes not seem to be evaluated for some of the accident 'J

sequences. On Page i 15, it is stated that drywell spray actuation limits
!

would actually preclude operator actuation In cases where excessive .

negative drywell pressures could result. However, it is not clear for
which. accidents, and at what times this Inhibit condition would occor, nor
is it clear how this factor has been considered in evaluating the
containme.1t response for various sequences. ,

5. Release Mapituce Derssective -The VYCSS divides release magnitudes
into 6 categories (pg.108), and these magnitudes are briefly described in
terms of time Intervals and fraction of " equivalent" lodine release.
However, there in no discussion provided concerning why these particular
time perlods are significant, or why the particular lodine fractions were
chosen to characterize cifferent release. It would be particularly helpful
If the report could discuss the significance of these releases and release

*
,

!
times in terms of public health consequences. Without this information, it
1s not possible to evaluate the detailed significance of the r,esults in

'

,
;

terms of release paramatars vs. probability provided in table 4.7. Many
,

other radionuclides (l.e., Cs, Te,83, Sr, ) can be important contitutors to
5

pubile risk and their release potential is not explicitly identif ted in
y

describing the releases.[

h 6 Perefits of SmallerCore Dowerlevel than Deference D$nt _On page 48'

and 49 several benefits are listed which are said to derive from the fact
t

>
that the Vermont Yankee plant has a lower core power level than the ,

y WASH-1400 plant (peach Bottom) while the containment volume is
t

essentially identical. Indeed, the Vermont Yankee power level of 1593MWt
| Is only about half that of Peach Bottom (3293MWt), and the containment
f! drywell volumes are comparable (134,000 cu. f t, for Vermont Yankee vs.

159,000 for peach Bottom according to 4pendix A of the VYCSS). These
design parameters mean that the core power to containment vCume ratio
is considerably less for Vermont Yankee than for peach Bot. tom, and this
dif forence is said (Pg. 68) to result in much delaygl containment f allures
by overtemperature or overpressure compared to peach Bottom. However,
the primary energy absorbing.meofa for all severe accidents is the water
in the suppression pool. The ability of this water volume to abscre decay
heat (or core power for ATWS) will be the primary determining factor in

,

temperature and pressure rise rate. From Aependix A of the VYCSS It can

8-5.
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be seen that the Vermont Yankee plant enjoys only a very modest benefit
(about 142 greater) when the two plants are compared en the basis of corei

power to suppression pool volume ratio. Thus, while some benefits would ~

definitely accrue from the relatively low Vermont Yankee core power
.

level, they may not be as significant as implied in the VYCSS. )

7 Basis fo- Frecuency and Drobabiitty Values -In several Instances
throughout the report, it was judged that an inadequate basis was provided
for the frequency and probability values. The more sigolficant of these
Instances were as follows:

PAGE NO. DESCRIPTION
62 Unavailability for Vernon Hydro given station blackout

.

68 Calculated times for containment failure
74 Conditional failure probabilities of containment failure

{75 Unavailability of water injection
|
4

.

The basis for the values used In ea:h of these four instances were
requested from the utility during the review. The basis was promptly
supplied !n all Instances, and they appear reasonable and adequate. The
utility response to this request is provided in Appendix A to this report.

,

&

:
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Developec During tne Rev ew of the Vermont Yankee Containment Safety
Stucv

.

O

A-1



l

J. .

,

f@t 04 '96 16:52 VTEPS E02s;ea342 s P,4*
,

f
,

,

i

PRE'lMINARY QUESTIONS QW THE VERMCN! YANKEE.

*

CONTAINMENT E/.FETY STUDY

..

CUESTTON 1 -

.Page 12 - The paragraph at the top of the page states that failure of the NPCI
in the case of a small LOCA would require operation of the AD5 to reduce

vessel pressure. The first paragtsph on Page 11 states that the ACIC may be
Pleaseconsidered as a backup to MPCl in the event of a very small LOCA.

indicate for which break sizes the RCIC, acting alone, can be considered a
viable reans of cere cooling.

AN F'.'tR 1

The Reactor Core Iselation Cooling (RCIC) System can deliver ACO gallens per
minute rakeup water to the reactor. The High Pressure Coolant Injection
(HDCII Svsta= can deliver 4.250 gallons per ninute of coolant inje.ction to tha

' reactor. Althcugh RCIC's design requirement is to provide het shutdown core
itscoolin5 f.cr transients in which the rain condensee is unavailable,

capacit; ef 400 spr. (o: sp;r xt=stel; ene. tent? that of MeCI) can provide
nakeup to r.aintain adequate reactor level for very small leaks in the reactor
coolar.t p ressure beundary. The actual leak size is a function of the decay
heat level, the leak location, and the leak geometry. Typically, staan line .

leaks =f less than two inches in diameter are within RCIC System capacity.

.

.

O e
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Pase 62 - Please provide the basis f or the Va'enon Hydro unavailability values
listed on this'page.

ANSVTR 2

"

evallable information indicates that the plant was unavailable for aThe best *

tetal of 2 hours and 24 minutes in a 21-year period. The average

unavailability is, therefore, 1.3 x 10 In response to e grid collapse,~

.

the hydroelectric station m'ist separate from the grid to allow the tieline to
re= sin available. The only active action identified was the automatic opening ,

.

of a single normally closed f eed breaker (b). Therefore, H can be

appecximated as:

H = 1.3 x 10~ * b (falls to open)***

~

= 6.6 x 10

The :r1 ater fer operator inappropriate action are as follows:8

_0_""
.

.

Phase I O - 2 hcurs .1

Phase :: .2 - 4 hours .05

Phasa III 4 - IC hours .01

Phase :Y 10-24 hours .01

It should be noted that only two events were recorded: one of 2 hours*

and 30 -inutes and ona nf 4 minutes, Thg station recovered quickly from
the latter event, which was initiated by a lightning strika.

** (1) .3'4R Individual Plant Evaluation Methodology.

Swain and H. E. , Cutt-an, Handbook of Human Reliability .

(2) A. 3.
Analysis With Emphasis en Nuclear Power Plant Applications.
HUFEC/CR 1278.

*** b (fails) to cpan) = 6. 5 x 10-d/ demand, seabrook PRA.
.

-2-
.
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Assuming that required' action (opening) of the normal feed breaker to each
teersency bus is addressed in the electric power system eodel, then two
breakers have to close.,to feed either bus. In addition, it is assured that

the diesel breaker must open (this is conservative since failure of this
breaker to close may have been the cause of " diesel f ailure to supply
emergency bus"). So that V con be approximated as:*

.

~

V = 1.7 x 10
i

f actor C reflects those loss of off-site power events that would alsoThe

render the Vernon Hydroelectric Station Unavailable. A review of lie off-site
power events identified 24 that were caused by extrer.e external phenomena
(e.g., lightning, ice stores, heavy snow, tornadoes, etc.) . Events such as
saltwater spray and Florida grid instabilities were assessed not be be
applicable to the Varmont Yankee site. More detailed analysis of the
particular arrange ent at Vernon and Vermont Ytr.kee is needed to assess C.
However, it it is assuseo tnat not ala ot tn. avanca sre applica' ele te Versor.'.

~

Yankee, then C could range f rom a x 10 to .1.

.

Tha upper esti=ste (0.1' it used for the point enticate cuantification in this
analysis.

Ir. sunrary the unavailability of Verncn Hydec as an ef fective A0 power source
to the emergency buses given a statien black, cut is:

U=M+0+V +C
.

U = 6.6E-4 + 0 , 1.7E-3 + 1E-1

Vernon Hydro

Vernon Hydro Unavailability

Unavailability For Events other
For Extrema External Than Extcome

Phenomena Events __ Externet Phamo-ana.

.1
Phase 1 0 - 2 hours .2

.C5
Phase :: 2-4 hours .15
Phase II; 4 - 10 hours .11 .01

.

Phase IV 10-24 hours .11 .01
|

The Vermen Hydro unavailability foe extrees external phenorena events has been ,

)

incorporated into the quantification of Ver .ont Yankee station blackcut
sequences in 5.3. ,

l

1

i
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C'JESTIQN 3

.

Page 63 - Provice a roterence for tho' " previous evalu=Liuum" ser .c.d Lo in
''

the last paragraph.

.

ANrWER 3
.

References:

1. SL -8215, " Inadequate Core Cooling Det' action in Bolling Water Raattors,"
prepared for B''R Owner's Group, S. Levy, Inc. , November 1982.

2. S* !-8221 " Review of Shoreham Water Level Measure. ment Systars," 3. Lavy, !
"

.

Inc.. November 1982. )
l

s.
3. Shoreham PRA Reper't.

i

|
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.

Page 68 - The first paragraph refers to " deterministic calculations" to
support late containment f ailures. please supply or reference these

' calculations.

.

ANSutR 4 .

The severe accident phanceanology was analyzed for several accident sequences
using both MAROM/RMA and MAAP 3.0 codes, performed by Risk Management

Associates and Fauske and, Associates, Inc., respectively. For the staticn
blackout accident sequences, the results of both ttutdH/RMA .ud M 3.0
analyses indicated that the contair. ment f ailure by overpressure would not

occur within 24 hours after the initiation of an accident. Referenca:
YAEC-1564, Appendices C and D.

.

e

.

.

.

l
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Page 74 - Please elaborate on the basis for the conditions 1 containment
_

f ailure pectabilities provided at the bottom of the paga.
.

ANSWER 5
.

The bases for the conditional probability of early containment f ailure (CI)

for each class of accident are as follows:

Accideat Class C; EajjdL

IA 10-3 a ,

I3 10-3 a

IC .31 b

ID 10-3 a

II v 1.0 c
tC-3 aAAA

IV 1.0 a

*

Eol.nno

The* no apptcpriats f a* 1ur. mode wac 'ud;cd te be hydroger burr.a. .

probability is based on the Shoreham PRA study.

b. The failure probability was esticated as the fraction of sccident -

.

sequences in Class IC that would result in elevated centain. ent pressure-

(14C psia) bef ore reactor vessel f ailure.

For these sequences, contain. tent is assumed to have f atlee price to carsc.

elt..

.

e

.
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QUESTION 6

.

Page 75 - Please provide the basis for the estimates of unavailability for
water injection given on this paSe, and indicate why Classes IE, IV, and V are
not included.

.

A.NSVCR 6 ,

The bases for the estir.ates of unavailability of effective active mitigation,
water injection (T) for each class of accident, are as follows:

Accident Cists T (Civen ne early centainmeet failure) Basis

IA 0.01 a

IB 0.14 b

IC 0.01 a
,

D 0.1 :

IE 1.0 e

; 1.0 e

dII 0.05 **

IV 1.0 e
'

1.0 e .'V -

EIIr.1F.

Credit for drywell spray. Low Pressure System, Feedwater System. Ocrea. ,

spray System, and Control Rod Drive System.

b. Failues probability of off-site /on-site power recovery and unavailability
.

cf diesel fire purp, weighted by the ccre colt f requency of each phase in I*

|

Class 13.

c. Credit for Control Rod Drive System.
I

!.

d. Credit for Control Red Drive Systam and Teodwater System,

e. h*o credit taken; f ailure probability of 1.0 was assi5ned. !

|

f. Credit for Feedsater System.

.

g. No credit taken.

-7-
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Fase 77 - Please provide the basis for the 505. probability for leakage
f ailures given in the last paragraph.

,

AN5b'E2 7
.

Based on the PRA studies of Shoreha:n and LL:nerick, a 50% probability is
assigned to the leakage f ailure given a slow overpressure challenge to the
conta ir. ten t.

.

er

e

S
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OUESTION 4 ,

.
'

d

Pese 80 - Please provide a reference 'for the "recent. investigations" referred,

| to in the firs,t full p*aragraph. *
.

|

' ANBWER 8
I .

,

Reference: NUREC/C1-4550, " Plant Accident. Seguence Likelihood
; Characterization - Peach Bottom Unit," Draf t. Volume III, May 1986. '
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Page 115 - Item 4 Indicates that procedures include limits to prevent

initiation of drywell sprays to avoid excess negative drywell pressures.

,Elsewhere in the report, t,he use of drywell sprays is shown to be an effective
severe accident mitigation measure. Please elaborate on when procedures would

' ellow us'e of drywell sprays during severe accident progressions.

AN S'.'tR 9

Drywell sprays are initiated whenever:
.

1. Crywell te perature cannot be maintained belcw the drywell temperature -

design llmit, or

2. Torus alespace pressure exceeds the suppression Cht:bar Spray Initiation

Pressure (SCS!P). or

*
.

3. Containrent prsssure cannot be mainta!ned below the containannt pressure

design limit.

.

These actions are predicated on the torus airspace temperature and

pressure being below the drywell spray initiation pressure limit curve.

This curve assures that the containment will not collapse or otherwise *

fail due to negative pressure resulting fron the spray initiation and the
subsequent ev'aporative and convective cooling of the contain, ment

aLocsphere, j
|

'
.

s

|
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Page 106 - Table 4.5 indicates that " interfacing LOCA" (class V) avants are
estimated to have a "n'egligible" frequency. There does not seem to be any

~

justification provided in the report for this conclusion. Please provida

, additional information.
.

ANS'JRR 10 .

.

Reference: " Peach Bottem Individual Plant Evaluation." The frequency of
~

interfacing LOCA (01 ass V) was estimated as 10 / year in PSIPE. This
frequency for class V is assumed to be applicable to Vermont Yankee, and it is
negligibis for the purpose of evaluating centainment conditional f ailure

. probability.

4.

.

.

|
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OUESTION_11_
.

'

General - Please provide Rat erance 11 (TAEC-lS64) .

..

*
AssutR 11

YAEC-1564 was developed as a detailed description of the analyses used and
results obtained in the Vement Yankee Containment safety Study. The
methodologies selected and their specific application to the Verment Yankee
plant are considered by Vemont Yankee to be new work in the field, and have
Potentially et ,nificant ccmarcipi value. Vermont Yankee would be pleased tot

provide t.his material, if * nacessary, for review provided its confidentiality
can be assured through femal agreenent. Ve are available to discues the ,

details of such an agreement at your convenience.

.

e

e
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NRC SEVERE ACCIDENT POLICY.

i

;

e AUGUST 8, 1985
i

1

PRESENT REACTORS ARE SAFE EliOUGH, BUT. . .e,

e

!
,

SEARCH F0' OUTLIERSR
;| - e
4

CONSIDER EALANCE OF PREVENTION AND filTIGATIONe

SPECIAL CONSIDERATION OF CONTAlbf!ENT PERFORI%NCE; -

!

*
. . . .

9

.

4

i

-)

i

|
i

I

!

!

!
;
4
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:

Ti1E SEARCH FOR OUTLIERS

t

SEARCH FOR SIGNIFICANT VULNERABILITYe

FIND OUTLIERS NOT NECESSARILY CUAi4TIFY INLIERS
.

-

e INDIVILUAL PLANT EXAi'IMATION .

UNLESS ALREALY DONE-

IDEliTIFY OUTLIERS-

:
BACKFIT AS APPROPRIATE1 -

..-

WHERE TECHNICAL ISSUE GOES BEYOND CURRENT REGULATORYe

E UIREMEiiTS
|

GENERIC RULEMAKlhG PREFERRED-

:

ALSO USE SULLETINS, ORDERS GR GEiiERIC LETTERS1
-

i

1

1

i

;

o
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GDC 16:

CRITER10ii 16 - CONTAINMENT DESIGN. --AN ESSENTIALLY"

LEAK-TIGHT BARRIER AGAliiST THE UNC0i4 TROLLED RELEASE OF

RADI0 ACTIVITY TO THE ENVIRONMEi4T AliD TO ASSURE THAT THE

CONTAliiiiEllT DESIGN CONDITIONS IliPORTANT TO SAFETY ARE h0T
EXCEEDED FOR AS LONG AS POSTULATED ACCILEi;T CONDITI0iiS

dEQUIRE."
:
!

GDC 50:

. _ _ - - .

CRITERION 50 - CONTAINEEitT DESIGN BASIS. "--AS REQUIRED BY

SECTIOii 50.44, ENERGY FROF. F.ETAL-WATER Al-lD OTHER CHEMICAL

REACT 10ii5 THAT ilAY RESULT FROM DEGRADATIOil EUT (10T TOTAL
FAILURE OF Ei'ERGEliCY CORE C00LI!1G FUliCT10NING, (2) THE

LIFlTED EXPEdlEiiCE A!iD EXPERIf.EliTAL DATA AVAILABLE FOR DEFliilNG
ACCIbENT PHEN 0|iENA AND C0llTAINMENT RESP 0flSES, AllD (3) THE

CONSERVATISP. OF THE CALCULAT10ilAL MODEL AND IllPUT PARAMETERS."
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IDCOR/NRC PROCESS
:

,

TKO PARALLEL PROGRAMS TO STUDY SEVERE ACCIDENTS INe

REFEREi:CE PLANTS
3

NRC SEVERE ACCIDENT PROGRAM-

IDCOR-

.

I e COMPARE AND RES6LVE TECHNICAL ISSUES

IDCOR PREPARE AND SUEf IT IPE METHODOLOGY FOR NRC REVIEWe

!.
!

e NRC GENERIC LETTER T0 DO IPE'
,_

WITH GUILELIllES a CRITERIA-

_

I BY APPROVED f;ETHODOLOGY-

e C0i; DUCT IPE
;

.

J

e IDENTIFY Afl0 EVALUATE OUTLEIRS
'

1

e ORDER FIXES;

;

,
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U. S. BOLLING WATER REACTORS

!
24 BWR 2/3/4 WITH MARK I CONTAINMENT (ALL ICENSED)L

ej
;

5 BWR s/5 WITH MARK 11 CONTAINMENT (S LICENSED)e

!

.

4 L',lR 6 WITH l%RK Ill COMTAINMENT (4 LICENSED)e'

!
. . _ . _ ,

;
.

4

i

1

|

!

i

i
I

!

|

!
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lAstE 1 - u 5. BWR PLANT-SPECIFIC PRA STUDIES

PROGRAM RfPORI CORC/ REACTOR CORE-DAMGE EVENIS MEDIALE, CONTAllSefhi

PLAMI hAME REPORT ttAR CONIAllet[NT POWER Oedi) EREQu(NCY PRA COM510EREO MEAM OR CON 0lil0NAL

ESTIMTE PolNT EAltuRE
E511 MATE PROSAaltlTY

-5
Peach R$5 WASM-1400 1975 8WR-4 M i 3293 3:10 Internal / Ndian Not evaluated

Enternet
Bottoe .$

Peach IDCGA Tech sammary 1984 BWR-4/MK I 3293 410 Internal Mean 0.2

Bottom lask 21 .$
Peach IPE IPE 1986 8WR 4/MK I 3293 2:10 Internal Mean Mot evaluated

Bottua

Millstone IREP NURfG/CR 1983 8WR-3 M I 1727 3:10'" Internal Medlen mot evaluated
i

, 172[F1 3085 45:10 Internal Mean Not evaluated
Millstone NUSCO Mllistone 1 1986 BWR-3 M i'

,
P55

Broun. Eerry IREP NUREG/CR 1982 BWR-4 M i 3293 2x10 laternal Palat Not evoluted
Estlante

2001'

-5
versont YYC55 vvC55 1986 nWR-4/MK I 1593 3:10 Internal Mean 0.07

Yankee
~3

Big Rock Consumers Big Rock 1981 BWR-1/ory 158 1 10 laternal/ Mean 0.25
Enternal

Point Point PRA 3

Sig Rock EC&G/ Riot LGAG-fA- 1982 BWR-1/ Dry 158 1m10 Internal / Mean 0.254

Enternal
Point 5533 Rev.1

[ -5 laternal/ Heen 1.0
timerick PIPC0 tleerick PRA 1981 BWR 4 M 11 3293 7m10 ,

Eaternal

timert(k DNL NURfG/CR- 1943 BWR-4 M ll 3293 1a10'4 laternal/ Moen 1.0 ':

Enternal3028
-5

Shoreham LILC0 Shorehen PRA 1983 BWR-4/MK Il 2436 5 10 y,g,,,,y ,,,,g ,,g ,,,3 ,,g,4

Estlante
4

Shoreham Bael ImaREC/CR- 1985 8WR-4/MK 11 2436 late Internal Palat Not evaluated
Estleste4050 5

St.orehan IPE Shoreham IPE 19a6 gwe-4 M 11 2436 tale Internal Mean met evaluated

5 squehanne IPE IPE 1986 BWR-4M II 3293 2s10'I Internal floan Not evaluated
-5

Grand Gulf R$5 MAP 3RIREG/CR- 1981 SWR-6/MK 111 3833 4x10 y,g,,,,g ,,,,,, ,,,t ,,,g ,,ted

1659 -6
Grand Gulf 10COR Tech Smry 1984 DWR-6 M 111 3833 8:10 Internal lesen last evaluated

Task 21

C155AR CE CESSAR 11 PRA BWR 6/MK 111 3579 4 10'' Internal / leeen Isot evaluated
Enternal

,

ci

i
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KEY RESULTS FOR BWR CONTAINi4ENTS

i .

REACTOR SAFETY STUDY - PEACH 50TT0i' 90% EARLY RELEASEe

i

e IDCOR - PEACH BOTTOM 20% EARLY RELEASE

i
4

e VERM0itT YANKEE - 7% EARLY RELEASE

i
'

i .. _

!

e NUREG-1150 -

1
i

4

1

'l

|

:

1

f

!
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TYPICAL MARK I CONTAINMENT DESIGN.
| FIGURE 1
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TABLE 2

J

ltilll ING Hall li IsLACIOl(S -

i
' WI TH MAlti i CONI AINMLNT CONF IGilRA T ION

PLANI t AME l'IiUU LIC I :l;G LIl;l CONT DES DRYWEtt WE1 WLI I WLiWElL

1. I NE PWi< t .t lHI l i st lR A I I ON RAIED I liidiSill<E VOLilMC A l f< Vi st . WnfER
^

(MWT) I;L t sW ( 5 -ti t u ) (Cll 611 (Ctl F1) (Cil l~ T )
| H it 'M )
.

]!

1. RC1C/tIPCI/LPCI/ 16000 56.O 159 ,(n80 129,9ne 123,006
f CIC/IIl'C1/t.PCI /pFCS! browns Ferry 1 BWR 4 3293

}.PCS t o a ioO 56.o th'/,000 129 ,'.oo 12 3 ,enni
browns Ferry 2 bwR 4 3293

|
Drowns Ferry 3 DWR 4 3293 RCIC/stPCl/IPCl/LPCS t e n nWo 56.0 159,000 129, W8 123,0n0,

Druns. wack 1 bWR 4 2436 lit: t C /IIPC 1/ L PC l / L PCS !.//5 62.o 164,1s n a 124 , . .e n * 07,600

brunswict- 2 DWR 4 2436 8.C I C /I ti"C I /I.PC I /L PCS :.//G 62.s* 164 ,1e *O 124,nin8 0 7 ,6esO

.

Cooper Stataon liWH 4 2-~.01 lit:lC/lli C1/LI Cl /LPCS / /sso b6.o 11.*,465 106, ULe s tr/,660

i Dr esdes: 2 DWR 3 2527 IC/ItF Cl /LPC1/t PCS 7/.25 62.4 1 561, 2 *6 116,645 11 2 ,2ss3

Dresden. 3 DWR 3 OL27 i C/llPC I /LPCI /t l'CS 3625 62.n 1h0,2.;6 116,645 1l'.*,203

Duane Arnold leWR 4 1650 tic I C /lin'C 1/LPC 1/LPCS ''./.60 56.4 110,000 .94,.7n 114.900
j
; I ersas 2 teWit 4 3 "/2 liC I C/III I: t /LI Cl /LPCti 7:.00 L6.o l i.1,730 139,/09 1 1 / ,4:so

! OatzPatracI IsWR 4 2456 1.CIC/ lit t:1/l.PC I /t PCS 4 *. /5 36. e e 154,500 1 I i e it l'/ l e s!, ,6no

j lla t cle I lewis 4 2456 l t'll:/Ill't.8 /t i t:l /I I C!i !./ /S S/.. o lot.,estes l l 2, e/no 31/ , Xn e

' li.a t c te - leun 4 24 5t. I:4 11./188 C 1/t 8 Cl /l l C!i !.//G h6.0 14 t. ,2/.6 l e e9,I n n o 11/ , '$on

Italin 4.s **ed liW14 4 1."/ 5 tit;t s./III s;l /t 6 t:1/Li C.S t e *e n n e 62.o It.*/,Oues 1T",,.no I t il,Oise e

) Ma 11 *.t s.no I l'eWR 3 * ** s t i II;/t We . t /1.1 C l /t PCS *eno t.;* . s e 3 1/s , *pe se s g e e9,.ps ie s ef; l , os ie ,
-

,
.

j Mnnt a s a-I l u liWii 5 S t./o I.I' ll./Ill t: 4 /l l 4.1/i l-CS Sune * t..es 1 *.4 , .'e en les".,!.l. t,II , e n se s.

| Na ne Ma les I eea nt 1 t eWH 2 lashes t s;/I | ::. II, h (, .* . o l ile s , ono 370,o.n. g g.f , gog

) Gyster Crael 1 1WR 2 1 */ * * * I t'il l t. . M / t'. t.2. s e lip s,os o 1.*/ ,e...o 1 * , 4 e .O

Par.u 5. l itt. a 2 t eWit 4 3".**/ ; e ss ie./1la t'I /t -C I /t 1 t:11 l e s'/s n * 56.o 3 /!., tse en 12 / ,7. n e 122,'fe en

Pe ac ts i .e st t e ..a - t iWi< 4 ' 1".* c l. It;/ lit t; 8 a t l't:1/t I 4:5 t o*/e n . S t,. o I /S , e si .o 1.* / , / . .. . I , -* , pi:.o
i

l'a l str s ee. I leWR '. 1*/'/ts t.t. I s./Ill s :l /L PC f /l.I-CG .t.i n e h6.o 14 / ,e n en 1.*i s , e . *o I:4 , e ee n .
4

l'o.n l t;n I a e - I liWH . 2*.11 lie . l s . f I II t : 1/t PCI /LI CG '.i..**. 62.o l '. .i s ,2 *.4 1 16, t ..lb 3;2,to.-
|

liWH L". 2".11 e i:l e./t it -C l /t l'C l /LPCS t 2*. 62.o ! ! .i t ,216 116,(AS I I 2, . e s:
t*oast ::eie . .*

Ver n.e .e .1 Y.48.5 en - siWii f. I S*/ ' l e. it'/1il t;l /t I t:1/Li CS / *.*e u s !.6. o 1 '.4 , e eno 112,.sne s.t,000

i

I
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BWR C0i4TAlli|1ENT ISSUES - IMRK L:

,

i

:

e SMALL VOLUME

MORE RAPID OVERPRESSURE-

|

ESPECIALLY VULNERABLE TO HYDR 0 GEN BURN-

1 SIMLL DRYWELL FLOORe
:

-

LOWER HEAD AREA CLOSE TO DRYWELL WALL1 -

POTENTIAL FOR DIRECT DEBRIS ATTACK1
-

.

DIRECT RADIATION AND CONVECTION HEATING', -

!
!

,1
e

. . -

LIMITED PASSIVE CAPABILITY BUT UPTIONS FOR ACTIVE RESPONSE
,

!
e

l
j

I

l

J e 5-ELEhENT APPROACH

HYDh0 GEN CONTROL
:

|
-

SPRAY IN DRYWELL-

PRESSURE RELIEF' -

\
DEBRIS CONTROL-

'

!

PROCEDURES AND TRAINING-

,

|

!

!

!

i

j

|
-

!
;
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CaliTAINMENT IMPROVEMENT STRATEGY _

PREVENT HYDROGEN COMBUSTION BY INERTINGe

REDUCE DRYWELL SPRAY FLOW RATEe

PERMITS ALTERNATE SUPPLIES TO PRODUCE SPRAY-

EXTENDS WATER SUPPLIES-

; .

;

PROVIDE RELIABLE BACKUP SUPPLIES FOR DRYWELL SPRAYi e

PROVIDES SHALLOW POOL OF WATER ON DRYKELL FLOOR-

DIRECT SPRAY C00LIliG OF ANY CORE DEBRIS LEAVING LOWER
,

<

-

HEAD AREA . - - -'

SPRAY SCRUBBING OF DRYWELL VOLUME-

DIRECT COOLING OF WALLS' -

.,

'iETWELL PRESSURE RELIEF TO STACKe ,

| POOL SCRUBbiliG-

ELEVATED RELEASE-

.

e DEBRIS CONFINEMEi1T

! e TkAINED OPERATORS
t

i
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l Figure 2. Vent 51 e Requirement as a Function of Power d
(This figure is reproduced from IDCOR Report. " Evaluation of BUR Accident Mitigation N
Capability Relative to proposed NRC Changes." August 1986.)
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- EXPECTED WHOLE BODY RADIATION DOSE (REM) E

"h 9 I
FROM RELEASE OF 1001 N08LE GASES
(1 HOUR DECAYED AND 5 HQJR$ DURATION OF; &

E

- RELEASE) FROM 3412 MWt LWR V5. DISTANCE
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| i NOTES:
'
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' '' , . z

'
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;i;i ,;>;;;; 1. Graphs assume one hour holdup and decay prior | | | | | | | | 1 |||i,

-to release. Greater delay in release can producei > '
1006 Iower doses (e.g., as much as a factor of about

30 at one alle for 12 hours of inreactor holdup: .

. j compared to one hour).7- '

I < .
- - 1>

I d
- -- . 's

2. Dose estimates are based upon MCCS computer |
e

1 gi code calculations using revised (relative to - - - - - - - - ---,
i el

- CRAC and CRAC2) meteorological sampling models. i i' _ E n - "

al =
-

-

wg 3:- -- - = ~

3. The likelihood of exceeding thei !
'

! C : !
-

estimated 95 percentile dose is less
5 a ;._.,_;

-

than 55 given release of 100% of
noble gases as's'pecified above. g|

,

1; ; . . ,
,

,

! ; : =J ;; .|T''. ; |h'; ; ; ' <, , , . . " .., o
g g g y 3 ! I i 3 I ! I . I I I . i i I I I I . I I I I 3 I I I

3 3r 1 - I i ll
,i ,l ,i .I

l , 1 t ! ! l i I I ' i' I l l l I I I b
{
: 100 -

. , , i , , v
. m .-. _ -- ._- . ~ . - - _ mummmmmmmmmaquuu uuuuuggggi g' - g i; ; i 1 i- .;i e EST g Eg g g g=-

{{ .! - 5 E - ' . - - - *-

_

i *; s'
- '

F 2 'h :o
"-

ESTIMATED 95 PERCENTILE[ot . !IEU = - t * -

ELEVATED RELEAs? 100 METERS |S= 3 G =m : F,

; qi w e i 1 r
-e- 5

-

5 - =se _--
- u

om a .r.=__ ,
. :: g s =-

- -_e-

*it; m -~ -

- - - - ; - ; ---
=g5 - ; _ == . . : ; - - - ; -

t
-

_ -

-
-

- a
- -

r,o h. E '-i
-

E - +3 : ~-i $
- :

-

* I *, a; - _- - ._ : - : E -- i , : ~..i 2, ''
.

; 23. .

; - : m rx : .: J:.: ;'' : - .. . . . . .

3| - ; . _ , . ;, ; i X . I ",, ~ M. L ";1" " ~" : 2' |1 7 - I'
"

_

, 1 1 - 1 . 1

h ); I I IM I 'E ibI h I E ! hI h LEI i I I I I II . I I I . I I I I I II E_ fI i 1 I r E1 i I i i Il M3 II I E I i II I I I III I I II II I ill II I L 'I I I I II I I I iRI n I
,. .

- I .I
i E. # IN9
. + i . j f. .iI 10 w,

,
, ,#- ,

- .. , ===x
.

'
4*e a.i , M ;c - O .;-

. g m = n_r g e m , i n a %. . =- . : .. . , =_ =. :~ GROUS LEVEL RELEASE 10 METERS1 sean u
-

, 73= ;== == =. == = -,

>==

e g_ -

. 2 n u

=* - - - - _ = _ - - : =- - =
--

- - - _ _- --
- - - - = - : ==- _ _ _ _- - __- _ - _ -_ _ _- ;

_ __ __ _

: c -- . S - t .tw : - - -

- -

- "

' f h?N |;;E;hi HEN.
>

h ^t='%' ' ' ~~ ~

.

: k; ?=L ?

{-_ipfjsi!sliiis sij $$jijlijs' j liiij ||[N, :-$ 5[Minji;ni tijijii-L
!J - - -,:;

- ,

_

i - -- - = -- - - - - . y- -

- - _:- : -

.__ _ _ _ _ ~- - -

,
_

, 8 " i "~ ELEVATED RELEA y 100 METERS- i
-

'
= - : E- = i==

t#N m= _ = =z =-

= := ==w =s o, ;; ::=+:g = =*-
O nF'_= ::.

w-+--t + -t- '

*

| 4.4 DISTA' NCE FROM RELEASE POINT (MILES)- j - i n; ; ;;;; i: ; i |; |
E E I ;E 1 ] g 3 3 :I' I I .E 'E RI

. i' "

'', ] ( | |' i iii i i i ii i i i iii i i i iii i i i ii i i i ii i i i = > > >> > 'm i n + - n i ti i n '

A.4 t 2, ' 3 4, 5 ' 6 '7 8 9 10 11 12. 15
- ,

. < \

4,

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



- -- -

.

.

.

14
.

.

PROPOSED RECUIREFENT.1

1

1. HYDROGEN CONTROL

PRESEi4T REGUIREMENTS li1 POSED BY 10 CFR PART 50.44 AND inE
TECHNICAL SPECIFICAT10NS SHALL BE ADHERED T0, NO ADDITIONAL

REGUIREMENTS ARE PROPOSED.

2. CONTAINMENT SPRAY

ALL BWRs WITH MARK 1 CONTAlilMEiiT SHA'LL PROVIDE AT LEAST TWO
BACKUP WATER SUPPLY SYSTEMS FOR THE C0iiTAINMENT DRYWELL SPRAY,

ONE OF WHICH SHALL BE FUNCTIONAL DURING STATION BLACKOUT.

WATER TO THE SPRAY SYSTEli FROM THESE BACKUP SUPPLIES SHALL

BE AVAILABLE BY REMOTE MAHUAL OPERATION OR BY SIMPLE
I

PROCEDURES FOR CONSECT101 AND STARTUP WHICH CAN BE IMPLEME'ITED

LURl!!G A SEVERE ACCIDENT SCENARIO.

'

IN ADDIT 10N, THE SPRAY iiOZZLES SHALL .BE ADJUSTED SO THAT

AN EVENLY DISTRIBUTED SPRAY PATTER!i WILL BE DEVELOPED IN THE

DRYWELL WHETHER WATER IS SUPPLIES BY THE PRIMARY SOURCE

OR EITHER OF THE BACKUP SOURCES. A FLOW RATE ON THE ORDER

0F 1/10 0F THE PRESEllT FLOW RATE IS CONSIDERED TYPICAL,
;

THE LICENSEE SHALL SELECT THE FLOW BASED ON AN ANALYSIS OF

PLAHT SPECIFIC PARAMETERS.

. . - - . . .
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PROPOSED REQUIREF.ENTS (C0iiT'D.)

3. PRESSURE RELIEF

THE LICENSEE SHALL SELECT A PRESSURE BETWEEN DESIGN

PRESSURE AND 1h tit'ES DESIGil PRESSURE AT WHICH TO OPEN

Ali EXHAUST PATil FR0ti THE WETWELL VAPOR SPACE TO THE HIGHEST
VENT POINT (STACK OR PIPE) AVAILABLE. THIS LIfiE SHOULD

BE CAPABLE OF HAliDLING WATER VAPOR FLOW EQUIVALENT TO 1%

DECAY HEAT AT THE VEliT PRESSURE SELECTED WITHOUT

SIGi41FICANT CHANCE OF RUPTURE BEFORE THE DESIRED RELEASE

P0li4T. THE LillE SHALL BE EGUIPFED WITH ISOLATION VALVES

WHICH CAli BE OPENED _ AND RECLOSED BY REP.0TE MANUAL OPERATION

OR BY SIl4PLE PROCEDURES WHICH CAN BE IF.PLEMENTED DURING

SEVERE ACCIDENT SCEHARIOS Il4CLUDING STATION BLACK 0UT.

4. CORE DdBRIS CONTROL

THE LICEliSEE SHALL EiiSURE THAT THE WATER IN THE SUPPRESSION

POOL IN THE EVEliT OF TORUS FAILURE IS HELD WITHIN THE
CONFit;ES OF THE TORUS RO0li AND THE CORNER ROOMS AND

CANNOT FLOW OUT TO OTHER PARTS OF THE PLANT.

5. PROCEDURES AliD TRAINIiiG

A 0 E O E A N LL 1 IF E EP N

APPROPRIATE TO ITS PLAitT OF El',ERGENCY PROCEDURE GUIDELINES,f
|

REVIS10!i 4.
>
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CONDITI0tJS

.

QUALITY AND DESIGN STANDARDS

SINCE THESE REGUIREMENTS ARE INTENDED TO BE AN OPTIMIZED USE
OF EXISTING EQUIPMENT IT IS EXPECTED THAT ADDED EQUIFMENT,

0F ITSELF, NEED NOT l'.EET THE QUALITY OR DESIGit STANDARDS OF

SAFETY RELATED EQUIPMENT,
NEVERTHELESS, MODIFICATIONS TO OR

NEAR ECUIPMENT OR SYSTEMS WHICH ARE ALREADY SAFETY RELATED
SHALL NOT COMPROMISE THE CUALITY OF SUCH EGUIPMENT OR SYSTEMS.

IMPLEMENTATION
. - -

THE EQUIPhENT CHANGES REQUIRED HEREIN SHALL BE INSTALLED DURING
THE FIRST REFUELING OUTAGE WHICH BEGINS NINE (9) MONTHS AFTER
THE EFFECTIVE DATE OF THIS LETTER.

THE PROCEDURES A'iD TRAINING

REQUIRED SHALL SE IMPLEt:EHTED ON A SCHEDULE REVIEWED AND APPROVED
GIVEN THE liiPLEMENTATION OF THE GENERIC IMPROVEMEdTSBY THE NRC.

OF MAhK I CONTAINMENTS THERE IS N011EED FOR AN INDIVIDUAL PLANT
THIS DOES NOT REMOVE

EVALUATION (IPE) FOR CONTAINMENT PERFORMA11CE.
THE NEED FOR AN IPE WHICH COVERS THE SYSTEM RELIABILITY OR CORE
MELT FREQUENCY PORTION OF THE SEVERE ACCIDENT GUESTION.
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SEVERE ACCIDENT POLICY STATEMENT

OPERATING NUCLEAR POWER PLANTS REGUIRE NO FURTHER REGULATORYe.

ACTION TO DEAL WITH SEVERE ACCIDENT ISSUES UNLESS SIGNIFICANT
NEW SAFETY INFORMATION ARISES TO QUESTION WHETHER THERE IS

ADECUATE ASSURANCE OF NO UNDUE RISK TO PUBLIC HEALTH AND
SAFETY,

IN THE LATTER EVENT, A CAREFUL ASSESSMENT SHALL BE MADE OF THE
~

e

SEVERE ACCIDENT VULNERABILITY POSED BY THE ISSUE AND WHETHER
THIS VULNERABILITY IS PLANT OR SITE SPECIFIC OR OF GENERIC

IMPORTANCE.

'~

THE MOST COST-EFFECTIVE OPTIONS FOR REDUCING THIS VULNERABILITYe

SHALL BE IDENTIFIED AND A DECISION SHALL BE REACHED CONSISTENT
WITH THE COST-EFFECTIVENESS CRITERIA 0F THE COMMISSION'S

BACKFIT POLICY AS TO WHICH OPTION OR SET OF OPTIONS (IF ANY)
ARE JUSTIFIABLE AND REQUIRED TO BE IF.PLEMENTED.

|

IN THOSE INSTANCES WHERE THE TECHNICAL ISSUE GOES BEYOND CURREB
!

e

REGULATORY REQUIREMENTS, GENERIC RULEMAKING WILL BE THE PREFERF

SOLUTION. IN OTHER CASES, THE ISSUE SHOULD BE DISPOSED OF

THROUGH THE CONVENTIONAL PRACTICE OF ISSUING BULLETINS AND
ORDERS OR GENERIC LETTERS WHERE MODIFICATIONS ARE JUSTIFIED
THROUGH BACKFIT POLICY, OR THROUGH PLANT-SPECIFIC DECISION-

RAKING ALONG THE LINES OF THE INTEGRATED SAFETY ASSESSMENT
PROGRAM (ISAP) CONCEPTION,

.

1
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COMMISSION RESPONSE TO A HEARING GUEST 10N

JULY 16, 1986

.

QUESTION

IS A 90 PERCENT CHANCE OF FAILURE IN THE EVENT OF A CORE

MELTDOWil All ACCEPTABLE FAILURE RATE?

ANSWER

THE NRC HOLDS THE POSIT 10ft THAT THE LIKELIHOOD OF CORE MELT
ACCIDENTS IN ANY PLANT SHOULD BE VERY LOW AND, IN ADDITION,

THAT THERE SHOULD BE SUBSTANTIAL ASSURANCE THAT THE CONTAINMENT

WILL MITIGATE THE CONSEQUENCES OF A CORE MELT SHOULD ONE OCCUR'

IN ORDER TO ENSURE LOW RISK TO THE PUBLIC.IT IS NOT MERELY

A QUESTI0ll 0F HAVING LOW' RISK BUT OF HAVING AS WELL THE DEFEllSE-

IN-DEPTH ASSURANCE OF C0l*BINED PROTECTION BY PREVEftTION AND

MITIGATION...
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TABLE 3 COST-BENEFIT ANALYSIS

COST: $0.7-2.2M

BENEFIT:(1) FCM CCFP CCFP AVERTED AVERTED

BEFORE AFTER LOSS /YR LOSS

PRES. VALUE

BASE
5

CALCULATION 1x10 /yr 0.5 0.05 $4x10 /yr $3M/$12M~4

4

LOWER FCM 1x10 /yr 0.5 0.05 $4x10 /yr $0.3M/$1.2M-5

' - - -

LESS CHANGE
5,

IN CONTAINMENT 1x10'4/yr 0.5 0.1 $4x10 /yr $3M/$12M

BETTER

CONTAINMENT
5

TO START 1x10'4 0.2 0.05 $2x10 /yr $2M/$6M

"0PTIMISTIC";

4

CALCULATION 1x10 0.2 0.05 $2x10 /yr $0.2M/$0.6M-5

" PESSIMISTIC"

CALCULATICH 3x10'4 0.9 0.1 $2x10 /yr $16M/560M f5

\
,

(1) FCM = Frequency of Core Melt
CCFP = Conditional Containment Failure Probability
AVERTED LOSS PRESENT VALUE expressed as A/B where A is the averted loss
per year times 8 (roughly equivalent to discount at 12%/yr rate) and B is
the averted loss per year times 30 (no discount).
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PROPOSED ACTION

e DEC, 9 a 12, 1986 ACRS REVIEW

e DEC. 19, 1986 CRGR REVIEW

JANUARY 1987 REVIEW 0F ACRS AND CRGR REACTION WITH
~

e

C0 fit 11SSION

FEB 1, 1987, PUBLISH PROPOSED GENERIC LETTER FOR C0f91EllTe

MAY 1987 ISSUE, FIRAL GENERIC L*cTTERe

_

.

SIMILAR LETTERS ON MARK II AND i%RK 111 TO FOLLOW

__ __
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/ r
, ,_] [. ~ , . ., _. $CPGP BRifFING ON NilREG-1150 -

[ p,Q /y 7DEC 15 1986 .

- APPROACil

' - PRELIMINARY REStiLTS - ACCIDENT FRE0llENCIES

,
- PREllMINARY RFSilLTS - RISK

.

- RISK llNCERTAINTY ANALYSIS

- CONCERNS
-

- PRESENTATION OF RESilLTS

!
- PPEMATllRE IlSE

,

J. A. MllRPHY

fol d - S 7 - /6
.

K/.2 h

_ _ _ _ _ _ - _ _ - _ - _ - _ _ _ _ -. __ . . . . -- - _ - _
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3 OBIFCTIVES ,

TO PROVIDF A GPEATER UNDERSTANDING 0F FREQUENCY, RISKS', AND UNCERTAINTIESo
DUE 10 SEVEPF CORE DAMAGE ACCIDENTS AT NllCLEAR POWER PLANTS, BASED ON THE

ASSESSMENT OF INTERNALLY INITIATED ACCIDENT SEQUENCES AT FIVF REFERENCE
PLANTS THAT HAVE DIFFERENT PLANT AND CONTAINMENT DESIGNS;

TO ASSFSS Tile USEFULNESS OF THE METHODS USED AND THE INFORMATION GAINEDo
IN: (1) EVALUATING AND PROVIDING INSIGilTS TO DECISION MAKERS ON VAP10tlS
PLANT-SPFCIFIC AND GENERIC SEVEPE-ACCIDENT REGULATORY MATTERS, AND (2)

,

IIELPING FOCilS THE LIMITED RESOURCES OF THE NUCLEAR REGULATOPY COMMISSION
N A MORE EFFECTIVE MANt!ER; AND

TO OBTAIN COMMENTS ON Tile APOVE FOR CONSIDERATi0F IN PREPARING THE FINALo
NUREG-1150,

.

9

, - - - - - _ -
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NOTE: NilREG-ll50 PROVIDES DATA AND INSIGilTS REGARDING Tile RISKS

ASSOCI ATED lif> CERTAINTIES. IT DOES NOT RECOMMEND REGtJLATORY

ACTIONS

.
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ACCIDENT FRE0llENCY UNCERTAINTY ANALYSIS

PROPAGATION OF DATA !!NCERTAINTIES THR0llGH REll ABILITY-

MODELS IN STANDARD PRA FASL!!0N

- SENSITIVITY STIIDIES T0 INVESTIGATE DIFFERENT MODELING
<

ASSUMPTIONS

.
O
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COMPARISON OF SEVERE CORE DAMAGE

FREQUENCIES OF REFERENCE PLANTS

l-HEOUENCY. Pt-H REACTOR YEAR
te-a

:
: ,

..

-

1E-4 r

-

.

|1E-5 7
5

:

.

1E-6 -

:
.

'

SudRY E SEQUOYAH PEACH BOTTCN @ (M F
'"-7

.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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PRINCIPAL CONTRIBilTOPS TO CORE DAMAGE

FREQUENCIES FOR REFEPENCE PLANTS *
-

,

;

PLANT
PERCENT CONTRIBUTION

TO COPE DAMAGE

FPEQUENCY SURRY PEACH BOTTOM SE000YAH GRAND GULF ZION

STATION BLACVOUT 38 86 5 99 2

1-

LOSS OF 0FFSITE POWEP 4 - -

LOSS OF BUS 20 - 3 - -

LOCA 28 1 59 - !P

- -

INTERFACiflG LOCA 11
-- ,

ATWS 6 12 1 1 -

79-
- - -

LOSS OF COMPONENT

COOLit:G WATER

SEVERE CORE DAMAjE 2.6x10-5 8.2x10-6 3,gxin h 7,7x39-5 1.5x10-"
~

FREQtlENCY (YR )

* PRINCIPAL CONTRIBUTORS TO CORE DAMAGE FREQUENCY APE NOT NECEGF.ARitY PPINCIPAL CONTRIBUTORS TO
RISK.

i

O

-. _ -
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RISK llNCERTAINTY ANALYSIS

UNCERTAINTICS NOT ADDRESSED ADE0llATELY IN RSSo

UNCERTAINTIES LARGE SINCE UNDERSTANDING OF SEVERE ACCIDENT ivEN0MENA
-

o

IS NOT COMPLETE

KNOWLEDGE BASE HAS IMPROVED SUBSTANTIALLY SINCE RSS, BtlT STill. POREo
TO BE LEARNED

TiiEREFORE

SUBJECTIVE JllDGMENT OF EXPFPTS, BASED ON EXTANT KNOWlFDGE, REQUIRED TO DEFINFo

REASONABLE RANGES OF POTENTIALLY IMPORTANT ISSllES

SUBJECTIVE JUDGMENTS BY EXPERTS NEVER SilRSTITilTE FOR GOOD SCIENCE, EITHERo

EXPERIPENTAL VAllDATION IS NEEDED RR REGULATORY DECTSION MllST BE SUFFICIENTLY
CONSERVATIVE TO FNCOMPASS UNCERTAINTIES

.

_ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _
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METHOD FOR RISK IINCERTAINTY ANALYSES

SELECT POTENTIALLY RISK IMPORTANT FACTORS, AND PARAMETERS DRIVING THEMo
,

- FRE0llENCY
3

- CONTAINMENT PERFORMANCE

- SOURCE TERMS

.!UDGEMENTALLY SELECT DISCRETE VALUES AND WEIGHTS FOR PARAMETERS, USINGe
AVAILAPLE DATA AND ANALYSES

DEVELOP REASONABLE RANGE WITHIN WHICH PEAN VALUE OF RISK WOULD LIKELY LIE,o
llSING STATISTICAL SAMPLING TECHNIQUE .

I

e

$

4

$O
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o METHOD FOR DISPl.AYING RISK RESilLTS ||NDER STUDY ,

t

-

o HOW D0 WE BEST CONVEY THE INF0PMATION OBTAINED

WITH0ljT MISLEADING Tile INITIATIVES?
,

o ll0W S110llLD WE CONSIDER IJNCERTAINTY EXPLICITLY

IN AN INTEGRAL FASHION?

,

-

a

l

!

. ._ _ _ _ _ - _ - _ _ _
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! SUMMARY COMPARISONS WITH SAZETY GOALS

-

1E-6_
=
-

GOAL<
- ...

d

f1E-7 --

_

'

- . ; c
*

. . ,.

.

1E-8 - - h

! ? .
.

' ,;
~

.

-

-

k

f,1

1E-9 :- .- -
,

: !.
_

4

e

6

\

' ' ' ' '
1E-10

SURRY W/ DCH SUFRY NO DCH ZION SEQUOYAH P. BOTTOM GRAbD GJLF

,

J

i

- - - - - -- _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _
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SUMMARY COMPARISON T6 SAFETY GOALS

1E-5:
:
:

LATENT FATALITY RG< TO AVERAE !< GOAL
INDMDUAL WITHN 10 MLES1E-6 =-

:

..

_

1E-7 ;r ,,
*-

:
.

: ::

_

1E-8 y y

: d
,

-

5 .''.;

$ .i1E-9 r
.- ,

;
- !

' -
.,

_

' ' ' ' ' '
IE-10

SURRY W/ DCH SURRY NO DCH ZION SEQUOYAH P. BOTTOM GRAbD GJLF,

:

.

RSK FBOM NTEV4AL EWNTS OtLY

- DO4 = DOECT CONTWNMENT IEAT1rG

,
~

_ _ _ _ - _ _ _ _ - _ - _ _ _ _ - - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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i SUMMARY COMPARISONS OF PLANT RISKS
,

.

?

1E-2;EARLY FATALITY RISK PER YEAR
_

.

,

_

.
_

1E-3 y
.|

-

:

: i i l
.,

i

I.1E-4 r .

ii:;t

..

;
- ;

: c
-

-
.'

| 1E-5 g 'I
: :

:
-

,

| 1E-6 r
! 5

:
_

,

I 1E-7 r
i.

4 _

i
-

Zb SEGbYAHsmhtmi
E-8 P. BOTTOM GRAbD GULFSumY Em

i

!

!
'
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LATENT FATALITY RISK PER YEAR
1Eo

:
! -

!

| 1E-1 --

| :

:
_

~

-

;

;
1E-2 :-

;
-

_

:
_

l
-

|

1E-3 :-

4 :
!

~

_

!
-

| 1E-4 ' ' ' i i ,

RN(DOS SUFRYNO DCH) ZION SEOUOYAH P. BOTTOM GRAtO CULF:
'

i

DCH = DECT CONTARMENT FEATtG

!
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PROBABILITY OF LARGE RADIOACTIVE RELEASE

,

PROBABILITY PER YEAR
1E-4 :

:

'_' ..

_

.

P
_ ,

*

1E-5 y
y.

,

_
s' -'| [

,
_
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I41E-6 7 |
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f,.
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CRITEF40N
- .k 4 3
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1 E
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St4 W/DCH S4 NO 00-1' ZION SEQUOYAH P. BOTTOM GRAND GLLF

LARGE RELEAT - THAT RESULTNG RSK FROM NNAl. EV94TS CM Y
SU = SUTW

N 1 OR MORE EARLY FATALITES DCH = omCT OCNTAFMENT HEATE
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COMPARISON OF DCH LOADS AND
,

CONTAINMENT FAILURE PRESSURE RANGE

1

WEIGHTING FACTORggg

SURRY PLANT

DCH LOAD go.48 -

, ,

gp"

Ej FAILUPE PRESSLRE )[ -

su n
0.36 - i I:

.
i

k' $$

?O2A - e 4x
idl fi4'

i; m

O.12 - Iil - NA E

gg. ?!;
.,

N ;-

IT ![ y[ '

.i:

.1 !i' m:
h j ||

*j]j
..;

]( ? 5 f ig
; ,

, . . g :ny
'

o_
O 40 80 120 160 200

CONTAINMENT PRESSURE (PSIA) j
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! aqO3A3LITY - EAR _Y COCAlWENIT AILURE-

'
SURRY P_ ANT,

!
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PROBABILITY - EARLY CONTAINMENT FAILURE

SURRY PLANT
A NO DCH~+ WITH DCH

30
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P903A31_ TY - EARLY CONTA NMENT FAl_URE
SURRY PLANT
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-)ROBABl_- Y - EARLY CONTAINMENT FAILURE
SUlRY 3LAN-- .
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PROBABILITY - EARLY CONTAINMENT FAILURE
PEACH BOTTOM PLANT
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PROBABILITY - EARLY CONTAINMENT FAILURE
PEACH BO~~ TOM PLANT

+ WITH LINER A NO LINER
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*
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SURRY RISK REDilCTION POTENTIAL

REDilCTION OF RISK TO ZER0 E0llATFS TO A PENEFIT (AVERTED COST)o
0F NOT FORE THAF ? MILLION D0LLARS

GIVEN THIS, NONE OF TIIE IDENTIFIED RISK-REDUCTION FEATURES ISo

COST-EFFECTIVE

IMPROVED RCS DEPRESSIIRIZATION CAPABILITY IS POST COST EFFECTIVEo

FEATURE WHICH OFFERS SIFNIFICANT RISK PEDilCTION

- COST: 2 MILLION D0LLARS

- ACTS TO REDUCE RISK UNCFRTAINTY BY PRECLUDING ,

DIRECT CONTAINMENT HEATING, STEAM SPIKE

o CAllTION: RISK AND RISK REDllCTION BENEFIT NOTED HEPF ARE

BASED ON MID-1985 "SNAPSil0T." FUTURE PERF0PMANCE OF PLANT

CAN PE BETTER OR WORSE: COST-BENEFIT ANALYSES WOULD CPANGE

PROP 0RTIONALLY

.

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



-. - - _.

t
1

!
|

l

.

_

_

m.,,y m.m2 m m-m m

I

i =". "s""_"s _ m s s yfffy,, ,, , .

..Roo, , ,,,,. . _ . . . . .

mwryyyyyyryysws

: nummmmmmmmmmmmmme=
I Pr ,, - -s m _ s- _ _ m -s m s m _ ss,

M POWE R MPROVEwWT -
raasirierssssrsi

: -
P

DC PCwtR hemovt w NT
_ssss_ _smssm._ ,

,

;

.!
grmmyzrms

i
_ __

___

., _ s. _ . _ _ _ s _ ,s _ ss _ _
4 ,. -.ec,,oc<f ,

-

_ _s_mmsmmmmm,
,, -,es t.ecvf Arw

Eryy m yrrrnt

_ _ _ _ ..

-
.. M

odDEPtNDENT R4tPi imm

M
,, ___

ww ==ce wirtR _..__

syvyyy777pMt

_ . _ _ _ __ .
.

- xsssssssssssssss sssssssssssssssss-

RCSDE N ES@ JATeN
-

-
.

_ s. . . . , - . _ _

mss - sses _
, , , ,

PCS DEM SS,AZ AfiON uzzazza= ww w
1 i 1111111 I I 1111111 l I |||1111 I I 1111111 I i 1111111

, . '
t , . * it it ..' .

i

COETS m 00L.LARS)

EEI
E AvtRT10CFF5fft CostSICAActi
M AVERT 1D OFTSITE Cosf 8 9 810comtW

| M AVER 750 CN AND OF73.*Tt cosis
.

mEE AvtRTED ONbf( AND OFFSitt CCST3 9 81MW
707 AL Cost or THE OPTION'

Fig. 9.5
cosemsos or com Are astrrrs ra mrvemos omous

.

|

|

.

4

s
._.

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



ewwwn- - ,cs.,-.n

.
wi meuwwuwwwu===

s.a e .
. . . . . . . . . ,

,
Y/////A,mma% m =

.
M

io --....._..._.um._, _.m.

__ __ ___ _ __
__

su -- - - . . . _ . . _ . . _ . . . _ ,

t AALY VENTNG _

___--......... ....... . . . . . . . . . . .

L
.un we,c ,

.

g ...... u mus s 1 ss u .ssst ss s

Inw SPAAYS -

wt --- -- - . --

FAN COOLERS
...............................

__

-- . . = . - - . .- . . ...i

Cc,c m .n noco
....................... .......... .

,,, _ _ _ - _

~ " " " ~ " ~ ~ " ~ " ~ ' - "
OtSt W MTM
APO MY VE@aC EE|||E=|2

-

I I !||1111 I I lilli!! I I 1111111 1 I I111111 I I 111111]
'd'

.. :t i../ ..' i

COSTS (W Dou#ts {
$1

M AVERTfD OFTSITE COSTS fCAACh
"" AVE RTED OF75;TE COSTS 9 5'00C8t!W

- AVERTED ON AND or7&ift COSTS
- - " 'AvtRTED CpeTI AND on$sTI COSTS 9 St00rAEW

COST CF DE O' TION

Fig. 9.6
coMrmson or com mo stmms Fon umcAnm crnoss

.

4

o

4

0

, - - , - - - - , - _,.n.- , . -, . , , -* . - _ . . , _ , . - - - , . . _ . _ _ . . _ - . _ _ - _ , . _ , _ , _ ,, , . , , _ - - ,-,_.-..n.,, -- , , , . .- , - - _.-___.n- -
- ,,



I

.

.

.

PRELIMINARY RESilLTS -- SilBJECT TO CHANGE
l

PEACH BOTTOM LLH-MACCS4

l SAFETY OPTION AVERTED RISK
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RELATIVE EFFECTIVENESS OF EMERGENCY RESPONSE ACTIONS

CONDITIONAL PROBABILITY OF EXCEEDING 200 REM

VHOLE BODY DOSF

| 1 MILE FROM PLANT 2 MILES FROM PLANT 5 MILES FROM PLANT
EMERGENCY ACTION HIGH* LOW * HIGH' LOW * HicH* low *

CONTINUE NORMAL .95 .90 .90 .25 .25 0

ACTIVITIES -

.

(RELOCATE AFTER 24 HOURS)
*

.

CONTINUE NORMAL .95 .45 .45 .10 .03 0

ACTIVITIES
'

(PELOCATE AFTER 6 HOURS)

BASEMENT SHELTER .55 .15 .12 0 0 0

EVACUATE AT 2.7 MPH STARTING:
- .0.5 HRS. BEFORE RELEASE .05 0 0 0 0 0

-- 1 HR. AFTER PELEASE .70 .10 .25 0 0 0

EVACUATE AT 10 MPH STARTING:,

-- 0.5 HOURS BEFORE RELEASE O 0 0 0 0 0,

4 -- 1 HOUP AFTER RELEASE .50 .05 .10 0 0 0

-- ? HOURS AFTER PELEASE .80 .15 .15 .05 0
'

0

IIIGil - SOURCE TERM AT UPPER END OF RAMGE OF MEANS*

10W - S0llRfF TFRM AT 10WFR FND OF RANCF OF MFANR

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



'

|
- .

,

l.

9
.

.

k

.

5
-

4
N J

4-
E C U W

- Ct:W W Lri
H Z W H D
U HM MW M
4 1 -= c
m WC HJ J

1 4 U W 44 U
Z Z O E H> M
-

U CD M -

WE E C
M

J W C E L 4
C C C &W J

C CE C E J
E C H 6 E D

. E 4 MW Lt

! C Z M QW EH W
U W W M =4 WC-

M A E @ E M C
= C CO W- = W

.
J H H -

- 8 > H 4 JD >
E W C O M c K M V3Gi

E WW ZW WC'

C D
U C C A AE ME

W = MH M

C J G M Z WE *

W D M - -- EW
E & M E HC QC

M E- Z1 H

3 1 8 4 - W W1

C C C & C 4 C J H

J W GW HE D4
H E O- E- WH<

W > C D E W W C WM
C H E E 1 - v- E

H
D C>
E4 - E H WE

E J K H Z Z
W 4 - U D U W E ZW"

H O G M E O JL FE
4 4 W 4 - 4 m'

CD
U W - E * W U *'

- E J G W M M -W Hv

C O W J c WW cm
E U E - E E - QQ JE

4 4 H J W D=
W E W J HE QWC WC-

M E 4 E- EER W
i W W L H W WC WW- MC

- > D E E CH EZC DE
C W Z W 4 -E CH4 -

E UW E W MC
H M C L M U U W . ** J -ED W

- W 4 E ZZM 4
M E M WZ

CE E 4 4 - L C C- ZG
H < G H H W -E OW

- E
E > W E G E E E E C HH
4 UP CW W C - W E L DW H

- <mm WW
W>J Z -vH U <

E H- EQ
L WH MO M H

D E WE P > E M - E EC E 4

W OW QA M J W 4 CHJ C E *

O WV E U WE C M= 1

E E W 4 E EW L-C E M

W WE a 1 i W D HE -Q3 --

-

E
W .

' W
. C C CW O CE O

f

1

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



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

|
'

i

i.
,

,

!
4

:

! CAllTION [
'

; i

i
!

O REPORT IS BEING ISSl!ED AS A " DRAFT FOR COMMENT"

i
-

1 !

'; O TIIERE ARE KNOWN AREAS WilERF IMPROVFMENTS ARE RE0llipED

:

| :

0 EXTERNAL EVENT ANALYSES COULD ALTER RESilLTS SIGNIFICANTLY !
; a

f 0 REFERENCE PLANT STilDIES LARGELY RELY ON GENERIC DATA PASE
t

i
'

.

0 GREATER llSE OF PLANT-SPECIFIC DATA C0llLD SUBSTANTIALLY AFFECT RESULTS i

|

| 0 PLANT-SPECIFIC DATA BASE ALSO C0tiLD CHANGE, BFCAUSE IT IS DEPFNDENT ON
,

EFFECTIVENESS OF PLANT MANAGEMENT IN ACHIEVING RELIABLE SAFETY SYSTEMS AND

lillMAN PERFORMANCE

!

O tlSE OF TilESE RESIlLTS FOR REGilLA10PY DFCISIONS BEFORE PEER REVIEW AND PUBLIC
'

i
: COMMENT ARE COMPLETED SHOULD BE DONE WITH GRFAT CARE.
1

l

| .

-

| w
i
I

. . _ _ _ .__
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PROPOSED BWR'

SEVERE ACCIDENI

CONTAltEENT REGUIREFENTS

!

1

:

,
.

R. M. BERNER0

4

i
.

DECEMBER 22, 1986

,

i

;

I

.1

'
p o y ) 'l | - / 6

i

M/1d
i

:
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BACKGROUND
,

O MARCH 28, 1979: TMI 2 ACCIDENT

0 OCTOBER 2, 1980 FEDERAL REGISTER

- INTERIM DEGRADED CORE RULE

ADVANCE NOTICE OF PROPOSED RULEf1AKING LONG TERM DEGRADED CORE
-

'

0 DECEMBER 1980: IDCOR FOUNDED

0 NRC SEVERE ACCIDENT RESEARCH PROGRAM .

O JANUARY 6, 1982: SECY 82-1

PROPOSED SEVERE ACCIDENT POLICY-

0 APRIL 13, 1983: PROPOSED POLICY FOR COMMEflT

0 AUGUST 8, 1985: NRC SEVERE ACCIDENT POLICY

.

s-
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17

SEVERE ACCIDENT POLICY STATEMENT

e OPERATING NUCLEAR POWER PLANTS REQUIRE NO FURTHER REQULATORY

ACTION TO DEAL WITH SEVERE ACCIDENT ISSUES UNLESS SIGNIFICANT

llEW SAFETY INFORMATION ARISES TO QUESTION WHETHER THERE IS

ADECUATE ASSURAi!CE OF NO UllDUE RISK TO PUBLIC HEALTH AND

SAFETY.

.

e IN THE LATTER EVENT, A CAREFUL ASSESSMENT SHALL BE MADE OF THE

SEVERE ACCIDENT VULNERABILITY POSED BY THE ISSUE AllD WHETHER
t

THIS VULNERABILITY IS PLANT OR SITE SPECIFIC OR OF GENERIC

IMPORTANCE,

e THE MOST COST-EFFECTIVE OPTIONS FOR REDUCING THIS VULNERABILITY

SHALL BE IDENTIFIED AND A DECISION SHALL BE REACHED CONSISTENT

WITH THE COST-EFFECTIVENESS CRITERIA 0F THE COMMISSION'S

BACKFIT POLICY AS TO WHICH OPTION OR SET OF OPTIONS (IF ANY)

ARE JUSTIFI ABLE AND REQUIRED TO BE IMPLEMENTED.
'

.

e IN THOSE INSTANCES WHERE THE TECHNICAL ISSUE GOES BEYOND CURREN

REGULATORY REQUIREMENTS, GENERIC RULEMAKING WILL BE THE PREFERR

SOLUTION, IN OTHER CASES, THE ISSUE SHOULD BE DISPOSED OF

THROUGH THE CONVENTIONAL PRACTICE OF ISSUING BULLETINS AND

ORDERS OR GENERIC LETTERS WHERE MODIFICATIONS ARE JUSTIFIED

THROUGH BACKFIT POLICY, OR THROUGH PLANT-SPECIFIC DECISION-

MAKING ALONG THE LINES OF THE INTEGRATED SAFETY ASSESSMENT
,

PROGRAM (ISAP) CONCEPTION.

-. . . _- - __ - . - - _ . _ . - _ - - _ - _ . _ _ _ --- _-
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4.
.

IDCOR/|:RC PROCESS

. .

e Th0 PARALLEL PROGRAMS TO STUDY SEVERE ACCIDENTS IN

REFERE!!CE PLANTS

NRC SEVERE ACCIDENT PROGRAM-

IDCOR-

e COMPARE AND RESOLVE TECHNICAL ISSUES
,

l
e IDCOR PREPARE AND SUBr.lT IPE METHODOLOGY FOR NRC REVIEWj

;

e NRC GENERIC LETTER TO D0 IPE
,

WITH GUIDElli1ES & CRITERIA|
-

BY APPROVED t'ETHODOLOGY-

:
,

i e CONDUCT IPE

i
!

e IDENTIFY A!!D EVALUATE OUTLEIRS
:

e ORDER FIXES;
,

.

,

- , _m _ _ , _ _ . _ _ . _ - , , __, , , , , . _ , - _ - - , _ _ . , _ . . . _ _ . . _ , , . , . . . _ _ . . - - = . _ -_....c,_ _ . _ _ . ,
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!

,

U. S. BOILING WATER REACTORS

.,

e

e 24 BWR 2/3/4 WITH FARK I CONTAINf'.ENT (ALL LICENSED)

>

)
'

l

e 5 BWit 4/5 WITH FARK 11 CONTAINiiENT (8 LICCISED)

,

a 4 BWk 6 WITH l' ARK III CONTAINlENT (4 LICENSED)
:
;

'

i .

!

.

)

4

)
! !

!
4

.| |

4

'

|
i

|

3 |

l

!

!
|

, - - . - - + , , . , - . , - - - , . . - . , - . . , , , , - - - - . - - - - , , - - - - - . . --, ,-._.- ,---. ,....,-.-.,-----n., , , , - _ _ .--- . - . - - - . . . - - - . _ , , . , . , . , - , . , , ~-,
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'sTA8tf 1 - U 5. 8WR PLANT-SPECIFIC PRA STUDIES

PROGRAM REPORT CORf/ REACTOR CORE-0AMAGE EVfMTS MEDIAN, CONTAlltefMT

PLANT hAME REPORT YEAR CONTAIPet[NT POWER (mtT) FREQufMCY PRA CONSIDESED MEAM OR CON 0lTIONAL

ESTIMATE PolNT FAltuRE.

E511 MATE PR08481LITY

Peach RSS WASH-1400 1975 BWR-4 M i 3293 3:10"$ Internal / Median Not evaluated
ExternalBotton

Peach IDCOR Tech S amary 1984 BWR 4 M 1 3293 410-5 Internal Mean 0.2
Botton Task 21 -5

Peach IPE IPE 1966 BWR-4 M I 3253 2x10 Internal Mean Not evaluated
Botton

M111stene ikEP IRJREG/CR 1983 BWR-3/M I 1727 3x10'4 Internal Median Not evaluated
* 3085 .g

Mllistone NuSCO Mllistone 1 1986 BWR-3 M i 1727 5:10 Internal Mean Not evaluated
P55

Brwn. Ferry IREP muREG/CR 1982 8WR-4 M I 3293 2x10'' laternal Point Not evaluated
*

2001 Estloata
4

Vermont VYC55 VYC55 1986 BWR-4 M I 1593 3:10'S Internal Mean 0.07
Yankee

Bla Rock Canausers Big Rock 1981 BWR-1/ Dry 154 1x10'3 Internal / Mean 0.25
EnternalFeint Point PRA 3

31g Rock EG&G/ent EC&G-EA- 1982 BWR-1/ Dry 158 1 10 Internal / Mean 0.25
Point 5533 Rev. 1 External

-5
Limerick PEK0 Lleerick PRA 1981 BWR-4 M 11 3293 7:10 Internal / han 1.0

'

Eaternal
Limerick DNL MuREC/CR- 1983 DWR-4 M 11 3293 1x10'4 Internal / tesen 1.0

3028 Estarnal
-5b reham LILCO h reham PRA 1983 BWR-4 M 11 2436 5m10 y,g,,,,, ,,,,, ,,g ,,,j,,g,,

Estimate4W rehan amt NuREG/CR- 1985 BWR-4 M 11 2436 lato Internal Paint Net evaluated
j 4850 Estlante-5W reham IPE h reham IPE 1986 BWR-4 M II 2436 8:10 Internal steen Not evaluated

Sus W IPE IPE 1986 OWR-4M II 3293 2m10'I Internal Measr mot evaluated .,

-5Grand Cult kS9 TAP NUREG/CR- 1981 BWR-6 M !!! 3833 4x10 Internal Median Nat evaluated
1659 -6Grand Cult 10COR Tech S m ry 1984 BWR-6 M Ill 3433 8:10 Internal Mean not evaluated

Task 21
-6

GE55AR GE GE55AR 11 PRA BWR-E M 111 3579 am!0 Internal / nean mot evaluated
Enternal

j os
!

'

1

I
_ _ _ - - _ _ _
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BWR C0rlTAINMENT ISSUES-- fiARK I

.

e SMALL VOLUME
-

MORE RAPID OVERPRESSURE-

ESPECIALLY VULNERABLE TO HYDROGEN EURN-

i e SHALL DRYWELL FLOOR

LOWER HEAD AREA CLOSE TO DRYWELL WALL-

POTENTIAL FOR DIRECT DEBRIS ATTACK-

DIRECT RADIATION AND CONVECT 10!i HEATING-

.

e LIMITED PASSIVE CAPABILITY BUT OPTIONS FOR ACTIVE RESPONSE

o 5-ELENENT APPROACH

HYDROGEN CONTROL-

,

SPRAY IN DRYWELL-

PRESSURE RELIEF-

DEBRIS CONTROL--

PROCEDURES AND TRAINING-

i

|

:
|

c

,

,.._ . ._ _ . - - .-. ,-. -., _ _ . - . . . - , , - . . _ - . - - . _ - . . . - _
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KEY RESULis FOR BWR C0iiTAIEEiiTS,

*

.

<

e REACTOR SAFETY STUDY - PEACH EOTT0t; 90% EARLY RELEASE

i

1

e IDCOR - PEACH BOTTOM 20% EARLY RELEASE

.

i e VERM0iiT YAiiKEE - 7% EARLY RELEASE

e NUREG-1150

i

a

.;

'

.,

O

i

W

i
'!

l

'
1 t

I!

!

lJ

;.

.
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PROBABILITY - EARLY CONTAINMENT FAILURE
'

-

PEACH BOTTOM PLANT
'

_

1
-

__

i O.90 - 1r .
-

.
*E
==

0.80 - --
::
..

** GQO.70 ==
i::-- -

i: is
'

-- ;"

| 0.eO ;; ;;-
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0.50 - | | ii
, __ . .
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PROBABILITY - EARLY CONTAINMENT FAILURE- -

' PEACH BOTTOM PLANT
+ WITH liber A NO liber

MELTTFf1U fvELTTFFU'

.

30

ADDIT 10flAL NOTES:

| 1. LitlER MELTTilROUGH TAKEN AS EARLY
CONTAINMENT FAILURE DUE TO LlHITED

24 - MODELiliG OF C0flCRETE BEHIND LitlER
__

.

2. DOMINATION OF STATION BLACKOUT SE00EllCES
RESULTS Ill ESSENTIALLY NO DRYWELL SPRAY
OR HETWELL VENTING
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BWR CONTAINMENT VENTING

0 TO PREVENT OVERPRESSURE FAILURE

POSSIBLE RELEASE OF N0BLE GAS ACTIVITY-

0 FIRST " APPROVED" IN GENERIC LETTER 83-05 (FEBRUARY 8,19F.*;

EPG REV. 2 SAFETY EVALUATION-

SUPPLEMENTAL DEVELOPMENT NEEDED-

.

O SECONE " APPROVAL" IN LETTER TO BWROG (NOVEMBER 23, 1983)

| - EPG REV. 3 SAFETY EVALUATION

STILL AWAITING FUTURE SUEMITTALS ON CRITERIA FOR CONTAINNE"'-

VENTING PRESSURE

REQUEST TO CONSIDER FURTHER TECHNICAL STRATEGIES FOR A DEGhnJED C0F-

CONDITION. (SEVERE ACCIDENT MANAGEMENT)

0 ALL LARGE BWRS HAVE VENTING PROCEDURES

VARIOUS PRESSURES (0.5-2 x DESIGN)-

, .
'

EXISTING DUCTS-

.

e

,

e

. _ _ _ _ . _ _ _ . ,-



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

1

.

. .

.

i

I !

: :

I ;'

!

i
i .-

1.0
I I I I I I i MO ,

; - CONTAINMENT PRESSURE = 0.5 MPa (58 psic)
1 0~8 L = 100 mi(328 ft) '

j E f = 0.02 32-

. .
4. - -

! 8C m -.

1 au z ,

; t- 0.6 y s-

j na 24_ o2 *

_4_
5. -

I
l o 0.4 m
) S

-

16 g-
, z -

1 w m-

i > . -

3-0.2 8
'

. -

.

O' I I I I I I I I i

0 100 200 300 400 500 600 700 800 000
VENTING CAPACITY, Mw

3
.

I -

Figure 2. Vent Size Regsfrement as "a Function of Power d,, ,
(This figure is reproduced from IDCOR Report, " Evaluation of BWR Accident Hitigation %Capability Relative to proposed NRC Changes," August 1986.) ;
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; ; ; ;;;;||'; 1. Graphs assume one hour holdup and decay prfor || ||| | ; ; |;;I i
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'''''''1 to release. Greater delay in release can producei >
'

*@' lower doses (e.g., as much as a factor of about
@ 30 at one alle for 12 hours of inreactor holdup

;
-

i
'

: ! % comparedtoonehour).4 *-
_ _ _e,.

=

2 Dose estimates are based upon NCC$ computer
8 *

p code calculations using revised (relative to
-

,

! l = = - - -"u

. s- - -

_ ___ CRAC and CRAC2) meteorological samp1tng models. 1 2 E l l ii- :I E- . _ _ _ _: ==- =
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3. The likelihood of exceeding the'
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\ CJIITAldMENT IMPROVEMENT STRATEGY

e

e PREVENT HYDROGEN COMBUSTION BY INERTING

e REDUCd DRYWELL SPRAY FLOW RATE

PERMITS ALTERNATE SUPPLIES TO PRODUCE SPRAY-

EXTEhDS WATER SUPPLIES-

.

e PROVIDE RELIABLE BACKUP SUPPLIES FOR DRYWELL SPRAY

PROVIDES SHALLOW POOL OF WATER 0?i DRYkELL FLOOR-

DIRECT SPRAY C00LIliG OF ANY CORE DEBRIS LEAVING LOWER-

HEAD AREA -

,

SPRAY SCRUBBING 0F DRYWELL VOLUVE-

i

DIRECT COOLING 0F WALLS-

e liETWELL PRESSURE RELIEF TO STACK
'

.,

POOL SCRUBBING4
-

ELEVATED RELEASE-

.

e DEBRIS CONFINEMEilT.

e TRAINED 0PERATORS

i
i

.

I

'
'

i ,

'

1
.___ __
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I IPROPOSED REQUIREMENTS
3

s

i

1. HYDROGEN CONTROL
'

PRESENT REQUIREMENTS II; POSED'BY 10 CFR PART 50.44'AND THE

TECHdICAL SPECIFICATI0iiS SHALL BE ADHERED TO, HC ADDITIO:!AL

REQUIREMEi1TS ARE PROPOSEL. j
i '

. , ,

2. CONTAINMENT SPRAY

ALL BWRs WITH MARK I CONTAli1 melit SI'.v_L PROVILE AT LEAST TWO

BACKUP WATER SUPPLY: SYSTEf'S FOR THE CONTAIHiiENT DRYWELL SPRAY,

ONE 0F WHICH SHALL BE FUNCTIONAL DURIiiG STATION BLACKOUT.

WATER TO THE SPRAY SYSTEfi FROM THESE BACKUP SUPhlIES SHALLg

BE AVAILABLE BY REMOTE f%HUAL-OPERATION OR-BY SIMPLE

PROCEDURES FOR CONNECTION AND.STARTUP WHICH CAN BE IMPLEMEllTED. 3
DURING A SEVERE ACCIDE!iT SCENARIO. - ,

1 t.

' ' '

' t ,
. ,

.

IN ADDITION, THE SPRAY fiOZZLES SHAL't,BE' ADJUST.ED S0 THAT-
_

,

AN EVENLY DISTRIBUTED SPRAY PATTEkil WILL BE DEVEL0?ED IN THE

DRYWELL WHETHER WATER IS SUPPLIEB BY THE PRIfMRY SOURCE
'

OR EITHER OF THE SACKUP SOURCES. A FLOW RATE Oil THE ORDER
*

0F 3/10 0F THE PRESENT FLOW RATE IS CONSIDERED TYPICAL,

THE LICENSEE SHALL SELECT THE FLOW BASED ON AN ANALYSIS OF l
>

.

PLANT SPECIFIC PARAMETERS. ;t -

i
.

,

t<

1

'
' *

* 4, .

J a,

,g 'N,

.

, . - ,
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PROPOSED REQUIREMENTS (C0NT'D.)

;

.
'

3. PRESSURE RELIEF

THE LICENSEE SHALL SELECT A PRESSURE BETWEEN DESIGN

PRESSURE AND 1h tit'.ES DESIGH PRESSURE AT UHICH TO OPEN

(i- AN EXHAUST PATil FROM THE WETWELL VAPOR SPACE TO THE HIGHEST'

VENi POINT (STACK OR PIPE) AVAILABLE. THIS LINE SHOULD,
,

BE CAPABLE OF HANLLING WATER VAPOR FLOW EQUIVALENT TO 1% -

DECAY HEAT AT THE VENT PRESSURE SELECTED WITHOUT

SIGNIFICANT CHANCE OF RUPTURE BEFORE THE DESIRED RELEASE

POINT. THE LINE SHALL BE ECUIPPED WITH ISOLATION VALVES

WHICH CAN BE OPENED AND RECLOSED BY REMOTE MANUAL OPERATION

OR BY SIfiPLE PROCEDURES WHICH CAN BE IF.PLEMENTED DURING

SEVERE ACCIDENT SCENARIOS INCLUDING STATION BLACK 0UT.

4. CORE DEBRIS CONTROL

THE LICENSEE SHALL ENSURE THAT THE WATER IN THE SUPPRESSION

POOL IN THE EVENT OF TORUS FAILURE IS HELD WITHIN THE

CONFINES OF THE TORUS RO0li AND THE CORNER ROOMS AND

CANNOT FLOW OUT T0.0THER PARTS OF THE PLANT.

5. PROCEDURES AND TRAINING

THE LICENSEE SHALL IMPLEMENT EMERGENCY OPERATING PROCEDURES

AND OTHER PROCEDURES BASED ON ALL SIGNIFICANT ELEMENTS

APPROPRIATE TO ITS PLANT OF EMERGENCY PROCEDURE GUIDELINES,

[ REVISION 4.

- -- _.
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C0hDITIONS

,

QUALITY AND DESIGli STANDARDS

SINCE THESE REGUIREMENTS ARE INTENDED TO BE AN OPTIMIZED USE

OF EXISTING EGUIPMENT IT IS EXPECTED THAT ADDED EQUIPMENT,

OF ITSELF, NEED NOT MEET THE QUALITY OR DESIGk STANDARDS OF

SAFETY RELATED EQUIPMENT, NEVERTHELESS, MODIFICATIONS TO OR

NEAR ECUIPMENT OR SYSTEMS WHICH ARE ALREADY SAFETY RELATED

SHALL NOT COMPROMISE THE QUALITY OF SUCH EQUIPMENT OR SYSTEMS.

IMPLEMENTATI0fi

THE EQUIPIENT CHAliGES RECUIRED HEREIN SHALL BE INSTALLED DURING

THE FIRST REFUELING OUTAGE WHICH LEGINS NINE (9) MONTHS AFTER

THE EFFECTIVE DATE OF THIS LETTER. THE PROCEDURES A;iD TRAINING

REQUIRED SHALL BE IMPLEMEiiTED ON A SCHEDULE REVIEWED AND APPROVED

BY THE NRC. GIVEN THE IriPLEMENTATION OF THE GENERIC IMPROVEf1EiiTS

OF KARK I C0liTAINMENTS THERE IS N0 iiEED FOR AN INDIVIDUAL PLAfiT

EVALUATION (IPE) FOR CONTAINMENT PERFORFANCE. THIS DOES NOT REMOV!

THE NEED FOR AN IPE WHICH COVERS THE SYSTEM RELIABILITY OR CORE

. MELT FREQUENCY PORTION OF THE SEVERE ACCIDENT QUESTION. ;
i

,

I
.

:
,

9
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.

WHY DO THIS

0 " COMPLIANCE" WITH THE SAFETY G0AL? - MOST CONTAINMENTS NOT NEEDED

'

0 NEEDED FOR SAFETY?

- POSSIBLE ARGUMENT

~ RESPONSE TO MARKEY OUESTION-

O JUSTIFIABLE BACKFIT? - YES

.

e

.

i

!

,



' -
.

. .

.

18

t

C0fitilSSI0fi RESP 0fiSE TO A HEARING CUESTION
' JULY 16, 1986

QUESTION

IS A 90 PERCENT CHANCE OF FAILURE IN THE EVENT OF A CORE

liLTDOWN All ACCEPTABLE FAILURE RATE?

ANSWER

THE NRC HOLDS THE POSITI0f! THAT THE LIKELIHOOD OF CORE i:ELT

ACCIDENTS IN AiiY PLANT SHOULD BE VERY LOW AND, IN ADDITION,

THAT THERE SHOULD BE SUBSTANTIAL ASSURANCE THAT THE CONTAINMENT

WILL MITIGATE THE CONSEQUENCES OF A CORE t;ELT SHOULD ONE OCCUR

IN ORDER TO ENSURE LOW RISK TO THE PUBLIC. IT IS NOT MERELY

A QUESTION OF HAVING LOW RISK BUT OF HAVING AS WELL THE DEFENSE-

IN-DEPTH ASSURAliCE OF C0l3INED PROTECTION BY PREVENTION AND

MITIGATION...

.

O

|

t
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TABLE 3 COST-BENEFIT ANALYSIS

COST: 50.7-2.2M

BENEFIT:(1) FCM CCFP CCFP AVERTED AVERTED

BEFORE AFTER LOSS /YR LOSS

PRES. VALUE

BASE'

~4 5CALCULATION 1x10 /yr 0.5 0.05 $4x10 /yr $3M/$12M

-5 4LOWER FCM 1x10 /yr 0.5 0.05 $4x10 /yr $0.3M/51.2M

'

LESS CHANGF

~4 5IN CONTAINNENT 1x10 /yr 0.5 0.1 $4x10 /yr $3M/$12M

BETTER

CONTAINMENT

~# 5TO START 1x10 0.2 0.05 $2x10 /yr $2M/$6M,

"0PTIMISTIC"

-5 4CALCULATION 1x10 4.2 0.05 $2x10 /yr $0.2M/$0.6M i

" PESSIMISTIC".

~4 5CALCULATION 3x10 0.9 0.1 $2x10 /yr $16M/$60M

(1) FCM = Frequency of Core Melt
CCFP = Conditional Containment Failure Probability
AVERTED LOSS PRESENT VALUE expressed as A/B where A is the averted loss
per year times 8 (roughly equivalent to discount at 12%/yr rate) and B is I

-

' the averted loss per year times 30 (no discount). |-

|
|

|

_ _ _ __ - -.
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METHOD OF ACTION

i

0 RULEMAK(NG?

COMMISSION CLOSED SEVERE ACCIDENT RULEMAKING-

q

- COPMISSION CHOSE DEVELOPMENT OF A SAFETY GOAL FOR GENERAL

| PERFORMANCE STANDARD

- TEDIOUS TO START A SERIES OF 50.44 TYPE RULES

0 GENERIC LETTER /0RDER?
,

- CLASS SPECIFIC

- PUELISH FOR COMMENT

- OPTIMUM TREATMENT OF DETAILS <

! - PREFERRED FOR PROMPT EFFECTIVE USE OF RESOURCES
:

,

e

*

1,

5

9

:

'. ,

i 1

4

i-

'

<

|
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T.P,cxeas

BWR OWNERS' GROUP 'd -' 2 -8 6

SEVERE ACCIDENT CONTAINMENT ISSUES

NUMARC< APPROVED SEVERE ACCIDENT CONTAINMENT ISSUES APPROACH

1. OBJECTIVE

EVALUATE CONTAINMENT INTEGRITY. IF APPROPRIATE, ASSESS

POTENTIAL IMPROVEMENTS TO MINIMIZE OFFSITE RELEASES FOR

SEVERE ACCIDENT CONDITIONS (BEYOND DBA) WITHIN AN APPROPRIATE
COST / BENEFIT GOAL.

2. IDENTIFY CHALLENGES TO CONTAINMENT *
1.) H2 GENERATION

'

2.) OVERPRESSURE

3.) TEMPERATURE

4.) CORE DEBRIS ATTACK
5.) FISSION PRODUCT CONTROL
6.) HUMAN ACTIONS

7.) DIRECT CONTAihMENT HEATING

3. IDENTIFY INITIATORS TO EACH CHALLENGE FROM EXISTING ANALYSES
PICK KEY EVENTS / INITIATORS (MOST SEVERE - LESS SEVERE)
SEQUENCE THAT PRODUCES MOST SEVERE CHALLENGE

4.
. ASSESS PLANTS' ABILITIES TO MEET CHALLENGES

5. ASSESS PLANT VULNERABILITIES.

6. PROPOSEALTERNATIVfSTOADDRESSVULNERABILITIES

7. EVALUATE ALTERNATIVES
~

;

8. REACH DECISIONS,

j * OTHER ISSUES TO BE ADDED
.

[ OG37/12.12

___ - - ..
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1 PRIMMtY CONTAfleENT=
.

2 DRYWELL=

3 WEtwtIA=
*

SUPPRESSION POOL4 =
5 VENT SYSTDI=
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ABSTRACT

The NRC has suggested five changes to operating BWRs which could have the
potential for providing additional containment mitigation capability. This
report summarizes these changes and identifies the feasibility, sa fety
improvement, and potential competing risks associated with these changes. The
five changes are related to the following:

.

o Hydrogen combustion control

o Molten debris coolability

3 o Containment pressure relief

o Direct containment attack by molten material

o Training and procedurer under severe accidents

I
The evaluatiert has been carried out by an IDCOR team making use of the analytic
models developed within the IDCOR program and the insights gained from previous
analyses. Individual utilities participated in the development of the plant
specific containment description and in the cost estimates of design options.

I
The evaluation is being submitted to the BWROG for information and use by BWR
owners in making decisions regarding these suggested changes.

The ap;; roach taken in the evaluation is as follows:
)

: Define the b~ sic issues behind the proposed changes in terms ofo a

effects on key BWR containment functions,

Cevelop several conceptual design options.o
)

o Lock at the changes in the context of

the basic issues-

ccminant severe accident sequence impacts-

containment failure modes-

Sumarize the results in a manner that can aid the SWP owners ino

the cecision making process.

A value-impact evaluation has not been performed although costs for various
conceptual designs are included. A value impact evaluation would recuire
cuantification of the public risk changes associated with the proposed changes.
Tnis nas not been per#or ned as part of this evaluation,

i
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Section 1
INTRODUCTION

1.1 BACKGROUND

A substantial amount of work has been perfomed by IDCOR [1-1] and the NRC
regarding the acceptability of plants under severe accident conditions. These
efforts are currently ongoing, but the initial phases of this work have been
completed. At this time no plants have been identified as presenting
unacceptable risk to the health and safety of the public. Calculations of the

I
public health risk for both BWRs and PWRs demonstrate that each type meets the
proposed NRC safety goals [1-2] for the plants analyzed to date (see Table
1.1-1). The conclusions can be summarized as follows:

I
o The probabilities of severe nuclear accidents occurring are

extremely low. *

o The source tems are likely to be much less than calculated
previously. -

I
o Risks and consequences to the public of severe accidents are much

smaller than the risk levels incorporated in the NRC interin
safety goals.

,

-
1

These conclusions are based upon evaluations performed on a limited number of
I piants. In order to enstre that these generic conclusions alsc apply to

specific : individual plants, the industry in cocperation with the NRC has
f rmulated a method to examine each plant for possible weaknesses which could
cause these generic conclusions to not hold. This method, called the Individual

I
Plant Evaluation (IPE), provides a structured approach to systematically examine
a specific plant for core melt frequency and source tem outliers. Although the
soecific recuirements for compliance with the NRC's Severe Accident Policy nave1

yet to be published fomally, it is probable that each plant will be required to
utilize the IPE (cr ancther equivalent or more in-deoth tool like a PRA) tc
cemonstrate that there are no risk cutliers.

'.2 REGULATORY CONCERNS.

The Individual Plant Evaluation will be an important tool in satisfying the
1

recuirements of the NRC's Severe Accident Policy. The Severe Accident Policy |

2-R-36-02aA 1-1
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Table 1.1-1
,,,

' , , U.S. IlWR PLANT SPECll'IC PRA OH PHA-LIKE STUDIES PHI!LISHED lROM 1975 T01986
s

03
m
g ipesatlug
ra 1.! sense Nating Plant Program Report
i Plant Year NWe Containment A/E Namu Report Year

; Peac h B .s ton 1974 1065 BWN/4 tEl Bechtel RSS NUREC 75/014 (WASii-1400) 1975
Peatle botsom 1974 1065 kWH/4 HKI bechtel IDCOR Tesit 21; Teclulical Summary Report 1984,

' Peath Bottims 1974 1065 B,WM/4 PEI Bechtel PECo. BWR IPE 1986

CranJ Cull 1982 1250 BWR/6 HKIII Bechtel RSSHAP NUREC/CR-1659 1981
Ctand 4.ulf 1982 1250 BWR/6 tt:Ill Bechtel I DCa* Task 21; Tectnical Suassary Report 1984

Browns Ferry i 1974 1065 BWH/4 HKI IVA IDEP huREC/CR-2H01 1982

I

; Hillstone i 1970 650 BWR/ 3 PEI Ebasco IREP NUREC/CR-3065 1983
Hillstone 1 19/0 650 bWH/ ) HKI thasco NUSCo. Probabilistic Safety Study 1985

8 ime r tt k i 19h5 1065 BWR/4 # Ell Bechtel PECo. USNRC Ducket Hus. 50-152, 50-353 1981

3 Big kw k Point 19h2 71 BWH/2 laRY Bechtel Consumers USNHC Docket No. 50-155 1981
i

} Shoreham - 820 hWH/4 PEli S&W l.I!1D USNRC Dutbet No. 50-322 1983
St.os et am - 820 BWH/4 HK!! 'S&W l.!!.00 BWR IPE 1986

6essar 1100 BWR/6 PElli - CE 1984
(PsopsletaryI

'

Susquehanna 1984 1065 bWH/4 HKII Bechtel PPht. BWR IPE 1986

*
RSS: Beattor Safet y Study

NSSitA P keector Safety Study th thodology Applicat ions Ps ogram
IHt P: Inteste Hellat111ty 1. valuation Progsam

.

1

h
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statement (NUREG-1070) [1-3] also contains an additional objective, which
identifies the avoidance of containment vulnerability as a part of the decision
making process in severe accidcnt evaluations. Recently, the NRC (Bernero)
[1-4] has identified five items which may be generically applicable to BWRs, and
may provide an increase in containment capability under severe accident
conditions (particularly for plants with Mark I containment designs). These
five items are as follows:

1. Prevent containment failure due to hydrogen combustion (using
igniters, or by inerting containment and controlling oxygen
ingress);

2. Assure reliable operation of containment spray during accident
conditions, including station blackout;

3. Avert containment overpressure fa ilure and uncontrolled
radionuclide release by ensuring adequate wetwell ventingD capability and reliable operation of vent / purge valves;

4
Reduce the likelihood of containment failure from direct contactwith molten core material; and

5. Provide emergency procedures and training to ensure operators can) recognize and respond to severe accident ccnditions.

"

At this time, the NRC is considering the establishment of a generic severe
accident policy for BWR containments whicn would embody these five elements.
Furtnemore, the NRC is considering acting on these issues at an acceleratec,

:: ace, separate frem the Individual Plant Evaluations. Bernero [1 4] indicatec
that the justification for this approach is that:

The issues are considered to be generic.3 o

o The actions to achieve the aforementioned objectives provide
substantial assurance that containment failure can be preventedgiven a core melt accident.

The actions a;: pear to be relatively easy to incorporate.o

The NRC's stated objective [1-4] for this proposed policy is to provice a
minimum set of plant changes' which will provide substantial assurance inat.

It should ce noted that*

[1-63
these changes may be subject to the backfit rule ~

2-R-85-C24A 1-3
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early containment failure can be prevented given a core melt, and to implement
c

these changes as quickly as possible.

1.3 APPLICABILITY AND APPROACH TO ADDRESS REGULATORY CONCERNS

The intent of these five items as stated by the NRC (Bernero) [1-43 is to
provide a minimum, generic package which should be implemented by each plant.
nowever, the five areas identified by the NRC have va rying degrees of
applicability to existing BWR containments. Table 1.3-1 provides an overview of
the applicability of these five items to each BWR containment design. In some

) cases, this package may not provide the necessary and sufficient set of

modifications that could be required to meet the objective of the NRC's proposed
policy. On the other hand, it may not represent an appropriate expenditure of
individual utility resources when viewed in the overall context of improving

j i plant safety.

The purpose of this report is to provide IDCOR and the SWR Owners Group with
technical information to support a logical approach to future regulatory

) interactions by utility decision makers on these BWR containment capability
issues. The primary focus of this report is on BWR plants with Mark I
containment designs since these plants have been the focus of more regulatory
attention. In addition to addressing the items proposed by the NRC, this report

I also supports consioeration of other plant or procedural changes that would
offer significant benefits for little cost.

In evaluating the NRC's proposed items, several key cuestions must be answered
6 about each element. These include:

o Coes it reduce risk?

! o Are there significant competing risks introduced?

o Does it make technical sense?

o Is there a lack of infomation which precludes a clear definition
of the safety benefit?

-

3-26-024A 1-4
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n. Table 1.3-1
Ob.o. SUMMARY Of APPLICABLE ISSilISc)

10c. >
4-

BWRs REGARDING SEVERE ACCIDENT ISSUES3e

. . _ . __

BWR CONTAINMENTSHRC IDFHilillD
I N Nb

MARK I MARK 11 MARK 111

liydrogen Control Inerted (itay be Inerted Igniters (plantor plant specific)
; Inerting System specific)

--------------------------- ---------------------------- ------------------------- *

~----------------------------including Blackout inerted inerted Open

DW Spray Yes Yes NA
,,

a, liigh Reliability
--------------------------- -----------------------------

| Including Blackout Yes Yes NA

------------------------- ----------------------------

.

i WW Venting Yes Yes Yes
--------------------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ------------------------- ----------------------------Blackout Yes Yes Yes

-
"

--------------------------- ----------------------------- -------------------------- ----------------------------
AIWS Yes Yes Yes

;

1

Debris Barrier Yes NA NA
._-

.. --

LPG for Severe Yes Yes YesAccident Management
_

bw me M--

1
1

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - - - - - - - - - - - - --
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o Does it resolve all pertinent issues?>

o Is the resolution generic or plant specific?

o What does it cost?

To' answer these questions, an approach has been developed to examine BWR
containment capability issues in a systematic fashion. The elements of this
process and the section of this report where they are discussed are noted below:

Identify the functional requirements needed to mitigate accidentsi o

, and which are associated with or affected by the containment
issues (Section 2). The basic assumption underlying the approach!

is that there is a limited set of key safety functions which, if
successfully performed automatically or through manual action,
result in a " safe" condition for the plant. Therefore, before
any evaluation of individual plants and plant systems can be
performed, those " critical safety functions" which are associated
with containment response and which may be impacted by the
regulatory issues must be identified.

o Identify the existing SWR mitigation capability (Section 2).
Eacn safety function identified during the previously defined
task should have associated with it at least one system or
procedure to be used to satisfy the function and mitigate the
effects of any accident. Coupling the existing system or
systems, and/or procedures, with the functional requirements
enables an assessment to be made as to the adequacy of the
individual plant's mitigative capability.

o Identi fy potential options for addressing the NRC's concerns
about existing SWR containment mitigation capability (Section 3).
As with most issues there may be more than one option for
successful resolution of the concern. These options may have
varying degrees of success when applied to the unoerlying safety
issues. By systematically identifying and studying these
options, prudent choices as to the best solution in terms of
safety, cost, and other factors can be made.

o Identify the feasibility of the proposed NRC modifications or
procedural enhancements (Section 4). This section accresses two
issues related to the feasibility of implementing the options:

First, the current plant configurations which may influence-

the implementation.

Secondly, the analytic support for the determination of-

positive or negative sa fety impacts associated with the
proposed changes.

2-R-26-02aA 1-6
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!

o Identify potential safety benefits and competing risks of the
proposed changes (Section 5). A " safety evaluation" of the
identified options in terms of previously identified BWR dominant
severe accident sequences is performed. This evaluation provides
an indication of the potential benefits which may be associated
with each option. Negative impacts, such as decreased safety in
other parts of the plant's overall design brought about by
changes which address the specific containment concerns may also
occur.

o Estimate the costs of the proposed changes (Section 6). The
reality of the situation facing nuclear power plants today is

4

that they must operate within limited, real budgets. Therefore,
a very important factor in the decision-making process is the

j cost of any proposed change. Estimated costs of identified) options are provided.

The approach is structured to identify logically the benefits and competing
risks associated with the proposed changes for use by decision makers. PRA has

, been utilized as a framework for evaluation of the technical issues. Figure
1.3,1 identifies the pieces of a probabilistic risk assessment which evaluates
the risk to the public. For this evaluation, the first two parts of a PRA
evaluation are examined in a cualitative manner to ascertain whether the

3 suggested changes could provide a beneficial risk reduction. Representative
postulated accident sequence classes are evaluated cualitatively to establish
the mitigation capability over the spectrum of core melt accident secuences.,

4

)

1

)

.

f

2-4-86-02*t 1-7
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Section 2

CURRENT CONTAINMENT DESIGN FEATURES AND

ACCIDENT MITIGATION CAPABILITY
4

| This . section sumrrarizes the following BWR related features that place into
context the five suggested changes proposed by the NRC:

i /)
|/ o Containment functional description (Section 2.1)

;J'

o Severe Accident Sequence Event Tree End State Types (2.2)'

o Dominant BWR Severe Accident Sequences
3

o Containment Event Tree

2.1 EXISTING PLANT CONFIGURATIONS: GENERAL DISCUSSION, CONTAINMENT EFFEC-
TIVENESS

) s

This section contains a discussion of existing BWR plant configurations for
,

cor*aining the radionuclides possibly released following postulated accidents.,

g ..

!g
.

'

she various design and operating characteristics are included along with some
I, discuss'.on of the estimated effectiveness of various systems and design features

'- in mitigating radionuclide release. The use of probabilistic risk assessment
(PRA) techniques as tools in the evaluation of containment responses is also '

j

described in this section.j y, ,

J
~

Containments are used 'to prevent or mitigate the radionuclide releases to the
envir:nment. As such, the containment consists of not only the primary
containrent which has been designed for .t specific set of accident sequences but

I alsc all the associated passive and active systems which allow for the effective
; mitigatien of radionuclides in the event of a severe accident.

Probabilistic risk assessment (FRA) techniques are useful as tools for logically
oisplaying and evaluating the integrated responses of plant system to various

'

cceditions. As such, PRAs have been used to evaluate containment system
resocnses following postulated severe accidents.

-R-56-024 2-1
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Previous PRAs [2-1, 2-2] and IDCOR [2-3] have demonstrated that SWR containments

are capable of preventing radionuclide releases to the environment under severe

accident conditions. This capability derives from a series of multiple
barriers. Figures 2.1-1 through 2.1-3 provide pictures and schematics of the
various types of SWR Containments: Mark I, II, and III. Although much of the
discussion also applies to the other BWR containments, the remainder of this
section will focus attention on the Mark I containment.

.

BWR Mark I containments encompass a multitude of barriers, both active and
passive, to prevent or reduce any radionuclide releases to the environment.

I

These barriers include the following:

Passive Mitigation

'
- Primary containment

Secondary containment: Reactor Building-

Active Mitication

Post core melt coolant injection-

Post core celt containment spray-

Containment heat removal, inclucing containment venting from-

the wetwell
- Suppression pool !crubbing through venting

All of these features provide real barriers or fission product retentien

capability to minimi:e any nealth effects to the public. WhileWASH-lac 0[2-4]
was a quantum jump in thinking regarding the protecticn of the public against
severe core damage accidents, one of the failings of WASH-1400 was the excessive
conservatism used in modeling the SWR mitigation capability of the secondary
containment and the active mitigation measures. The IDCOR program has built

u;cn the foundation laid by later BWR P ras , which have identified the
censiderable effectiveness of post core damage BWR containment mitigaticn
capability, to present a more realistic evaluation.

The following discussicn conceptually identifies the relationship of SWR
containment systems with their capability to mitigate severe accidents.

2-R-86-02 2-2
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Primary Containment
,

BWR primary containments are used to both prevent severe accidents and mitigate
severe accident consequences. The design of the BWR primary pressure

suppression containment makes use of large quantities of water inside

containment to provide a passive heat sink for heat that may be generated
following a postulated accident. The principal design basis accident governing
many of the design features of th untainment is the " worst case" design basis
accicent (DBA) loss of coolant accident (LOCA). This double ended shear of a

3 primary system pipe is explicitly included in the deterministic calculations

supporting the design basis of the containment. BWR containment is therefore1

explicitly designed to function adecuately with coolant injection occurring to
the reactor pressure vessel (RPV), and containment heat removal occurring via

a 3 the residual heat removal (RHR) system despite the possibility of a large break
in the primary system piping. Large margin exists beyond this design basis for
the containment on a realistic basis.

3 The ShR primary containment has features which provide:
J

o High internal pressure capability (55 psig design and
greater than 130 psia (Mark !) ultimate). The larger volume Mark,

III containments have a lower design and ultimate pressure -
3 Passive.

o :Su::ression of H. burning through inerting of the primary
ccntainment - Passive.

o Scrutbing of potential fission products through the use of the
3 large containment water inventory - Passive or active moce,

o Lcng ter n containment temperature anc pressure control through
RER anc internal or external containment water injection sources
- Active.

,

o Alternative containment heat removal methods also exist
(including venting) - Active.

The BWR prirary containment has a number of funcamental response requirements tc
ensure that radionuclides are effectively mitigated even for severe accident
conditions. These functional response features which may be fulfilled passively
or through active reasures include the following:

2-R-36-02* 2-7



o Isolation

o Pressure control

o Temperature control

o Prevention of direct containment contact with molten material

o Prevention of explosive or energetic reactions

o Radienuclide scrubbing

o Fission p>oduct scavenging.
i

i These functional elements are described in more detail in the discussion of the
containment event tree development (Section 2.4) along with the interrelation-
ships with other mitigation features such as the reactor building and

containment injection.

Secendary Containment

The BWR secondary containment (reactor building) provides an effective secondary
radionuclide barrier to trap fission products if they escape from the primary
containment barrier. The secondary containment is a massive structure

surrounding the Mark I and II containments. The secondary containment
at. os;here is exhausted to the stand-by gas treatment system (SGTS). The SGTS
provides a filtered release to the environment. Therefore, even for severe

accidents -which might cause leakage from the primary containment, there remains
the acditional filtration system o' SGTS to further reduce the radienuclides

released to the environment. In adcition, the secondary containment structure
3has a large interior volume (2 million ft ) which will be relatively cold even

in the event of a severe accident. This large volume represents a large site
for scaverging and depositing radienuclides that mign leak from the primary
containeent. Figures 2.1-4 and 2.1-5 provide simplified ;:icture.s of the reactor
building mitigation features.

Pesc Core Melt Coolant Injection

Fast core melt coolant injection to the containment provices a nethod for:

J

!
i

2-R-85-02 2-8
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! Temperature control-

' Pressure control-

Debris coolability: limitation of debris ~ movement in the con--

1 tainment
Scavenging of fission products from debris or containment-

.

j atmosphere.
1

The BWR plant has several coolant injection systems which are capable of
I supplying water to the reactor from water sources internal or external to the

) primary contain6ent i .ventory. The systems include:
}
.

RHR-

j
3

Low pressure core spray (LPCS)-

Condensate pumps-

Control rod drives (CRD)-

Condensate' transfer pumps-

j Other S0P systems such as fire pumps (diesel driven fire pumps).-

9 These water injection sources may be useful in satisfying all of the above
;

j containment functions.
!

Core melt accidents are postulated for a large number of reasons. From a risk,

) pers;ective two of the more likely causes of a core melt accident involve: !
t

o Loss of high pressure coolant makeup and failure to decressuri:e
tne RpV

4 ) o Failure of adecuate AC power.
,

; These two examples involve cases in which the coolant injection sources can be
race effective after ApV melt-through due to either depressurization, recovery of4

j y AC pcwer, or completion of recuired operator actions, e.g., within the time
] folicwing core melt but before containment failure (e.g., 6 hours). Therefore,

for certain accident sequences the likelihood of containment coolant injection,

j (such as drywell sprays) is very high despite a core melt occurring, e.g. .
! reliabilities of .5 to .99 are estimated depend.ing upon the accident secuence.

post Core Melt Containrent Sorav;
!

The ear c:ntairments for Mark I and I both hcve the capability to spray the;

cryweli from a number of sources with a variety of pumps. The containment
4

:

!

2-R-af-C2 2-114
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drywell sprays provide a means for both pressure and temperature control. When
RHR pumps are available, the containment sprays can be manually initiated from
the control room in a very short period of time, i.e., less than 15 minutes.
The operator is trained for and t.as procedures to perform these actions. While
this type of response is expected for all BWRs when the RHR pumps are available,
less uniform condition may exist when the RHR pumps are disabled. For example,
many, but not all, plants have the capability to spray the drywell with a

connection to service water and/or the diesel fire pump through a cross tie into
the RER system, i.e. the " ultimate cooling connection." This capability could

) afford an advantage in maintaining long term containment te. , .rature control and
debris coolability given a long duration severe accident cendition. Accident

sequences for which this backup means of containment cooling could be made
available include the folicwing:

)

Station blackout where no AC pcwer to the RHR pumps is available-

Floeding of the RHR pump room-

Loss of access to the water in the torus-

Anticipated transient without scram (ATWS) events.-

)
At : resent the SWROG emergency procedure guidelines (EPGs) [2-5] are receiving a
" final" revision to include many of the insights from severe accident analyses.
Althougn the " final" EPGs may mention the use of ncn-safety systems, previous
EPG revisions and plant implementations have net unifomly suggested,

I
recc= ended, or directed operator ac* ions to spray the drywell urder these
severe accident conditions. This innibition is generally related to other

safety cr operational concerns.

)
Centtia ent Weat Pemoval

Containment heat removal can be accomolished through a diverse 3rd redundant set
of me Pods including:

Sa'ety : elated

RHR (see discussion telow)-

2-R-e6-00* : *.:
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Non-Safety Related

Main condenser-

Isolation condenser-

Reactor water clean up (RWCU)-

Spent fuel pool heat exchanger-

Venting (see discussion below)-

Others-

The principal method of containment heat removal under accident conditions is
through the use of RHR in the suppression pool cooling mode. This mitigation
function can be effective in preventing containment overpressure challenges

) either prior to core melt or during core melt. The RHR system is an extremely
flexible and redundant system.

Table 2.1-1 summarizes the RHn heat removal capabilities for most of the SWR

) Mark I containments.

Centainment Ventinc

) Containment venting has been identified as a potential operator action for
certain postulated accident sequences which are far beyond the plant licensing
design basis. The B'nROG EPGs saecify tnat containment venting should be used as
a last resort operatcr action in the event of rising containment pressure. The

3 action is taken with the purpose of preventing an uncontrolled breach of
containment, while naictaining the containment function as a fission product
baraier througn deposition arc scrubbing,

) The methocs to accomplish containment venting and the containment pressure a*
which one would initiate such a procedure are still under development. As with
most engineering decisions there are a number of trade-offs which need to be
mace to establish a rational procedure. These trade-offs are summari:ec in
Sec:icn 3 under Venting Options.

2.2 SEVERE ACCIDENT SECUENCE EVENT TREE END STATE TYPES

A large nuncer of accident secuences can be postulated that could lead te core
damage and potentially challenge containment. These sequences can result ir

different types of unique challenges to containment. These types of cnallerges

:-R-36-0~4 2-13
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Table 2.1-1

BWR RHR DESIGN CAPACITIES PER LOOP *,

Q = K (Tpeng - Tsw)
Where Tpen) = Suppression Pool Temperature 'F

T = Service Water Inlet Temperature. 'Fgg

K Tservice water ( F)
(Btu /sec 'F) Max. Min.

)

Browns Ferry 239.6 95 33

Oresden 3 416.7 105 85

Ouane Arnold 145.2 95 NA
> Enrico Fermi II 321 89 40

Fitzpatrick 142.6 77 35

Hatch I 213.9 95 32.4
Hatch II 213.9 95 NA

I Dresden II 416.7 105 85

Men *J cello 199.6 86 37
j Brurswick I 213.9 86 35

Brunswick II 213.9 ES 35
8"

Peach Bottom II 271.6 88 NA
'

Cooper 228.9 84 NA

Peach Bottem III 271.6 88 NA

Pilgrim 218.8 95 NA
' ' Millstone Pt. I 123.7 75 32

Quad Cities ! 404.7 105 85

Quad Cities II 404.7 105 85

Vermont Yankee 200 95 32

; Browns Ferry II 239.6 95 33
Hope Creek II 288.9 95 55

'Infomation provided by GE.

|
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I

' to containment have been characteri:ed on a realistic basis through the IDCCR
program. In addition, previous SWR PRAs [2-1, 2-2] have also categorized
these containment challenges into a finite, discrete group. of accident;

i sequences. This section provides an overview of these BWR accident
,

sequence classifications.1

,
'

The types and frequencies of postulated accident sequences in a nuclear power
I plant cover a broac spectrum. A P:A utili:es system level event trees to ecdel
t

these accident sequences. The end states of these event tree are either a safe

shutdown condition, or a condition in which the core is considered vulnerable to
g

damage. To limit this spectrum of end states to a manageable number of

secuences with similar characteristics ( e .'g . similar initiator and syster.
failures) sequences are generally grouped together (i.e. binned). Figure 2.2-1

| illustrates schmatically this grouping process as practiced in many PRAs and asg

perforced in the IPE methodology. As can be seen, this grouping is performed at
several levels. The consolidation occurs both in the structuring of the model,

such that some of the fine details are incorporated together with other sequence
variations; and in a post-processing step of summing similar sequences together.g

Examples of secuence-specific detail that can often be consolidated incluce the
,

exact timing, precise system failure modes (i.e. cut sets), and the

ocerator's tire varying response. In addition to this consolidation, it has,
'

been noted in past PRAs that the accident sequence end states leading to core
relt can te further collapsed. This grouping or binning of similar core reit

| sequences is gererally performed based upon the following:
;

) I
j o Decay heat level

o Integrity of the containment

j o Relative timing of the core melt,

i
' In additlen to these parameters, the binning can be further subdivided basec j

j u:en the conditional unavailability of key frontline support systems in each of '

:Pese end states.

'

!
i

}

!
0 :-26-C24 2-151

t

|
. - - _ _ , _ . _ . _ _ - , _ , _ . . , - - ---_,_.- _ _-__- - - -.--, _ _ --- _ ., ,_ _ _ _ - -



_ _ _ . _ _ _ _ . _ _ . _ - . - - . ,_ _ _- . -.

. . . - -

WIIAIIi'A 18.n51(ni5 g (EAs AILS 1Evtnis gg,ggggggyt5

dh th4 da*
t. _t

.

QJ.(7
.

O
rss

(1 158 4 11 II (L.15 Ill Ct.15 IV ra st vA
f.frTRIC ,

a o n. < o. .T ca.i . " h' .T a=''ai * *<> r.= rs u".". .i,.'."of,cc, = ,, a .. <,1r =r. uw "
. .. .. .u . -

C& .11( $ s (sJ r.L 11tst 34 5 L L VI L D88td4 r8'L15Upt #m .I 3IM PUt4 R gyp.111 B

hi. T.] [si it al [isir] In. -| Io... ..I gr..Ivl Ismcvi,,An,

n.u
' ' ' " '

Ismc i I Fic 51 l~ -.] l- r _.]
-

; ... ........ ....u.............u......... ..n... ...................v..................v......,

'. CONTAlreftti EV(ni TRt[ RELCAtt [ttD STAT [$
. . T - ,...... . . ... re- r.

. C . t t.e-. ses L.re s, a .c.3 car.ct.cs w.. casen , .eg . . c .. e r.s< . t.c.t v t sw r.. . ter.ct .c s.c ,v c . ret || ce <. s r... r .

Risx
CIrviaipui. RiiK BfDelttAni Rft[Ait CAi[GURl[5
srsi
CA1E6URl(1

f
,, -

_

-_

r etou r<v
~

-

__

-, q
,

setr.st nacariust

eu.se.es

!
l

.iF igure 2.2-1 PRA Accident Sequence Binning Scheme '

2

e



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

*

1

1
i

i Based on the above, an event sequence classification into five accident sequence

j classes is performed. These five representative accident sequence classes are

] described in Table 2.2-1. The sequences included in 'each of the five classes
.

are based upcn the above accident characteristics. The description of classes
is presented here to introduce the terninology to be used in characterizing the
basic types of challenges to containment.i

1

i

f The reactor pressure vessel condition and containment condition for each of
these classes is noted below:

I '
CLASS RPV CONDITION CONTAINMENT CONDITION

;
.

I Loss of Effective Coolant Inventory Intact
j
' II Loss of Effective Containment Heat Breached -

-

'
Removal

1

I III LOCA Intact*
,

5 IV Failure of Effective Reactivity Breached
Control,

k V LOCA Outside Containment Breached !
) (Bypassed)

!
i

; ) References 2-1 and 2-2 have identified that the highest frecuency of pcstulated
I core melt. accidents belong to Class !, in which the BWR containment is intact.
)
' The other accident classes, while having potentially more severe incacts on
i primary containment, are of lower calculated frecuency.

I

In assessing the ability of the containment and other plant systems to prevert
or mitigate radionuclide release, it is often desirable to further subdivice

J

these general categories. In the second level classification prccess, the
; similar accident sequences grouped within each accident class are further
.

divided into several subclasses (e.g., Classes IA,B.C.D) such that the potentialj

for systems' recove ry in the short te rm , subsequent to a core / containment
j vulnerable condition, or in the long term, subsequent to a core melt cceditien
I and possibly containment failure, can be modeled. The interdependencies which

exist tetween plant system operation and the core melt and radieruclide release
4

'
2 0-26-020 2-17
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! Table 2.2-1y ACCIDENT SEQUENCE CLASSIFICATION

. . . '
t

[ ~ACCIIn T ~
Z CLASS PHYSICAL BASIS SYSTEM LEVEL REPRCSENTATIVE

DESIGNATOR f 0R Ct ASSIflCAll0N CONTRIBUTING EVENT SEQUENCE SEQUENCE FOR CLASS
,

Class F(C ) TiTel711 ac1t rapidly-~Tf cooling Transients inn;1ving loss of Transient with coolaiit3
systems are not recovered; contain- inventory makeup; small LOCA events makeup unavailable; ment intact at core melt and at involving SRV actuation with loss
initially low pressure; highest of inventory makeup; transients,

probability release pathway is from involving loss of scram function4

, the vessel to the suppression pool and inability to provide sufficient
coolant makeup

) GassIllCJ Tuel will melt relatively slowly Transients or LOCAs involving loss Transient with loss of
.' due to lower decay heat level if of containment heat removal; residual heat removalcooling systems are riot recovered; in advertent SRV opening accidents
! containment is breached prior to with inadequate heat removal

core selt; highest probability capabil;ty
release pathway is from the vessel,

to the suppressinn pool. n
.L Class Ill (C ; fuel wi H melt rapidly if cooling Large and medium LOCAs with large LOCA with loss30'

4 systems are not recovered; contain- insuf ficient coolant makeup; small of low pressure ECCS
ment intact at core melt, but at and medium LOCAs with failure of

,

initially high internal pressure; the SRVs to actuate and long-tenn
involves a release from the vessel loss of inventory makeup; RPV
to the drywell failures with insufficient coolant

makeup
i CassIT~(Q Tuel will melt rapidly if cooling Transients involving loss of scram Transient with failure'

systems are not recovered; contain- function and loss of containment of RPS and failure of! sent falls prior to core melt due heat removal or all reactivity SLCS
| to overpressure; highest probability control; transients with loss of
| release pathway is from the vessel scram function followed by rapid
- to the suppression pool d_epressuriza tion

Class V (C ) Tuel will melt rapidly if cooling LOCAs outside containment with LOCA in main steamg
systems are not recovered; contain- insufficient coolant makeup to lines with failure ofment falled from initiation of core; interfacing system LOCAs with MSIV closure and loss

,

j accident due to equipment failure; insufficient coolant makeup of ECCS'

involves a release pathway frun the
vessel which bypasses the

. _J nn t a innent

;

i

4

|

i



i

phenomena are adecuately represented in the release frequencies through a
binning process involving these subclasses. In addition to the better

definition of operator actions and success probability, the subclasses also
allow a refinement in the consecuence calculation for radionuclide release,

timing, and transport. Table 2.2-2 provides a description of the subclasses
which have been established.

Containment event trees can be developed which make the transition from system
event tree plant damage states to potential radionuclide release end states.
The containrent event tree paths and cuantification are based upon the entry

3
conditions derived from the systematic event tree plant damage states (i .e.
Classes IA, B, C, D through Class V). Appendix A and Section 2.4' provide a
description of the simplified containment event trees which can be used to

y display the key containment phenomena and the mitigation system capability.

2.3 DOMINANT ACCIDENT SEQUENCES

g The accident sequences which control the calculated core *.elt frequency or the
public risk may be referred to as the doninant accident sequences.

Scectrum o' Accident Secuences to be Considered

)
Dublished in'R PRAs have identified that there may be a spectrum of potential
contributcrs to core melt or containment challenge that can arise for a wide
variety of :eascns. In addition, sufficient analysis has been done to indicate

g that these sequences are highly uncertain and therefore they may be more or less |

important on an absolute scale a_nd relative to each other depending upcn
assumptiens , training, equipment response, and other itens that have limited
codeling sophistication. This uncertainty means that we can neither dismiss
portions of the spectrum from consideration or erphasize a portion of the

spectrum to the exclusion of other sequence types. This is particularly true
when trying to assess the benefits and competing risks associated with a change
or a plant feature, i.e. we cannot be too narrow in our focus.
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. Table 2.2-2

| SUMMARY OF THE CORE VULNERABLE ACCIDENT SEQUENCE SU8 CLASSES'

(PLANT DAMAGE BINS)

ACCIDENT

SUSCLASS DEFINITION EXAMPLENATOR

CLAS5 I A Accident Sequences Involving Loss of TQUA
Inventory Makeuo in which the Reacter
Pressure Remains Hicn

S Accident Sequences Involving a Loss of I CW
EOff-Site Power and Loss of Coolant

Inventory Makeuo
I C Accident 5equences Involving a Loss of I 'C WT MCoolant Inventory Induced by an ATWS

Secuence
D Accident 5equences Involving a Loss of TQU/

Coolant Inventory Makeup in which Reactor
Pressure has been Successfully Reduced to

i 200 psi.; Accident Sequences Initiated by
Coninen Mode Failures Oisabling Multiple'

Systems (ECCS) Leading to Loss of Coolant |Inventory MakeuD
E Acc1 cent Sequences causec by Cor19en Moce

Failures which Result in Multiple Frontline | T DC2DC3O
g' System Failures with the Reactor at Hign ,

Pressure !

iCLA55 4. Accicent 5equences Involving a Loss of i in
-

Containment Heat Removal )
' 'C.A55 Ili A Acc1 cent Secuences Leacing to core' , x.

i Vulnerable Conditions Initiated by Vessel [
t Rupture where the Containment Integrity is '

| not Breached in the Initial Time Phase of |
the Accident'

5 Accident Sequences Initiated or Resulting , 5 gui
in Small or Medium LOCAs for 'n'hich the I

g'
!

Reactor Cannot be Georessurized | '

! C Accicent Sequences Initiatec or Aesuiting AQui
i

| in Medium or Large LOCAs for which the
' Reactor is at Low Pressure I

I
| D Acc1 cent Sequences wnicn are Initiatec Dy a : AU

LOCA or RPV Failure ad for which the Vapor I
i'

SuppressionSystemininadequate,Challeng-| j

|ingtheContainmentIntegrity j
'

IC.A55 is Acc1oent 5equences Involving ra16ure to
' T'M"2

-

| Insert Negative Reactivity Leadina to a
j ContainmentVulnerableConditionbueto

j
.

! ! High Containment Pressure
f 1

I CLA55 'd Unisciated LOCA Guts 1ce Containment-

,'-zc
| 2 R-36-024
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The spectrum of accident sequences can sometimes be bounded by a single
surrogate accident sequence (i.e. dominant sequence) for the purposes of
limiting the deterministic calculation that must be perfomed. Because of this
and the fact that even the probabilistic treatment tends not to look at partial

| failures, results in identifying a discrete set of sequences which to sore
extent are bounding. This philosophical problem with discretizing the'

| continuous spectrum of severe accident sequences leads to a certain amount of
! oversimplification in the PRA represen ta tion. The challenge is to avoid

allowing this oversimplistic representation to adversely impact the decision
j making process by eliminating or removing from consideration risk significan:

) sequences because of " low proba bili ty" arguments or slight changes in
deterministic calculations.

.

For an example, consider the issue of venting. The bounding deterministic
I calculations may show marginal or inadequate capability for some narrow set of.

1. predefined boundary conditions such as the worst case ATWS. In reality, if this
"woest case" ATWS were to occur, there would likely be competing effects such as

| some rod insertion, some partial successes, and late baron injection. Therefore
D the venting scheme may provid,e just the extra margin required to hold

j containment together until reactivity control can be regained. The level c'
} sachisticatien cf PRA is such that it does not support excluding safety'

improvements because they will do no good. It supports identifyingo

f 6 qualitatively those engineering insights that may be impo rtant in certain
setuences-(even if the importance cannot te adequately cuantified) and sup; orts

:
the identification of improve' tents that can be made to enhance those insignts.;

1 Table 2.3-1 summart:es the dominant accident sequences which are reported in the
'

published SWR PRAs. The secuence identification scheme (alpnanumeric
identifiers of failure events) follows the terminology used in the ICCOR BWR IPE
metnodolcgy. In addition, the ccminant secuences are assigned to the accidenti

secuence class which most closely represents the physical processes that wouldi
'

cccur in the primary system anc the containment. These classes are described
!-

above in Section 2.2.
,

.

?

|
;

I
:

,!
,
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1. Isolatfor

The CET can be used to estimate the probability of successful
isolation. These estimates, which include leaks, can be made f:r
both inerted containments as well as containments constructed <

*

prior to the change to inerted containments.

2. Exelosive or Energetic Reactions

Failure nodes related to high energy events such as steam '

explosions, hydrogen deflagration, etc. , are addressed. Alth0 ugh , i

these events are of low likelihood, conta inment integrity
questions are still raised in the evaluation of the CET.

) 3. Containment Temeerature Maintenance

The ability to prove containment capability by maintaining
containment shell' temperature within acceptable limits is also
addressed by the CET described in Appendix A. Concerns incluce
core heatup, molten mater 161, and hot non-condensible gases.

D

4 Direct Structural Damace

Direct heating of the structure is addressed by asking ouestions i;abcut the dispersal of the molten material from the RPV to the ~

sump and crywell.
3 (

5. Centainment Pressure Mainterance

Similar concerns as those existing for containment temperature
control are also ccnsidered for containment pressurization.

I
The containment event trees are presented in Appendix A to establish the types
of failure modes that- have arisen in past analyses. Therefore, the CETs are
meart cnly as a check to ensure that the propcsed changes address those failure
moces of greatest interest to the regulators, the public, and the utility. In

I this ccntext the CET is used Qualitatively to ensure that:
<

Combinations of systems necessary to function are identified foro

certain sequences ,

o Failure modes which are not addressed by these fizes are
delineated.

The last otjective of the CET addresses new potential containment issues which
tculd surface in the futare and recuire accittenal B'aR changes. These tjpes o#
changes are discussed in later sections.

2-4-SE-C0c 2-31
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Section 3

NRC PROPOSED BWR CHANGES

The NRC on June 16,1986[3-1] requested BWR owners to review the feasibility of
irunediate implementation of a select group of changes (hardware and procedural)
in order to further reduce the perceived conditional containment fa ilure
probability given a severe accident. The items identified by the NRC incluce
the following items:

o Hydrogen Control: Prevent containment failure due to hydrogen,

combustion (using igniters, or by inerting containment and
controlling oxygen ingress)

o Containment Sprays: Assure reliable oceration of containment
spray during accident conditions, including station blackout

I
o Wetwell Venting: Avert containment overpressure failure and

uncentrolled radionuclide release by ensuring adecuate wetwell
venting capability and reliable operation of vent / purge valves

o Cetris Barrier: Reduce the likelihcod of containment failure, from direct contact with molten core material
o Severe Accident Management Procedures: Provide emergency

procedures and training to ensure operators can recognize and
respced to degraded core conditions

) The mitigative functional characteristics of each change which are most
important:in severe accident mitigation are identified in Section 3.1. Section
3.2 su : aeizes each of the proposed changes and identifies variations on these

changes in the fom of options. The enginee-ing characteristics of each change
p which must exist in order that the mitigative function is fulfilled are also

defined in S.!cticn 3.2.

3.1 INTENCED M:TIGATIVE FUNCTION OF EACH PROPOSED ITEM

The purpose of this section is to identify, in the teminology of the simolified
containment event tree and containrent functional response, the key cDjectives
of the pecpcsed NRC modifications.

3-1
2 R-26-0E4
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In Section 2 the containment functional response items' and postulated
containment failure modes which have been identified in previous SWR PRA
evaluations were discussed. These functional response features which may be

] fulfilled passively or through active measures include the following:

o Isolation

o Pressure control

o Temperature control
i

Prevention of direct containment contact with molten materialo
i

I
Prevention of explosive or energetic reactionso

o Radienuclide scrubbing

o Fission product scaienging.
I

The containment failure modes can be classified in ways in which they affect the
containment integrity as follows:

o Pressure inVuced failures,
!

j Imediate-

Vaccr suppressien system failures--

1,
Steam explosions (invessel and exvessel)--

3 Hydrogen deflagration--

Implosion--

-- ' RPV blowdown + H2 generation invessel

Short tem to long term-

Non-condensible gas generation--'
ATWS power levels greater than RHR or main--

condenser capacity
'

Long tem-

Loss of decay heat removal--

Tem;erature induced failures (other than thr0uge direct contacto

of molten material)

; Radiation snine from molten material-

3-2
2-4-06-C24
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o Direct contact of molten material

Molten material may be distributed across the drywell-

, floor such that it reaches the drywell shell. This
failure is judged not to be a catastrophic containment
failure mode

Molten material reaching the downcomer potentially-

failing the cowncorer in the torus room

Molten material reaching the torus shell' and causing-

catastrophic failure of the torus loss of the torus
water and loss of scrubbing capability of the
suppression pool

3 o Failure of isolation

o Failure size and location

Each of these failure modes may have different impacts on the resultant fission
y product rtthway and remaining mitigative capability of containment regardless of

prior leakage or rupture breaches of containment; that is, the above failure
modes may override in im;ortance more benign failures of containment,

j ) The NRC proposed changes can be viewed sirply in terms of their functional
purpcses and the failure modes they may prevent as follows:

j

e Hydrogen control (Inerting)
I -- hydrogen deflagration or dettnation

o Crywell sprays

-- containment temperature control
I -- debris coolability

-- containment pressure control
2

-- localization of debris
-- fission product removal

o Containment venting

pressure control--

fission product removal path--

o Debris barrier

prevention of drywell wall direct failure--

3-3
2-3-25-023.
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The cross correlation between previously identified containment failure modes
and their potential resolution in tems of the NRC proposed changes is provided

{
in Table 3.1-1.

|

The discussion in Section 3.2 for each o,f these features provides options for
satisfying the functional requirements with varying postulated conditions,
assumptions, and models.

I

.

Table 3.1 1

COMPARIsCN CF CCNT.AINMENT FAILURE . TOE
AND

NRC PRCPosD QULNCE

FAILURI Mo*E NRC PPCPOSD C4ANCE

1. steam over Pressure
- AI .'s Vent

|
- RP7 Rupture* --

| - RfV .%1t 2.reugh Vent
- Loss of Effective Vent

Containment Heat Removal
;

(!".") l

f- Pool Bypass --

- Steam Explosion --

|

2. Non-Ccade'asible over Pressure Vent (includes s30)

3. Direct OW Contact Drywell Debris Barrier

; 4 High shell Tenperature CW sprays (includes s30)

5. Direct Centact of ! crus w/ Molten Ltywell tetris Barrier
.uterial

6. Direct i=pingenent **

7. Direct HaAting **

3. Hydregen Detonatica Inerticg Tech Spec

9. Centain:nent Isolatten Tallure --

3-4
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3.2 DEFINITION OF PROPOSED CHANGES: ENGINEERING CHARACTERISTICS OF EACH
CHANGE WHICH MUST EXIST TO MAKE THE CHANGE EFFECTIVE

The impact of the proposed BWR containment mitigation system changes can be
bounded by considering several opticAs. The potential benefits, the negative
safety impact, and the associated costs of each of these options may then be
used in assessing the feasibility of the individual choices.

A number of ways c' implementing these concepts have been developed. Appendix S
provides some different conceptual designs from those offered in this section.

)
Desien Criteria

e

Some general " design criteria" have been formulated to identify the NRC proposed:
'

, changes in more deterministic terms. These " design criteria" are provided for
the following:

o All changes
I

) o ' Venting
t

j o Debris coolability
1

o Cebris Barriers
i > All Chances

The backup drywell sprays, wetwell vent and core debris barrierso

are not " safety-related" in the regulatory sense. Their function
need not be seismically qualified, and is not subject to tne
single-failure criterion and is not subject to the cuality) assurance requirements of ICCFR50, Appendix S.

Ventinc

The wetwell venting scheme will accommodate ATWS as an option., o

Wetwell venting is to be reliably operable for Station Blackout,o

but the vent sized for ATWS need not be. Estimates fcr the
non-ATWS vent should include the option for non-Blackout '

operability. Reliability of .9 to .95 is adequate.

~

2-R-86-C2'
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o Design conditions at time of venting are as follows:

Case 1 (" blackout" vent) i

WW Pressure - 76.0 psia
WW Temp - 247. 'F
Mole frac steam - 0.27 |

b- 2rc g

Mole frac N2 - 0.65 ,

dP/dt - 4.6 psi /hr '

Case 2 ("ATWS" vent;

WW Pressure - 76 psia
i Steam flow equal to maximum HPCI flow

Case 1 - 33 lbm/sec saturated steam (for 3300 N(t) core)
.

o Airborne activity at time of venting is equal to 100 percent NG
distributed in the crywell and wetwell airspace w/no particulate
(assumed scrubbed).

I
o Venting is needed within 1/2 hour for ATWS and within 10 hours

fcr Blackout (w/and w/o AC power, respectively).

o Vent and reclosure capability should function for 24 hours w/o AC
power restoration.

I
o For the case where the wetwell vert terminates outside the

reactor building, it is unacceptable for the purge system to fail
in the reactor building during venting.

O No vent throttling is recuired. However, it is desirable to
) first open a vent path that is within the capability of tne SGTS

to process the flow. If this vent path is insufficient to
maintain acceptably low containment pressure, then the full vent
should be opened. Once open, it is necessary to reclose the vent
one time.

I o No filtration of the vent discharge is required.

o Wetwell venting must be operable without entering the reactor
building. If operator action to establish the vent is from
outside the control room, it must be in a sheltered location
pemitting rapid return to the control rocm.

Debris Ccolability

a An injection system to the breached reactor vessel can ful#ill
i the objectives of the backuo drywell sprays as long as it meets'

the other system requirements.

Backup spray / injection systems must be capaDie of injecting 250o

g;m (for a 3300 N(t) core) with 100 psid between the pump

3-6
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suction and the drywell and operate reliably under station
iblackout conditions for 24 hours. Reliability of .9 to .95 is

adequate.

It is acceptable to use a "non-integrated" source (e.g., a fireo

engine) to provide the backup spray / injection as long as it is
on-site.

1 Debris Barrier

o Core debris retention within the MKI/MKII pedestal is not.

desirable.
<

o Temperature, mass and volume of core debris will be based on"

information given in BMI-2104, Volume II for a 3300 Mw(t) core.
; D Assume the viscosity to be " water". (This criteria is used only
i as an up;:er bound and does not reflect the best estimate.)
,

o A thickness of refractory material equivalent to one foot of
concrete is required to prevent failure of the core debris
barrier for a minimum of 24 hours.t

)
) While these " design criteria" are viewed as the best that may be needed, there

is a range of existing plant systems or configurations that may already provide
acequate systems to eliminate the issues behind the NRC proposed changes,

j 3 Existing plant specific harcware and procedures may be able to be fashionec in
'

sucn a way .that a reliable mitigation system can be demonstrated using existing
;:lant e;uioment and under the specific scenarios that can be postulated at each
plant.

)
3.2.1 Devwell Soray Cotio-s

The drywell spray arrangenent suggested by the NRC has several objectives;
) namely:

o To lower the containment pressure

o To cool vulnerable equipment

o To quench debris

o To scrub aeroscis

In addition, it was strongly suggested that this function be reliably providec
during stati0n blackout events.

3-7
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The NRC has identified drywell sprays as a method of providing drywell
temperature control and assisting in preserving containment integrity. Detailed
calculations by the IDCOR team using the MAAP codes had identified that any
source of water injection to the Mark I drywell (greater than 250 gpm) is
effective debris coolability and for preserving the containment within its
realistic temperature limits, i.e., less than 1200*F [3-2]. Although drywell
sprays may be more effective for " instant" pressure reduction and radionuclide
scrubbing, the calculations indicate that water injection thrcugh the drywell
sprays, the breached reactor vessel, or any other injection source capable of
reaching the debris is adequate for debris coolability. In addition, injection,

, _. through the RPV after breach has the side benefits of maintaining somewhat lower
! primary system temperatures and inhibiting revolatilization. Further, some Mark

II plants would have ineffective -debris coolability with drywell sprays.
Therefore in the discussion of this item the use of the tem "drywell sprays",

will be replaeed with the tem drywell injection or debris coolability (note
'

that drywell s;: rays may still be the most important source of water in many
plants). Instead of drywell sprays, active water injection mitigation from any
available coolant injecticn source will be assessed to satisfy the desire for,

; containment temperature control.
I

i The current BWRs provide an extensive network of coolant injection sources which
can provice adequate debris cooling capability whether injected into the RPV or,

the containment. These coolant injection sources include the following:,

Power Recuirements
Puro Pumo saives

e

o RPR pumps AC offsite or onsite Same or manual

o C5 AC offsite or onsite Same or manual

o Condensate pumps AC offsite Ncne

o CRD pumps AC offsite (some onsite) None

o Service water pumps AC offsite or onsite Same or manual

o Diesel fire cump None Same or manual

o Condensate transfer pumps AC offsite Same
:

[ 2 R.E .C2a
i
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There are drywell sprays on the Mark I and II containments. These sprays have
flow supplied principally by the RHR pumps. However, there is a wide spec + rum
of plant specific designs when it comes to " backup" methods of providing drywell
spray capability. Section 4 discusses some of the possible differences. Note
for the RPV breach and post-core melt scenarios, any drywell injection location
is judged to fulfill the intent of the functional requirements cited for drywell
sprays.,

4

In order to satisfy the intended functions of accident mitigation given in-
Section 3.1, the identified item rnust have certain engineering characteristics.

) These characteristics must be defined for both evaluation of the benefits to be
obtained and the costs of the modifications. Table 3.2-1 provides an

interpretation of the options which might be proposed in terms of their
engineering characteristics.

)

In Table 3.2-1 are listed the pumps available to supply the source of water, the
valves through which the water may reach the drywell , the minimum power
requirements for the valves and pumps, and the instrumentation required for the

) operator to successfully complete the task of cooling the debris. A description
of the conceptual designs similar to that labeled " Options C and D" follows for
a reference Mark I plant. Component and location identifiers are included in
Figure 3.2-1, a schematic for the described option.

3

Th concept for providing a 250 gpm source of water to the existing primary
containment spray header could be to utilize the existing diesel driven fire
pump as the scurce of water and pressure. A tie would be made between existing

D reactor building fire protection piping and the RHR system, at penetration X-39A
(see Figure 3.2-1), downstrear of existing valve MOV-31A. The proposed system
is shcwn schematically on Figure 3.2-1. If spray (flow) into the reactor

. pressure vessel were recuirec a sinilar system could be installed using the core'

spray header. The tie in would be at penetration X-16A, downstream of existing
valve MOV12A. Alternatively, some plants may have the capability to inject into
the RFV through LPCI lines.

2 :-26-02:
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Table 3.2-1';'
.

f' [NGINEERING DESCRIPTION OF PROPOSED CllANGES TO BE USED
"| IN fEASil!!LITY AND COST [STIMATC
J3 IOR DRYWLLL SPRAYS
?!

Drywell
lirywell Coolant Injection Power Instrumentation

II}Injection Option Pumps Valves Required Required

A RilR DW Sprays AC DW Temperature
DW Pressure

LPCI Contain. Wtr Lv1.
CS CS Injection AC "

Condensate IW Injection AC "

Il Option A Option A Option A Option Ay' ilPSW Ultimate core AC Option A
E; cooling valves

and LPCI or
DW sprays

C Option B Option B Option B Option A
'

liiesel fire Ultimate core None
Pump cooling valves -

and LPCI or
I2)DW sprays AC

+
i

Spool piece
D

Option C Option C (w/o Option C Option A
spool piece)

.-

(1) There is an [PG requirement to avoid flooding the containment. A. procedure may be required to fulfill
this requirement.

(2) lhe injection valves may be located such that coolant injection late (af ter core danage) would be
precluded if manual valve operation were required d'aring a station blackout situation. Option C
equires remote operation even with no offsite or .ite AC or DC power.



;'| l. | |

-

" -.
.

.-

"
y3

A a -
r2 p '1

1
S1 .

-
32 n g .m 0 o n .e 3 i

iL ._t -) t tE -A As 0G a s6 y 24 r ir .

1
.

2 3S - 1

n3|
t A x e .- - W - e9 EdV VR " I' aO Oll 0I e- oeM MI< 1( PX Tl

k
l

mV ~ ~ e7

w p ||
t
s
y_ _

g S

r
ic e

dm *
s ,L p a

i

3_ , J le,m
e eu n l

nSw S og yi
i aL g t,

_ n ry c pni et
e id S

t
al

S
- c.S ri

f o tIa r nDu P
- B eB

_ t g e 2" m
)

C 0 nnrM r1 1

F
o i

w
i

i -'t t a:Q scs frA-

-
i I I t

tia e6 n
dd l

C
oxe raIE R e aeI

- r Yli(oo y. t rTt f

ic m a
ge m

i
m " ,L nt r

w iss 3 ,J d y8 Pi

e l S3
S i 1

1un-) -p 2
, Bo1 0

i 51y
t rt1 -

% _
3oc - Ae

t eF6f ectWa rS ao B p u. _ R P "6 ( m ger F
n ug

l _ P
ion , f

j|f
i ,

_ l n
i (p.

. p eo_

si
l' q etn i r.q i D e

_
i i

M N_ inr

n p
t

go
t P_ s

_ i w P
x e .

t.

se4

xh ' ,

l
i f i r

- xi
fI/_

_ 3" -
_
_ -

.
_.

D 3
.

fi

GI
i

l

,_

; }

,* |f mb

,

;



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

.

1

1

Two normally closed, motor operated containment isolation valves are provided to
manually initiate system operation. Opening both valves electrically, with
power being provided by t.n independent D.C. source, .will drop the fire

protection header pressure, automatically starting the diesel driven fire pump.'

Controls for these two valves, along with open and shut indication, will be
provided in the control room. A pressure control valve would be installed to,

assure delivery of 250 gpm to the spray header depending on existing fire pump
demand. The limiting condition for this operation could be the diesel fuel
supply for long term operation. This flow could vary with containment pressure,
but would not be less than 250 gpm. A flow transmitter with input to the

'
control room would be provided to monitor flow. A check valve installed

i

dcwnstream of the last MOV of the system would preclude inadvertent flow from
the existing RHR system to the fire protection system. Two system isolation

'

valves installed in the system would allow for normal system maintenance while
the plant is in operation. Additionally, test connections provided down stream
of the pressure control valve would allow periodic verification of the new
system readiness and operability. The test line would be routed to an existing
drain line to one of the reactor building sumps, allowing flow to be verified
during plant operation. The difference between options C and D is only that
Oction C requires a hose connection or spool piece be manually aligned during
the accident.

Of tne four postulated options, it appears that Option C, because'it is viaole
,

during st'ation blackout events, is the minimum acceptable to meet the intent of
the NRC objectives as stated orally at the June 16 meeting [3-1]. Option 0 also

'

satisfies the objectives but would require more effort than Option C to
implement.

J

Tacle 3.2-2 provides a summary of the options wnich may be possible in coerating
plants for various levels of expenditure.

3.2.2 Containment Pressure Control (Containment Ventinc)

The NRC suggestion for containment pressure control has the objectives to:

o Avert uncontrolled overpressure failure.

o Maintain a scrubbed release path.

) 3-12
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Table 3.2-2
DRYWELL SPRAY OPTIONS

'

OPTION DESCRIPTION

A This option provides drywell spray capability with the
RH9 purros. It requires realignment of certain valve
and piping arrangements from those which exist
currently at most plants. This option requires a
source of offsite or onsite AC power.

Drywell injection capability is provided for3
the RHR pumps or by using the CS and/or CRD.by usingsystem.
This injection mode also requires plant recon-
figuration, as well as a source of AC power.

8 This option is similar to Option A, except that service
, water or HPSW are also used as backup systems. A

source of AC power is still required.
C Same as B except DFP^^ also provides a successful

drywell injection made during severe accidents and
would be operable without dependence on offsite or

I onsite AC power. However, this could recuire operator,i

actions in the reacter building prior to the release of
radionuclides in the vessel. Plant configuration
changes (valve, piping, electrical) are recuired before
this option would be available.

D Same as C except no spool piece or hose connection,
'

I

operation recuired for installation and no access to
:

| the reactor building is required following loss of AC
power. By eliminating the need for operator access
this option minimizes the changes of exposure to the
plant staff. However, more physical anc procedural,

, changes are required.

.'.May be plant specific.
Diesel fire sum::.

|
I

l

3-13 l2 :i-86-02:
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These obiectives were more fully defined by further specifying that the vent:

Have substantial capability to vent the wetwell (specifically foro

ATWS events).

o Be remotely and reliably controlled (including station blackout).-

o Have the ability to be reclosed (this was indicated to be of
lower priority).

Containment venting has been identified as a potential operator acticn for
certain postulated accident sequences which are far beyond the plant licensing
design basis. The BWROG EPGs currently specify that containment venting should,

'

be used as a last report operator action in the event of rising containment
pressure. The action is taken with the purpose of preventing an uncontrolled
breach of containment, while maintaining the containment function as a fission
product barrier through deposition and scrubbing.,

.

The methods to accomplish containment venting and the containment pressure at
wnich one would initiate such a procedure are still under development. As with
most engineering decisions there are a number of trade-offs which need to be,

made to establish a rational procedure. Some of these considerations are
su rarized in the following discussion.

The S'40G EPGs provide operator guidelines and other design considerations for,,

the implementation of a scheme for containment venting. The purpose of tre
containment venting guidelines is to provide capability to the plant to preserve
containment functionability in the face of potential overpressure events.

t

Flexibility is provided to each utility to make use of the hardware within each
clant. The venting procedures are designed to be comcatible with the existing

"

plant hardware. No new plant hardware is visualized as being installed as ;: art
of the EPG imolementation.

The containment structural acceptance test (SAT) is performed at 1.15 design
; cressure. In addition, the containment is pericdically tested up to a cer ain

^

cressure (P ) (by eeans of an integrated leak rate test, or ILRT), and there4

P; = Peak calculated LOCA pressure.-

3-14
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are postulated design basis accidents which could lead to these pressures. It

seems prudent to allow the containment to perform its design function under such
conditions without resorting to venting. Therefore, the containment design
pressure may be the minimum pressure which should be considered before venting

4

is attempted. As the pressure rises above the containment design pressure,
there is a decreasing confidence in the high integrity of the containment.
Therefore, containment venting becomes more desirable as the pressure continues
to rise.

There are a number of considerations in the thought process which may influence
I the choice of the containment pressure window over which the plant specific

procedures would specify operator venting of containment. These considerations
are the following:

.

I Containment structural capability
"

o

a Containment vent valve operability

a Measured parameters and instrumentation

3 o System operability

- SRV
- HPC:/RCIC

Low pressure pumps-

I o Reacter Building environment

c adionuclide activity

o Types of accident mitigation.,

!

: I

:ased upcn a generic review of the concept of containment venting and the plant
specific aoplicability of the concept, several conclusions have been reached.
These conclusions are summarized as follows:

The concept of containment venting is specified for use only ino

postulated accident scenarios far beyond the plant design basis,

o The concept of venting provides the operating staff an
alternative which:

I
- maintains the containment function

i

2-15
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minimizes any radionuclide release to the public while-

preventing an uncontrolled containment breach

provides an alternative decay heat removal path-

o Generic procedural guidance exists

o The plant specific implementation may require consideration of
the types of items highlighted in the evaluation

o Typical considerations which are judged appropriate for inclusion
in the decision making peccess include:

Vent Initiation Pressure-

'
Calculated values of the ultimate structural capability--

may not be the limiting factor in setting the
containment vent pressure, i.e. scme margin may be
wished to be retained.

SRV operability is a principal goal of long term--
,

accident mitigation and this may lead to setting the,

vent initiation pressure in the range of 1.0 to 1.5-

] times design pressure for Mark I and II containments.

Low pressure systems (exceptions: HPCS, CRD, and motor--

driven feedwater) may be required for accident,

mitigation during the venting procedure and therefore
NPSH limits need to be adcressed under venting
conditions. -

Vent Te'rmination-

'

Temination of venting is judged prudent in the range--

of 10 to 20 psi below the vent initiation pressure.
- Vent Pathways

There are a wide spectrum of plant specific vent--,

pathways available to tne operator with a number of
considerations affecting their desirability such as
valve cacability. However, the folicwing conclusions
are appropriate:

1. The lines wnith ori
and exhaust to (a) ginate in the aetwell airspacethe SGTS or (b) to outside the
reactor building are the highest desirability
level. Hcwever, it should be noted that SGTS
filter trains may be incapable of handling full
wetwell vent flow, i.e. if all the cecay heat
immediately after shutdown is being removed
thrcugn the vent. In addition, their may be other
features of the SGTS that coulo be adversely
affected by such vent conditions.

3-16
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2. Maximize control over the amount released, i.e., I

small lines preferred.

3. Larger lines from the wetwell air space to outside
the reactor building are next in priority.

4 Next. larger lines from the wetwell air space to
the reactor building may be used.

5. The lowest priority lines are those that originate
from the drywell and exhaust to (a) the reactor
building or (b) outside the reactor building,

Open Items Regarding Containment Venting: Current Statuso
>

3 A plant specific implementation plan is needed.-

.

A decision is needed on the use of very large vents to cope-

with ATWS.

A decision is required on the advisability of venting during-

i events with high radiation alarms.

Use of ductwork during venting needs to be considered as a-

potential hazarc to personnel and equipment in the event
venting is incluced.

I
Power requirements and need for or ability to access various-

plant locations for venting implementation are plant
specific.

An extensive amount of work has been performed by FAI to identify alternate ATWS
I

mitigation strategies which would not recuire containment venting. Such

strategies are just now being develcped, suppcrted by analytic work at GE and
EPRI. If these strategies prove successful, *.he use of a very large vent for
ATWS can be reduced in importance (i.e. safety benefit) or completely

D eliminated. However, this effort (described in Secticn 4.2) is not yet
complete.

Given the above background on venting, the options identified to accomplish the
NRC objectives of station blackout and ATWS mitigation capability (or portiens
of these objectives) for containment venting are summarized in Table 3.2-3.
Tatie 3.? J provides an engineering interpretation of these options. Figures
3.2-2a anc 3.2-2b provide simplified schematics of containment venting
conceptual diagrams for Mark I and II plants, respectively. Option C" appears

3-17
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Table 3.2-3
CCNTAINMENT VENTING OPTIONS

OPTION DESCRIPTION

A A small wetwell vent capable of removing decay
heat approximately 8 hours after control rod
insertion. The capability to operate the vent
would be remotely provided from offsite or ensite
power sources. The valves would be capable of I
opening at the specified opening pressure (taken '
to be 60 psig for this analyses).'

i

A' Option A plus the capability to open the vent
valves under station blackout conditions. Based
upon postulated failure modes this may be a
dedicated DC power supply and/or air operated
valve.i

A" Option A' with hard pipe inside the react.e
building allowing the release to be directed to
the environment.

III'

B A wetwell vent capable of removing approximatelyI
6-8% power associated with controlling reactor
water level below the TAF for ATWS related
events. The capability would be remotely
provided from both affsite and onsite power
sources.

' B' Option B except SB0 included.

| B* Option B' except hard pipe in the reactor;

i

I
building to allow direct release to the
environment.

1 I
'

C A wetwell vent capable of removing 18-30% power
associated with controlling reactor water level
near the TAF for ATWS related events. The
capability would be remotely provided frem both,

! offsite and onsite power sources.4

3

C' Option C except 580 included.

C" Option C' except hard pipe in the reactor build-
ing to allcw direct release to the environment.

(1) This may also have the definition of providing the capability to relieve
the non-condensible gas generation from core concrete reaction given that a
core melt occurs for other sequences such as a station blackcut.

,

2-R-85-024 3-13
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Table 3.2-4 '

1 ra

5 ENGINEERING DESCRIPTION OF PROPOSED CHANGES TO BE USED IN
yg FEASIBILITY AND COST ESTIMATE

5
**

APPROX. POWER 'R'x BLDG DOES IT EXIST
VENT SIZE HEQ'D VENT CONSTRUCTION INSTRUMENTATION /PDWER IN TYPICAL BWRs

(See Section 4)
A 6" AC Duct DW Pressure /DC or AC Yes

A' 6" DC Duct DW Pressure /DC No
and/or
Air

A" 6" DC Pipe DW Pressure /DC No
and/or
Air

B 6-18" AC Duct Reactor Water Level /DC or AC Yes, , ,

J, DW Pressure /DC or ACm

B' 6-18" DC Duct Reactor Water Level /DC No
and/or. DW Pressure /DC
Air

B" 6-18" DC Pipe Reactor Water Level /DC No
and/or DW Pressure /DC
Air,

C 36" AC Duct Reactor Water Level /DC or AC No ,

DW Pressure /DC or AC

C' 36" DC Duct Reactor Water Level /DC No'

and/or DW Pressure /DC
Air

C" 36" DC Pipe Reactor Water Level /DC No
and/or DW Pressure /DC
Air

l
__ _ - _ - - - _ _ _ - - _ _ _ _ - _ _ _ _ _ _ _ - - _ - _ _ _ - - _ _ _ _
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to meet all the requirements inferred frem the NRC request [3-1]. A description
of a conceptual design similar to Option C" follows:

The venting system is designed to vent steam and other gases to thei

atmosphere from the wetwell to prevent its overpressurization. The
system will be manually operated, and will function without AC pcwer.
No filtration or other treatment of the vented gases is provided.

This system is designed to vent up to 600 lb/sec during an ATWS. It
will also be capable of venting the lesser flows that would result
from a severe accident. As shown en Figure 3.2-3 a 26 in, line would
be required.

Two DC-pcwered, fail closed, motor-operated butterfly valves a re,

included. The vent system would connect to the drywell vacuum relief
line immediately above the torus. (Note that only a few Mark I plants.

i have the external vacuum breaker lines. Therefore this plant specific
design difference may require more expensive penetraticn ecdification

j to be made.) The vent line would pass through the floor at grcund
level elevation, through the two butterfly block valves, and then to,

the outside of the reactor building.
!

3.2.3 Barrier Octions

i
'

The NRC proposed containment modifications appear in two general categcries;

"

o Debris Barrier: Barrier to prevent contact of . molten eaterial
witn tne centainment boundary,

o Torus Water Barrier: Barrier to preserve the torus water in a
iccation tnat wiii maintain centainment functionability as an
effective fission product scrubber.

! Cebris Barrier Ootions

The debris barrier suggested by the NRC has the cbjective to " Reduce the
'

likelihood of failure (of containment) by direct attack (by the molten fuel)."
An additional objective is to also ensure that molten material dcas not enter
the torus. Each of these are principally Park I related issues.
Note that an initial fundamental decisicn was made between two options (see
Figures 3.2-4 and 3.2-5. Also see Appendix 3 for other conceptual designs):

l. Plug the pedestal under the RPV with a barrier (Type A).
'

2. Ecsition the barrier adjacent to the drywell wall (Type B).

3-22
2-R-36-C2a
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The first option may be rejected for Mark I containments on the basis that the
molten material should not be confined to the pedestal region because of
potential attack on the pedestal support and prevention of drywell spray
effectiveness. For Mark II containments either option can be feasible if the
molten material has access to the suppression pool water through drain lines or
downcomer vent pipes (see Shoreham and Nine Mile Point 2 designs Type B Mark
II).

The second option has the advantage of allowing the drywell sprays to be
effective in direct debris coolability by providing intermixing of spray water,

with debris. The remaining report discussion focuses on the second option for
Mark I containment.,

.

Because there is not a general consensus regarding the actual progression of,

accident sequences or the code capability to predict the phenomena there may be
a range of barrier designs developed to address variations in assumptions and
code mocels. Section 4.2 addresses some of the modeling issues involved in the,

decision process. A set of options to address such issues is provided in Table,

3.2-5, while Table 3.2-6 contains an engineering description of the options.
,

A brief description of a conceotual design for a debris barrier folicws:,

'
Seaeral Cesicn: A debris barrier is provided to contain the core relt,

anc prevent contact with the containment shell or liner. This barrier
can be provided at the RPV pedestal or at the extremities of the
crywell floor, depending upon specific plant arrangements.

Scecific Cesien: The example core debris barrier is shewn on Figure'

3.2-o. This carrier would fit well below the downcomers to the torus
and would interfere minimally, if at all, with the downcomers baffle
succorts.

Tcaus Water Barrier

In the event that the torus integrity is violated due to the direct contact of
molten material (i.e., molten material is not quenched), then the containment
functionability as a fission product scrubber could be compromised. A barrier
mignt be d2 Vised which wculd act as a secondary containment around the torus
ocol which would prevent the aater level from going belcw the downcomers. Such'

'
i

i 3-25
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Table 3.2-5
DEBRIS BARRIER

OPTION DESCRIPTION

A Small barrier in the range of 2-4 in, height to
prevent small amounts of molten material that may:
be fluid enough to reach the outer part of the
drywell floor contacting the drywell wall. A

3 nominal thickness of 6 in. to I ft. is estimated rto stop the initial flow of material to the wall.4
|

B This differs from Option A in the amcunt of !

molten fuel to be contained. The barrier for#

Option B is a barrier of sufficient size to
3 contain the entire molten core if it is assumed

to be all fluid and on the drywell floor. A
nominal thickness of 6 in, to 1 f t. is estimated
to stop the initial flow of material to the wall.

C Option A with a greater thickness to provide a
9 high probability of preventing molten material

from flowing to the drywell wall even if
I

extended times are required.
|

.

,

|| D While Opticn B is a " tall" barrier, Option D is a
j " tall and thick" barrier. Option D is Optien E

4
-

with a barrier of sufficient size to contain the ,9
entire molten core if it is assumed to be all ifluid and on the drywell floor. A nominal

i
thickness of 6 in. to 1 ft. is estimated to stop;

the initial flow of material to the wall.
E Opticn 0 welded to the wall of the drywell.
F A maze barrier which provides protection of the

! DW shell from slow moving molten material but
| also provides protection for:n high flow ratei i ejection by deflecting the ficw.'

(see Appendix B)

|

2 :-86-01 3'27
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1, Table 3.2-6
-

'

, . , .v
k ENGINEERING DESCHil'IION Of PROPOSED CilANGES TO BE USED
h; IN FLASilllLITY AND COSI ESTIMATE
; ~

'll
Deliris Barrier fielght of Harrier Thickness of Barrier

A 2-4 in. 6 in, to 1 ft.
*

4

0 8-12 in. 6 in to 1 ft.

C 2-4 in. 2 ft.

D 8-12 in. 2 ft.

E 8-12 in. 2 ft.
*

S

f 2-4 in. 2 ft.,,

! e .

>

4

--
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a stringent requirement may not be met by any but a few of the existing Mark I
containments. Alternatively, a torus water barrier could be constructed, and
exists at most plants to prevent torus water leakage or rupture frcm spreading
to adjacent compartments. Since adjacent compartments contain safety related
equipment such as CS and LPCI pumps such a barrier could have the side benefit
of preventing damage to ECCS equipment for any loss of torus water event.
(Suction to these pumps from the suopression pool could however be lost in some
plants.)

The torus room barrier would provide a water overburcen on any molten material
I

that made its way to the torus room floor (this is expected to be zero or very
small amounts), but because the downcomers are not covered the remaining
radienuclide releases may not be scrubbed.

I The torus room barrier is not discussed further in this report. It does not
a;; ear to have significant containment related benefits to justify further
consideration (although it may have benefits related to prevention of core

; damage secuences, but that is another investigation).
)

;

.

)

5

!

2-4-86-024
;

I
._ _



_ _ . . .,. __ _ _

,

.

3.3 CONSIDERATIONS ON THE EFFECTIVENESS OF CHANGES INDIVIDUALLY: AND IN
COMBINATION

This section looks at dominant accident sequences which may be effectively
_

mitigated through the use of a single change or combination of changes.

As noted in Section 2, there is a' wide spectrum of potential severe accidents.
As noted in Section 2.4, most types of accident sequences can be successfully
contained or mitigated within the BWR containment with a high reliability.
There are, however, several low frequency accident sequence types for which this

.

) mitigation may be less reliable. These sequences include:

Station blackout secuences for which no AC power is available.-

ATWS sequences for which containment failure could occur in a-

y catastrophic manner affecting the coolant injection sources and
causing a preexisting containment failure before core melt.

Table 3.3-1 sumarizes the effects of the proposed changes as they affect these
two low frequency sequences, acditional discussion of the secuence mitigation

I capability Ic provided in Section 5. This brief sumary is to note that the
changes may depend for their success to some extent upon the successful
implementation of the other changes in order to provide assurance that tne
perceived dominant failure modes are acecuately addressed. Take, for example,

I the following combinations of actions:

1. Debris Coolability': for temperature control (2-3 hrs).
2. Venting: for pressure control (6-10 hrs).

3. Debris barrier prevents direct contact failure of the drywellshell.
i I

For a conservative " design basis" approach, it would be necessary to install
capability for all three features. However, with debris coola41'ity alene.
containment failure may be delayed for an extended period of time tr. ore than 2ci

plants'') similar to the PWR arrangement. Water injection costhours in some

Or ecuivalent.+;
'

-- Plant specific value. Some Mark Is have substantially nigher free air ar.d
water volumes relative to cecay heat pcwer than other Mark Is.,

4

3-31
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?> Table 3.3-1
j[ ACCIDENT SEQUINCE' SPECIFIC
(p POSTill ATED
,S; DENLflTS
4

SEQtlENCE
T Yl'L INERTlHG DLBRIS C00 LABILITY VENTING DEBRIS BARRIER

5110 Reduce the likelihood Post core nelt: Provides a method to: Prevents the spread
(Class IB) of explosive mixture Ef fective in DW of noiten material

inside containment, teniperature control - Prevent over- to the DW wall and
i.e., reduce the and debris cool- pressure failure possibly to the .

probability of an ability, of containment, torus (EarlPrevention)y failurehydrogen deflagration i.e. effective
that f ails contain- Would assist in means of removing
ment. prevention of early heat and non-

containment failure condensibles
due to: (1) over (long tenn heat

Y' temperature of removal and non-
|0 drywell shell; (2) condensible gas

drywell shell control)
contact; and, (3)
excessive non- - provides a
condensible gas release path
generation rates. which allows

scrubbing of the,

radionuclide
releases

,

TCCg g 2 (ATWS) Similar to above but Debris coolability Provides a sethod of Sane as above.
containment failure and fission product preventing core melt,

(Class IV) or venting may change scrubbing from the DW if:
the effectiveness of a tniosphere.
inerting. - EQ in Rx Bldg is

not affected

- Water is
available to
provide continued
makeup long term

__
__ __
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RPV breach provides debris coolability which controls the drywell temperature,
and limits the core concrete reaction reducing the non-condensible gas
generation. In other words, the venting requirement and the debris barrier
would not be recuired for accident scenarios such as station blackout. However,
venting and debris barriers would not by themselves prevent containment failure
in the intermediate time frame due to possible overtemperature or overpressure
failure in the 2-10 hour time frame. Venting may by itself offer a methoc to
reduce the radionuclide releases by relieving the pressure driving fccce from
the drywell.

)
The complex nature of the processes deserves an integrated evaluation on a plant
specific basis. Some detailed calculations of event timing, phenomenological
effects, etc., would be required to determine all of the interactions between
the various actions. Such detailed investigation is beyond the scope of this)
present analysis; however, the knowledge that such interactions may exist has
been factored into subsequent discussions.

)

)

i

I I

I

I

I
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Section 4

FEASIBILITY OF NRC IDENTIFIED ITEMS

As part of the evaluation of BWR changes raised by the NRC and summarized in
Section 3, a summary of existing plant capability in these areas was undertaken
by the BWROG. The summary of existing plant configurations can be used to:

; A. Identify existing accident mitigation potential.

B. Identi fy the feasibility of the proposed changes by virtue of
back fitting into the existing plants.

)
4.1 PLANT SPECIFIC EFFECTS

This section reviews scme of the impacts of the plant specific factors on the
3 proposed changes. The specific items addressed in this section include:

.

o Procedures

o Existing physical hardware
3

o Existing plant configurations.

Based upcn the review of participating utilities, a set of tables previcing
comparative information on plant specific features affecting the efficacy of the

I prepcsed changes are presented. The BWROG resocnse was primarily f,,ri. Mark I
owners an'd therefore the tables summarize only the Mark I information.

'
I

1

These tables were assembled by the participating utilities over a very shcrt
I

time frame with minimal guidance. Tae IDCOR cuestionnaire provided to the SWR
cwners was not precise and did not explicitly recuest some of the infortation
icentified in the enclosed matrices. Therefore in most cases, values were not
reported because of poor question format or complete absence of questions. !n
addition, the data has not been verified and shculd therefore be treated
cautiously. It does, however, provide an indication of the relative diversity
of containment designs which exists. These differences can make substar.tial
offferences in severe accident prcgression calculations depending ucon the
assumptions and models used.

2-R-36-02t 4-1
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The following tables are presented to summarize the results of the existing
plant capability;

o Existing plants (Table 4.1-1)
.

o Hydrogen control (Mark I) (Table 4.1-2)

o Debris coolability alternatives (Table 4.1-3 and Table 4.1-4)

! o Torus room configuration (Table 4.1-5)

o Drywell configuration / debris barrier (Table 4.1-6)4

, o Containment parameters (Table 4.1-7)

o Containment venting (Table 4.1-8)

o Emergency procedures (Table 4.1-9).

I The responses cover 17 of the 25 Mark I plants.

Observations derived from the questionnaires to BWR owners and tab,ulated in the
above tables can be sunmarized as follows:

. ' .

Hydrocen Centrol (Mark II (Table 4.1-2)

All' Mark I's that responded are inerted. The sechnical specification
requirements accear similar for nearly all Park Is. For those plants
w1th the in fo rma tion , inerting unavailability was reported at

I approximately it. The only differences were in the description of the'

power requirements to maintain an inerted condition for Exter.ded
periods of time. These apparent differences may have arisen due to

! the ambiguous questionnaire.

Debris Coolability (Tables 4.1-3 and 4)
i,

These tables provide the following insights:

o There are a significant number of injecticn sources to the RPV
that could provide debris coolability, pcst RFV breach

o These sources are procedurali:ed and surveillance tested (in
general),

o AC power is required for all these sources

1 -

'Drywell scrays are generally reported as available only from RHRa

pumps

2-4-86-024 4-2
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Table 4.1-1
SUWARY OF BWR TYPES

Centainment Heat Reeeval Svste-s i
Product Centmt ECCS complement Safety

Pl aa.t 1.i ne Tvee High Pressure 1.cw Pressure Re la t ed Normal Coetterertv

Nine Mile Pt. 54/2 MK I 2 IC + WCI 4 LPCS 2 IC PCS( % bypass)
shutdcwn heat i

removal HX(3) !

Cyster Creek Enl2 MK I 2 IC + ECW 4 LPCS PCS( % by;. ass)

iMillstone BiiR/ 3 MK I 1 IC + WCI 2 LPCS + 2 10 PCS(120% bypass) '

LPCI MR shutdown) '
heat removal XX(2) 4

Dresden 2 SWR /3 MK I 1 IC + HPCI 2 LPCS + 4 IC: PCS(40% bypass);
Dresden 3 LPCI RHR(2HX) RER shutdown

,

i
heat removal '

|!taticello EW/3 MK I RCIC + HPCI 2 LPCS + 4 RHR(2HX) PCS(15% bypass); ;
LPCI RHR shutdown |

beat removal !
P11gri: BW/ 3 MK I ROIC + HPCI 2 LPCS + 4 RER(2HX) PCS( % bypass); f

LPCI RHR shutdown
beat exchanger i

,

; tad Cities 1 |3G/3 MK I RCIC * HPCI 2 1.PCS + 4 RER(2HX) PCS(40% bypass);,

I ;Gtad Cities 2 | LPCI RER shutdown
heat removal*

Ver:ent Yankee BWR/e $I RCIC + hPCI 2 LPCS + 4 RE( HX) PCS(10$% bypass);
I.PCI RER shutdown

; heat removal
Br:v s Ferrv i |1WRf* 5I RCIC * HPCI 2 LPCS * 4 RE (&HX) PCS(25% bypass);) Browns Ferry 2 LPCI RB shutdown
Brow:s Ferry 3 heat removali

Peach Bott:= 1 Bale MK I RCIC + HPCI 2 LPCS + 4 RB(&HX) PCS(25% bypass); Containment
Peach Bottcc 3 LPCI RER shutdown Venting

I hast removal
Fitzpatrick BA/a MK I RCIC + HPCI 2 LPCS + 4 RE(1HX) PCS(25% bypass);

LPCI RHR shutdown
heat reseval

Sh:re t.a = |3WR/e MK II RCIO + HPCI 2 LPCS + 4 RHR(:HX) PCS(2A bvpass);
I

! LPCI RER shutdown
j heat re:.cval

Cooper ,1WR/e EI RCIC + HPCI 2 LPCS * 4 RHR(2HX) PCS( % bypass);
LPCI RER shutdowc |f

heat removal,

|
|EWR/*?.st:h 1 MK ! RCIO + HPCI 2 1.?CS * 4 PER( HX) PCS(25% bypass); |

Kat:h 2 '

LPCI RER shutdown
j |

;

heat removal
Brunswick i !! ale E: RCIC'+ HPCI 2 LPCS + 4 RHR( HX) PCS(25% bypass); Spent fuel pc:1 ktrunswick : LPCI RER shutdown Ex; S.P. askeup '

l
heat removal and drain syste=s;

i

RWCI systees' ( n on - i
f

4

5 ,

regererati n HX); ;
isPC: ree:re. te C! i i

1

, 2 R-86-024 |
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Table 4.1-1 (Continued)c

SUWARY OF BWR TYPES

Ccntainment Heat bsovat Svste s
Product Cont =t ECCS Complement Safety

Plant 1.i ne Tvpe High Pressure low Pressure blated Nersal Csettegenev

Duane Arnold 361 /4 MK I RCIC + HPCI 2 LPCS + 4 RHR(2HX) PCS(25% bypass);
LPCI RER shutdown

heat removal '

Mcpe Creek 1 3k2/4 MK I RCIC + HPCI 2 LPCS + 4 RER( HX) PCS( % bypass);
Hope Creek 2 LPCI RHR shutdewn

heat receval
Fer=1 2 BW1/4 MK I RCIC + HPCI + 2 LPCS + 4 RER( HX) PCS(25% bypass);'

MCTOR DRIVT.N LPCI RER shutdown
heat remeval

Limerick 1 3b1/4 MK II RCIC + MPCI 4 LPCS + 4 RER(2HX) PCSf25% bypass); Centatteent
Limertek 2 LPCI RER shutdevn venting;

heat removal
Su quehanna 1 Bit /4 MK II RCIC + FJCI 4 LPCS + 4 RHR( HX) PCSf25% bypass);' ISusqueha=a 2 LPCI RHR shutdown

i heat removal i

!
La Salle 1 | Bb1/$ MK II RCIC + HPCS 1 LPCS + 3 RHR(IHX) PCS(25% bypass);

,

l

La Salle 2 | LPCI RER shutdown
heat rencval| |

*

Sailly . 367/5 MK II RCIC + EPCS 1 LPCS + 3 RHR(:H7.) PCSC % bypass);
j LPCI FMR shutdcwn

'
i heat re= oval.

.
Ha-'--* * %2/5 MK II 'RCIC + HPCS 1 LPCS + 3 RRR( HX) PCS( % bypass);

! | LPCI PJGt shuttown
i

, heat re=cv41
Sine .".ile Pt. 2 3b7/5 MK !! PCIC + HPCS 1 LPCS + 3 RRR(IHX) PCSC % bypass);

'
LPCI RER shutdown

j heat re=cval
i ' Crand Culf 1 3k1/6 MK III RC;C + HPCS 1 LPCS + 3 RER(IHX) PCS(35% bypass);
' Crand Culf 2 LPCI PER shutdown

heat removal,
Per y 1 Sk1/6 MK III RCIC + HPCS 1 LPCS * 3 RRR(;MX) PCSf35% typass);
Perr/ 2 LPCI RER shutdown

heat re=cval
River Bend SkR/6 E !!! RCIC - HPCS 1 12CS * 3 PRR(2HX) PCS(10% bypass);

LPCI PZR shutdevn
heat removal

Clinten !b"R/ 6 MK III RC!C + HPCS 1 LPCS + 3 RER(;HX) PCS(35% bypass);
LPCI FJ'R shutdown,

d

test rezcval

l
1
1

2.;t.M.02 4-J
l

!

l
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Table 4.1-2

ItYDROGEN CONTROL POST CORE HELT (MARK I & II)

Plant Containment .pependency Unavailability Oxygen Sourcesinerted of inerting of inerted
on Power Containment Vacuum Breaker Other

Tech for 24 hrs (per yr) Rx Bldg - WW In-leakageSpec, Planned Unplanned
___

Containnent makeup line
Containment spray test lineOyster Creek Yes 24 hrs No Not Reported X Instrument air lines

Pilgrim HK I Yes 24 hrs None 2% .06% X Service Air
Duane Arnold Yes 24 hrs None Not Reported X

Dresden 2&3 Yes 24 hrs Yes/Hanual Not Reported 2

i[. Quad Cities 1&2 Yes 24 hrs Yes/Hanual Not Reported X

Vermont Yankee Yes 24 hrs None 1.2% X
.

Monticello Yes 24 hrs Yes Not Reported X Service Air
Nine Mile Pt. I Yes 10 hrs None Not Reported X

t

Peach Bottom 283 Yes 24 hrs Yes - 1%'* 2 (Actuation at4

.5 psid)
Cooper Yes 24 hrs No Not Reported No Service Air
| latch 1 Yes 24 hrs Yes Not Reported Xllatch 2 Yes 72 hrs Yes Not Reported X

f i tzpa t ric k Yes 24 hrs No siot Reported X Breathing Air
fermi 2 Yes 24 hrs Yes No E.wperience X

No. of hours af ter reactor is placed in RUN mode when containment must be inerted or when prior to*

shutdown it can lie deinerted,
i e* Limerit k l'HA.

_-. _ _ - - _ _ _ _ _ _ - _ _ _ _ - _ - _ _ - .- -
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lable 4.1-3
.

DillRIS C00LAlliLITY
,

._ . _ _ _ _

Plant Drywell Injection fmergency Power Proceduralized Surveillance Inhibits
RPV DW Sprays Procedural on

Guidance injection'
(Symptoms) Sources

Pilgrim ECCS RilR Pumps Yes Ili DW AC Ves Yes Rx Level < 2/3CHil T&P

Duane Arnold ECCS RilR Pumps Yes AC Yes Yes Not Reported
CRD Diesel fire Pump None No No Not Reported
DI P * fire Truck on-site - None No No Not Reported

of f-s i te None No No Not Reported

4 Dresden 1 ilPCI RilR Pumps (4) Yes AC Yes Yes Cont Level =30ftJ, 2 CS AC Yes Yes
4

i 4 LPCI AC Yes Yes
MfW AC Yes Yes
2 DIP None Through MfW (yes) No Cont Level =30f t

( fire Truck None (No) No Cont Level =30ft
I Quad Cities LPCI RilR Pumps (4) Yes AC Yes Yes Level < 27.5ft

C5 AC Yes Yes to permit
Ml W AC Yes Yes S.P. Spray(dip to condenser only)

Diesel fire Pump.; *

I

1
4

I
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Table 4.1-3 (Cont)

DlBRIS COOLABILITY
!.

I%nt Drywell Injection Emergency 7ower Proceduralized Surveillance inhibitsitPV DW Sprays Procedura l on
Guidance injection
(Symptoms ) Sources

Vermont CRD RilR Yes AC Yes Yes Not ReportedYan6 ee LPCI
CS
Ml W

COND *
*

i

DI P OfP No LPCI Inj. Yes Not Reported
lias dedi-
cated DC
Backup;4

1, all Other
Valves
Manual

Monticello (PCI RHR Yes AC Yes Yes High Torus
(1-11-87)

CS
Temperature

COND. :

CitD |

RilRSW
Keep full

Nine Mile CS Cont. Spray Yes AC Not Reported. Yes NonePt I CRD +
Yes

Conden- Raw Water Yes ;

,

sate.
'

Haw Water Yes-Of p None Yes; Spool No None
Reported Piece

- - - . - - .- _. (

.

.__.__ - - - - - _ _ . _ _ _ _ _ _ - _ _
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Table 4.1-3 (Cont)

'.,u DfilRIS COOLABILITY
o

,

I.E -
-

.

h Plant Drywell Injection I'mergency Power Proceduralized Surveillance Inhibits
RPV DW Sprays Procedural on on

i Guidance Injection Spray
(Symptoms) Sources

Peach ECCS RilR E0Ps AC Yes Yes -Illgh Cont,
llot tinn SLC Level

CRD
llPSW

# Cooper ECCS RilR E0Ps AC Yes Yes DW Vacuum
i CRD

.. Itatch 112 LCCS RilR E0Ps AC Yes Yes -2/3 Core ill;

a, CRD Interlock
; -Torus Level

Above Vacuum
Brkrs.

-Lack Of Instr.
Fitzpatrick ECCS RilR LOPS AC Yes Yes

fenni 2 ki!R SW RilR E0Ps AC Yes Yes None Reported'

IPCI
i CS

COND. .

Sil IWP
'

ilIR ID
DI P No

llyster Creek CRI) RilR LOPS AC Yes Yes High Drywell
COND/lW Pressure

s

: Core Spray
SLC
DI P No

4

1

t

i

. - _ _ . _ _ _ _..- _ _ -
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Table 4.1-4

AllfRNATIVE INJECTION SOURCES 10 CONTAINNENT

Plant Diesel To To GPM la
" Iire Spray MfW 60 psig in Cont.,

Pump or RPV

Pilgrim No No No NA

Duane Arnold Yes Yes Yes 2500

Dresden Yes No Yes NR+

Quad Cities Yes No No NR

Vermont Yankee Yes Yes Yes 2500

s. Monticello No No No NA
02

Nine Mile Pt 1 Yes No No 2500

Peach Bottom Yes No No NR

f Cooper No No No NA

fla tch No No No NA

fitzpatrick No No No NA

Oyster Creek Yes No Yes NR

Termi 2 Yes NR NR NR

+ Not reported.

|
*

,

i

:

1 _ _ _ _ _ _ - - - _ - _ _ - -. - - -
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Table 4.1-5 ,

'? 10kUS it00M CONflGilRATION
P,

3:
_

Planit forus flood flood Equilibration Level
l !!a rriers Above Above Above

,

i To Contain Water T Quenchers Down Comers HPCI/RCIC
Exhaust

! Pilgrim Yes Yes No No
I
! Duane Arnold Yes No No No '}

Dresden Yes Yes No No
(marginal)

Quad Cities Yes Yes No No

4,. (Marginal)
"

Nine Mile l't. ! Yes No No NA

2 Vermont Yanki:e Yes

I Monticello No No No No

Peach llottom Yes Yes No No

i Cooper Yes Yes No No
i
l llatch ! Yes Yes* No No *

"
lia tc h 2 Yes Yesi No No, ,:

fitzaptrick Yes Yes Yes No
.

fermi 2 Yes No No No4

l'
TI Errl5I

4
;

a

e

$
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Table 4.1-6
I 4

.

DRYWIll CONflGURATION DEBRIS BARRIER
1

Approximate Containment Parameters
', Displaying Plant To Plant Variations
[

4

t,

Power Plant Radial Entire Pedestal Sump Downcomer Possible DW PedestalMW(e) Dist. DW floor Volume Height Pathways floor Curb
4

.

i To floor Area Above to Torus Volume ++; +

Shell Area + Tloor for Molten Below(ft) (ft2) (ft2) (ft3) fuel Down-!
1 Comer

(ft3)
, _ _ _

!

670 Pilgrim 23 1682 259 388 11" None 1860 None
,

,. 545 Duane Arnold 19 1174 214 NR(5) I'I
1.3' None 1526+++ None'..,

""
; 794 Dresden 22 1562 314 298 4" None 515(3) None

'

789 Quad Cities 22 1562 314 298 4" None 515(3) None

514 Vermont Yankee 20 1244 231 88( ) 9 None

(933)(3)
536 Monticello 20 1252 231 245 11" None 1148 None

,

610 Nine Mile Pt 1 23 1677 254 535 1.63' None 2683 None
,

,

I Of)d5 Peach Bottom 20 - 1764 322 263 2' None 2731 None~~78 Cooper ~ 20.4 1305 ~~250 NR I.75' None 2283 NR r

; 7

IR06 Hatch IA2 19 ~ 1139 252 hR 1.5' None 1755 None~620 Oyster Creek s24 - I550 -~250 Nh ~~2' hone 31D0 6" Curbi

a t door-
i Way

s

i 'e includes Pedestal floor Area. !

j ** Includes sump volume.
; * * * Sump volime not reported. .

,

! (3) Without any sump volume included.
i (4) In ad1itional 500 f t3 sump exists on the opposite side of the DW.

,

'

j (5) I. ' eported.
1

i

4

*
.. _ _ ____ _ __
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Table 4.1-6 (Cont)

h DRYWEtt CONflGURATION DEBRIS HARRIER
o

Approximate Containment Parameters I

Displaying Plant To Plant Variations
1

Power Plant Radial fntire Pedestal Sump Downcomer Possible DW Pedestal
MW(e) Dist. DW floor Volume Height Pathways floor Curb

To floor Area Above to Torus Volume -

Shell Areat floor for Molten Below '

(ft) (ft ) (ftr) (ft ) fuel Down-
2a

Comer
(ft3) '

i

l 821 fitzpatrick 21.6 1459 250 l' None 1459 Not Rep,
t

1100 fermi 2 1365 349 307 l'7" None 2161 None, ,.
a

1 *

. hs
!

'
,

.

6

,

- N
= -

.

.

;

,.
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Table 4.1-7(a)
:

CONTAINMENT COMPARISONS
,

Plant Bulb Radius Gap free Air Radius of Torus Water
ft Thickness

Vo}ume Torus Thickness
Vo}umein, ft ft in ft

Pilgrim 32 2 267,000 14.75 5/8 94,000 max

Duane Arnold 31.5 2 203,700 12.9 .5 to .534 58,900(normal)
i

61,500(accident)
1 Dresden 33 2 275,000 15 .585(Top) 114,000

.653(Botten) 112.200
(min)

Quad Cities 3's 2 275,500 15 .585(Top) 114,000s.
.653(Bottom) 112,000[;

(min)
j Vermont Yankee 31 NR4 247,000 13.8 NR 69,000

Monticello 31 NR 242,450(max) 13.8 2/3 72,910 max
237,540(min) 68,000 min

Nine Mile Pt 1 NR 2 344,000 NR .46 85,000

Peach Bottom 33.5 2 291,000 15.5 .6 123,000
1

; Cooper 32.5 1 3/4 NR NR .6 NR

I Hatch I & 2 32.5 2 NR 14 NR NR,

fitzpatrick 32.5 NR NR 14.75 NR NR

.587(Top) NRfermi 2 34 2 NR 15.25 .658(Bottom)
Dyster Creek 35 3 NR 15 NR NR

.

i~Niit Reported
-

,

_ _ _ _ _ _ . _ - _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ - _ _ - _ . -_ - - - we
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i
'

Table 4.1-7(h)

CONTAINMLN1 COMPARISONS: RATIOS Of CONTAINMENT DESIGN PARAMCTERS TO MW(t)

free Air Pedestal
4

! Power Volumefft3] Torus Water (ft3) ~ p Volume (ft3)Sum floor Volume (ft3)Plant MW(t) Power [HWt) 7 ower(HWt) PowerlHWt)
-

- PowerIHWt)

' Pilgrim 1998 134 47 NR .93

Duane Arnold 1593 127 37 NR .96
Dresden 2527 109 45 NR .20

Quad Cities 2511 109 45 NR .21
a

Vermont Yankee 1593 155 43 NR .60
I Monticello 1670 144 42 NR .69,,

|- ,

e ** Nine Mile Pt 1 1850 206 50 NR 1.60

Peach Bottom 3293 88 37 NR .82

i
~

from a severe accidert standpoint only, larger ratios would appear to be better. Larger ratios imply the
possibility of additional passive containment capability,,

i

i

f

i
(

d

!

I
__ _ _ _ _ . . _ _
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Table 4.1-8 .

CONTAINMENT VENTING

Ellet tive VenitIng lay Sertuesu e
riant N Vent valves Power location Han Opening Release

Procedures II*rlorit Ize 1) AlWS TV bilO All Severe for l*ressur e in
F.a l e t to Accidents Opening (psig) Rs Rida
Vent (pre s /t emp)
Cmr aliment

Pilgrim Yes 7 e 2" X AC local /Remot e 70 Duct
2 sa 1" DC local /Resuite 56 At SCTS
2488"* Marginal AC loca l /Remot e 75 Suction

rasane Ass >>ld Yes 24" * X X X IC/Alr Remst e ? Not
2i42" X X llc /Alr Remote ? Reported

itseeden Yes 2" 120VAC Cont rol Roca 125 psig Yes
18" X X 120VAC Cm trol R<cm 125 pelg

speed Cities Yes 2" 120VAC Not Reported 125 pelg Yes
18" X X 120VAC 125 psig

'" Vermint Yashee Yes I"/2" * * X X 62 psig No
l' ** X X b
th" * X X X X

ft nt Icello Yes Torus 2" X X Air + Control Room 56 Yes
is" Ptarginst I X Marginal 120VAC Control floosu 56

(BlockeJ
.

at 40*)

IM same

Nine Mlle Pt. Yes 4" * X X N2 Control lloom Not Reported 65 psig No
la & 4" * X X Air Control Room ht Reported 65 pela No
3" & 4" e X X Air Control Ikuus Not Reported 35 pelg A M Yes
12" & 24"* X X X X MW * Control R<mia ht Reported

.

MtW Ik

I'ca -le Bot aom Yes To:ua 2" AC CR be Reported St a(It
4 * (Il itT) X X X Manimal leuca l bt Reported Environment
th" (Seals W) Nnesa l 14 cal a

18'' (Sea l s W I X X X X AC/MOV CR or Incal Ra Ridg
IM same

elJent illes valves which are not esplicitly included in ilm current wenting procedure.
_ _ __

!* * Vent ins: pre. Imic.I l e birh raillat 1.'en esist s.

. . _ _ . _ . _ . . _
__ _ _ _ _ ._ - . _ . _ . - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Table 4.1-8 (Continued)
CONIAINMENT VENIING

tifetstve Ventlug 1,y Sequesice
Plant 14. Vent Valves - Power location Han Opening Release

Psuceduses (Prlositized) AIVS 11J Silo Att Severe for Pressure in
Esist tu Accidents Opening (psig) Rm Bldg
Vent (pics / temp)
Cout a l une nt

tesal N None NA NA NA NA
4

j Coupes Yes W 1" 125VDC local & Rem >te 50 pal SCTS
IM la 125vDC tocal & Remote 50 ps! SCTS
W 2" AC local & Remite 62 pet Ra Sids
LW 2a AC local & Remi,t e 62 ps! km Bldg
W 24" X X X X AC/Atr local & F=este 62 pal Ra Bldg
(M 24" X X X X AC/Atr toral & Reev e 62 pst Ra Bldg

Itat c h Yes IM 2" (nette AC Control Ikass 56 psig SGTS

!,
14J 2" (Unite AC Control Ikasm 56 psig SCTS

4. W 2" taasite AC Control Room 56 , 'I T 71'S
W 2" (ustte AC Control Room 56 psig SCTS

Fitipatrisk Ye s 24" X X X X AC/ Alt Remite 56 pst Rm Bids
24" X X X X AC/Atr Remot e 56 pst Ha Bldg

;
*

2tr* X X X X AC/ Alt Resante 56 pet Rm Bldg
/U" X X X X * AC/ Air kemote 56 pst Ra Bids
2" DC hemit e >56 pst Ra Bldg
2" AC Remit e >56 pal Ra Bldg

) 2" AC Remit e >56 pal Ra Bldg
; 2" IC Remit e >56 pst Ra Bldg
)

'
oyster Cseek Yes t" ** (C/ Alt Control Room * tocal 58 pet SCTS

2" ee IC/A t r Control Rous + tocal 58 pet SCIS
.

.

I

~

estfies walves 4 1st ase not emplicity includsd in alw curren sting pacedure.
_ _.

e lug pe n luite i 11 161st. s dlatteus exists.

|

:

-
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Table 4.1-9

IMlltGENCY PROC [DilRE STATUS

Plant Current Planned Significant
Rev. 4 Differences of
Implementation Plant Specific & EPGs

Pilgrim Rev 2 Not Planned NR

Duane Arnold Rev 3 W/in 1 yr of Approval NR

Dresden Rev 3 W/in 1 yr of Approval NR

Quad Cities Rev 45 More explicit
Vermont Yankee Rev 3L before 1-11-87 Not Planned PC/H Not implemented

Nine Mile Pt. I Rev 4AC Af ter Approval NR

Peach !!attom Rev 2 Fall 1987 None

Cooper Rev 31 Af ter Approval None

Hatch Hone Not Reported NA

fitzpatrick Rev 3 After Submittal None

fermi 2 Rev 3A April 1987 None

Oyster Creek Rev 2-3 October 1986 None(Hybrid)

* Identifies valves which are not explicitly included in the current venting procedure.
** Venting precluded if high radiation exists.

_ --
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the containment free volume airspace and torus water volumes are lower at Peach
Bottom and Browns Ferry on a per MW(t) basis than other Mark I plants. IDCOR

and the NRC, therefore, appear to be examining the most restrictive Mark I
I parameters for those phenomena governed by available containment air and water

volumes. Nevertheless, Peach Bottcm has been shown in IDCOR r have acceptable
calculated public risk and severe accident response. Other Mar- I plants are
therefore expected to have even better resdense to severe accidents in these
areas which would be governed by available free air volume and torus water
inventory.

I

Also included in this section as Figure 4.1-1 is a typical drywell
configuration. This figure can be used in conjunction with information
contained in Table 4.1-6 to examine plant-to-plant variations in the drywell
design. Selected parameters which influence the impact of drywell designs are

! I

illustrated on Figure 4.1-1 and include the following.1
,

;

Distance between downcoher and OW floor-

Distance between bottom of sump and shell-

, Depth of sump-
.

Location (s) of doorway (s). -
'

Arrangement of surrps-

4.2
INFLUENCES OF SEVERE ACCIDENT PHENOMENA ON THE EVALUATION OF THE

y PROPOSED NRC ITEMS

The phenorena of severe accidents affects not only the types of concerns to be
addressed, but the possible options within each concern well. This section

y discusses the influence of the severe accident phenomena upon such issues as
venting capacity and barrier options. Much of this discussion is taken from
Reference 4-1.

i

4.2.1 Hydrocen Control

!
The issues related to hydrogen control which have been addressed in the safety
evaluation are as folicws:

E-A-86-024 4-19
t.
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o Mark III hydrogen control: ECOG evaluation provided separately

o Mark I and II hydrogen control:

during inerted conditions-

during Mark I reactor building to wetwell vacuum breaker-

operation

This section on phenomenology addresses only the Mark I and 11 plants.

The inerting of the Mark I and II plants provides a reliable capability to
prevent hydrogen burning during severe accidents by virtue of the fact that

I combustible mixtures are inhibited in the inerted containment. NRC experiments
show that greater than 5% oxygen is required to support combustion.

Therefore, the inerting of Mark I and 11 plants coupled with the minimum
I observed unavailability of such inerted operation in operating plants results in

acceptable severe accident response, i.e., small probability of hydrogen
combustion leading to containment failure.

D This conclusion holds as long as there are not alternative maans of inducing
oxygen addition during the course of severe accidents. The three principal
mechanisms which have been postulated are:

3 o Service air ruptures inside containment (causing or induced by
severe accidents) that cannot be isolated

Venting allowing reverse flow from outside into the containmento

Reactor buildinc to wetwell vacuum breakers coeration.o

9

These postulated cases are dealt with as follows:

o Service air ruptures inside containment are viewed as a plant
specific system feature that should be assessed on a plant
specific basis, and is not judged to be generically applicable.

o venting allowing reverse flow is not judged to be a realistic
scenario if the coerator follows the prooosed guidelines of not
reducing containment pressure via venting significantly below
centainment design pressure. In addition, it is judged
approcriate to have restrictions on the simultaneous spraying andventing operations. These matters can be adcressed in severe
accident management procedures.

;

i

2-R-86-02c c-:-.

!
i
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4
i

building )to wetwell
o Peactor vacuum breaker operation (Mark I

containments only has been demonstrated through conservative
'

calculations [4-1] to allow the introduction of up to a maximum
of 5% oxygen in the worst case. Such calculations suggest that
even for the worst postulated severe accident conditions only St
oxygen can be reintroduced through the reactor building to
wetwell vacuum breakers. Because there has not been a complete
sensitivity study for all severe accident conditions, and because
the conservative modeling has not included all the ' details of a

'
dynamic spray model, there remains some uncertainty regarding
worst case oxygen introduction. Nevertheless, there appears to'
be high confidence [d-1] that only non-combustible quantities of'
oxygen can be introduced.

!

In addition to the above observation, it has been observed that for slow
hydrogen there is potentially no threat to the Mark I and II containments.
Therefore, even for cases involving combustible mixtures in the containment,

2

containment failure would still be maintained if combustion occurred at a
constant rate limited by the hydrogen generation rates [4-9].

In sun ary, hydrogen burning is not evaluated as a potential containment issue
for inerted Mark I and II containments.

a.2.2 Venting Cacacity

C;ntainment venting may have strong impacts on the calculated radionuclide
releases to the environment.

i

10CCF, analyses [4-3] have shcwn a large reduction in the fission product release
to the environment as a result of venting though the wetwell gas space. Table
4.2-1 sum arizes some of the cases run with venting for the Peach Bottom TC

I These are estimated source terms develoced by FAI using availablesecuence.

MAAP calculations for Mark I plants [J-1]. Tables 3.2-2 and 4.2-3 [a-1], are
also estimated radionuclide releases fer dominant types of severe accident
sequences. These estimates are for two different pcstulated locations of
containment failure:

I o Drywell and
,

o Wetwell (bellows)

|

| 2-R-86-024 4-22
!
i
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Centainment venting can be used in a number of postulated severe accidents to
prevent uncontrolled radionuclide releases. The required containment vent size
varies with the accident sequences type. For the spectrum of accicents
considered in the IDCOR reference plant analyses, the venting requirements
include ATWS conditions, like those addressed in the Reactor Safety Study
(WASH-1400), venting of decay heat and venting of noncondensible gases generated
during core-concrete thermal attack. Of these, the ATWS conditions are the ecs
severe since the venting capatility is required to meet from 20-30'. of tne
nominal core power vented as steam at pressures in the range of 0 to 100 psig.

3 As will be shown, this requires a large vent. The recuired venting capacity can
be calculated based upon the vent line configuration (see Figure 4.2-1) and the
containment pressure when venting is initiated.

3 The required vent size as a function of the power to be vented is shown in
Figure 4.2-2. For this sample calculation, the vent line is assumed to be
100 m long with an average fricticr, factor of 0.02. As illustrated, vent sizes
fcr power lesels of several hundred megawatts are 60 cm (2 ft) in diameter or

3 larger, whereas these recuired for decay heat would be 10-15 cm (4-6 in. ) .
These calculations clearly call attentien to the definition of the ATWS sequence
anc its relevance to the plant specific Emergency Operating Precedures.

The use of centainment venting as an effective mitigator in reducing,

radieruclide source terms has been shown in IDCOR MAAP analyses to offer
potentially significant advantages even for ATWS related sequences. There may,
however, be enougn uncertainty in the alternative mitigation treasures new under

, cevelopment, that the exact methods of implementing: (1) centainment venting
and (2) the alternate ATWS mitigation strategies, should await the fira
analytic calculations and generic procedural development. The alternative ATWS

strategies relate to starving the core and thereby drastically reducing core|

power, ::otentially within the RHD capacity,
l

This area of uncertainty makes inredia te implementation of an ATWS venting
scheme a potential resource expenditure that will have to be duplicated when the
further analytic work is corolete.

(See discussion in [a-1] and under "other
considerations" in Section 5.)

2 :-26-022 0-23
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Table 4.2-1

Cs! DISTRIBUTION AND RELEASE
(FRACTION OF INITIAL CORE INVENTORY)

TC - Vent TC - Vent TC - No Vent TC - No VentNo Debris Debris No Debris DebrisCooling Cooling Cooling Cooling

(Time, hrs.) 60 60 60 15*
I

RPV .01 .25 .04 .27,

Orywell 0.0 0.0 0.0 .02
Suppression Pool .60 .75 .27 .55

i Secondary Containment .36 2 x 10-4 .56 .13
Environment .03 6 x 10-4 .13 .03 *

*At 15 hours the major fission product release has occurred., '

' Note that the current MAAP modeling does not account for fission product
retention due to drywell sprays which may represent a significant
conservatism in the ATWS scurce term evaluation.

i

e

2.R.86.C2' '
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! 2> Containment

rg; overpressure

Table 4.2-2 Failure
RADIONUCLIDE RIIIASES Location

4 --*-- Case I : DW
Case II: WW (Bellows)

i

j No Venting Venting

i

No Water No Water
Sequence Water Injection Injection Water Injection Injection"

t'

TCC 13% at 4 hours (Ref.1) 3%at4 hours (Ref.1) Noble Gas Noble Gas
gg2

j T QUX 5% at 18 hours (Ref.1) < 2% (Ref. 3) Noble Gas Noble Gasg

T QUV 1% at 35 hours (Ref. 2) < 2% (Ref. 3) Noble Gas Noble Gas
E

; TM 20% at 40 hours (Ref.1) Noble Gas Noble Gas

i

*Cs! release fraction to environment.

1 Re f. 1: IDCORTask23.1 Report (MAAP2.0).
4 Ref. 2: Recent HAAP 3 calculations.
! Ref. 3: Estimation based on other MAAP runs.

|

|
1 I

i

*

i

i
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Table 4.2-3
:

RADIONUCLIDE RELEASES

Containn:ent
Overpressure
Failure
Location

Case I : DW
--*- Case II: WW (Bellows)

.

'

1

1

I No Venting Venting

, No Water No WaterSequence Water Injection Injection Water Injection Injection

TCC N ble Gas Noble Gas Noble Gas Noble Gasgg2

, T QUX Noble Gas Noble Gas Noble Gas Noble Gasg

T QUV Noble Gas Noble Gas Noble Gas Noble GasE

TW Noble Gas Noble Gas Noble Gas Noble Gas
.

<

,

I

t

|
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4.2.3 Cebris Coolability

i

This sub-section discusses the follow'ing:

o General debris coolability requirements
i

Specific issues related to drywell sprayso

1

General Considerations

; )
For accident secuences in which the containment is intact but the core has'

melted, the drywell coolant injection has one major function: cooling the
\

structure and the debris. For a typical Mark I plant a flow of 250 gpm is
required to remove decay heat from the entire inventory of core material. This

I assertien is of course somewhat dependent upon the gecmetry of the core debris
in the drywell (and sumps) and the relative location of coolant injecticn
discharge into the drywell. This is discussed below.-

4

5 The steam generated by debris cooling will force any airborne fission products
into the suppression pcol whe''e they will De successfully scrubbed. Debris

i

1 cooling car te achieved not only by the initiaticn of drywell sprays but by the
injection cf water either into the failed reactor pressure vessel or into the

| D crywell. . Systems that, are potential candidates for spraying or injecting into
either the vessel or drywell are:,

1
4

o Feedwater
d

Emergency Core Cooling S3 o
Centrol Rod Drive (DRC) ystems (ECCS)i o

,

4

o Service water
i o Fire pum:
'

o Ccndensate pump
o Standby Licuid Control (5LC)

!

1

For sequences which progress to reactor vessel failure, debris would be released

to the pedestal and crywell. Cepending upon the accicent scenario water may or
may not be accumulated prior to this time. If water is available, the heat

) removal fecm the debris typically is 12 Pw/f. Hence, if the debris covers
about 100 m (12001:2) of drywell floor, the heat reroval far exceeds decay

| heat. However, water must be available en a continual basis to cool the de:ris.
I

}

i

| * ~ 85-02* :.ac--
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I This could be accomplished by injecting to the drywell at a rate which exceeds

| decay heat. Flow rates more than this amount would begin to accumulate water in
j the drywell which would spill over into the torus, and debris coolability would

be assured.
i

Fission product removal can be achieved through several mechanisms. First cold
i water injected through the containment sprays would condense steam and this

would sweep vapors and aerosols to the spray droolets. Secondly, the spray
'

droplets would impact aerosols during their fall and this would also capture
fission product aerosols. Lastly, steam famed by debris quenching or decay,

] heat would flow to the suppression pool and sweep airborne material along as
: well. These vapors and aerosols would be scrubbed by the suppression pool.
1

) If water is available via drywell injection, both the containment boundary and,

] the debris could be cooled by the water. Consequently, significant Festing of
the containment shell would not occur and containment integrity wculd be
maintained.

4

i i

Lastly, if drywell injection is available to cool debris and heat removal is :1
1

j activated in the suppression pool, a heat transport path would be established
between the debris and the pool. In this case the containment could be !,

maintained intact.,

.

{
Orywell Soray Detated !ssues

d

i

j One possible method of debris coolability is througn the use of drywell sprays.,

j The drywell sprays have a number of considerations wnich have not yet been fully
e clared. These considerations include:

c Positive influences:
[

| Remove fissicn products frcm the atmosphere: This may-
'

i recuire a high flow rate to get an acequate spray
{ configuration.
!

j Cool the debris: A relatively slow flow rate is acceptable-

j as described abcve. This is true unless the pedestal is
| isolated frcm the drywell. Then flooding may be a required
j option.

,

:-4-d6-004 3-30
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o Negative influences:

rate and magnitude of depressurization: Rapid drywell-

depressurization could result in vacuum breaker cyclic
operation. NUTECH [4-7] has performed sensitivity studies
which indicate that drywell spray initiation under moderate
containment conditions (compared with severe accidents)
could create postulated conditions for which " containment
capabilities would be at marginal limits..." This of course
is with some conservative modeling assumptions. FAI
[4-1,4-3,4-9] has perfomed an extensive library of

; sensitivity calculations and performed a number of bcunding
I calculations to isolate the phenomena which may result in

potentially adverse conditions. The results of these
evaluations can be summarized briefly that in order for,

I drywell sprays to induce a potential serious problem during
a severe accident all of the following are required:

a high spray ficw rate--

a nearly instantaneous spray startup'

--

cold spray water--

, adverse containment conditions.--

Therefore, while it is judged that drywell spray initiation
would not adversely impact vacuum breaker operation or

| containment integrity, nevertheless this remains at this
! time a potential negative safety impact for full flow
i I

drywell sprays during a severe accident. (Note that current
! procedural limitations are sufficiently restrictive to both
i preclude spray operation in worst case scenarios and
{ preclude spray during other severe accidents.)
i

implosion (see above)t -
,

i

introduction of 0., into the containment: rapid drywell or: -

!

Suppression pool stray initiation from external sources (not
currently considered in the EPGs) could lead to the reactor

i building vacuum breakers opening out allowing tne'

introduction of 0 into the containeent. If flamable! I mixturecouldbeinkuted,thenahydrogendeflagrationcould
'

occur. While the precise condition (H, and 0 I "
. steam inerting, and sudden ignition fburce) 2 "e *t"''S 'ly,ar unlike
! this must also be listed as a potential phenomena which

could complicate severe accident mitigation.,

;
.

| 4.:.4 Barrier Oetions
|

l
J Analyses per#or~ed by Brookhaven National Laboratory with succort by Oak Aidge
; National Laboratory [4 4] concluded that under specific accident ccnditiens for
; a 100 M'ae there would be a potential in a Mark I containment to have an early
j crywell shell failure cue to het core debris contacting the containment wall.
I ,

I

2 :-85-C24 4-31
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Assumptions in the sensitivity analyses that led to such a conclusion were: ',

!

! 1. 60-80t of the core inventory spread uniforml
) and drywell floor over a short time (seconds)y over the pedestal, during the initial !
] RPV breach,
!

'

2. both basaltic and limestone concrete types. and
!

k 3. initial corium temperatures of 1775K,1900K, and 2550K.

! It should be noted that not each of the sensitivity cases perfomed by BNL led
;

; to drywell shell failure from this phenomena. For the lower assumed decris !

| temperature cases with basalt concrete no drywell liner failure is calculated'

(even for the case with 80% of the core initially dispersed in the dry'well).

i ICCOR analyses performed to date have shown that at the tire the lower portion
k '

of the core melts and slumps into the lower plenum of the reactor pressure |4

j vessel approximately 20-30t of the core is molten. This means that at vessel ;'

failure approximately 20-30t of the original core inventory could flow out into )
the centainment. This sequence progression could be followed by melting of the

'
remaining core over tne next 3-5 hours. This core melt progression differs from

|I
the 60-80*, instantaneous melt discharge used in the above Brookhaven calculation '

and has a very strong influence on drywell shell failure. Furthermore, after j
the core material is expelled from the RPV, water remaining in the lower plenum

' (s 200,000 lbs.) will flow out and cool the core decris. The correct debris
tercerature history would therefore be one in which the initially expelled '

decris mass is cooled by the lower plenum water and then slowly heats u"; as tre,

; water 's boiled away. This scenario influences the calculations performed by
'

Brcoknaven and would tend to result in lower debris temperstures. As shcwn by
j BNL, lower debris temperatures tend to result in no shell failure. The IDCOR
! anslyses suggest that the Secokhaven assumptions on debris mass and tem:erature

|
;

'or the drywell s he'll failure analyses are overconservative and should be
j reclaced with more realistic boundary conditions.
!' i

There are also other mitigating features of BWR plants which tend to suggest
test the SNL medals may be overly conservative because they conservatively model

j phenome u such as:
i

t

i
i

j : 3 H -C24 a-32

!
i

!

:-.- , - -- - ---.- -.- -.-.- _.



__

i

|

|

.

In-vessel non-melted segments of the core, particularly the outero

ring of fuel assemblier, may persist for extended periods of time
following RPV breach,

o The large mass of solid structural and CRD material that exists
below the RPV and which is at relatively cool temperatures when
the molten material is assumed to be released from the RPV can
have a dramatic impact en reducing the debris temperature,

The appr:ximately 30 foot deep fecm the RPV to the drywell ficero

during which time the molten debris will be cooling can also
cause icw decris temperatures.

o Water may be present in the lower plenum that would also be
3 released at the time of RPV breach and would act as an additional

cuenching agent on the drywel*i floor.

Simplistic calculations by Cohen [a-6] have identified two phenomena which -

cculd be excetted to result in releases of the molten material into the
drywell which would not be sufficient to flow to the drywell shell wall.
These two pnenamena are as follows:,

Because of radiative heat transfer from the hotter regions of thec

core to the cooler regicns, it seems reasonable to conclude that
at best the cuter fuel assef blies would not melt, and similarly
there would be at least 1 ft of unmelted fuel at. the top and
bottom of the core. This latter would seem to representI
se?ething of an obstruction to large masses of molten fuel
fallirg cut of the core,

o The mclten fuel 'cistribution in the drywell may , result in
screading material over a large area. "if there were'plent'y of
water available. the fuel could be effectively cc' led...3 o
However. if all of the fuel collects in relatively small sumes,
the-al conductivity thecugh the thickness of the fuel is nct
su'ficient to prevent remelting of its inner portion."

The above 00servations sup;cr the similar IDCOR calculations that moltenI
material on the drywell will r:uickly solidify as its radial mass decreases t0
thin layers.

I

Cescite tre above pnenomena which argue against melten material from rescPing
the dryweli Shell, such an evaluation is perfor** J [4-1] which includes tre
influence of direct contact of the core debri. r. the steel shell as well as an

. assessment of the cuenching pctential for the core cebris. Should water be
availatle as a result of the accident %quence via discharge fren the reactor
syste~ at the time c' vessel melt necugn or fecm activation of the drywell
spr3js. :n the assessment (4*.j. the core debris is first assumed te be in

: :.3i 0:1 1-33
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i direct contact with the steel containment shell in the absence of water. This i

; simplified, conservative calculation demonstrates that the conduction along the
{ steel shell is sufficient to keep the temperature of the shell substantially

below the stainless steel melt point. An evaluation of the themal response

] assuming that core debris comes in direct contact with the steel shell and is
i simultaneously quenched by an overlying pool o' water is also performed. As;

j demonstrated in this calculation, the steel shell would have substantial margin
} to ablatten failure.
3

] Using the " worst case models and calculating a containment shell failure at thed

I drywell ficar joint does not mean that the public health and safety are
] unacceptably affected. In fact, from an overall risk perspective, such
i

centainment failure modes can be characterized as:
i

j Refreezing of molten material outside the drywell shell, o

! Release of fission products through constricted spaces with higho
j deposition rates and potential for plugging

,

'

!

| c Release of fission products into the torus reem where the ecs
! effective fission product decontamination associated with the [

,
,

reacter building can take place.. '

i

; *hese are all factors which result in radionuclide source ter s equivaient or I

|
{ telcw those assessed for radionuclide leakage release categories in the |000R

;

f Task 01,1 for B'aR Mark I containtrents. These were shown to have small
'

j ass:cisted risk cer;cnents.
t

i

{ Cebris c0clability from any drywell injection source has the ability to rer ove
'

uncertainties associated with drywell shell failure resulting from core debris
i contact. Water injection onto the debris ex. vessel will avoid the threat of

{l snell fat ture by cooling the debris, keeping the drywell ecol, and forcing1

! 'issten procucts into the su;cressicn pool.
>

] in su rary, tne deterministic calculation by FAI (4.l} de9onstrate:
!

small amounts of cere material are anticipated to be released atj e

{ ;py breach.

|
\

,

:.a.M.0 : 4 34
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o Rapid cooldown of the material .is calculated on the drywell
floor, which would inhibit the chances of reaching the drywell
shell.

o Heat transfer calculations indicate the drywell shell remains
structurally adecuate because of high heat conductions rates away
from the debris interface.

o Any water availability would enhance the capability of the
drywell shell to remain at low temperatures.

4.3 FEASIBILITY SL'MM.A:Y

) The informa tion compiled to date indicates that there is a great deal o'
similarity among BWRs in the NSSS eouipment. However, the 80P syster:s (and to a

moderate degree containment syste":s) can vary among the Mark I and !! plants by
scre significant yet subtle differences. Some of these differences were
previouslynotedduringtheMarkIcontainmentloadsprogram[4-10.4-11). Againy

in the severe accid?nt evaluation it can be found that there can be substantial
differences among Mark ! and !! plants that can affect the assessment of seve-e
ac:ident phenomena and timing. These features include but are not limited t0

p. the following:

.

o ratio of core power to crywell volume

o ratic of core pcwer to drywell floor area
)

vclume of drywell sumps and floor vciume below the downc:mers ino

Mark I

o arrangement of pedestal in Mark !I plants

diesei fire pump cacability to inject to the RPV and/or drywell
1y a
I

with a hinh reliability during all postulated sequences including I
statienblackout. 1

Easec u:en tre review of the responcing plants, the follcaing cualitative
c:eclusicrs can be reached regarding the feasibility of the suggested changes:

Hyd*01ar Certrol

|Fr:P tre sampled plants exa-'tred, all Mark I plants are inerted and there' ore
Pave an effective mitigation against hydecgen de'lagration during severe

: : 36-::: 4-35
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accidents by limiting the presence of oxygen. The introduction of oxygen into;

the containment during a severe accident througn the reactor building to wetwell
vacuum breakers is shown thrcugh simple, conservative calculations to not
present a realistic threat. The issue however, is included to identify
potential areas of uncertainty.

No additional action is judged necessary for the ." ark I and !! plants other than
inerting the containnerts to meet the technical specifications.

Certainmant Ventino
| 8

The plants responding to the questionnaire have varying capability to vent via
installed and analy:ed hardware ccupled with variability in the methods
incorporated into proce1ures,,

i i
.

Fren an analytic viewpoint, the IDCCR calculations have indicatec the berefits
asscciated with venting to be:

'
o preservation of centainment furctionability (preveet drywell

breach and t"aintain a scructec fission product pathway),

o Drevention of core mel

Hewever, : Pere are some uncert3inties regarding hacards induced of venting,

radieruc!1:es (noble gases) and venting during an ATWS. These two areas may
require additf oral technical evaluaticns (possibly plant specific) befcre an

; cetimi:ed ccnclusion could to reached. In the interin, either situatien appears
to have puclic safety advantages altheu;h the existing ICCCR risk calculattens
culd terd to su: pert the position of venting price to reacning centainment

f ailure pressure (M. 4-8]. Thus venting is a feasible alternative .hich is
=1 thin t*e cacability of sc*e plJnts.

Oebets M litility

All tPe olants esamined have redaniant ard diverse metreds to inject water into
tre drywell thacugh "e breached RPV follcwing a pcstulated core relt. In

additien, all plants examined have the ability to spray the drjwell directly
using ho ;f;g,

:.:.M.m :.26
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The phenomenological calculations [41, 4-3] indicate that either of the abcve
metnods of debris coolability can fulfill moderate the drywell temperatures and
minimi:e any concrete attack or molten debris spreading on the drywell floor.
Therefore, the intent of debris coolability as established in the deterministic
calculations [4-1, 4-3] can be supported by:

o RPV coolant injection post breach

o Drywell sprays at relatively low ficw rates.

First, adcressing the drywell spray capability:
)

EPG Revision 4AE specifies that drywell spray initiaticn (RHR pumps only) cculd
be triggered by any cf the following:

) o H2 or 02 concentration

undeter-ined-

> 6%-

Superessicn chamber pressure > 17.5 psigo

)
Te :erature (CW) < 340'F (281' for Peach Bottom), but approachirgo

340'
,

Based ucen Revision 4AE of the EPGs, which accear to have somewhat relaxed tre

restrictiens en CW spray usage, termiration of dry.cil sprays cccurs for e ofy

the 'cIlowing reascns:

O' pressure telcw I psigo n

8 o C'a tem: era ture high (> 340'F)

o SUDeressice pool level above 17', i.e., ab0ve the wetnell t:drywell vacuur breaners

o Nc CH: pum:s

Violatien of CW s: cay curve (essentially CW temperature > 340'F)o

Some select plants also nave the capability to use external water sources via
the service water or diesel fire pump to inject into the drywell s: cays.
H: wever, very few plants have the procedares, ac:ess, or 0;wer capabiit ty to

I

: : WO:4 4-37
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perform these actions under the conditions where other sources would not be
available.

! Therefore, the generic BWR condition is that drywell spray capability exists;
but for the limiting station blackout scenarios this capability may be defeated
because of lack of power to the necessary valves and the lack of access to those,

valves due to high radiation levels.

! In addition, based upon a review of existing procedures by participating
utilities there may be a number of existing restrictions on the implementation; ,

of drywell sprays. Table 4.31 provides a sample of the types of restrictions
which currently exist versus typical severe accident scenarios.

Precedural Interf ace of Drywell Sorays: Feasibility
Generalizing, the " Primary Containment Control

Emergency (su:rocedure"
P

directs the operator to initiate containment sprays pression
pool /drywell) based on high contairrent pressure or temperature af ter
assuring that LPCI diversion will not preclude adequate core cooling.
Mcwever, the use of drywell sprays is also restricted by a require-ent
to sa tis fy the Drywell Spray Initiation Pressure Limit. The
initiation pressure limit is a function of either the sup;ressicn
chamber or drywell temperature, wnich is defined to be the maximu'a
te~cerature at which drywell sprays may be initiated. In the case of
so;cression ecol sprays, initiation is allowed only if su:;ression
; col water level is below a specified limit. This restricticn is4

intended to prevent hign wetwell air space pressure which cculo pro *D
d wnComer chugging. Sucpression Cool spr3/s are initiated before the
suceressicn cha*ber pressure reaches approxitately 16 csig but drywell
s; rays are precluded at these pressures. If the su:pressten cham:er

' pressure exceeds accroximately 16 psig, drywell spelys cculd be,

initiated. Crywell and su:pression chamber Sprays may also be
initiated if the suppression chamber pressure cannot be maintained
bel:w the Primary Containment Pressure Limit of a:proximatelf 60 :sig
provided that the temperature pressure plot is not in the unsafe
region. Since at this point the containment pressure has already
etceeded tne design limit of 48 csig, the scrajs are initiated
irrespective of wnetner adequate core cooling is ' assured if the'

init13tien Ourve is satisfied.

Acciden* Sa %arce Effects on Sprays

Ihe principal uncertainties associated with the implementation cf the
COntain*ent spray system are the tiraing of the spray actuation ard the
availability of the scray s/ stem. By far the most restrictive
conditiCn im:osed on the use of the drywell scray system is the
Crywell Spray Initiation Pressure Limit. This limit oraciudes tre use
of the dryweil sertys ente the sucerassion c r a-::a r P :ee m re
appett0**5 're 14turatic9 ta~erstyre.

: . a . M .1::a a.33
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Table 4.3-1
SUMMARY OF L!KELY OPERATOR RESPONSE GIVEN EXISTING
PROCEDURES FOR POSTULATED SEVERE ACCIDENT CCNDITIONS

CLEAR DIRECTION TO INITIATE DW SPRAYS

SB0 580 ATWS

BEFORE RPV FAILURE AFTER RPV FAILURE
.

DW TEMP = 200-350'F DW TEMP = 600'F-1500'F DW TEMP = 90-34C'F
WW TEMP = 90-200'F WW TFMP = 200'F-400*F WW TEMP = 90-340'F

OW PRES = 2 PSIG-15PSIG CW PRES = 60-130 DW PRES = 130
3

Rev 4AC NO NO YES
-

) Pilgrir NO NO NO

Cuane Arno!d NO NO N0

3 Cresden NO NO YES

*
Cuad Cities NO NO YES

) Ver ent Yankee NO MARGINAL MARG NAL

M:eticeII: NO YES.N0 MAR 3;NAL

y Nice Wile Pt I hCT REPORTED NOT REPORTED NOT REPO:*!D

Pet:n Bott:~ NC MASGINAL OFF5CALE

C:c:er NO MA:GINAL OFFSCALE

Mat:r i & : YES N0 0FFSCALE

rit::atrick NOT REPORTED NOT REDCAIEC NOT REPC~*!:

|

:.:.44 0:4 4 39
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o Class !: Switching to a spray made given significant
raotoactivity in the prirrary containment (prior to containrent
failure) may provide additional scrubbing effectiveness for Class
! events,

o Class !!: As for a Class !! TW secuence, which is a slow
pressurization event, the spray syste-s being a subsystem of RPR
is not expected to be available cased on sequence definition.

o Class !!!: A Class !!! secuence, like the AE, assu es a loss of
all coolant injections and hence the spray systems are again ret
available,

o Class IV: The drywell spray system may not be available long
enough to reduce containment pressure during rapid pressurization

' sequences such as a Class IV ATWS.

In su rary, a reliable rethod of drywell spray under severe accident
conditions does not exist generically for all accident scenarios. In
order to make the drywell sprays ef fective for debris coolability, the
felic ing is required:,

o less restrictive procedures

o Confirmation that adverse impacts do not exist or are minimal

o Power or deFcnstrated prCcedures to C en recuired valves and'
GCaer purcs during station blackout scenarios.

The alternative of debris c0clability via injection threygn the
trescred RPV has all the sare inhibits as discussed above, etce:t
there are significantly fewer ;recedural inhibits whfci c:uld
interfere with the operator desire to inject.,

C* tris !!eaiee feetibility

No s:ecific evaluation, except as :erder ed by the particicatin
uttlities (N:rthern States Pener and Philadelenia Electric C:r;any)g

,

was perfor ed to establish the fe as ibili ty of the debris barrter
cencept within Mark I contain ents. These utility spect'ic
evaluatters developed design concepts and costs (see Secticn 6) which
identified that debris barriers could be physically incor:cestec in
tFese two cur"ent designs. In addition, deter *inistic Calculations
;;rforced by FAI tedicate that the deDris barrier is urrecessary, cut
trat it could minimize the uncertainty associated with one O' the
identified containment f ailure rodes.

|ection ! describes the safety benefits ano C0F;eting risks of sa:Na
1ecis10n.

:.a.M.C:a 4.aC
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Section 5

SAFETY EVA!.t'ATION OF THE IDENTIFIED NRC ITEMS

This section provides a qualitative sumary of the safety evaluation related to
the MC oroposed changes. Both the potential sa fe ty benefits and possible
com:eting risks are discussed with respect to the changes. This qualitative

apprcach results in significant judgement being included in the evaluation. A
more quantitative approach could be performed, but it would most likely require
a clant specific evaluation to accurately reflect the plant unique character is-

..
tics that can substantially alter the quantitative estimates of risk recaction.
Use of a generte or surrogate plant for quantitative risk-benefit assessment is

3 judged to lead to average or biased results. Given the subs tantial plant
specific variations among operating plants (see Section 4), plant undque
features may coiinate the quantitative assessment; therefore, average surrogate
cuantitative values could be misleading. This qualitative safet/ evaluatien is

3 sup;1emented by estimates of the potential costs involved in the implementation
and mainterar.ce of these items in Section 6.

'

The five changes suggested by the NR; are as follows:
)

o Hycrogen control *

o Cetris Barriers in the cry ell *
,

e Cetris ecoling;

)
o Coatainmert over;ressure relie#

o Severe accicent management pr0cedures

!evere accident marage~ent procedures and Mark !!! hydrogen control are,

discussed in se:arate submittals by the GaROG and the Hydrogen Cwners Gr:v;i

(HCO3),res;ectively. Therefore, these items are not discussed in this re;0rt.

T h t '. sectiCh Crevides the foIIcwing In#0 Patton regarding trese pr3:0 sed
chan;es;

o $3fety Ge'e#its . Secticn 6.1

o COP:etirg Safet/ !** acts tectice 5.2

o C;en !ssues Sectice 5.3

e Svmry Com;arison Se: tier 5.4

2.C.M.C:: 6.;
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5.1 POTENTIAL BENEFITS OF PROPOSED MITIGATION SYSTEMS

5.1.1 Overview of Safety Benefits

The concepts embodied in the five proposed BWR changes have features which can
improve the BWR containment response for selected severe accidents or can reduce!

the uncertainty associated with severe accident phenorena. The examination of4

j these pecposed changes relative to potential positive influer.ces on postulated
: severe accidents is carried out in this section.
l

| 8 5.1.2 Cualitative Sumary of Benefits

J .

I The proposed changes have the potential for positive benefits given selected
severe accident sequences.

,

i The safety benefits identified here are those wnich can preclude containment
; failure or substantially mitigate radionuclide releases. Table !.1 1 surrart:es
j scre of the benefits anticipated to be gained by the incorporation of these

' chsn;es in existing BWRs. These benefits are derived assuming that severe
accident manage ent procedures governing their optimum aceration are implerent.,

Otherwise no benefit may be derived for sore of the active syste'n mitiga.ed.
'

tien ressures.
| '

! Ihere tre a num er of accident sequences which have been identified as pote9tisi
centributors to core melt. This is shown in Section 2. These types of se.
quences may have varying degrees of fecact on the containment. Similarly, the

' '
preposed chan;es have varying degrees of mitigation improvement de:ending u:0n
the se;uence type.'

A::eedi. A discusses the postulated contairrent failure codes which have :een
tdertified in various 3'aE aralyses. These COntainrert failure Fedes can te

i

3"etted dif ferently, as a functicn of the types of AC0ident sequences whtCn Maj
Ochr. In addition, the af tigJtion features wni:n Pty be able to preclude i
contairrent failure er limit the radionuclide release are also influenced by t*e

i t ;es of accicent sequences, i.e., the sequence cutsets,/

f

J

1 :.a.36.c:1 5.:
i !

J

!

,
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Table 5.1-1

SUMMARY OF THE BENEFITS TO BE GAINED FROM THE PROPOSED NRC CHANGES

Proposed Change Benefits

.....................s..........................................==.................
! Hydrogen Centrol Reduction in the possibility of hydrogen de'lagraticn' (Inerting) in containment which could cause early containrent

failure.
)

Cetris Barrier Prevention of neiten material from flowing smcothly to
i the drywell shell and inducing themal failure of the

crywell shell or the Mark I downcomers.

'
Cebris Cccling o Arrest the spread of molten material across the

! drywell floor and preventien of drywell shell
; failure.
i

I c Scrub fission products fror the core detris
y | concrete interaction and from the drywell

atmosphere

.

VertPg o Successful prevertien of core melt due to
f"sintenance of containrent integrity.

Successful controlled venting (including
.

o
( I scrutting) of fission products during core

car"Jge or core relt accicents,

Successful mitigation of ATWS events by virtueo
y of preventing containment failure and therefore,,

I

allowing an open cycle BWR until rods can te
inserted,

l

te.9'e A:cicert Eiplicit guidance is provicec such trat oceratters
Panage ert peasonrel, Tecnnical Support Center anc NRC knc. anat ,

iP o:ec eet proce: ural cptions can te esercised..

:.:.H. :a 53
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Extreme examples of the accitfent sequence dependence of the proposed changes can
be reported as follows:

o No Benefit: For an ATWS event which induces drywell overpressure
failure and subsequent core melt, the debris barrier has no
effect on the containment mitigation capability or the public
health and safety

o Substantial Berefit: For loss of containrent heat removal
accicent sequences, small venting capability can completely
preclude a core melt and any adverse consequence to the public
health and safety.

) Using these specific examples, it seems prudent that the generali:ed benefits
snould be established in terms of those sequences which may dcminate risk at a
given plant. Specifically, because of plan't unique features dif ferent, plants
ray have different risk controlling sequences. This observation is based upon

) ) the PRAs (PWR and BWR) that have been performed to date.

Therefore, the approach taken here is to examine the proposed changes as they
affect the dominant accident sequences which have been calculated in publishec

l SWR, P:As, for three of the proposed enanges:

o Venting

a Cebris coolability
I

e CeDris barrier.

Tatles 5. - through 5.1-4 identify the impact of the proposed changes on
selected d:dinant accident sequence types. The approach taken in these tables
is to establish a matrix of options ver$6s accident seckence types. This matriri

i disclsy of'ers the ability to distinguish the potential for safety berefits
among tre varicus types of accident secuences. For exam:le, the following
oction Cf a s9all, decay-heat size, containment veqt #ce "CItan" steam only is
dis 0Lssed relative to its irDact on each of the sequence types:

I

* 7"e esa'"Dle :nosen is for a vent 00:10n which cronibits the use of ',he vent if
ar/ significant radf 0ruClides are present in the 00ntairrert.

2 0 M 02 A 54
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EXAMPLE OF THE TYPE OF INFORMATION
TO BE GAINED FROM TABLES 5.1-2-4

Clean Decay Heat Sized
Vent Option

Class Description impact

I Loss of makeup
A Reactor at high pressure Nore

,

,

8 Station blackout None I

C ATW5 loss of makeup None
'

D Reactor at low pressure None

II Loss of containment heat removal Frevent

I:: LOCA
A RPV rupture (containment intact) Ncne
B Large LOCA None

, C Medium LOCA None
O RPV rupture /Large LOCA None

(containment failure

IV ATWS-

1 None

V Interfacing LOCA None3

.

Tables 5.1-2 tnrougn 4 also provide differences in mitigation capability as a
functicn of the way the charge is implemented, i.e., the options chosen.

I (Secticn 3 discusses the options in more detail than is presented here.)

Most accident scenarios will receive a beneficial impact from each of the
preposed changes. Any adverse impacts are discussed in the next subsection.

) This section identifies the degree of expected berefit as follows:

4 o H - high berefit; ootertial complete mitigation of some fsilure
modes by virtue of tre single modification; or prevention of core
damage and adverse plant ccnditions which could impact all safetysystems.

o M moderate bene'it: potential complete mitigation of some-

f ailure modes if other active systems operate successfully
o L - low tenefit: mitigation of less important failure modes or

requirerent for multiple active systems in addition to the
proposed change or mitigation of radionuclide releases but ect
prevention of containment failure.

: :-H -C:4 5-5
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:
;

i o (-) no benefit identified.
:

The observations from each of the accident sequence summary tables is provided
below:

,

Venting (Table 5.1-2):

The description of existing plant venting configurations is discussed
- in Section 4 The types of optiens available for venting are
| discussed in Section 3. The matrix of options versus accident
2

sequence types is provided in Table 5.1-2. However, one of the
variations in the venting options wnich is not discussed explicitly in

j
9 Table 5.1-2 is provided above as an example of the type of information.

; to be gained from the ma trix fo ma t. The example provides in
simplified form the potential impact on dcminant accident secuence

; types for Option "A" with the exception that a procedural restriction
j is impcsed to prchibit the use of venting if significant radionuclides
1 exist in the containment. From the example, it can be seen that the'

" clean" steam vent has its only impact on the Class !! secuence types.,
; These secuences are conceptually the same as one of the dominant
j accident sequences identified in WASH-1400.
,

i Table 5.1-2 then describes the potential safety benefits which can be
associated with venting using various hardware options for these same4

) accident secuence types, but assuming that no such procedural,
; prchibiticn exists. In fact, a strong severe accident mitigation
j procedure ard training is assumed for effective venting,
'

l

Option A which is a set of vent lines (single or multiple lines) with4

i
a 6" equivalent diameter has icw (L) to moderate (M) mittgationj capability for a number of different types of accident scenarios,

including the loss of containment decay heat removal secuences. As
such, this change offers some very positive potential safety cenefitsa

to the public. Upgrading Option A to be able to operate in a station4

j blackcut (Option A') and further to be hard piped in the reactor
tuilding (Optien A") enhances the safety benefits by allowing;

| mitigation of additional secuences, such as station blackcut and,
j pecviding higher assurance that adverse impacts en equipment in the
, reactor building will not occur.
1 Option 8 provides scme imcrovement in that it also allcws the

.,cssibility of mitigation of some spectrum of ATWS events.

j Cption C provides the highest identified safety benefits. (Nete
ccm:eting risks are discussed in Section 5.2). This is because such a

.

1 vent si:e of fers the potential to mitigate a substantial fraction of
tne :cstulated worst case ATWS scenarios.

1

If one examines each of the dcminant accident sequence types, the A"i

I and C" options received the nigtest safety ratings (qualitative) 'or
! each of the accident secuence tyces (Classes I through III). The -

i dif*erence is that Class P' has some potential for effectivej mitigatten via the Option C".

2 :t-36-C3 5-6
i
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1 Table 5.1-24 ..

*
i

VENT:.

i %
StH1ARY DE Til0$E Sf t)llf NCES Willui CAN flE MITIGATED BY Tilf PROPOSED CllANGES IN VENTING|>i

! :
I
!

k

.

IDominant Accident Secuences Mitigated
j Vent Class I Class 11 Class 111 Class IV Class V
j Dptions TQtlX,Qtly 500 TW TCCgg7

Description A.C.D D ABC D
w; (see Section

,

7 3 for more
] complete)

! ,

'

, u.
*

i *
A 6" Duct L

-
~ ~ -

1_
'

i A' 6" Duct /DC L L M L - - -

', A" 6" Pipe /DC M M 11 M - - -

.

4

1 8 6-18" Duct L - M L - L -
'

i
! B' 6-18 Duct /DC L L M L - L1 -

: B" 6-18" Pipe /DC M M 11 M - L -

C 36" Duct L - M L - M, -

'l C' 36" Duct /DC L L M L - M -

C" 36" Pipe /DC M M lf M - M -

TITuhere mitigated here acans either prevention iir core meit or preservation of the containment designi
-

j function of effective scrubbing of radionuclide releases. It should also be recognized that not alli

containuent f ailure nwnles are* mitigated. Section 5.3 discusses other postulated containnent failure
; modes.
l

} (2) tegend included in text,
'

i

.Q. - -- -
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Class V sequences which involve a LOCA outside of containment are judged to
be marginally affected by the options related to venting, at least as the
worst case sequences are calculated. More realistic calculations would
provide some benefits similar to Class I associated with vent schemes.

Drywell Sorays & Debris Coolability (Table 5.1-3):

Debris coolability offers a number of potential safety benefits as
identified in the summary Table 5.1-1. Table 5.1-3 provides an indication
of where these benefits would be applicable as a function of the option
available and the type of severe accident.

^

Optien A is the implementation of existing plant design capability with
effective severe accident procedures. This has a moderate benefit (M) for

3 accident sequences with the containeer,t intact (Classes I and III A,B,C)
because it provides:

o Cebris bed coolability to limit core concrete interaction and
non-condensible gas generation

p o Limitation of the progression of molten material travel on the
drywell floor

o Scrub fission products frcm the debris.

While this capability currently exists in SWRs, published SWR PRAs
have not always effectively cuantified the benefit of these mitigation ,)
features. The estimates of benefit are therefore made without regarc
to existing plant capability which may vary from plant to plant and
secuence to sequence.

The judgment based upon available FAAP and STCP calculations is that
) tre fission product removal capability of drywell sprays is not

sufficient to clearly justify its choice over injection into the RPY,

to revide:

i RPV internal cooling, i.e., preventing revelatilization
-

j within the primary system
)

debris coolability on the drywell floor''-

- fissicn product scrubbing and/or retention by forcing cecris
melt releases through an overburden pcol of water.

| " Existing" is useo generically to reflect the apparent extensive harcware
capacility identified by the reporting Mark I plants (see Secticn 4).

--The plant s:ecific issue raised here is that certain Park IIs and all
Ma rk II:s would not have effective debris coolability through the use of
"drywell sprays".

|

|
1

2-R-36-02 5-P
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Option A also has an impact on the other sequence types in which the'

containment nay have been breached (e.g., Class II or IV sequences).
The phenomenological effects are the same as above, however, the
result is that radionuclide releases are not prevented because
containment is breached. The result is a mitigated radionuclide
release. Using the above definition this is a low safety benefit (L)
for Classes II and IV.

Option B provides a slight increase in the likelihood of success by
including an additional water source, particularly since it is

i external to the containment. However, the net assessment is that no
significant improvement is obtained. This is not true if there are
severe RHR pump operating limitations on suppression pool tempe-ature
which could preclude successful sprays or injections when pool

3
temperature is high - a situation in many postulated severe accident>

types.

Option C extends the capability of the debris coolability to include
some of the postulated loss of station AC pcwer accidents, particular-
ly those with delayed core melts (i.e., the most probable.)

I
Option D further enhances the benefits of the debris coolability by '

extending the effectiveness of the debris coolability to rest station3

) blackout type sequences.

Tne debris cooling options considered all have the capability to
provide effective debris coolability benefits for the spectrum ofI

, accidents. The reliability and the risk reduction benefit associated
1 witn each option va ries . However, the existing BWR injection

capability is effective for nearly all the accident secuence types,

identified. The addition of the diesel fire pump capability (Option C
and D) could provide ecuivalent mitigation capability for long
duration station blackout scenarios.

Cebris Barrier (Teble 5.1-41:

Core melt progression phencmenology has a num::er of areas of
uncertainty. Within this band of unce:tainty there are models which
assume that large cuantities (> 80%) of the molten fuel can be

'

I released to the drywell over very short times and at elevated
temperatures. Using such models, it can be postulated that molten
material can come in c0ntact with the drywell shell, at least in some
plants. Therefore, in lieu of demonstrating that these modeling
assumptiens are conservative or not applicable, one approach which can
be taken is to install physical barriers in the drywell to inhibit the
molten material from contacting the drywell shell.,

Table 5.1-4 st.mmari::es the impact en safety for several debris barrier
options considered.

* H1gn reliability for most accident secuences witnin the grouping.

2-R-So-024 5-10
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Ta 5.1-4

DfflRIS HARRIER:
SUMMARY Of THOSL SEQUEllCES WHICil CAN lif FilLCTIVILY MITIGATfDIII IIIlY Tile PROPOSID DFHRIS IIARRIERS';'

-

49

;I /u Debris Dominant Accident Sequences Mitigated *' , ' ' Harrier Description Class 1 -Class II Cias'sl Tl' Class IV ' Class Vi | ', Options TOUX SHtT Kf'WT TW AT- Ali ~TCC"
gg2A,0 B C A.H,C D

!

A Short Harrier - - - - - - - -

11 Tall Darrier L L L - L - - -

J C 'lmrt/ Thick flarrier - - - - - - - -

>

D Tall / Thick flarrier L 1. L - L - -
, -

1
E Drywell Shell L L L - L - - -' Coating

I f Maze llarrier M M M - M - - -
.,n

7

(1) Where mitigated here means preservation of the containment design function; ef fective scrubbing ofradionuclide releases, or preclude releases. It should also be recognized that not all failure modes +

are mitigated. Section 5.3 discusses other postulated containment failure modes,,

t

(2) Note that the current flWR design is anticipated to be adequate to effectively mitigate all or nearly*

all of the postulated direct contact containment failure modes. This table therefore addresses only
the incremental safety henefit associated with the addition of a debris barrier, ,

s

I

_ _ _ _ _ _ _ _ _ _ - _ _ _ - - - _ _ -
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Option A is a small barrier installed near the drywell wall to inhibit
molten material from reaching the drywell wall during an initial
release of material. Because it may not substantially alter the
existing resistance of the Mark I containments, it is judged to be a
negligible improvement.

Optien B is designed such that the sicw release of molten material
from the RPV will not result in drywell shell failure if adequate

i temperature control (sprays) and containment heat removal exist.
Therefore, a positive benefit can be achieved under certain modeling
assumptions.

Option C has the same characteristics as Option A except it is thicker
to previe longer term resistance to core concrete attack. No
significant improvement from Option A is identified using the MAAP

> code estimates for debris cooling and core concrete attack.

Oction D bas the same characteristics as Option B, except with a.

'

thicker barrier. No significant improvement relative to Option B is
identified.

) Option E is a different concept for the barrier, i.e., a coating
applied to the drywell wall. No significant safety benefits relative
+o Option B were identified.

.

Option F: Maze Barrier: This option affords another dimension to the
debris barrier. Not only does the ma:e barrie- ?'#0-d a barrier' I comparable to 0, it also has the potential to fully or partially
mitigate other failure modes of containment such as direct heating and
direct impingment (see Section 5.4). These failure medes are jucged,

to be of low conditional probability of potential severe consequences;

to ne drywell shell. Therefore, the maze design (see Ap;endix B)
would have a higher potential positive safety tenefit for enhancingi the containment integrity.

In sumrary for the debris barriers, the positive benefits to be
ac: rued to the debris barrier can be strongly plant specific. This
plant unique dependence is related particularly to the design details
of the pedestal, the crywell , the drywell lip, and the sumps

I (arrangement, depth, proximity to the shell). Therefore, the debris
;

"arrier benefits will vary from zero for Mark Is with large shalicw
sump volumes inside the pedestal, to potentially significant for
clants with small or inaccessible sump volume and no li; between the
dcwncc~*rs anc the drywell floor. -

Summary

Table 5.1-1 sumarizes qualitatively the types of benefits that are foreseen if
tne NRC proposed changes are imolemented. Tables 5.1-2 tnrough ; identifj new
these benefits could affect the level of risk asscciated with the dominent
accident sequences types in SWRs.

i

a

2-;-86-C2; 5-12
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Because the accicent scenario of station blackout has received increased
attention in this discussion, Table 5.1-5 is used to identify a typical tire
line of key events that might be identified for a station blackout scenario anc
the impact of the proposed changes.

.

The follo ing matrix of selected options versus effectiveness is meant to,

provide a su=ary of so :e of the most beneficial results for implerenting these
options in terrs of severe accident prevention or mitigation.

3
a

EXAMPLE SUMMARY CHART OF BENEFITS
BY ACEIIRAGILY SELECTED CESIGN CFTICN

,

NcCI
Frocesed
Chance 0; tier Cescriction Sa'etv Beaefit
Vent Containment A" 6" Pice w/ Potential for risk

CC Power reduction assessec as
1 mcderate or hign for all
! I accident secuerces exce;;! '

i I ATd5 and LOCAs outsice
l | ccnta i nr:ent.

-

i
Ce ris Ccelability, D R H C/ 5'4/a nd Esisting ca:atility is

; j ciesel fire already ace;uate for mest ',

; i pu : (w/DC | severe accicents. TheI j c:r. trol te
, increm ntal improveneet ;

|
. valves) I is shewn fer station !

i
'

| ! blackout secuences. All i
other secsences remain !
unchanged as a result of i

l this plart modificatien. {
Cetris Barrier i 5 6"-12" carrier Potential exists to I

i
I

. | recuce the urcertainty
!

| associated with a tt postulated failure moce ,
i ' cf ctreet Oh stell i,

I

' contact with moltet fuel. 6
- This ccule also te
! acc0mplished by Ch

; j | injection. In fa c t ' i

i without CW injection a} i
4

: high tem:erature shell I
l
|' t

i failure may eccur descite f'

| tPe ta rrier (cue toj
| ractative heat transfer ,

i

| { ; to tre snell).
|

'

;
i I' t

I I

|
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Table 5.1-S, . . -

". 'IAll0N Hi ACrulli SCLNARIO FOR PfACil Hu1 TOM
.

;
, ,,, _ _ _ _ _ _ _ _ .

,

j c,'
._ _

i

hh Ivent line of Key Event Benefits of items
Aildressed Individually-Not in Combination

t

'

inerting DW Sprays Venting Debris Barrier
i
1

. SB0 Initiated 0 - - - -
iI
L

| S.P. Temp. 140"E - - - -

1 ,

j llPCl/HCIC fail 6 lir. - - - -

Core Uncover TAF 8.4 lir. - - - -

.\

Core Melt initiator 11.4 lir. - - - - !|
o, . , s ., a ,

! ,'. HPV failure
'' (Iligh Pressure) 12 lir. No Debris Cont. Pressure Prevent Direct

t

t11 Detonation Coolability Control, Scrub- Contact of Molten
,

2
hing, earlier Material with
release of N.G. steel shelli

Molten Material No Effective in: Same No Ef fectSpreads out in 11 Detonation DW temperature
j Pedestal 2 icontrol; con-

crete attack
! {
i in pedestal

sump may occur
; ,

J Molten Material Debris Coolable Some Prevent Directi Spreads out on
ContactDW floor

i

; Containment fails 18 lir. No Containment Maybe Maybe
^ On Iligh liW Shell failure (Temperature (Temperature.

lemperature (Possible late or direct over pressure) i
:

containment contact)
failure if no
cont. heat
removal)

i '

I
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5.2 POTENTIAL ADVERSE IMPACT OF PROPOSED MITIGATION SYSTEMS

,

5.2.1 Overview of Necative Safet_v Imcact

Any decision regarding a change to a complex group of systems should involve a
balance between the desired benefits and the potential ccmpeting risks. For the
interrelated systems which make up a nuclear pcwer plant, this trade-off may be
between increased safety in one area versus reduced safety in another. In any
case, for the proper evaluation of any design change it is always prudent to
include in the trade-off evaluation the potential negative safety impact which

3 may result from the proposed changes. This section summarizes some of the
-

I
,

possible areas of competing risk assccia,ted with the preposed changes.

A mitigation system to be used in the response to a severe accident should not:

I adversely impact the safety of the plant in its response to other accident
secuences. However, it appears that fo r some alternative situations, thei

j prc:osed mitigation systems (if nct pecperly designed and implemented) may leac
f to scme small increase in the risk associated with certain accicent sequences.'

) .

This secti cr. suc ari:es qualitatively : nose ccepeting risks wnicn may be
incurred in the implementation of the presased fGC changes. No attemp: nas been
mace := cuantitatively ccm;are the relative risk changes associated with tre

8 Or ;:csed cnanges.
J

| 5.2.2 Qualitative Cesc-inticn of the Ccm:etine Risks

1

3
;. The ccm;:eting risks identified for the proposed changes are discussed
{ qualitatively in this section.

J

:.2.2.1 Hyde: gen Con:rcl
,

i

; Hydr 0 gen centrol has two different acclications:
i

1. Inerting for the Mark I and II containments.

j 2. Reliable igni;ers for the Mark *II containmen .

!

| 2-R-36-024 5-16;
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Inerting in the Mark I ano Il containments does not appear to have a negative
'

safety impact on the public. It provides an additional layer of protection for
certain severe accidents and some DBAs and does not contribute to an increase in
public risk.

j The only competing risk identified in this review is the potential personnel
hazard that the N inerting system may introduce to the plant operaticn and2

j maintenance personnel. However, operating experience to date has indicated that
j U.S. EW:i utilities have successfully managed this personnel risk. (Note that a

BWR in India (Tarapur) did have an incident in which operating staff personnel
: were asphyxiated by the nitrogen atmosphere.)

i

Upg*ading igniters in Mark III containments to reliab'ly cope with staticn
i blackout conditions does not appear to have a negative safety impact beyond that

I which exists with igniters for other sequences for which delay exists in
*

initiating the igniters after hydrogen has been released to the containment.
; The igniter evaluation has been deferred to HCOG.
i

!
,

j D 5.2.2.2 Cebris Coolability with High Reliability (including Station Blackcut
i scenarios)

*
i
l

One of tn? options suggested for cebris coolability is the use of the drywell
j ) sprays. Other optiens for debris ccolability including direct RP'i injection

also ;res'ent viable means of obtaining, most or all, of the tenefits identified
in Section 5.1. However, crywell sprays may induce some pnenomena which are net

cesirable. Such phenomena may be very plant specific and include the potential
; ) for the following:

4

o Containrent Implosion

E0ui; ment damage, i.e. vacuum breaker or SR'l solenoid failureso

Intrcduction of oxjgen into the containment atmosphere througho

the reactor builcing to wetwell vacuum breaker (plant specific)

Ficod levels above vacuum oreakers.o

The fcilcwing discussion provides additional discussien of the above negative
safety impacts.

I

2 :-25-02/. 5-17
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j Low Centainment Pressure (Cyclic Vacuum Breaker Operation)

The operation of the drywell sprays may induce a differential pressure
across the wetwell to drywell vacuum breakers and the reactor building
to wetwell vacuum b rea ke rs . This differertial pressure would then
lead to challenges to these vacuum breakers. The drywell sprays may

! ce cycled en and off depending on the perceived drywell temperature
and pressure, core status, and containment water level. This cycling

, may produce rather severe loads on the vacuum breakers and may then'

induce eventual failure of the vacuum breakers (i.e., stuck ocen).
The severity of the challenges to the vacuum breakers and the cyclic

i nature of tne events can lead to rather high probacilities of vacuum
breaker failures. Such failures of the drywell to wetwell vacuum
breakers which occur prior to RPV blowdown could result in early

3 containrent failure due to the blowdown pressure surge not directed to
tne suppression pool but being shunted thrcugh stuck open vacuum;

'

breakers, then leading to an early containment over pressure failure
1 at one of the " worst" times, i.e., at the time of RPV blewdcwn. *

Current EPGs restrict drywell spray operation under conditions wnich
could induce these failures. The use of RPV injecticn wculd minimi:e
tnis effect.,

1 Introducticn of Oxycen

Similar to the discussiens atave regarding the induced ne;.tive
pressure differential resulting frcm the drywell spray initiat'on, a.i

, related issue is the potential for the Reactor Suilding to wedell
vacuum breakers cperating as designed to minimize the dif'erential
pressure across the containment. Such actions could result in tre
intr 0 duction of oxygen into containment. This oxygen presents scre
small incremental chance of causing a hydrogen burn. The current
judgerent based ucen deterministic calculations [see Section 4.2' is
that:,

The level of oxygen intraduced would be relatively smallc

o The containment would likely be steam inerted or scray irerted
wnich would preclude a substantial hydrogen ceflagration.

'
Nevertneless, there is a remote possibility that a negative safety
impact could be induced by the operation of the drywell scrays leadirg
to the admittance of oxygen to the drywell . Current ;;recedures
generally restrict spray aceration to minimi:e or prevent the

J Introduction of oxygen into tne centainrent. The use of RPV injection
: for decris coolability wculd minimi:e this effect.
!

Eneccette Core Ccolant :ntericticns

Accumula icn of water in the drywell pedestal and en the drywell floce,

. prior to core melt and RPV breach could result in hot molten fuel
j being ejec*ed into a cold col of water. If this cccurs, there are

hypetneses which state that energetic s*eam explosiens may cecur wnich
could fail the primary ecntainment curing this portion of the

| accident. This would be classified as an early conta1* ment failure,,

,

2-R-35-024 5-18
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;

and possibly a large drywell failure. The operation of sprays would
result in this possibility nearly always existing in a severe
accident. In this case, the CW sprays would act to increase the
mcdeling uncertainty. On the other hand, RPV injection would be a

,

lesser contributor to these ccnditions, i.e., only LOCAs would result.

in the same determinis tic set of circumstances as described for
drywell sprays.

Exceed Centainment Necative Pressure Cacability

Conservative calculations of drywell pressure respense for saturated
steam environments and very high temperature environments in the
drywell when drywell sprays are initiated can result in rather high
pressure drops in the drywell in a time frame be fore the vacuum) breakers have time to open and ecualize pressure. These conservative
calculations indicate that at extremely high spray flow rates that the
drywell pressure could drop sufficiently to exceed the design

i dif ferential pressure of -2 psig for Mark I containments. While the
Mark I ultimate capability is judged to be higher than this and the
calculations which show this high drywell pressure drop are judged

*

) censervative, the cuestion of whether the drywell spray initiation may
introduce a negative safety impact that could cause an early large

- centainment failure remains an area. of uncertainty.

A synergistic effect may also exist with drywell sprays operated
inte rmi ttently following the time at which the vacuum breakers are4

)
covered with water (see discussion below on external water sources).1

| The intermittent drywell spray operation ray induce even higher*

negative pressures under the conddtions with the vacuum breakers .

submerged.
.

| It is jucged that fo r the drywell sprays to result in sufficient
i 9 negative differential pressure across containment to cause a failure,

all of the follcwing conditions would need to occur:4

1

Very hign spray ficw rates (greater than 2000 gp-); o

o Relatively cold water
)

| c Sudden spray flew initiation

Adverse drywell conditions (probably including a failure te havec

initiated wetwell sprays).

External Wate* Sources

One of the options consicered for reliable drywell spray operatier is;

the use of water external to containment SLch as fr0m the service
I water intake, CST, er Diesel Fire Pump water source. When using such

aater sources care must be taken to nonitor the containment water
level and provice a means to remove excess water. The negative safety
impact which cculd occur wculd be associated witn too much water and a
floccing of the terus.

I
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; Figure 5.2-1 provides a schematic of the Peach Bottom torus with some
key cimensions listed. The negative safety impacts may arise if the
flooding inundates the torus to drywell vacuum breakers. Table 5.2-1
sumarizes the approximate times to covering the vacuum breakers.
(This same issue would also apply to RPV injection for debris,

coolabili ty. )

The consequences of such flooding of the vacuum breakers could be that
; if RPV blowdown from high pressure thrcugh an RPV breach occurs
j subsequent to covering the vacuum breakers, then vapor suppression may
)

;not be fully functional and containment overpressure failure could
occur..

!

In addition, from a hardware and procedural view point, there are no
physical interlocks which would prevent containment spray operationI i

from causing unacceptable pressure differentials across key '

containment members. The operators would have to assume the
resconsibility to throttle the drywell spray valve to reduch the rate *

of pressure decrease (containment vacuum tesign limit is -2 to -10,

psid depending on the containment design).
: )

Coe:eting Risks for Cryweil Sorays: Summary ,

,

)
i

The identified ccmpeting risks (i.e., potential adverse safety impacts) which
may occur as a result of specifying drywell sprays are as folicws:, ,

Racid depressurization leading to the introduction of oxygen into I
o

the prima ry containment via the Reactor Building to wetwell
vacuum breaker.

1

Excessive water in the containment leading to: (a) reduced volumei o
i

to absorb non-condensibles and, (b) may preclude wetwell venting.
i

<

| o Precipitate Containment failure given non-condensible gas
i generaticn.
4

p o Vacuum breaker failure induced by rapid pressure deco in CW,

,f
o

}
Vacuum breakers ineffective when flooded, causing large negative
pressure when sprays cycled cn.

I ,

j o Centainment implosion during rapid spray initiation. !j
l

While drywell spray hardware currently exists in Mark I and II plants, the plant.

scecific precedures do not currently allcw the sprays to be operateo in the
,

regime of seme severe accidents, e.g., debris en the drywell floor and tne
,

cr/well at very hign temperatures. In additien, tney do not specify spraying !

|
|

|
| 2 3-c6-024 6-20
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! Table 5.2-1
! SUMMARY OF APPROXIMATE TIMES TO FLOOD THE TORUS

AND CONTAINMENT AT PEACH SOTTOM
i

;

! '

j TIME (Hrs)
i

! Flow Rate Flcw Ratei

FLOOD LEVEL 740 gen 10,000 gpr;
i

f I Wetwell to DW
j kacuum Breakers 3.6 Hrs. 30 Min.
I
.

. 3 Orywell Floor 20 Hrs. 1.5 Hrs.
1
i

I

t

!, >
.

.,

r

I'

*

.

I

| I

j

l I

,

4

I

!
i

l

a

i

1

,

| * *m
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frcm external sources. Therefore the competing risks associated with existing
procedures and drywell spray hardware are not considered high. The assessment
of corrpeting risk for the proposed NRC changes assumes that a greater potential
for drywell spray initiation would exist for very severe containment temperature
and pressure ccnditions. It is for these severe containment conditions only
that a substantial adverse impact is postulated. No analytic calculations have
yet confimed these postulated concerns regarding adverse impacts.

The cost estimates on drywell sprays did not investigate the possible costs
associated with hardware modifications that could result if a low ficw drywell)
spray was required for severe accidents, i.e., preclude a high ficw rate. This
could be acccmplished by installing throttle valves or by plugging the dryweli.

spray nozzles. Each of these options has not been addressed in the cost
estimating process. Such modifications would, however, tend to reduce the,

identified negative safety impacts that have been identified (but not confirmed)
in this evaluation.

.

Debris Ccolatility (Mark I*)3

Note that for scre Mark 11 designs (each Mark !! appears to have substantial
differences in drywell/;edestal configurations) the use of drywell sprays may

i not be an effective means of debris coolatility. In those cases RPV injection
may be the enly viable.rrethod of debris coolatility.

5.2.2.3 Venting

)
Containment venting to prevent catastrepnic overpressure failure of containeent
and preserve the su;;ressicn pool in the release pathway f.e pur:cses of
scrutbing is a highly desirable function. BWRs in general have the capability
tc provide this venting fr0n the torus or wetwell airspace for accicert
secuences with only cecay heat present. The cacability for venting for higner
powers such as ATWS cases is less unifom and may result in failures of ductwcrk
in the reactor building wnich in turn wculd cause high humidity (saturatec
steam) and high temperatures in the reactor builcing,

l

1

2 2-86-C 3 5-23
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The potential negative safety impacts which can be postulated for some venting;
'

options are discussed below:

! Adverse Impact on Ecuipment and Ocerater i

!

For certain accident scenarios (ATWS) the containment vent usingf; existing hardware would result in catastrophic ductwork failure in tne
.! / reactor building (not all plants). These failures would then release

i steam and scre radicactivity into the reactor building thereby
eliminating access to the reactor building. The potentially more
sericus concern is the adverse impact on the electrical equipment in'

the reactor building which may then precipitate a core melt. This
situation may still be more beneficial than the alternative which is,

! I to allow the containment to continue to pressurize until a potentially
| catastrophic failure occurs.

Premature Release of Radionuclides (All classes except Class II)

There may be a set of severe accidents which will result in
> containment pressures in the range higher than design pr%sure and

Icwer than ultimate failure pressure. This windcw of severe accidents4

i would then be successfully mitigated (very Icw releases) in the case
| without venting. On the other hand, venting will result in

substantial releases of noble gases.
I

i This impact is judged to be negligible on public safety based upon
;:revious PRA evaluaticns.

!

4 Comeromise *ccessibility (All classes except Class II)

There are twc as;;ects of this potential in;act:
i )
i

o Reactor builcirg contamination that may be created by ver. ting
i steam throuin duct that may fail or substantially leak. This

would limit accessability long term (see also remote shutdcan
! panel discussion below) and could limit snart term repair or
} recovery actions. (This is co. Judged to be a significant

impact).i

|
o Centrol building accessibility and habitability. The vented

release may be piped and ducted in the vicinity of where
operators may te recuired (control rocm er remote shutdcwn,

; panel). Therefore, venting may res.it in severe scverse impacts
j cn the vital personnel recuired to Mely snutccwn the plant.
1

Ara'S Seerario: : col Cecletiont

1 By allowing the ocerating staff the cacocility and training to vent
large amcunts of steam, it can te pesulated tnat AraS accident
secuences could cegenerate into a ventec conditten in wnich the
su:pression pool is cecleted, the downcomers anc T m echers are
unc:vered, and a core melt is induced without the suppression pcci in;

J
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the pathway of the radionuclide release. Such vented scgnarios could
arise if SLC and centrol rocs cannot be inserted for extended perieds
of time, wnile RPV makeup is from the suppression pcol.

5.2.2.4 Debris Barrier

There are some negative impacts perceived for the debris barrier concepts.
These impacts include the following:

o Personnel (ALARA) issues: Installatien and maintenance

o Prevention of collection of normal leakage detection (Technical) Specification Requirement)

- Prevent rapid leakage cetection by inhibiting the collection
of water, i.e., tecn spec measurements are innibited,

o Seismic related issues regarding the impact of the barriers onI
other safety related equipment for deterministic evaluations
recuired by regulation

o Interference with the assumed downcomer flow area in LOCAcalculations *

I
o Disintegration of the barrier during other severe accidents

(seismic, LCCA, etc.) which may cause tne barrier to be bicwn
into the torus.

Insufficient evaluation has been per'ormec to indicate if the cesign opticrs
I ccrsidered can effectively eliminate these issues. It is anticipated that these

will be piant specific issues.

5.2.3 Su--ary of Petertial Negative Safety Imolicatiens
)

When estimating risk it is jucged to be important to use the best est1: ate
thecugacut the calculaticn (fulij re:cgnicing the potential uncertainties in the
calculat1crs) since biasec values, either high cr Icw, can lead to false
cerclusions resulting in:

1. Ina;;rc:riate rescurce allecatien

2. :ntrodaction of equi: ment anc procedures te mitigate accident
secuences ahicn may never occur

2-;-66-C:4 5-25
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3. Interference with mitigation systems for accident sequences which
may be important in preserving the safety of plant operation.

The important point to note is that there are ccmpeting risks in the operation
of a nuclear pcwer plant, and emphasizing an unimpcrtant sequence or set of

,

scenarios diverts attention frcm those sequences which may be more frequent
and/or higher risk.

.

The it;lementatien of design fixes to address certain accident secuerces or
issues may resolve some issues, reduce the uncertainty in the treatment of other
issues, or may in fact aggravate other postulated accident sequences.

1

Table 5.2-2 su rari:es some of the adverse impacts of the preccsed changes wnicn
cculd substantially alter their net safety benefit.

3
The primary examples of possible competing risks can be found in the fel10 wing: *

o Crywell sprays can both reduce radionuclice releases and car
incute centainment failure due to induced negative pressure.

I
c Ccntainment senting through the wetwell allcws a viable way to

preserve contairment integrity but may release ncble gases at a
higner frecuency than if no venting existed, arc under the worst
case AT'a5 scenaries may induce a care melt in a dry containment.

:: is recc : enced that additicral evaluation of tnese negative sa fe ty3
i cacts te ;erf:-ec be'cre a final ccmmitment is mace :: make the changes
evaluated.

4:ent1cn of the systet designers, the safety aralysis people, ard, mest*

i9cortart!y, the plant ocerators.
3

.
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5.3 POTENTIAL REMAINING OPEN ISSUES

One of the areas of concern which may arise in the decisien making process is
the determination of whether the proposed changes are the "best" changes or
whether they are the necessary and sufficient changes for BWRs to perform to
provide resolutien with the NRC. While the proposed changes appear reasonable
it is shown in this section that the NRC proposed items are not sufficient to
resolve all issues and that open items will remain even after these items *culd
be incorporated.

Thus far, the discussion has focused principally on the preposed changes and the
relative worth of .the changes based upon our best available kncwledge regarding
the core melt progression. There are hcwever, substantial modeling
uncertainties which are being investigated by the industry and the naticnal,

laboratories. These uncertainties may dramatically affect the perception of
each 1ssue in terms of its positive or regative safety benefits. This section
presents a brief overview cf seme areas of uncertainty involving differences in
accident sequences, macfling and assumptions.

.

The s;e:ific items identified are:
,

i

c Containment failure ecces (see the contairreat event tree in
A:pencix A)

o Menceenclogical mcdeling

o Ex-plant consequences

c AC:ident sequences

o Procedural implementaticn
1

5.3.' Centair ent Failure " ices

The contairment event trees are presented here to establish tre ty;es of failure
medes t"at have arisen in the :ast or could arise 'n future araljses or

ciscsssters. There#cre, the CETs are me3nt cnly as a eneck t ensure that ; e
;r :csed fises address those failure mo es of greatest interest t; tre
regu at:rs, tre public, and the utility.'

I

i

|
'
,

i 2 -3d-C24 3-!E
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!.
| Table 5.3-1 surrarizes the postulated containment failure modes of a MARK I

containment given a severe accident. These failure modes have varying degrees!

of belief associated with them. In addition, some are the result of analytic
limitations, some are the result of different scenarios an accident may take,,

and some are the result of ur,ique plant features. Table 5.3-2 summarizes the,f
references for these postulated failure modes and the relative timing associated

+ *

with these failure modes.
l,

Table 5.3-3 sumarizes the relationship between these postulated contain: rent
;

failure modes and the proposed NRC changes (" fixes").
) ',

;

tj An additional consideration regarding the containment failure modes relates to
possible syrergistic effects.*

i

1
I

There are two competing Mark I drywell failure modes which are currently
;

identifiec as having relatively high conditional probabilities based upon ICCCF
g NRC evaluations but not both.

1
-

1

I .1. High drywell shell tem;erature of greater than 1000'F due to radiative
f heat transfer from the molten material in the absence of water '

,

| injection to the drywell. This failure mode is projected by the MAA? i

code to lead to small leakage failures in the dr;p ell shell.)

;2. ~ Molten material attack en the drywell shell due to direct contact.,

J

This failure mode is perceived as a small leakage pathway up to a;

| large 7 sq. foot brear depending upon the hypotheses and modeling'

I

assumptions. This fa'?ure mode is projected based upon selected NRC
modeling assumptions and calculations,

i

The cebris barrier propcsed change wculd effectively address a portion of the
second o'f the above failure modes by preventing the smootn flow of molten

k material to the drywell wall. However, it would not address the first failure
{[ mode wnich the MAAP models still predict as a potential drywell failure rode.

'
>

}

1 Cn the other hand, the post RPV breach coolant injection provides a methed of
| limiting: (1) the temperature in the drywell, (2) the flow of molten material
I to the shell.t

2*R*35*CG 5-29.
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Table 5.3-1

POSTULATED MARK I CONTAlhMENT

FAILURE MODES UNDER SEVERE ACCICENT CONDITIONS

(Alternative Models or Scenaries Defined Along with
Aporeximate Times to Significant Containment Failure)

1. Steam Over Pressure,

ATWS (1 hr)-

RPV Ruoture (0 hr) (Not a derrinant contributor to core relt frequency)-

RPV Melt Through (Generally agreed that the suppressicn pool can-

mitigate the CRD penetration RPV failure mode)
, Steam Explosions-

2. Long Term Non-Condensibles

Maren/CORCON/ INTER (3-6hr)-

MAAP (Extended tiee)-

I
3. Direct Contact of Molten Material w/CW

MC (RPV Failure): Calculational Model - 80% initial ccre dispersal-

IDCCP: Calculational Model - 20* initial core dispersal-

Uncutlished: Surs pr drain pipe peaetration to the Rx building.-

'
1 High Temperature Shell Failure

Radiative Heat Transfer IDCCR model enly 3-6 hrs-

5. Direct Contact of Molten Material with the Torus (PFV Failu e): Prceably
,

not a Realistic Evaluation; Ccwncorer Failure May Exist,

6. Direct Iecingement of Molten Particles en OW Shell Oue to High Pressure
31cwccwn (RPV Failure)

7 Direct Contain eet Heating Following High Pressure Blcadcwn (DEV Fai*ure):
No analytic precf. Failure Mode by Ccnjecture (1- ediate)

3. Hydrogen Cetenation During Ceinerted Oceration

Lcw prc ability, treated by Technical Specification; shcwn to te small-

ecntributor in other PRAs

9. Failure to Isolate

Inerted-

Positive cver pressare-

: 2-36-02 5-20
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,

1

I

Talite 5.3-2
| IDENTIFICATION Of
! REFERENCE CALClllATIONS

EUR POSilll AllD CONTAINMENT FAILURE MODES j

CONDITIONAL TIMING
CONTAINMENT FAltllRE PROBAHILITY OF CONTAINMENT
FAlltfRE MODE REflRENCE GIVEN SEVERE ACCIDENT FAILURE

1. Steam Overpressure I

|

- ATWS WAS11-1400 LGS, 1.0 I hr "

SNPS PRA
L

- HPV Rupture WASil-1400, SNPS PRA, 1.0 0 min '

LGS SARA

- RPV Melt Through MARCH 10~ 2-3 hrs
'." - Loss of Effective WASH-1400, LGS PRA, 1.0 40 hrs t
il Containment licat Removal (TW) $NPS PRA

i
- Pool By Pass SRV Discharge Line Break, 10~ I hr

'

Vacuum Breaker failure

- Steam Explosion WASH-1400 10-2 2-3 hrs
2. long Term Non-Condensible LGS PRA 10-3 3-10 hr |

Generation (Core Concrete ,

Reaction) '

3. Direct Contact of Molten ORNL (Mark I only) 1.0 2-3 hrs i

Material w/DW Wall l

P

4. High Temperature Shell IDCOR TSR Task 21 (Mark I .1-1.0 3-6 hrs I
failure only) {

i

S. Direct Torus failure Due to Hone None Mone
Holten Material Contact

>

..

:
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Table 5.3-3

COMPAR! SON OF CONTAINMENT FAILURE MCCE

AND

NRC PROPOSED CHANGE

FAILU:E P0:E NRC PRODOSED CHANGE

1. Steam Over Pressure
ATWS Vent-

RP'. Rupture- --

RPV Melt Through Vent
- -

Loss of Effective Vent-

Centainment Heat Removal
(TW)
Pool Bypass- --

Steam Explosion-
--

)
2. Ncn-Condensibles Vent (includes 580)
3. Direct CW Contact Drywell Cebris Barrier

4 High Shell Temperature Debris Cooling (includes SBC)
'

S. Direct Contact of Torus w/Malten Crywell Deeris Barrier
-

Material

6. Cirect Impingement -------------

3 7 Direct Heating -------------

S. byc-ogen Ceteration Inerting Tech Spec

9. Ccntainment Isolatien Failure -------------

I 10. Cirect DW Peretration Througn Cetris Cooling
Sur Or Drains

2 :-36-C2' 5 33
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!

This can also be viewed as stating that the implementaticn of both
changes would provide double assurance regarding prevention of the

1 direct centact drywell shell failure (i.e., barrier and reliable
coolant injection), and providing single level assurance that the high

| temperature shell failure mode would be mitigated via the reliable
coolant injection.

; 5.3.2 Phenomenolocical Modeling
e

There are phenomenclogical modeling uncertainties associated with each of the
'

proposed changes. These uncertainties are sufficiently brcad that individual
modeling assumptions can be taken which demonstrate deteministically that all

,

j the changes have positive safety impacts and no competing risks. Using those
*

assumptions and models the decision would be relatively clear-cut. However,

because of the uncertainties involved there are questions about the relative
'

benefit that is gained from the changes, and certain ccmpeting risk factors may
'

be introduced that would compromise the existing safety position of the BWRs.
4

Some of the phenomenological uncertainties which could influence the assessment
of these pro;osed changes include:

i 6

'

c Debris behavior during release from the RFV
'

o In-vessel ccolability (not acdressed here)
!

o Drywell spray adverse effects (see discussion under precedures),,

o Venting uncer A'WS (see discussicn under procedures)
!

! Cecris Barrier
!

; 8

| All Mark I clants res;crding to the survey apoear to have lips between the
drywell floor and the downcomer to the torus. Therefore, using the IDCOR MAAP
.~.els, melten etterial would not run out anc cirectly cown the dcwnccmer except
in some very unusual circumstances involving a large mass of material (IC05 of

; the core me!;en and the density increased due to gas bubbles or change in
; chemical composition, i.e., approximately 1.6 times the core solid mass).
,

|
i

i
!

i

!

f 2 -d6-C2' 5 34
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Ccre melt progression and RPV breach are not well understood phenomena and there3

can be a wide spectrum of possible scenarios. Within the spectrum of such
scenarios are variations due to modeling uncertainties and those due to real
sequence differences. The best estinate of the sequence of events is described

i in the IDCOR MAAP models, although the following differences could alter these
perceptions:

,

The quantity of material initially released from the RPV given ao
! core melt RPV breach

i o The temoerature at breach
I

o The heat losses during ex-vessel transport to the CW floor (CR0
housing interaction)

o The chemical composition of the material
.

o The thermal expansion of the material,

! The degree to which materi%1 is dispersed by pressure blowdowno

The degree of ccncrete reaction and the amount of gaseso

{ 3 The presence of water in the pedestal or sumps.o

1

) 5.3.3 Ex Plant Consecuences
y

l

j Nc':le gases wnicn exceed the Environmental Protection Agency's Protective Acticn
I I

Guidelines (PAGs) will not necessarily be mitigated by the proposed NRC changes;
<

in fact the NRC cnanges may cause the PAGs to be exceeded (i.e., venting) with'

higher frequency in an attempt to preclude more severe containment failures.

I 5.3.4 Accident Secuences

There are many types of accident scenarios which introduce different challenges
to the containment and to the core. The proposed changes affect the integrity
of containment during these challenges in different ways. Table 5.3 a
su-:*arizes how the optimum implementation of the proposed changes might affect

I
the identified accident sequence types. Many of the accidents show an improvec
containment integrity following the implementation of the changes. Other
sequences wculd not have a significant change in containment integrity.

i

; 2-R-56-02a 5-35
!
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i Table 5.3-4 ^

'
POSSIBLE RESULT OF THE PROPOSED MODIFICATIONS

ON COMINANT ACCICENT SEQUENCE TYPES

,

-

Improvement in Primary Containment Integrity
Through Prooosed Mitigation Measures '

.

Accident
! Sequences Cecris Barrier Vent Spray +' -

3
a

,

| IA Yes Yes (R) Yes

B Yes Yes (R) Yes

) II No Yes No

\

%
III Yes Yes (R) Yes - '

.

T

) IV No No (V) No
'

V No No No

) '

i

| (R) Radionuclides released directly to the enviror. cent.

3 (V) The ATWS vent has not ceen inc7;dM in this tatie.

*
..

Ti

i
,

)

=

.

J

8-86-024 5-36
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Therefore, one ray conclude that the types of dominant sequences at a given
plant would determine the relative cost benefit relationship which would be,s

justifiable. This then becomes both,a modeling uncertainty ano a plant specific
"

variation. ,

.

%
\ '5.3.5 , Procedural Implementation

The procedural uncertainties or potential open issues for drywell sprays and,

.

containment venting are discussed below.

; -Drywell Sorays
~

Drywell sprays have a series of open items which are generally plant specific in
nature but which currently limit the availability of drywell sprays during some

,

severe accidents. These open items include the following:
'

Debris cooling via RPV injection can be implemented consistento s

sf with the current EPGs from water sources inside containment's (i.e., the suppression pool) or external water sources.)
o Current EPGs (prior to Rev. 4 and to some extent Rev. 4) as'

reflected in plant s;ecific implementation do not give the'

*

operating staff a large leeway within which drywell spraying cani be acccmplished with these sources particularly at those times
when debris could ce on the drywell floor.

>

c The versior. . of the BWROG EPG Revision 4 AE currently under
. cevelopment specify the use of RHR pumos to provide tne CW spray.4

There is not a consideration of other DW spray sources such as'

diesel fire pump and HPSW (p. PC-8, PC-4). Some plant specific
implementations of the symptom based procedures to allow this

p cotien.

o Severe accident management procedures to ensure that drywell
sorays can be effectively usec would be necessary to obtain full;

benefit from this hardware.
IStation blackout scenarios could be effectively mitigated if ano

AC cower source can be restored between core melt and prior to-

containment' failure. (Success probability .5 to .99 for recovery
times of 4 to 24 hours, respectively can be gleaned from existing
PRA evaluations.)

At present there are no procedures or guidelines outlining the operation of the
spray system in severe accidents. Under those situations the use of the spray

i

2 D-26-024 5-37
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I

;

I

!

! system outside its region of operability (e.g., outside the Drywell Initiatien
Pressure Limit) may be important in the control of fission products suspended in

! the primary c0ntainment. In general, there are no precedures or operator
| training for connecting external sources of water to the containeert spray.

Furthermore, the availability of the spray system is questionable subsequent to1

a containment breach.

j Ventina
I

j Centainment venting requires: (1) hardware; (2) procecures and training; and (3)
I .

j instrumentation to effectively implement. Section 3 and a have touched on the
hardware aspects of containment venting. One of the possible caen items in the;

icolementation of an effective venting scheme may be the procedural interface.
Currently there is a difference of opinion accng the SWR owners on if, and how,

I venting is to te implemented.

;

For simplistic discussion it may be appropriate to separate the venting regires
that are being discussed as-follows:

),

Cecay heat venting (no radionuclides in containment)o,

;

j o Core melt decay heat venting (e.g., 550)
>

! o ATWS venting.,

t

As cuttined in Sections 3 and a these venting regires have different physical
recuirements needed in order to satisfy acceptable perfcrmance. The decay neat

4

vent ap; ears to be the simplest conceptually and procedurally. The venting ofi

! I
racionuclides in both (1) a technical issue regarcing cor:romising reccvery,

; repairs, and personnel safety (including the operating staff); and (2) a public
; sa fe ty issue regarding the purposeful release of radicquelices, possibly

;*e aturely, to the envircreent.

TFe last regime identified for venting is in association with a failure of,

I adecuate reactivity control.
.

! The ATk5 scenarios developed as part of the ATWS rule and for NURES 150 severe !

accident scurce term evaluatien identify those types of resccnses .hich may tei

;

)
i

2-R-SE-C24 5-28
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j recuired to successfully prevent core melt given a failure to scram. These
j scenarios are in general conservatively characterized to identify the minimum
: times for operator action to present severe containment and/or core damage. On
' the other hand, there may be significant additional time which would be

available to the operator to successfully mitigate a containment failure for
ATWS or partial ATWS events where the boundary conditions are less severe than

| imposed in the deterministic calculations used for these assessments.i

j Specifically any reduction in power during the accident, for example, due to
partial system success (control rod insertion, boron injection) could lead to,

3 substantially longer times for effective actions. Therefore, it becomes crucial
to the decision making process to decide whether these sequences (worst case)
are sufficiently likely to require an extraordinary hardware modificaticn and
procedural change to mitigate.,

t
'

)

Alternatives to the large vent strategy suggested by the NRC as a mitigating
action for ATWS are now being considered by ORNL, NYPA, EPRI, GE, and FA!.

|

) An extensive amount of work has been performed by FAI to identify alternate ATWS3

! mi:1gatien strategies which would not require containment venting. Su:h
strategies are just now being developed, sup;orted by analytic' work at GE and

'
EPRI. If these strategies prove successful, the use of a very large vent for
ATWS can be reduced in importance (i.e., sa fety benefit) or completelyy

eliminated. The strategy involves identifying for the operator safe, stable
states in whicn an isolated containment could remain intact (within its designt

temperature and pressure during an ATWS without SLC or control rod motion.)

)
; 5.4 SUMMARY

!
4 ibis section summari:es in brief tabular forma t the benefits and potential

competing risks associated with the proposed changes. Table 5.4-1 provides the
sumary table.

?

I

I

Z :-66-02" 5-39



Table 5.4-1

TRACE OFF OF BENEFITS VERSUS RISKS: SUMMARY OF BWR ITEMS

ITEM SENEFITS COMPETING RISKS

HYOROGEN CONTROL o PREVENT H, OETONATION o PERSONNEL HAZARD
OR IN CONTAINMENT FOLLOW- (INERTING)
INERTING SYSTEM ING LARGE LOCA OR

SEVERE ACCIDENT

DRYWELL SPRAY o CONTROL DW TEMPERATURE o INTERFACING LOCA (AN,

*
HIGH RELIABILITY RPV CCNNECTION WILL

EXISTANYWAY)
1
'

o SCRUB FISSION PRODUCTS o RAPID PRESSURE CRCP (1)
.

CAUSES NEGATIVE
3 INTERNAL CONT. PRES.,

CONTAINMENT IMPLODES
o DESRIS COCLABILITY

a VACUUM EREAKER FAIL- (1)
URES INCUCED BY
CYCLIC OPERATION

o MITIGATION OF SRV'
SREAK IN THE WW o DIVERSION OF FLOW (1)
AIRSPACE FROM RPV INJECTION

o ADVERSE IMPACTS ON
CW EQUIPMENT

'
o INGRESS OF OXYGEN

THROUGH Px BLOG TO WW
VACU:.,M SREAKER

(POTENTIAL H, DEFLA-
GRATION)

'

i

|DE3RISCCCLASILITY DESRIS COOLASILITY a INTERFACING LOCA
(RPV INJECT!CN)

'ote: il; an11e cryaell spray narcware currentij exists in Mark I arc li piants..

Ne :lant specific procedures do not currently allow the sprays to be operated
in the regire of some severe accident, e.g., debris on the drywell floor ard the
drywell at very high ter:eratures. In addition, they do not specify spraying
fecn external sources. Therefore. the cce;eting risks associated with drywell
s;etys are not censidered high. The assess. ent of competing risk for the
Orc:csec NRC changes assumes that a greater potential for crywell s; ray
initiaticn would exist for very severe cantainmen* temperature and pressure
ccncitions. It is for these severe containment conditions only that a
substantial adverse impact is postulated. No analytic calculations nave yet
ccnfir ed these :ostulated cancerns regarding adverse impacts.

:.c.36 2: 5 40
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Table S.A-1 (continued)a
1

TRADE OFF OF BENEFITS VERSUS R!SKS: SUMF.ARY OF BWR ITEMS
f

-

! ITEM BENEFITS COMPETING RISKSi

j WETWELL o CONTAINMENT HEAT o ADVERSE IMPACT ONj VENT!NG REMOVAL (ALTERNATE) Rx ELDG EQUIPMENT i
(PREVENT CORE MELT- |

*

CLASS II) i o ADVERSE IMPACT CN !

.' OPERATORS AT REMDTE
o RADIONUCLIDE SCRUB- SHUTDOWN PANEL AND

3 BING PATHWAY THROUGH CONTROL ROCM
SUPPRESSION POOL3

l o INDUCE CORE MELT |4

o LOSS OF CONTAINMENT
'

-,

INTEGRITY TFPOUGH,
; ) | STUCK OPEN VALVE!

('
! o PREMATURE RELEASE OF

| t NOBLE GASES
'

i

) o DEPLETION OF THE
; )

| SUPPRESSION POOL ,

i
, I i
! DE3PIS BARRIER o PREVENT DOWNCOMER ! o INTERFERENCE WITH

,

,

! ! FAILURE IN MK I I LOCA FLOW AREA TO
i

1.E., DIRECT RELEASE TORd5
, t

) ) ! TO THE CONTAINMENT
, | | o SEISMIC ANALYS!S

;

', o DELAY DRYWELL SHELL
'

!

FAILURE DUE TO DIRECT i o MAINTENANCE'',

i CONTACT FOR SIGNFI- INTERFERENCEi
i CANT TIMES I;

) i o PERSONNEL

| o ALARA DISINTEG2.ATICN
| DURING LOCA IMPACT;

t | > ON RHR STRAINERS: !

|'

?
'

i

EPGs FOR c PROVIDE ADDED o INAPPROPRIATE ACTION
| SEVERE ACCIDENT GUIDANCE FOR SEVERELY INDUCED BY FALSEi MANA3EMENT DEGRADED CONDITIONS INDICATION WHEN SEVERE
-

i -- HIGH RADIATION ACCIDENT DOES NCT
'

| -- HIGH CONTAINMENT EXISTI
I TEMPERATUr r.! l ,

'
;

i.

j 2 E.86 C2A E.Al
i

k

}

i
!

'
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Section 6

ESTIMATED COSTS

This section infers the costs from alternatives of similar schemes as they were
developed for individual utilities. These alternatives are described in Secticn
3. Reference [6- ], and Appendix B. The ccst estimates and their bases and
assurptions may vary substantially and therefore the estimates presented here
should be considered ap roximations which would recuire additiceal detailed
investigaticn ard better design definiti0n before accurate cost estimates ccuic
be assembled. The variation in estimates is also judged to reflect potential

i for plant specific variability that could be encountered based upon the pla'nt to
plant differences noted in Section 4.

.

It can be anticipated that with further investigation into methods of optimi:ing
) tne cesign for more severe accident conditions that the quoted costs may

escalate further. This judgerent is, however, not based upon an evaluaticn cf
such optimized designs.

3 Sections 6.1 through 6.3 sumra rize the possible cost categories which could
influence the decisicn making process fcr chcosing to implement the changes for
detris ccolability, venting, and debris barriers, respectively.

) There are a rurber of c0nsideratiens whicn may impact the " cast" of
im:le-entitien which are not easily factored into traditicral reasures c#
:: sting. These censideraticrs include the follcwing:

) e The limited engineering resources available.

c The li-ited funds asailable.

The li-ited tire available during maintenance cutages.c

The incie ertation of the suggested MC changes may result in lowerir; the
priority of other issues, and cay therefore result in other rodificatters cr
issues not teirg resclved in a tirelf manner. These kinds of effects are net
included in this evaluation.

|

|

|

2 :-EE-C:a 6-1

|
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The cost considerations which are most easily developed can be broken down into
the folicwing areas:

o Hardware

Components-

engineering-

analysis required (50:59 considerations)-

o Installation

o Test and maintenance

) o Plant unavailability

initial installation-

periccic maintenance /LCO violations-

o ALARA.
)

Other costs not explicitly listed above incluce:

precedural development-

personnel training-

fu ture impacts cn back fi ts or other required plant-

I accifications.

In all cf the cucted ccst estimates, the installation, maintenance, plant
availability, and ALARA " costs" were not separated cut. Therefore, these values

, are either listed as "not reported" or are crudely estimated for illustra 1cn
cnly.

6.1 CEBRIS CCCLING

>

The ability to coci cebris in the drywell can vary substantially in reliability,
ef'ectiveness, and the breadth Of setuen:es which can be adecuately mitigated

, when exactred en a plant s;ecific basis. Table 6-1 Summarizes varicus estionsi

cf prtposed or existing designs that 00uld te available to supply detris
c001 ability in the drywell,

i

C:ttens A ard 3 are eithin mest cur ent plant ca: abilities. These options make
use of RH: pum:s or SW pumps to inject into the :P'l er into crywell spray
headers. 'ahile no se:arate costs are snown f:r imple-entation, the 'olicwing
Cautions sh0uld be included:

2-4-86-Cis 6-2

. - . - - - . . _ . . - . .. -- . - . - - - - . . - . .
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| y, Tahle 6-1 '

; g, COST [5flMATE SilMMARY ($ MILLION)
j 7- DRYWIt1. COOLANT INJ[CTION

t

i || ;

"
i !

) DRYWEtL TEST

^

j C001 ANT AND PLANT TOTAL 'j INJiCil0N t)ESCRIP TION llARDWARE INSTAliATION MAINIENANCE IJNAVAIL ARI E ALARAIII II
! COST

|
j Option
I |

A RilR 5 pray 0(3) Not Reported Not Reported Not Reported 0 0
IN"

B RilR/ IIP 5W O Not Reported Not Reported Not Reported 0.1 0 |; Sprays
;

] C RiiR/llPSW/ .5 - 1 Not Reported Not Reported Not Reported 0.0 0.6 - 1.1{ Diesegjire
; Pumps ;

|j [ 11 Option C 1-2 Not Reported Not Reported Not Reported 0.1 1.1 - 2.1
r

) with no access
reg'dtygjhei

i
Rx Bldg ,

I

!

| - b

(1) 5.LM/ day assumed equivalent of extended outages for installation.
-

(?) $1000/ man rem assumed equivalent for personnel exposure (both initial installation and subsequent
| maintenance). These values are not based on utility estimates, but are judgements .nade only for ,

illustration. !
'

(3) All costs in millions of dollars.
'
1 (4) Not true for all plants. .g

?
*

t (5) No AC power required for operation; a separate independent DC power supply nuest be necessary forI the isolation injection valves. |
'

I
i

i

I (
,

I
- .- . . -. . .- ._ __ _ _ _ _ - _
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o Debris cooling via RPV injection can be implemented consistent
with the current EPGs from water sources inside containment
(i.e., the suppression pool) or external water scurces.

O Current EPGs (prior to Rev. 4 and to some extent Rev. 4) as
reflected in plant specific implementation do not give the
operating staff a large leeway within which drywell spraying can,

'

be accomplished with these sources particularly at those times
when debris could be on the drywell floor,

The EPGs do not specify the use of external sources for sprayingo

the depell. Scre plant specific implementations of the sym tem
based procedures to allow this option,

o Severe accident management procedures to ensure that drywellI
sprays can be effectively used would be necessary to obtain full
benefit from this hardware.

Station blackout scenarios could oe effectively mitigated i.f ano

AC power scurce can be restored between core melt and prior to
containment failure. (Success probability .5 to .99 for recoveryI
times of 4 to 24 hours, respectively can be gleaned from existing
PRA evaluations.)

*

One of the desirable attributes established by the NRC for the debris
c001 ability change is that reliable injecticn be provided even 'or cases in
wnich a c0mplete loss of AC power (station blackout) were t0 cccur. Optices C
and D include Opticn 5. but provide the added capability of a diesel fire u :
that can supply injection to either the RPV or the drywell spraj header. The

rincipal costs estimated by the participating utilities are for the dedicated,

CC ;cwer su: plies and the DC centrollers for the isolation valves required so
that the 'syste*' would be operable under Station 91ackcut. The accurt of har
Dipe recuired to upgrade existing systems makes up for the cer aincer of the
costs. A diesel fire pump is assumed to already be present ensite for the cost,

estiaates presented. The first three cautiens noted acove for Options A and 5
3: ply also to Options C and D.

Scre of tre regative safety impacts identified in Sectice 5 relate to tre

:cssibility of high ficw rate sprays. A potential " optimization" of the cetris
: clability cnange could be a modification which installs low flow nc2:les in
the drywell scray header (s). The cost esti-ates On drywell sprays did net
investigate the possible Costs asscciated with hardware *ccific3tions that could

,

result if a low ficw drywell spray was required fer severe acetdents t.e. {preclude a high ficw rate. This could be acccmplished bj installing inrctile

2.:.36 0 4 6-4

:

!
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valves or by plugging the drywell spray nozzles. Each of these options has not
been addressed in the ccst estimating process. Such mcdifications wcuid,
hcwever, tend to reduce the identified negative safety impacts that have been
identified (but not ccn'irmed) in this evaluation.

Net reflected in these estimates is one which identifies a separate bunkered
injectier syste at a cost of 525 million.

C.2 CONTAINMENT VENT:h5

.

Certainment venting is viewed as a last resort containment pressure control
functien. The options presented include severa l combinations which have
in:Or: orated te some degree the folle ing considerations:

)
o Wetwell venting only

Su"icient to remove the decay heat frem containrent at tires ofo

10-2A hours (prceably less thar l'. decay heat)

3 o Adecuate to c:erate under statier blackcut conditions (i.e.,
cedicated DC pc,ver su::ly)

c *decuate 'or maximu- calculated gewer levels for certain ATWS
scenarios.

These c:tices are co-tined together to give the nine options presentec in Tatle
) 6-2. The ccsts de. ele ed by the utilities are rincipally related te:

1

'

c CC =caer tc the isolation valves

h'ficiently large pipe to allcw the heat generated frc an A;WSc
) Of various sizes to be reecved.

These ccsts 3:: ear to be a;;11 cable :0 Mark I and !! plants. I: is judgec that
:. :lar:s acuid not te signi'icantly dif'erent.v raa

6.3 CEE :S 3*::IEES

Ine drywell detris barrier c: tiers are ider t fied in Table 6-3. The costs fc-
Ne re: cried c tient a e in:lucec. The cettcas generally progress in ce ele.1:.

and c:sts fr0- A :*r:u;9 . These g: fec the sim:lest sclasr snie'd ca:e::s

2 :-25-::: g5
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Table 6-2
CO'.i (SilHAII 51sHMARY ($ HILL 10N)

o
'*

u VINIING
;|,* ._____ _ _ _ _ . . . __ _ _ _ _ _ _

E '. VINilNG PtANT TOTAL''
III I2)OPil0N DI SCI:!PilON HARTMARE INSTAttAll0N HAINTENANCC UNAVAILABLE ALARA COST

. _ _

j
IA 6" Duct 0 .? Not Reported Not Reported Not Reported 0 .1 .0 .3 |

fA' L" Duct /lf .? - I flot Reported Not Reported Not ReportcJ 0 .1 .? - 1.1 !

A" b" Pipe /DC .2 - ! Not Reported Not Reported Not Reported .1 .3 - 1.1
B L-18* Dutt 0-I Not Reported Not Reported Not Reported .I .1 - 1.1

:

B' b-18 Duct /DC 1 Not Reported Not Reported Not Reported .1 .1 - 1.1 [
iB" 6-18" Pipe /DC 1-2 Not Reported Not Reported Not Reported .1 1.1 - 2.1 I

{ C 36" Duct 1-? Not Reported Not Reported Not Reported .1 2.1 - 5.1
,

C' 36" Doct/DC 1-2 flot Repcrted Hot Reported Not Reported .1 ?.1 - 5.1
C" 36" Pipe /DC 1-2 Not Reported Not Reported Not Reported .1 2.1 - 5.1

....- .

(1) $.ttt/ day assunw-d equivalent of extended outages f or installation.

(2) $1000/ man rem as<unnd equivalent for per*>onnel exposure (both initial installation and subsequent
maintenance). These values are not based on utility estimates, but are judgetrients made only for
i l lus t ra t iun.

(3) All costs in millions of dollars.

l

. . _ - _ _ _ ___ _ - :
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1

|

|
. . . . w

lable 6-3
e, * COST ISTIMAl[ 5tiMMARY ($ Mill 10N)
, = > liARkilRS
.o
. , . -. _- __

_

DiBHis
'' PLAr4T SF15 HIC 10TAL

III ANALYSI5( } I3IEARRItu lit st RIr!!Ilt! HAPDWAkf INSI All Allori MAINTE NANCE IJriAVAIL ABLE ALARA COST
_____ _ _ _ _ _ _ ___

_

Ogtion

A Short Harrier .2 Not Reported Not Reported Not Reported .I .1 .1
B Tall llarrier .5 Not Reported Not Reported Not Reported .2 .2 .9
C Short/Ihick - Not Reported Not Reported Not Reported - - -

11a rrier

D lall/lhid - Not Reported Not Reported Not Reported - - -

Barrier

[ f !!rywell Shell 1-2 Not Reported Not Reported Not Reported i 1 3-4Coating

I Haze Barrier 2-4 Not Peported Not Reported Not Reported 2 1 5-7

_ _ _ , .

1

(1) 5.'M/ day assumed equivalent of estended outages for installation.

(?) No estimates for such analyses have been performed by individual utilities. The estimates presented
are only for illustration.

(3) $1000/ man rem assumed equivalent for personnel exposure (both initial installation and subsequent
t

ma intenanc e) . These values are not based on utility estimates, but are judgements made only for
illustration.

l

(4) All costs in millions of dollars.

!
'

1

1
._.
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; to 9 mere complex maze barrier. The more complex ma:e barrier could be
effective over a range of pcstulated debris release rates to both slow dcwn and
divert the flow of molten debris away from the drywell shell wall. It can also
be said that the negative safety impacts also increase as the corplexity
increases.,

)

i

1

1

' i

|

1

1

: 3 H.C:: 53
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Section i
i

SUMMARY

ICCCR has identified that public risk associated with severe accidents is low
and far belcw the NRC safety goals (7-1). Therefore, no major modifications
appear necessary. However, arguments regarding " defense-in-depth" ray still
indicate that " minor" changes or precedural enhancerents which could in:rease
the effectiveness of existing hard are te mitigate radionuclide releases is aa

desiratie objective.

3 The NDC has suggested five B'a4 changes which could further reduce the already
Icw calculated risk for BWRs. These propcsed changes are the followirg:

o Hydrogen Control; e.g., inerting or igniters
3 (including during statien blackout events)

o Drywell Sprays: 1.e., assure reliable operation
(ircluding during station blackcut events)

c aetwell Venting: 1.e. , assure capability
3

o Dec-is Barrier: 1.e., prevent direct contact containrent
failure due to dcancerer ce tc*us failure

C 3ete"e ACCidert Manage *ent procedures

)

The accrea:n taker in the evaluation is as follcws:

c Oescribe the peo;csed changes
'

o Assess current plant ccnfigurations

Cefine the basic issues behind the pre;csed changes in terms o'c

effects on kej BnR contairee9t funct1Crs

Ceveice cenceptual design cptionsa

0 Lock at these charges in the centext of:

the basic issues-

dcminart severe accident secuence impacts-

tentainment failure neces which can te a'fected.-

7-;
= 'f C 4:

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . . _ _ _ _ _ . _ _ _ _ _ _ . ._____________ _ _ ___________ - _ _ - _
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While the items cited by the NRC appear to offer sore advantages,
reservations exist concerning these issues because these items may not;

o Address all the underlying concerns which are behind these '

proposed changes.

!
c Be the best choices for investment of resources and capital.

o Eliminate the need for further plant modifications to address the
sare issues.

o Be generic because each BWR has unique features which alter both
the centainment resconse and the dcminant contributors to

) accident sequences and therefore the efficacy of the changes.
3

o Have a minimum adverse impact on the existing level of plant
safety in protecting the public.

! The follcwing discussion of Mark I, II, and IIIs sumari:es by plant type, scee
'

of the relevant factors to be considered by the BaR owners in their decision
j mating process. Tggogt is provided as a summarDLtechtlical infor ation

and does not presure to make Judgements on the conclusions regarding the value-t
. ._ - - - - - - -

te:_ac; tradeoff of the changes.4

I I

| [.1 E'aR MARK I OVERVIEW

7.1.1 C'.a l i ta ti ve Surn ev;

1 1

Ibe Sa " ark | segere ' c;ident analyses perfor*ed to date indicate that the Mtrka

I plants 3re within the prC0csed hRC safety Qcals ard do not represent a
dis;r:;artionate risk to the pu lic. Ihis c nclusion is n0w Oeing tested on a I'

| Olant 5:ecific $3 sis thr0 ugh imple*entation of the !PE.
i

In 3ccititr, n0 NRC dOCuree.ts exist whtCh identify the M!rk | 3s a risk ou' lite.

There tre issats that CJntf rue to need exDIoratior but no evidence to date
de cnstestes that a safety c:rcern etists. Mark ! plants continue to rest the

i

c:jectives of the NRC safety 7:als en Icw risk to the :ublic. There are, of
j c:urse, a nur:er of programs wni;h have assessed or are now assessin; tre
j ::te9tta fP Oublic health risks #ren nuclear p0wer plants. H: wever, rany :(

these Or0grirs are not suf#iciently refined or cor:lete to sy;; ort a decision
*1 ring cr:0ess dif ferent thir the |E! reth:d recticred above. Consider t"e

! 'olloate;:
1

?.2
>

'

;.:.m:::
;

,

:
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*

|
! o Core Melt Frequency: Accident sequence evaluations of EWas !j continue to snow core melt frequencies below the proposed NRC '

j safety goal. The latest draft NUREG-1150 [7-2] section on Peach
Bottom also supports this conclusion.

|
t

1 o Containment Structural Caoability: The centainment Loads Working
i Group and the Containment Performance Working Group both had
! limited resources to bring to bear on their respective concerns,

ij Many of the results of their evaluations are based on bounding'

calculations or conservative assumptions used for expediency. !

,

i Therefore, these evaluations are not presently adecuate for use
i in challenging the adequacy of the Mark I containment.
1

j o Phenomenolocy: The core melt phenomenology items, including
; tnemal nyoraalics , core slump, debris coolability, and Ze-

''
j oxidation. are sufficiently controversial such that a technical
< consensus does not exist. Therefore, decisions based upenj existing medels may recuire further modifications to the proposec
i changes at some time in the future when more refined models are
j developed.

|

9
o Source Ter -: NUREG-0956 (7-3) and NUREG/CR-4624 (7-4) form thej basis for MC work on assessing source term response. NUREG-0956 !

3 received significant criticism from the industry and was judged
j not to represent an adequate. integrated characterization of
i factors influencing the source terms. The latest Battelle: evaluation (7-4) includes only a limited nurter of secuencesy

which may not be probabilistically relevant.

o Public Health: No cefinitive reccet on public health risks for
iBaR Mark i's has been published which shcws anytning but risks

wnich are small relative to the safety goals. |

D

7.1.2 M4:r ! Su ary
l

|

| Based u:en the calculations perfor ed under the 10COR program, the plart-
j g s;ecific IPE analyses performed to date, and a revien of on going NGC work

jj (including Sandia testing). the following conclusions are reached for the BWR '

: Mark !:
I
.

1

!
Mark I severe accident secuence frecuencies are low and meet the

o

formerly pro:osed NRC safety goal of less than IE-4/yr fer ccre '

melt.
:
'

Park I containments meet the design recuirements.o
I

o Mark I containments are acequate far beyced their design !temperatures ano pressures.
I
! :
I i

i
i732.:.H.024 '
'

!

it

1 |

| I

l
i
!
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!

,

:

o Mark ! containments are completely adequate for most of the
postulated core melt and severe accident scenarios, including:,

i
; Loss of coolant inventory accidents (such as-
'

experienced at TMI-2)

Large break LOCAs leading to core melt.-

1

! o Even for very low frecuency accidents for which the Mark I
| containment is postulated to be breached, there re ain several
! passive and active mitigation measures to mitigate one

radioruclide release.a

o Calculated source tems for all sequences analyzed in ICCCR are
) very low,

o Public health risks are within the proposed NRC safety goals.

J /o Ccepeting risks of additicnal plant mcdifications may induce
| failure modes that are more risk significant than those presently

4

existing.
3 ;

| \o Even though they are adequate for most events. Mark I\ contain?ents do have some vulnerabilities during severe
accidents. The proposed NRC conceptual changes address a nur:er
of these postulated vulre abilities.

} I *

j Table 7.11 sumari:es the observations fecm this study which may affect the
decision making peccess regarding the icplerentation of the preposed '4RC changes
to the EW8 Msek ! containment er its mitigating system:. The areas cf

3 irvestigaticn ahich are identi#ied On tre table are as follcus:

c Safety benefit

o Generic resolutiCn
I

/o Ccepeting risks
%

0 Alternatives considered
i

j 0 (rcertainty of lack of inf0P"3 tion

j 0 00st

The fol'cwtag discussion prevHet s betef su-rary of the eatis 'cr tre antr'es4

in tPe table On an item by ite9 basis,

i

i

*4.
.4.M.||4
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lable 1.1-1
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Hjdrecen Control finerting . wark I)

! o 9est Estimate Safety Bene'it: A review of the accident sequences
! affected by tnis enange indicates that CBA LOCAs and severe
| accidents are affected. T e ability to ade assurance regarding

the limits on the ccebustion of H. adds safety margin to thei

{ containment. '

;

| 0 Geaeric Resolutfor: The conce;t is geneaic; the i 'a entations ;
j have ceen plant specific.

o Cercetine Disks: The only identified cer;eting risk is plant
| personnel nazarcs due to asphyxiation. US plants ac; ear to treat''
j this adequately.
!

I o Alternatives: Since inerting has already been ircle ented, these
i 151ues are currently of low interest.

0 1.ack of Infor-stinn: There is a substantial modeling uncertainty
|

l in tne calculation of H cO7bustion, such that the actual3
benefits of the inerting ape highly urcertain, but it dces reduce4

! the modeling uncertainty regarding H. de'lagration induced
| failures. *

1

1 o Cest: This is not considered sfree inerting is already
|

l perfce ed.
,

*eteis C00*ttilit! .

'

o Batt Esti ate Ta'ety Beae'it: The 3:ility to provide water to a
i oiten cecris ced in tre drywell Can te a significant safety
| I ir* rove ent in Dreservirg ccntairrent integrity (i.e.. 3 gainst
I tolten *aterial progression non.cendensible gas gerer3 tier, ande
*

hijh drywell te5:eratures). All these advantages tend tc
;rese*Ve containfaent integrity. In 3dditier, water injected into'

the drywell can crovide additional fission product retention even
. i' centairrent failure occurs. Suestantial safety tenefits are! I projected which can be satisfied with any coo. ant injection

scurce to the dep ell or breacred #PV.

; o ficaerie 0*telution: The concoct ac:eles geretic but the "Jed=3*e
tc ce 6stG. tne arranje*ents. and the ci;3cilities 3re very CInnt

i s*ectfiC.
J

,

j o C catin 8tsks: Current anal tte redelin; tecnntcues traicate/
;otential f atiure tredes of containrent. vacuun breakers, na:

$ ovygen intr 3 duction all cf wnich C0uld lead to seveet
radtaeuclide releases given medeltrg ass. cottons relates te
tim 'g of APV blowcown, s teaat ineating of contairrent, a*d
njde gen gereration and deflagettion redeling. These ca.?cette;

a

j risks are asscciated principally aith using drywell spelys as the
debris coolability scurte with high sDF3y ficw in'e

interfecirg LCCA.ctice.i Anotree Cossible risk is associated with Iris
] is |ud;ed small but the plant scecific 1?sle entation c:uld altea
4
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this conclusion.

While drywell spray hardware currently exists in Mark I and !!
plants, the plant specific procedures do not currently allow the
sprays to be operated in the regire of scree severe acciderts,
e.g. , debris on the drywell floor and the drywell at very high
tercera tu res . In addition, they do not specify spraying frcm
external water scueces. Therefore, the adverse risks associated
with the opera tion of current drywell spray hardware using
existing precedures is not considered high.

The evaluation of ccepeting risk for the prep; sed hRC charges
assumed that procedures and hardware would be designed and
operated to provide a greater pctential for drywell spray

, initiation under very severe containrent temperature and pressure
conditions than exists in currer.t procedures. It is for these
severe containment conditions only that a substantial adverse
ircact is postulated. Mcwever, no analytic calculations have yet
confimed these postulated cencer9s regarding adverse impacts.

y c Altecastives: The cations which appear to maximize the safety
tenefit anc minimi:e the risk are those associated with assurir;
post RDV failure injection via the RPV injecticn lines with the
drywell spray lines as a backup.

,

f e Lack of !nfor atier: There is sore uncertainty as to the nature
3 arc extent of tne regative s a fe ty impacts. The analysis of

competir; risk is based u:en several assLP:tions, the extent of
which ray change as redelin; techniques impecve.

C Cest' Ibe cost est1 Pates 'cr relit.ble injection systers va*iet,

fr:- the insta11atica cf two C MOVs with gewer supply ($2v). te
, a fully tunkered dedtcated syste- ($25P).

Cc-isia e=t Wat. ail Ver+4r;

e fest Esti at* Safety Barafit: There are three principal
situaticns fer wnicn venting has significartly dif fereat desiga

y recuire*e9ts and potential impacts. Each of these are discustec
telcw:

Cecay Heat Re?: val: An alternate diverse way to re*cve helt-

fro contairre*t has a substartial safety cerefit given the
inferratdcr CreviousIV developed for WASH.14:0 and otm ee

) published SW:t P8As. hele benefits are Pere sutstanttal if'

it Can be assured that there are rinimu? impacts Cr
ecuipPent ded perscnnel outside of the containment due t0
ste&al environ.~ent er lois of NPSH.

Core Welt $e;ue9ces: By pr0Vidirg a filtered pathway fe r*

radien.clide releases ard MCn=ccEdersibles, a positive
sa#ety terefit is again idertified for the public. As
before, these tenefits are more suDstantial if it can te

r

[
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assured that there are minimum impacts en ecuipment and
personnel outside the containment due to steam environment,
loss of NPSH, or high radiaticn. Mcst notably recovery
actions could be severely hampered.

ATWS: Mitigation of an ATWS by providing a scrubbed release; -

j through the suppressien pool is a possible outcome of these
; actions. This would likely result in substantial scrubbing

of radionuclide releases and therefore a substantial:! reduction in potential health effects to the public,

o Gereric Resolution: Hardaare, cceeating philosophy, and local
political recuirements may all influence whether venting is a
viable method of accident mitigation. It wculd accear that the
folicwing is true:

I Cecay Feat Removal: Generic to a large extent, but NPSH-

i ;

recuirements may dictate different emphasis.
!

!
' ,

Core Pelt Sequences: Secause of political ramifications and.

i potential adverse impact on operator (i.e., control ecom),

{ and recovery actions (i.e., reactor building) this issue is
j not considered generically.
1

ATWS: Most plants do not have the capability to adequately-

vent for a large part of the ATWS accident spectrum, this
would require a new dedicated lire of apprcxicately 20*,

! diareter er larger deperding on the design basis -

i requirements. In addition, scre utilities have very streng
coinions supported by ' analytic redels anich dispute the

| efficacy of such a venting senema. Further, current work
! suggests that alternative ATWS mitigaticn sche es could Fake
j venting a lest important option, eherefore, this issue is,

not censidereo to te gereric.

) o C r:eting Risks: There are sutstantial ccreating risks i

associateo witn each of the three situations:
i Cecay Feat p ea'ov a l : A potentially large plant specific-,

( concern exists regarding the capability of pumps taking
| suction frcm the suppression Cool when venting the
j tentainment. Hoaever, this is judged Cn a gerefic basis,'

given the results of the h ad Cities and Becans Fer*y tests,
to be a Concern that can be treated.

Core Melt SeQuerCes: In 3ddition to the above, the relelse.

i of radionuclides cutlice the contairPent may preclude
, recovery of key systePs and may prevent operatcr actions to
1 preserve or Piti; ate the situation.
i

AI'a $ : Venting the containment ray, with a ect insignificart-

likelihood, indace a subsequent Core rett due to 1 css of
I water in the suppression pcol. Suen a situatien =culd be
;

!
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lequivalent to the unscrubbed release now calculated for
certain containtert failure ecdes following an ATWS.

|0 Alternatives: Alternative methods for achieving the venting !

functions are considered. They include duct vs. pipe, anci

variatiers in the si:es. The uncertainty surrounding modeling
technicues (see next bullet) makes it difficult to assess which
action is desirable,

o Lach of In'oratine: The question of fnitigation of ATWS events
in a 6a; assuming failure of botn the redundant control red scra*
syste* and the ht:ku: reactivity centrol system has not teen
reselved. This ;ostulated set of failures has previously been
identified in P As and in deterministic analysis as resulting in
severe core damage, but with extremely low frecuenciesI
(carticularly af ter the NRC rule recuirements are incorporated).
There is at present extensive uncertainty regarding the optimur
methods of mitigating such low probability conditions. While the,

current EP3 prc:edures are used in the accor;arying evaluation,1

'

future refinements in calculational models may provide assurance
that slightly different peccedures provide substantia 1I

imcrovement in the ability to mitigate these already Ic-
frequen: y ATWS secuences.

Specifically, CW, PDLL, NYPA, EPD:, GE, and FAI have all
indicated that venting would induce too rany negative impacts or

I urcertainties te te considered for such cases. Ratner
suggestions for starving the core and using PHR ca:acility as a

! E0de of c0ntainPeat helt reFoval to buy t1*e Cr Cc?Oletel/| M*tigate the seq.ences have been suggestec. This issue re sinsopen.

o C0tt:
3

Ce:Sy Heat e*ceal: A;:roxicately $1M-

Core "elt Se her:es: Ap;"osirately !!M-

AIWS: Between 11M and $2M.-,

] : S e iry:

Cecay eat Pe*tval: IFe venting c:ticr dealing specif tcally; w-

| with decay helt re* oval 3C; ears viable 3r Fay exist in 10'e
} for* at every fa2
,

1

Ccre Welt 3ewences: Before the venting option tt
J =

cCnsidered for tPese situations a MCre detailed interface
with severe accident PaeagePent gec:egures aggeget to te

. re; aire .

AIai:j "Ore analysis is recuired to tetter de' ire the tes*,-

res;3nse,
i

f

.;:.:.u.c::

|

|
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j Core Deeris Barrier in the Drywell
|

| o 9est Estimate Safety Benefit: For certain ;ostulated core melt
,' scenarios, molten material may te dispersed into the drywell and

, may flow toward the drywell shell. For such scenarios the !
i resolution of this issue could prevent imediate failure of the
: drywell shell by placing a barrier in the path of the molten
| material,

j o Geaeric Desolution: The concept is generic. There are, however,
j significant cifferences arceg plants which would re: wire
j significant plant specific variations,
i

i o Co-:ettne risks: The following sdverse safety impacts may te
} associa:ec witn the cebris barrier:'

i

Interference with the LOCA flew area to the down:omers.-

i
|2 Impact on other accidents through inter'erence if tireier-
>

j pieces become disledged.
)<

| Personnel ALADA for installatten, repair, and interference-

i with maintenance.
4

Possible seismic impacts and interface with seismic
- -

analyses.
: i ,

j o Afteraatives: There are several dest;n alternatives for tre
carriers as discasted in Sectice J. IFese optiens raj <acy as 3,

:

function of the entsting RP/, surs, and dejwell stell destys<

hee Secti:c 4).
1

j ) o L t 9 of |m'cPstion: Modeling uncertainties have Curatntly teen I
tre reas;n for consiceration of t*e de rts tarrier CFiries.

| hese uncertlinties c:uld te redJ:e2 ir si:e either by addittoral
! tralytic work or by installing the deDris barriers. !! 1*culd
j also te rCted, hChever, that the ::etris barriers would af fect

,

i onig one o' the postulated contitrFeet failure ecces, otte* |

| ) # allure '"odel would persist atthin the FC eling gecertaint'es
t*at entst.,

1

! o 09st: 1.05 1:'',
l

) tae re s tair; tssues (ear ter ( crus ::cN, c:3 :ev. 4, are severe Ac: :ert
: 3 t;e e,t .rtceeu,eo e en ha,e det., lee 1,sey,,,c,,at tr,$ ti,.. : e, re

telmj treite: se;tr3telf Of tPe S'a#CG.
i
1

i

|

l
:
r >

1

i ?.u
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7.1.3 Other Corsideratiers *

This section sum ari:es some of the other ccnditions which could influence the
decisien making process including:

o Ccu;1ing arceg charges;

o Plant s:ecific effects;

j 0 AC01 cent Sequence t/ pts.

Ceuclirt A cr; Decrosed Char;*s ($yreeqisd)

The prepcted changes and plant s;eci'ic features are closely coupled and neec to,

'

te treated in an integrated fashion. In sc e cases, the changes are inter.
3

dt;ercent, i.e., require the ef fective operation of all or most of the chaaget
in order t: su::eed in providing effective additional mitigatice beyond that
which is already crevided in the BW containment. In additien, it is sh a ina

Secticr 5.3 that there are other issues, chtnorena, er failure medes that wili,

still esist ce te in the area of uncertain retccese; that is, ret all3

c:ntaie ent faila e redet aculd te eiirir.ated even if all of these change:a r
aeae

; le:le entec.

{
eii t n.m : r. e ,. s)

i

'*e infernstter c:c:iled te cate incicate: that there is a great cesi c'
si*'larity a-*aj BaEs in the NS$$ ecuigrent; the BCE Sfttent, however, (anc :: a

3 moderste degree c:rtainment systems) car vary aren; the vark ! anc !! plants tj
sc. e signift: art yet ssette differertes. Sc e of these differences .e e
Drevicu1I) ncte3 csef ej the "trh | CCntainFert Icadl pr0gra"'. Ajain, in leve'e

i

a::1deat evahatices, it is fourd that the e can te sutstantial dt'ferea:et
a ca; *4ek ! clarts that can af'ect in assessment of sesere accident :reat era
led ticirj, *ke review C' the plants which have "esD:nced tc tre 3a C
beltionPatre in ttatet that there is a wice diversity in the glaat
enfigue.stien f:r:

o CCata1F***! veattr7
0 De: Pit C*cIabtitty
c Octets barr'e*

|

|

* 11.

:.:.M.:::
I
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'a'hile these features may have similar conceptual fixes for all Mark I plants, it
! is clear that plant unique variations may result in substantially different

details of design, costs, potential negative safety impacts, and benefits.

1
'

j One of the clear pieces of infor-ation which results frem this brief stucy is a
,

! conclusion similar to that for accident sequence quantification: '

|

The plants (*ostly their 30P design) are su'ficiently diverse that
generic c0nclusions reg 3rding the effic3Cy of certain actions cannot
be made.

This c0rClusion applies to nearly all cases in which the design is cutside t*e
GI sC0pe of work, i.e., is in the control of the architect *engireer. The ba:kup |

j f r de/well sprays, the venting scheme, and the drywell ce:ris barrier are all
; areas where a generic design may te difficult to implement, or the ir;act of the

!
$

'
'change may not be estimated generically. Features of plant design which

4

i
| influence the gereric applicability of issues or solutions irclude the j
) #cIlcwing:

[t.

]
i e c "atio of core poner to drywell volume.
|

c Datic of core ::wer te drywell fIcca ares.
,

<

{ c 's'clu?e ind Iccation of drywell su?;s 'and ficor voluFe telca the *

dCan;;*ers in Park !..

i '
c Ar*3nje?ent of ;edestal in Y rk || P ants.J l

,

Ciesel fire ;u+p Ca:atility to inject to the 8E'l and/Cr drywelli c

| withahi"fackcut,h reltaDility during all pcstulated secuences inclucing
'

statien b
t ,

c Prox 1'"ity of suf*: tctten t3 drywell stell.

) j|
w ee t. n. c. ...,

I*ere are f" lay t :es Jf accidert scenaries which intredace dif'erent challerjes/

t: t 4 :cm4r ent ice to tee : ore. ne : :c2ied c arges e<ect the irte r t,
| Of c rtatnreat durtrg these :nallerges in di f #erent ways. fa le 7.**|

1 **"3 r t ie s r:a tre 0*t1*'en iPDle*ertati0r c# tne 3,00csed Cnanges *ijnt ! de:t#

t*e 'deatified aCCidert secuerte tyCel. As seen ir thi$ table, CoIy s *e
10:1:ents s* w sn 1"'Oraved 00ntairf*ent intejrity foIlen i. , . e i*:le*entati a M*

!Pe C*ar195.
,

! ? !2
. :.:.u.=:
1

|

(

i

i

i
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Table 7.1-2

POSSIBLE RESULT OF THE PROPOSED MODIFICATIONS
ON COMINANT ACCIDENT SEQUENCE TYPES

Improver,ent in Primary Containment Response to
Severe Accicents Through Proposed Mitigation Measures

Accident
Secuences Debris Barrier Vent Spray

3 IA Yes Yes (R) Yes
E Yes Yes (R) Yes

!! No Yes NC

3

i !!! Yes Yes (R) Yes|

|

IV No No (V) No
)

'

V Ne Nc No

I
( # ,' Eadicra:11 des released airectly to the envirenrent.

(V) Ire A7al vent has net teen incluced at this time because of the
;rtertially severe dcwnsice risks that are not as yet fully assessed.

9

!

|

I *.3
" ;-86.:.~c.
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7.2 SWR MARK II OVERVIEW

'nhile most of the discussion has been focused or the 3'aR Mark I plant, observa-
tions can also be reported regarding the Mark II plants. These observaticns are
as follows:

Cebris Barrier: The Mark II containments are so significantly
cifferent that a generic conclusion cannot be reached regarding the
Mark II containment debris barrier. Hcwever, it ac: ears that icr most
if not all, Mark 11 containments that a de:ris barrier of the ecneept
discussed for the Mark I is not necessary, nor would it result in any
measurable reduction in risk er containment failure prcbability,
because of the following:i

The drywell ficor is significantly larger.o

o The downcomers provide a path to the wetwell before the -

material could reach the drywell shell.
t

The drywell shell is generally concrete, not a steel shell.o

Cetris Coolability: The containment drywell injection (or sprays)
issues are ve.ry sim.ilar to those discussed for tr.e B'a: Mark I. The
exceptions to this similarity are the follcwing:

o

There are no reacter building to wetwell vacuum breakers ene

the " ark II. This results in the following:
,

Lower likelihacd of the intreduction of oxygen into the-

c:ntainment during scray operation (no venting asst.med).
>

A ;ctentially higher dif#erential pressure fren the-

reactor building to the drywell,

o There is another difference in t*e designs which is
reflected in the higrer negative as aressure capability for
the Mark I: (i.e., a;pecximately - 10 :sid, altncugn in scmei

Mark IIs the upward 20 across the drynell floor may te
limited to - 5 pstd) vs. the Park I (a::rextmate - 2 :sid).

Ncte trat for scme Mark II desigrs (each Mark !! a;; ears to have
sa:startial dt " ererces in drywell/:edestal configuraticns) the use c'
crywell s: rays may nct te an effective means of detris coclability.
:n these cases RPV injecticn -'ay be the onlj viatie metncd of detris
cccla:111ty.

Vert % These ccrsicerations are very similar between the Mark I anc
...

7atte 7.2-1 su : ari:es the key ccm:cnents of the decision making process as
3:: lied to t*e Mark *: ccriain ents.

7-12
:.:.is.C 2
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Table 7.2-1ru

'n IDENTiflCATION Of KEY ITEMS IN THE
/u !)f CISION MAKING PROCESS FOR
V' Tilf IDENilflLD NRC IT[MS I
il MARK IIu.

. _ _ _ . . _

l it H Bl.ST FSTlHATF CFNINIC (11NI'FTitN; RI:X S ALTEkNATIVFS l.Af F OF t16T ($H)
SAft1T it MMI.llT it W Ok INFORMATION

i 114 NF F1 T Of"Il4NS OR tfNLtRTAINTY
(NISk RibtCi ttsN)

J

Il Gmt s o n H Yes Small; plant Not Ginsidered lincertainty on Cosplete
Inerting (HK I,II) personnel Fistl Positive

impact

twt.e ls unilabilit y ll Concept yes Yes; potentially Options Assessed thwertainty on $.7-$25H(including St at ion II.a r dwa r e-no large 11 high flow time Negat ive
| Hl.ac 6 s nst ) spray Safety Impacts of

Jgh Flow Sprays _

Vent iku ay theat 11 Yes Small Not considered Ye s, Smal l $lH
+-.
us

G> s e He l t M No Hoderate Not considered Yes, Moderate $1H

AlWS H Ho 1.arge On going work On going work $1-7H

Rstrter Drywell I. No (targe Small Yes No S.6-SH
Differences Among
Planet 14fiesigng

.

tPC Rev 4 18 Ye s No Ye a No $. 3 .8T.

~

Sevese Accident H No Small Ye s Scope Unknown thikrumn
_Knaagement l'r oc edur e s

#
,

, ce

'
legend: Qisalitattve in riature, riot taased on detailed calculat ions

potential <omplete mit t at ion of son 8 f atiute ondes by virtue of the single smidification; or prevention of core damage11 - lii gh I,ene f i t : f

dIul adverse plant (onditlonS wltitle Coelld impact alI safety systems.
, H - Mode r s t y tiene f i t s pot efLis.1 complete mit igat ion of some f ailure modes if other active systems operat e f.uccess f ully.
I. - Iow lenciltI mitigattuu of less important failure andes or requitement for smaltiple act ive systems in adelit ton to the proposed

f. ,, e t hange ni mi t ir..el lon el s adisunse llde re tc.Les I,ut r$1 preveInt ioni of tont ainme nt fallare. -
~

-> < -

f
, .

-
,

o

g,$
,F _ - ___r , __ _. _ ._ _ , _ , - . . , _ . _ , _ _ _ - _ ,
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7.3 MARK III OVERVIEW'

.A

Table 7.3-1 surmarizes the possible effects on a Mark III plant but these have
not been examined in detail.

, %
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loole 7.3-1
' . ' IDINTIFICATION Of KEY ITIMS IN Tile," DI C1510N MAEING l'It0CLSS 10R -

3' 1111 IDIN1ii11D NRC IflM5
, ' , mal!K IIIe>
ea

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

; IItH 111ST IST(Halt. e.1NtRIC GINI'l'1llM RISF S Al.1i FNAIlVI S IACK OF CIGT ($N)I
SAlLIV k ESul Ifl'It sN OR INrokHATION
lit Ni l I T UPflONS Oli llNCFRTAIN1Y, '

(RIS8f 14 fille''lloN)

Il Control H Yes None Not Considened Yes Not Avai l atale2
ly.nl e e r s

!

lielss l a Giol.al.l l i t y 11 Gesnept yes Small options Assesse.1 thit identified 5.7-$75H
(lurludiny, Statlun ifa r itw.e r e-nu
lilat hiast ; lis ywe l l
Spr ay s Not Av a l l .elsl e )i

Vent thecay lle.at if Yes Small Not considered Yes, Small $1H
-a

Gore Helt H No floder a t e Not considered Yes, Hoderate $lH

A1MS H No large Yes, On going work Yes. Oli guing work $1-2H

$L.''
,

--

Barrics lirywell NA NA NA NA NA NA
..

!

Elt Rev 4 H Yes No Yes No $ ) .R

Severe Accident H N. Small Yes Scope lisiksuvun Ifnknown
Kanagenwnt l'rocedur e s_

4

] legend: Qsaillative in nature, not l>ased on det.st led calculat lons

H - tilyls l>ene f i t s twit ent tal complete mit igat ion of some f ai lu r e siodes lay v i r t ue of a lie single swidi ficat ion; or preverit ion of core alamar,e *

.ind adverse pl. ant t omil t long wlit cts round laipart all safety systems.

H - nidesare 1.cocitt: pot ent i.n l a on.pl et e mi t l y.at ion of some t allure awedes if ot tier act ive avst ems oper. ate surress fielly.
1, - 14 w lienell t : mit ly.it ion of less impor t ant failure modes or requirement for ansit tple active syst ems in addit ton t o t he proposed

s tun,te us mit ig.at tuu o f sadionutilde scleases I.ut not preventlun ut cont alnnwnt tallure.

!
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Appendix A

COSTA!SMENT EVENT TREE

A.1 INTRO 1'CTION

| The bridge between the core melt accident sequences and establishing the
" character" of sequences can be viewed as a containment event tree (CET) in
which containment conditicns affecting the radionuclice releases associated with
a civen core melt sequence are established. The CET also includes active anc

l passive mitigation measures which would change the radionuclide release.
4

)

) The Shoreham PRA [A-S] published in June 1983 was the first published SWR PRA to
! use a detailed CET for the calculation of public risk. IDCCR has developed a

detailed containment event tree (CET) for BWR containments (see IDCOR Task 4.1
3 dated October 19S3). This detailed CET can fom the basis for precise

calculations of risk by allocating containment failure' modes into a finer mesh|

'

cf bins for consecuence analyses than is used in scme published SWR PRAs. The
ICCOR Task 4.1 CET has many parallels to the recently develcped set of

l ')
centainmert cuestions from Sandia [A-2]. For the precise determination of risk,

! it may be a::;ropriate to use such cetailed CETs. On the other hand, such detail
!

can prove to be both difficult to use in explaining the process and rescurce
intensive for quantification of risk.

)

Ecr the pur;;0ses of ' defining major phenomena of interest and fo r use in
understanding potential mitigation measures it may be more appropriate to have a
sirplified CET. A simplified CET, augmented by functional fault trees, can

) provide a clear way to display the information. The ICCOR TSR reported BWR risk
results using a simplified CET and therefore reflects a significant conservatism
in the cuantitative risk measures. Despite these conservatisms, the net re; ult

of the evaluation was to conclude that the risk asscciated with BWR Mark IS is
substantially below the safety goals and acceptable. Hcwever, because of tre
increase in attention being focused on one segment of the probabilistic risk
analysis, i.e., tre containment performance, it is judged appropriate to or0 vide
slign:ly =cre detail than is included in the ICCOR TSR containment event tree.
Howeve , it is aisc jucged impcetant t: ; reserve the relative simplicity O' tne

2-R-86-C2" A-1
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!

'

BWR centainment in its response to severe accidents. This more straight forward
'

approach has the side benefit that it facilitates technical discussions among
users and reviewers. Thus the simplified CET is chosen as appropriate.

4

The objective of this appendix is to establish a framework for identifying a
spectrum of accident scenarios which may occur folicwing core melt and lead to
varying containment challenges and radionuclide releases to the environment.
Too reascnable boundary conditiens are established: 1) tne MAAP code accurately
mcdels the physical processes it addresses, and 2) the entry condition to the

; containment event tree (CET) is any possible severe accident se;uence and its
)

corresponding containment, i.e. intact or failed centainment prior to initiation
of core melting.

The conditions necessary for fission products to reach the environment can be'
represented by two general event trees: 1) accident setuence event tree
defining severe accident scenarios; 2) a CET, including containment failure
ecdes and timing. The spectrum of scenarios represented by these two trees can
be treated by evaluating the impact of four ascects of "an accident. These four;

3

as;ects, which directly affect the nature of the sequence are as follows:
.

The care melt accident class (i.e. the entry state to the CET);o

j ) The containment mitigating system res;cnse (post c0re melt);o

The centainment failure path and size;c

The reactor / auxiliary building response.o

Kncaledge of these four aspects of an accident will allow an analyst to assess>

the radionuclide releases and containment failure probability. Subsecuently, an
environ ental transport and offsite consequence analysis could be performed if
the public healtn consequences were to be determined.

1

Figure A.1-1 presents a pictorial representation of how the com;cnent parts of
| this secuence selection codel are ccmcined. As the figure illustrates, the

catcc es of this combinaticn process are accident progression scecaries
fol'cwing core melt whien could result in varying levels of radienuclide
release.

,

'
1

2-R-35-02: A-2 |
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A.2 ACCIDENT CLASS

An accident class is the core melt end state in which the conditicn of the
j reactor pressure vessel, the containment, and the status of the mitigating

systems are defined. Table A.2-1 defines the types of accident scenarios in
terms of eleven accident class bins and gives sequence exaeples for each. This
is the entry state for the containment event tree (CET).

A.3 CCNTAINMENT EVENT TREE FCR CLASSES I A O III

3 This section includes the following items:

o The containment event tree for Class'I and II!. (A.3.1)4

i
'

o The functional fault trees describing each mode of the
y containment event tree. (A.3.2)

o The quantitative summary of each of the functional fault trees
for each accident class and a cualitative description plus
references to support the quantification. (A.3.2) -

A sumary of the quantification of the centain..ent end states. .a y o

(A.5)

i A.3.1 The Containment Event Tree

) The folicwing are the key aspects of the CET development which dcminate the
deter-inaticn of the radionuclide releases.

The sco;e of the mitigating systems assessment is to evaluate those systens
I ) which cannot prevent core melting or are not available when neeced to prevent

core melting, but can reduce the public health impact of a core melt if
available, i.e. curing release and/or centainment challenge. This evaluaticn is
str0ngly se;uerce-dependent, i.e. both the i=::act on containment conditices due

! to the system operating and the conditional availability of tr.e mitigatin;
;

system are found to vary among secuences.
,

a

Each of ncdal decision points in the CET represents a gr0up of syste s or
phencrena whicn can reduce the consequences of a core melt accident. In cary
cases, containment failure can te prevented, thereby preventing all but a
negligible amount of fission products free being released to tne envirocrent.

.

2 0-36 021 A-A
1

4

,
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Table A.2-1
SUMMARY OF THE CORE VULNERA3;E ACCIDENT SE7JENCE SUSCLASSES

(PLANT CAMAGE BINS)

7CC;DE.o
, i

CLASS |
DES!GM TO: m: CLASS CEF:NITION '

,CLA55 1
i A EXAv:LE

;
|

;Accicent Secuences Involving Loss of
|ICUAInventory Makeu; in which the Reactor
!

!,

Pressure Re ains Hich| I a Accice- Secuences Invciving a Loss of
!

l I i I ;ui
fInventcryOff-site Pcoer anc Loss of Coolant

j |_
4 !

'

Makeut '
C Acc1 cent Sequences Invciving a Less of '

~s

| I ' ES''Coolant Inventory Induced by an ATWS
6

T '

iSecuence1

! D
i

'

>Accicent Sequences Involving a Loss of
>

4 IO'. .t

!
j j Coolant Inventory Makeup in which j j

,

;

l | Reactor Pressure has been Successfully -

!i j Reduced to 200 psi.; Accident Sequencesy i
(

Initiated by Cornen Mode Failures!

! } , Disabling Multiple Systems (ECCS)
,
'

|
j i Leading to Loss of Ccolant Inventory i

!Makeuc |-

E
Acc1 cent Sequences causec Dy Concen Mcce i

i 3

Failures which Result in Multiple Front- i ;:2 ;3
) "

line Syster. Failures witn the Reactor at
,

!
' Hich P* essure ;

|CLA5: 11 Acc10ent Secuences Involving a Less of
1-.

. '

! Containment Heat Re cval i in:CuA55 ... A I

'| Acc1 cent Sequences Leacing to Core 'R
Vulnerable Conditions Initiated by Vessel3

Rupture where the Containment Integrity
is not Breached in the Initial Time Phase;

cf the Accident
, 5

; Accicent Sequences Initiatec to Resulting' ',

in Medium or Large LOCAs for which the
5,0JA

| Reactor Cannot be Decressurized
'

'-

3 ;
C

I in Medium or Large LOCAs for which the, Acc1 cent sequences Initiatec or Resulting, A;..

'

!
i

Reacter is at Low Pressure.

D

AccicentSecuenceswnicnareinitiateccy!'A;
,

a LOCA or RPV Failure and for which thel

Va;or Suporession System in Inadequate,i

Challencin; the Centainment t;G55 1. Intecrity I

Acc1 cent Secuences invoiving failure to
-

1

;

, Insert Negative Reactivity Leading to a i T. u.,'. ' ' '

< Containment Vulnerable Condition Due to
}!

Hich Certainment Pressure
.

..,.n. -

unisciatec Lu<.A Quisice Containment_I i
,

!

2-R-55-C2c
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-

1

}

Figure A.3-1 is the CET developed for accident sequence types in which core celt ,
occurs into an intact containment. The folicwing discussion provides (1) a

: qualitative discussion of the CET functional events; (2) functional level fault
,

trees describing the principal failure modes of each node; and (3) the basis for
!. the quantificaticn of each branch in terms of the functicnal fault tree.

i
i

! Figure A.3.1 (Sheets a, b, and c) is the Class I and III CET. This CET portrays
i

; th0se c0ntainment mitigation features (active and passive) which Can affect the
]
' integrity of containment or the radionuclide releases fece containment,

a

{ The functicnal events that are included are the following::

I
; o Containment isolation and initial integrity

! o Active Mitigation: drywell temperature control
'

i

o Passive Mitigation: containment of the debris i

o Containment Heat Removal
.

RHR; - - -

j ' venting--

f o Containment breach size
!

! leakage--

cverpressure failures--

, i

! o L: cation of containment breach
!

i drywell--

! wetwell airspace--

j o Reactor building effectiveness'

| These t0p level functional events are described in more detail belcw. Tre

| accident se:ueace designators are provided for every accident se:;ence.
4 <

| Adjacent to each secuence end state are the conditional probability of tna '

state an: the ty:e of end state. The end state ty;es can be used to descrite|
va rying levels of containment performance depending en the purpose of tre
investigati0n. Risk evaluations would retuire this kn wiedge of the 5:ectaum Of:

releases which reflect botn the magnitude and frecuency of the rad 1:nuclide
releases.,

;

i

! 2 2-56-C2' A-6
i

|

!

i
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|

r

; Notes for Figure A.3-1
!

| (1) Cebris coolability is found to have a high likelihood of success if coolar.:
i injection can be successful.

I

,

I

(2) Consecuences for failure of passive mitigaticn is determined by the plant
s;ecific conf 1guratien and the possibility of molten material spreading.,

j across the drywell floor.

! PAAP calculatices indicate that molten ma terial will not ficw to the
drywell shell therefore the conditional pectability of passive failure Cf

j the containrent due to direct contact with molten material is assessed as
; negligible. (i.e.,IE-1).
i

-! ) (3) Tem;erature induced failures of 6 hours following RPV breach. It is judged
! based on lask 17.5 that this is a small leakage for vented cases. However,
| plant specific consideration could alter this perception.
1

(4) While these sequences sh0uld be transferred to additional event trees for
l evaluation it is judged adequate for cur purposes to establish that these

) sequences are of potentially high radionuclide source ter-s and early
containment failures such that these sequences represent unacceptable

! results for the current evaluation.
|
i
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The folicwing description of the CET top functicnal events can be used en a
plant specific basis to define the plant capability.

o Early Containment Failure (CI) (Figure A.3-2)

Early containment failures are characterized by:
,

early releases, except the majority of the release may-

be delayed and occur cnly if revaporizatien cannot te
prevented;

low energy at time of release, because early centain--

ment failure will preclude coincident release and
I containment failure at high pressure and energy (low

energy releases cause higher likelihcod of fatalities
near the site);

,

short warning time for fi rst releases (hcwever, may-

still be long warning time for the major portion of the
) release).

Two potential failure maces which can lead to early containment
failure are the following:

Containment Isolation Failure (CI) (CII)-

) .

A containment isolation failure is an early containment
failure mode, pcssibly existing er caused at the time
of accident initiation.

Overpressure Failure Early (CIM, CIH)-

q

An, overpressure failure early is a ccntainment failure
trade resulting fect the accident initiator and/or the

.
subsequent core melt phen mena causing rising contain-

'

ment pressure.

>
Centainrent/ Cry-ell Sorays

:

Centainment or drywell sprays can mitigate the consequences of a potential core
melt accident. The s; rays car perfor i three functices, the two ecs; im; rtant
of whics are scrubbing fission product releases which are not otterwise scrubbed
(i.e. in tre case where the suppression pool is bypassed), and providing water
to cool ne cere debris on the drywell floor after tne vessel fails (Mark I &

II). In this latter function, c: cling the core debris can occur in two time'

phases. The first phase is ccoling the core debris relatively soon after vessel
failure to prevent a va;crization release. The seccnd phase wculd be cperation

2-4-66-022 A-23
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'

cf the sprays after the vapori:ation has occurred. In this mcde of operation,
a

containment failure could be prevented by termination of drywell wall heating
and the associated thermal stresses which can lead to containment failure. The

'

third function which can be performed by the containment sprays is to remove
heat during a hydrogen burn.

, .

%

Vessel Water Infection.

RPV water injection can perform some of the same functions as spray c;eration
mentioned above, i.e. it can terminate a vaporization release and prevent,

3 containment overtemperature failure. Many systems exist which can perform this
; functicn; however, these systems may be failed if a core damage accident has

occurred at low pressure. Therefore they may have to be recovered or long-term
water sources aligned. However, if the core melt accident occurred because cf

3 inability to depressurize, then the core melt could induce RPV'depressuri:ation
andmakecoolantinjecticnpossible(ClassesIA,IS,andIE,ahdpossiblyIV).,

i4

The systems which might perform the function of coolant injection post core nelt;

3 are dependent on the plant design, but may include:
,

o Electric or diesel fire water pumps,

o Centrol Red Drive pumps'

)
c . Low Pressure Ccolant Injection '

*

o Core Spray,

1

o HPCS

)
c Condensate Pumps

r c Feedwater (motor-driven pumps)
1 *

These same systems can perform another function as well. Water injected into
the vessel will cool the RPV downcemer. This ccoling will prevent fission
pr duct revaporization from the RPV downcemer and therefore prevent them frcm
being released to containment where they might pass thecugh to the environrent.

;

'
l

.

2-R-85-C2: A-2:
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'pkhtf on of the vessel water injecticn systems mentioned above after vessel
s

failure in a Mark I will act to cool the core debris that remains on the drywell's
flecr. Cooling the debris will terminate any vaporization release from the'

debris. It will also cool the drywell atmosphere and minimize or eliminate
revaporizatien. The post core celt water injection and associated steam also
will present the drywell from reaching very high temperatures. For Classes II,
IV and V, 'with the containment already failed, preventing the drywell frem

,

overheating will prevent revaporization of the fission products depesited on
drydell surfaces. For Classes I and III, with the containment intact,

preventing the drywell from overheating will prevent overtemperature failure of
either the drywell liner or the penetrations.

Contairment Heat Removal

If containment or drywell sprays are operating, or if vessel water injection is'

,

available to cool the core debris, c:ntainment heat rencval can provide a heat
transport path to complete the recuirements for a stable condition which

' dramatically reduces the potential for radienuclide releases to the envircr.ent.

If ccntainment heat removal is available or. recovered before Containment *

cver;ressure failure in the case of Classes I and III, the containment will
remain intact anc releases to the environment will be negligible.

Ventin:

This event represents venting of the drywell or wetwell vents to the Standby Gas
Treatment System (SGTS), directly to the atmosphere, or to the reactor building.
Venting will limit containment pressure and, therefore, may prevent an
unc:ntr:11ec release of fissien products to the environment by preventirg
c:ntairment overpressure failures. Alternatively wet ell venting may be usec to
centrol the release and ensure that any radienuclide release must traverse the
su:pression pool.

2-R-36-02* A-25
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Centainment Failure Path and Size

As shown in Figure A.1-1, the next consideratien imposed on this process af te-
.

, having investigated the mitigating system possibilities, is to focus or
d

potential pathways out of containment. The containment failure location and its
.

I si:e may have dramatic impacts on the calculated radienuclide releases. Tne

determination of these items may depend on the core melt accident sequence and.
.he mitigating systems available ccupied with the deterministic evaluation of

'

the containment failure location.

5 Evaluations by Ames Labora tory and CB&I have developed the follo ing
conclusions:

o The drywell head seal cculd be a failure location en
; ) overtemperature and pressure.

: o The bellcws seal in the wetwell airspace is ancther potential
overpressure failure site.'

Reactc*/ Auxiliary Suildine Mcdel) ,

The next step in the CET precess as shcwn in Figure A.1-1 is the censide-aticn
of the reactor building status during the postulated core melt seguences.

!

Centributors te Reacter Building effectiveness include the following:)

i
o Reae cr/ Auxiliary Building Integrity after Containment Failurei

o SGTS Operation

I o Fire Sprinkler Operation'

Hydrogen Ccmbustien in the Reactor Buildingo

Reacter/ Auxiliary Suilding Integritj after Corbustionc
i

q

Figure A.3-1: provides a sim;:lified schematic of pctentially impcrtant fissicn
pectact removal mechanisms in the reactor building.

i

These events are discussed ::elow.

i,

2-R-36-02a A-26
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c Reactor / Auxiliary Buildine Intecrity After Containment Failuwe
v

The reacter building surrounds the primary containment for a
; Mark I design (See Figure A.3-12). In either case, if failure

causes the containment to leak to this " secondary" containment,
the fission products will have another opportunity for natural
removal before release to the environment. However, because the
reactor / auxiliary building may have blowout panels with a lon4

tolerance for change in pressure, the primary containment failure,

may cause a substantial release pathway for airborne radic-
nuclides. The location of the failure will vary depending on the
plant and the location and size of the prima ry ContainPeat
failure. Even if the reactor / auxiliary building has a bloa:ut

i panel open, the radionuclide removal processes in the reacter
building can be very important to minimizing overall fission

? product releases to the environment. IDCOR's analysis of Peach
Bottom (Mark I design) resulted in factors of between 10 and 20
reduction in releases for some containment failure sizes. Scme
sizes had smaller reduction factors, however. The size (and
possibly the location) of primary containment failure will
determine the " certainty" with which one can expect to maintain} reactor or auxiliary building integrity and the corresponding
expectation for a large amount of fission product retention. The,

size of the containment failure will also impact the aercscl
loading in the reactor er auxiliary building and therefore the
natural removal rate of releases through that building.

I o Sta-dby Gas Treatment Syste- (SGTS) Ocerability

Tne SGTS includes fans and filters which process fissiO", creduct
releases from the primary and seconda ry containment. Because
they were not designed for the conditions existing in severe
accident sequences, the SGIS may fail as a result. If the SGTS3 is not cperating, filters do not remove fissicn products;

:however, the fans increase the ficw rate through the building,
reduce the residence time and reduce the natural removal. If theSGTS is o;erating, the filters will collect aerosols, both
fission product bearing aerosols and inert aerosols. After a
certain limit is reached the filter may overload and tear.

I Before tearing, removal rates by the filters are high, much
higher than natural removal. However, if the filters tear, the
f ans will rerain running and the residence time in the building
may te substantially reduced. Because the filters are no lenge-
availatie, this may su:startially reduce the natural remeval rate
eve- the case where no syste-' was coerating. Consecuently, SGTS
c;eration can alter fission product releases sufficiently to
merit consiceration in secuence selection.

J

c Fire Scrinkle- Syste- Oceratier

Figure A.3-13 provides a simplified schematic cf the possitie
effects of fire sprinklers in the reactor building.

1 2 ~-B6-02a A-23
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BWR PRIMARY CONTAINMENT IS PROVIDED BY THE DRYWELL
AND WETWELL; SECONDARY CONTAINMENT IS PROVIDED

BY THE SURROUNDING STRUCTURE
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Hydrogen Burn in the Reactor / Auxiliary Building

A hydrogen burn in the reactor building can cause failure of an intact reactor
building or alter the chenical form of cesium iodine to elemental iodine. The
burning, however, wculd tend to be oxygen limited.

The possibility of hydrogen comtustion is heavily secuence and plant s;ecific.
CriL has ;erformed extensive SWR evaluations. Scre of the work perferred by
ORNL includes evaluation of reactor building effectiveness including cuestiens
regarding hydrogen burning. Figures A.3-14, 15, and 16 summarize some of this,

work. ORNL indicates that for Peach Bottom during the station blackout sequence
analy:ed that insufficient mixtures would be available to result in hydr: gen
burning. While at Browns Ferry it may be possible to have burning in the
react:r building.

,

A.4 CONTAihMENT EVENT TREE FOR CLASSES II AND IV

This section includes the following items:

o The c0ntainment event tree for Classes II and IV. (A.4.1)

o The functional fault trees describing eact mede cf the
containment event tree. (A.4.1)

o Tne Ouantitative su mary of each of the furctional fault trees
for each class and a qualitative description plus references to
support the cuantification. (A.4.2 or A.3.2)

o A su". mary of the cuantificaticn of the containment end states.
(A.5)

A. .1 The Centair e-t Eseat Tree for Classes I! and IV

Classes II and IV are significantly cifferent challenges to containment : Pan
: nose of Classes I and I*I. In Class II or IV chalierges tne containment ha.e
extre eiy high pressures, far a::cve the cesi;n pressure, wnich results in the
;cssibility Of a contain ect failure criar to any significant core damage. Su:*
a severe accident can be successfully mitigated by the 24 ."a-k I contain e.
if*

: :-66-::: A-31
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HYDROGEN BURNS WOULD OCCUR IN THE BROWNS:

FERRY SECONDARY CONTAINMENT IF AN
IGNITION SOURCE IS AVAILABLE
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containment heat removal can be reestablished-

containment venting capability exists and can be implem nted-

core cooling can be effectisely maintained regardless of whether-

containment failure can be prevented or not.

Figure A.4-1 is the Class II and IV CET. This CET portrays these containrent
mitigation features (active or passive) which can affect the integrity of
c:ntairrent or the radionuclide releases frcm containrent.

The fun:tteral events which are included in the Class II an: !V CET are ass
'

fclicas:
.

o Centainment pressure control (venting)

, c Ccntairment breach size

o Containrent breach location

o Coolant makeup likelin d

j o C:ntainmant integrity

a tive mitigation ca:atility: te?;erature c:ntrola c

: Passive mitigation

, c Feactor building effectiveness

These t:; level functional events are described in more detaii bel:w.

The accident secuence designators are provided for every acticent secuen:e.
Adjacent t: each sequence erd state are the conditional ;r0tability of that
state ar: :ne type of end state.

The ent state ty:es can be used to descrite va ryir; levels cf c:nta d nren t
pea'Or acce de;erding en the pur;cse of the investigation. Fisk evaluatices
w0uld re:uf re this knowledge of the scectrum of releases which reflect bcth tre
rag-itude and frecuency of the radi ruclide releases.

2 0-36-02 A-25
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Appenddx B,

'

St!.M.'.!ARY OF POTENTIAL ALTERNATIVES,

AND OPTIONS

This appe" dix su- arizes some c' the cpticrs and alternatives which have beer
!

COnsice ed as potential candidates for application te the five NRC issues. Cest
:
!

esticates are included.

Ine sc=a j 1: preserted tr. the form of a series of "vieagraphs" pre:ared tj the
Nateth Engtreers. These viewgra:Fs are presented here unchanged and in their
entirety. In addition, hutech has developed a preliminary report for N0rthern
States Foae* C:m:any (Monticelle) which incorporates these conceptual desigrs
aler.g with their cost estimates MSP-37-CCl, dated August 1936).
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GROUND RULES FOR CONCEPT DEVELOPMENT _
.

*** CORE DEBRIS SARRIERS ***

O 1005 OF FUEL AND RELAT'D INTERNALS HAVE "ELTED

0 3 0 i TCtt HEAD 08 Rov HAS SEEN "CPENE0"

O COR!UM Flows MORE OR LESS UN!FORMLY
3

,

0 00 h0T R:LY UPON COOLING /SQLID::! OAT!ON AR3U"ENTS

O PREVENT CAMA 0E TO CONTA!N*ENT PRESSURE 300NOA;Y
i 1

)

!

t

nutech3.,
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GROUND RULES FOR CONCEPT DEVELOPMENT
'

***
CONTAINMENT VENTING * * *

A. EARLY IN AC:!:ENT

0 CONTA: NME 4T =REssu=E s!ss AN R: s! N a

3 0 EARLY ENOUGH THAT FUEL CL AD0! NG H AS NOT BEEN BREACHED
,

O STATION BLACK-0UT

) O MULTIPLE VENTIN3 ACTUATIONS MAY BE RE^U! RED

0 AVO!D CONTAINMENT RUSTURE

3 B. LATER IN ACCIOENT
.

O CONTA!NMENT DRE350RE H!3H 3UT RATE OF PRES 5URE IN;REASE
13 "LO**

3

0 FUE- HAS "ELTED THRCUGH Rov.

0 STATION BLACK 0UT
)

O MULT!PLE VENTING ACTUATICNS "AY BE REOUIRED

0 AVO L D CCNT A! NMENT RU87U9E

nutechs.,
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GROUD RULES FOR CONCEPT DEVELOPMENT
.

***
ALTERNATE WATER S0tJRCES FOR SPRAYS ** *

O STAT!CN 3LAOKOUT

0 CONTAIN.*ENT SPRAY OPERAT!CN :.0R E X T E '4 0 E 0 OU 4 A T ! C '4

0 REACTION TIME AVAILABLE TO ALLOd FOR "MAKE-SM!FT" HOOK *UP
.

O ACCESS TO REACTOR SUILCIN3 NOT ORACTICAL
.

.

I

1

nuteCh
a ..:

. . _.



MONTICELLO EVALUATION

O CORE DESR!S BARRIERS

,

*

O VENTING

y 0 ALTERNATE 'nATER SCURCES FOR SPRAY

)

)

.

)

nutech
3*3
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CODE DEBRIS rap 0IERS
.

CONCEST 1 CUR 3 !N ACCESS OPENING

OSJECTIVE:

-

CONTAIN MOLTEN CORE WITHIN PEDESTAL
.

*
*

EVALUATION:

MOLTEN CORE DI:FICULT TO COOL
-

3
DEEP POOL OF MATERIAL

-

-

NON* ACCESS!3LE TO SPRAY

)
DRYWELL TO VENT HE!GHT LOWER THAN CURS

-

.

COST: $200,000

)

nutech
s.:

_- .



,
. _ . _ . _

. - _ -
_ _ - _ - .- - _ --- - _ ___

d

.

:

>

I
i

1

.

4

ii

i

,

| FC AV $7t8$ IN CONCAETE

f sca 4::sss
2 3" WALF #CUNO
PiPIS *CR 8bOC A C A AINS - ACD NCvlNAL. nIg Am ?:

\_ CONTACL SHINXAG2 0' A0X3
I |k -|

| ELIVATICN A
'

.

,

, i

LU L I L.:].

., ; ,, -
,, .

4

-l e p . > * . .
1 og.

4 .,

; .. i.

j [. a. '

4

j Ex: STING 7* s 3* i

CPINING N |
' *

ChlP AND ACO 2*7* HIGH
[ CONCAt?I CUA3. USI MiGd4

+

A - i / AL'. min A 03 MENT

NM9[d |
'

f
T7* / .; tL 3:7-t'*

; t .. .. . : ) ..,

Ex:s ING r i s a 7 $ ".- ..
! DEEP SUMPS # e

!; . , . ,. , , .
.-

l '

!
-f

J i
A #

1 ,

i
1

4

4
-

_ _ _

'

|

|

|

,

!
!

) |

1 ALTERNATE 1 ACD CURS TO ACCES3 CPENING -

nutech.-
:.e

i

i
.

E
- . . . _ , . . , _ . _ , . . _ _ , _ . - _ - , - . - - - . . - _ _ , _ - _ _ . - - _ _ _ . _ ___m. . - _ - _ . _ - - , _ _ _ - - , - _ , . - -_ _ ,r ,,,_ . . - , _ _ . , _ , - - , . _ , - _ _ - ..



;

!

CORE DEBRIS BARRIERS
.

CONCEoT 2 - EXCAVATE d!TH!N PEDESTAL

E/ALUATION:

AS CONCE0T 1 EXCEDT P90/!3E MORE VCLU*E BEL 0a FLOOR
-

LEVEL

)
.

EVALUATION:

) REASONASLE AMOUNTS OF MOLTEN MATER!ALS CAN SE CONTA!NED
-

COULD A00 STEEL 000R TO C0fH A!N I N ! T ! AI. MATERIAL
-

3 COOLING ST!LL DIFFICULT DUE TO DEEP POOL, BUT-

ACOUMULATE SPRAY COULD COVER TCP OF MOLTEN PATERIAL
-

.

3 COST: 5500,000

8.
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CORE DEBRIS RARRIERS

CONCEDT j REFRA0 TORY FILLED CAVITY WITHIN PEDESTAL-

OBJECT!vE:

CONTAIN MOLTEN MATERIALS AND PROVIDE ADDITIONAL-

PROTECT!CN TO CONCRETE

3

EVALUATION:

RE:RACTORY MATERIALS wogtp PROVIDE MORE TIME PRIOR 70-

SIGN!FICANT CONORETE DAMACE

.

COOLING OF MOLTEN POOL DIFFICULT DOE TO DEPTH*

)

COST: 12 - $5 MILLION
.

>

>

!

nutech
3.::



__

i

i

UJ L I bl
:o i,

- . ,.

it >* . 66.

* *4
,

'
.

' . . .,

% 6,

'

I
| '

i

!
l

SUMPS FOR'.tED

FRCM 1/4" $ TEEL { \ .'I s

6'' THICX R E8 4 AC70RY .' E \ |
*

#
LINING SUP80RT!3 SY g;'

"

' * 12" LAY E R C 8 WIGHST!!L PLATE ('
. . . . . ' . " . _ . . _ . . . ~ p TEMPE* ATU A E CONC * **

~ ~

s. ..
8 8 @ 12 . ,N. - _

_

EL. 9 ? $* 7' /
c.

a

.

-
-_

-.

I
_

J

l
"

i
i

i

ALTERNATE 3 . EXCAVATE CAVITY, ACD HIGH TEMPERATURE
|

CCNCRETE AND REFRACTORY INSULATICN

nutech
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CORE DEBRIS BARRIERS
.

CONCEST 4 DRYWELL CUR 3

OBJECT!vE:

PREVENT MOLTEN CORE FROM OAMAGING DRYWELL SHELL
-

3
DESLGN CONSIDERATIONS:

-

PROV!OE CUR 3 TO SUFFICIENT OE:TH TO CONTAIN CORE MELT
AND SOME SPRAY FOR SURFACE COOLING

)

ASSURE TNAT DRfwELL LEAKAGE CAN GET TO SUMP
-

,

PREVENT MOLTEN CORE FROM ENTERING VENT
-

>

.-
COST: $1 - $2 MILL 10N

)

)

nutech
3-13
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DRYNELL CURS TYPICAL DETAll
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CORE DEBRIS BARRIERS

CONCEPT 5 3ARRIERS ON DRY WELL FLOOR

OBJECTIVE:
.

SPREAD M0LTEN CORE MATERIALS ON DRYWELL FLOOR T3 ASSURE
-

C00L!N3

CONSIDE9AT10NS:

NOMINAL ($ TO 12-INCHES HIGH) INSTALLEO TO SPREA0 FLOW
-

OF CORE MATERIALS

-

USE IN CONJUNCTION WITH DRYWELL CURS AND/OR PE3ESTAL
EXCAVATION

ADDITION HOLES IN PEDES *AL PROMOTE A MOSE UNIFORM
-

O!STRIBUTION ON CLOOR

COST * $2 - 54 MILLION (INCLUDING ORYWELL CURS)

>

t

$

nutech.

33
.
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CORE DEBRIS BARRIERS
.

OTHER CONSIDERAT10NS

0 NOT CONSIDERED FEAS!3LE TO PROTECT CRYWELL TO WETdELL V E *4 T
PIPES IF CONTACTED BY MOLTEN CORE MATERIALS

O CRYWELL VOLUME CHANGES AND ADDITIONAL DRYWELL WATER HOLD UP
} w!LL AFFECT LOCA ANALYS!S

1

)

a

t

nutech
S-15
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|
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CONTAINMENT VENTING
.

'

CONCEPT 1 VENT TO SECONDARY CONTAINMENT

0 EJECTIVE:

!

ASSURE DR! MARY CONTAINMENT INTEGRITY
-

.

3
EVALUATION:

i

l FCR ATdS TYPE SCENARIC, RELEASE INSIDE SECONDARY-

1

CONTAINMENT JUDGED TO BE UNACCEPTABLE SINCE RECOVERY)
PRIOR TO SIGNIFICANT PLANT DAMAGE IS LIKELY

- FOR CORE MELT SITUATION, RELEASE'SHOULD BE FILTERED BY

STA4DSY GAS T R E' A T M E N T SYSTEM TO MAXIMUM EXTENT)

.

COST: NOT EV A L 'J A T E D

)

!

)

:

!

nutech,_g
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9

1

CONTalNMENT VENTING
I

|CCNCE:I 2 HARD PIPE STANO3Y GAS TREATMENT SYSTE" '

C3JECTIVE:

ASSURE CONTA!N"ENT INTE3RITY ANO PR0/:0E FILTEREO
-

.,......:.:42-

EVALUAT!CN:

."CDIFIED SYSTEM MUST PEMAIN SA:ETY RELATEO
-

>

CURRENT DUCT: N3 dCULD HAVE TO 3E RE: LACED a:TH P: 5E
-

l.EOUIPMENT UPGRACE :0R HI3HER PRESSURES 3E;UIRE
-

.

- c. . g g p u. r .y n p o e. m * =. v. ,^* ~

I .2 -C.<' P'''. :. ^: e'.".'. 2 8. *. 4 D.n* : ^:a a,. . .. ..s . a .

INCH VENT AND OU 3E VA'.VES
I
<

t
,

| COST: s1 - sz Mitt: Os

i
1

I

|

|
|

| \

nutech l. , ,
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\

- .



i

i
:

|

|

'c . S e e . e S c o c o o S S . S . . . S o o 0 0 6 . . .
, S . S u = S e u a a c u o o u u a a a v e v a a a ,, S S ,
e 8 0 0 C S S O S e e u & O S 9 D O S 3 4 '3 3 3 -:) S S e e
p. m . S W S S S S es a me d @ @ S 3 3 S S G 3 0 o ') 4 i) S e t
9900699046uuda3433S9933 ) .)) 19999'

p S S S O C S e s w u c D 3 9 3 4 'J e c a 3 7 7 ') t if e e f
. m S U M e O S O w - , '; D 9 3 S S J G 4 3 3 3 1 'J )Se. . . G u . . S w = o v o . . . s a , , , , , , ,S . .e,

_

.

F ~'
_ . _ . _.

> S S e O S e S e e e O 3 9 9 G S -3 0 s 0 9 9 9 => a S S S 4<

USG' Z-4 8 6 C G 4 4 a d e G S ) JJJJJJ J 1998
IOSCLSSSS44@999GSOO3JJJ) ) ) 3994
( 9 9 9 9 9 9 9 0 8 8 9 9 9 9 8 399 3 O d 3 ) ) .) S S S
Fth S M G t S S C C C 9 9 9 9 9 9 3 9 3 ) 3 .3 1) ) )3984
C+ S 9:t C S S e e O O 3 9 3 3 3 31 S S .) 9 s) 3 .) 1998

- tSSCOCSGSeenSSD3333SSJJJJ )3994
# G S W S S G S S e e w e s e S e O S S S 9 ) i) JJSSS'

. - . - . . . . ..
-

. . . . - --
- -

-.

!

|
[

!

|

- _ - . _ . . _ . .



-

_.
l

i
t.

1 O.\
* .

l S* i
l t

a 0 uA1

_ Di F
l

lr
' j p i

K '4 - OC 1
h

hN9rA
T

a
.

i_S

- -f

F St

A C O t
F

f

L i ES l
IP I

l t

. MS Af LA OI
MGMTF.

COf O SE At ti f iJ

FOfLG

ST
. et

t

,E
,M M,

e,lAil,

,A ll Si Y
elS

.

/O5
,'

- Es **I
I

sI B

S
P
C

-

g

i

h
q"- i i

. (.

{'
|i i

/
r

_
,

. ~

nC*OO3
n 3'
u/'

.

_

-
_

_
_

_

!



,.m.e--.-..w.. .-sw..--4--
---- --- - - - - - ma-si-.-.----.-----w.s-... . .wa.------wa=.az-a= -w.2.s.--+ -as,e m <a.. .-2

.

,

t
,

t

4
4
.

t

I

i
i
I
+

$

1
4
i

'

'i

!
t

i

.
.

+

: r
"

1

l,
I

i
i

4 ,

4 '

1 !

t i
1

}

.

:
,

6

- I
,

|
b

?

i
I $
2 i
*

i

l

i
'

: !
; i

i b
*

.

5

!
; .

'
e I
4

& h

1 ?

1 P

i

e

!

,

I '

i

1

|
1
a

,

.1
d

l

i

I

1

l
a

-

,

9

-wse,-=.--=-w w w=m e swe = e-= w e v- -* ~- _+-- - e*wa--,~ wee---~.
_.. - - -- e, - - - - - - - --+ --,-m-



e

___

9M943000004998

k'O '.#'2 4 u a d ,.J -) ) 3 J .) O e e t-

-9 ") O '_) *) J 3 J 749ee
O 3 '1 e N :) ') .') 14 D e ei

'

3 2 -4 ') ') ) ) 16983
g 7 O -') *)-)')*I S i.) S e i

.

.

T r> ') n - ) .3 .) Teee,g
i J 3 ) .) ^) J e e 9 1

4,
- - - - .m

-N
s, %%
s ''o 's 's J,Q

5:9 s

'v ' p%Ays
'+

t
1

YCi##O x
/,/ .A

,--

t -

>

.
f*#



m

4

CONIAINNENT VENTING
CONCEPT 3

HARD
o!PE ARCUND STANDay

GAS TagATggny gy37gg
03J E_0 T! vE : .

*

ASSURE CONTAINuENT
RELEASE FOR INTE3: Ty 233s

PCST CORE MELT
;;gj;--o

VENT;n3 _;L7_gg3

EVALUATION:

) -

FULL CLOW
VENTING UP STAC< sqcvI;gg

3; x t o,g,w
-

REDUCED Flow vEnTIy3
ADDIT!ONAL Tgq0 UGH

- - 3;tg7;gga-
s

FILTEq[NG S33TS)
POSS!3LE OR

'

RELATIVELY
SHCRT VENT

P! PING CUTLET ag;g[og3ggy
ppgy 739,,3 7,

)

CCST:
$1 - 32 M tt r o,y

)

, ,__,__

nutech
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CONTAINMENT VENTING

CONCEPT 4 - ALTERNATE VENT AT TCP OF REACTOR 3UILDIN3

CSJECT!VE:

- ASSURE C:|NTAINMENT INTI391TY AN 2 :: c / I ; E A; Eq.; A;E ;t,

FLOW VENT CAPA3ILITY

.

EVALUAT!ON:

,
- HIGHER VENTING FLCW RATES ATTAINAELE, IF REOUIREO

- ATMCSPHE910 OILUTION NCT AS GOOD A3 VENTIN3 T .H 9 0 0 3 -
STACK

COST: $1 - $2 MILLION

nutech
_.
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1

CONTAINMENT VE9T!'IG

OTHER CONSIDERAi!ONS

0 CONTAINMENT YENT NG DCTENTIALLY PUR3ES NITROGEN ROM

CONTAINMENT

0 FOLL0 DING COOL DOWN AND VACUUM RELIE:, AIR "Af 3E ORAsN ! *4 T O
,

,CONTA:NMENT

-

COULD LEAD TO CC"3UST!3LE M!XTURE ,

)

.

O VENT!NG ACTION PQESSURES AND P0$T A00!OENT P9005 y:E3 C0g;0
PR03A3LY ELIMINATE CONCERN

,

6

|

6 *

nutech3.,e
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.

CONTAINMENT SPRAY
.

CONCEST 1 CONNECT TO NEAREST HOSE STATION IN REACTOR BUILO!NG

03 JECT!vE:

i
'

-

PROVIDE ALTERNATE SOURCE OF WATER FOR CONTAIN"ENT
! PRESSUSE CONTROL, COOLING, AND AEROSOL SCRUB 3 N3

3

EVALUATION:
|

f

ACCESS TO REACTOR SUILDING FOLLCd!N3 CORE MELT ACCIDENT
< -

) PRO 3 ABLY NOT POSSIBLE BECAUSE OF RA0!ATION LEVELS, 50

FIRE HCSE CONNECTION UNACCEPTABLE,

.

-

A" CUNT OF WATER PR03A3LY NOT SUFFICIENT CLOSEST MAIN- *

3 IS 2 !NCH
.

! -

MAJOR COSTS ASSOCIATED WITH STATION 3LACKOUT CON 0! TION
t
i

COST: $50J,000

!

)

:
,

4

e

i
'

nutech_ ,,
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CONTAINMENT SPRAY

CONCEPT 2 CRCSS CONNECT OUTLET OF DIESEL FIRE PUMP TO

CRCSS-TIE OF RHR SERVICE WATER SYSTEM
TO RHR SYSTEM

03 JECT'VE:

-

PR0v DE FULL FLOW FRCM FIRE PUMP TO CRYWELL SPRAY HEAOERs
#

M.,.,,..-,n...
ET M. wM 6 4 w+1e

3
-

MANUAL ACTUATION OF VALVE (OR FIRE HCSE INTERCCNNECTICN)

DOSSISLE SINCE LOCATED IN INTAKE STRUCTURE BUIL !N3

-

AFPROXIMATELY 1200 GPM FLOW AVAILAELE
i

-

ACEOUACY CT SPRAY NO ZLES UNKNOWN

-

ACEOUACY OF PUMD TO OEL!vER FLOW AT ELE VAT E D P R E S S L': E:)
REOUIRES FUDTHER EVALUATICN

CCST: $500,000 - $750,000
>

nutech=..,:, ..
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CONTAINMENT SPRAY
.

- CONCEPT 3 PRCv!OE NEW INDEFENCENT DIESEL GENERATCR TC

CPERATE RHR SERVICE WATER PUMPS

.

|
,

CSJECT!VE:

- PROV!!E MAXIMUP FLCW TO FLCC ORYWELL ANO WET'aELL

| T H R O U G ri SPRAY HEADER
! .

.

h

j EVALUATION'

r

3 -

I N T E R C C fin E C T I O N S EXIST TO FLCCD CONTAINMENT THRCUSH
a

SPRAYS AND SUPPRESSION PCCL COOLING DISCHARGE LINE
e

;
- DC CPERATE0 VALVES REQUIRED

l *
#

1

!
- CRE0!T FCA CIESEL MAY NOT BE GRANTED UNDER STATION

ELAC(CUT ROLES

1

? T
"

t

CCST: $3 - 55 MILL!CN
!

.;

1

,

1
4

I

h
i
i

A

1

%

i+

i

*

|4
.

I nutech
5-31
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,

i.

1
i

j CONTAINMENT SPRAY
,

i
'

CCNCEPT 4 NEW DIESEL GENERATCR ANC PUMP CAPABLE OF

; HIGH PRESSURE INJECTION
i

,
i

C3JECTIVE:4 .

j
1

.,

! PROVICE ALTERNATE SCURCE CF '1 A T E R FCR SPRAfS ANC/CR HIGH-
.

i- PRESSURE CCCLANT INJECTICN
a

EVALUATION:i

i

#

GCES 3EYCND RECUIREMENTS FOR CCNTA!NMENT SPRAY-

,

,

I

} PRCv! DES ALTERNATE SCURCE CF HIGH PRESSURE CCCLANT FOR-

MAINTAINING RPV WATER LEVEL
; 1

COST: 520 - $25 M!tt!Cs

! -

J

s

i

e

J

|

+

!

;

i

j

4

3

I nutech
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LASALLE CONTAINMENT EVALUATION

O CORE DE3RIS PATHS

o conTAIrmENT vsNTino

O ALTERNATE SPRAY SYSTE" WATER SUPPLY

.
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CORE DEBRIS PATH EVALUATION l
c ;

.

!

C3JECTIVE:
!
;

ASSURE THAT CCRE DESR!S DCES NCT DIRECTLY DAMA3E-

:

| CONTAINMENT PRESSURE SOUNDARY
4

f

i
i

|- IVALUATION:
?

!

.

EXISTING AREA BELOW SUMP MORE THAN ACECUATE TO CONTA:s-

!

| PCTENTIAL CCRE MELT
i

4
- PROBA3LE EA:LY FA! LURE OF DRYWELL TC-WETWILL FLCOR*

i
j SENEATH RPV
i

!

"1 SECONDARY HCLO UP CF MCLTEN CCRE WITHIN PE0ESTAL, 3UT |N-

5 WETWELL A!3 SPACE
i
i

I - SUPPRESSION PCCL FILTER |NG A3!L|TY LCST

1

ANOTHER CCNCERN IS LCSS OF PE0ESTAL STRUCTURAL SUPcCRT-

t

.
.- C R ORYWELL ECUIPMENT AND STRUCTU:ES

i

!

I
.

I

i
!

(

!

r

i nutech
i E-26
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CORE DEBRIS PATH EVALUATION

CONCEDT 1 RAISE WETWELL PE;ESTAL CONCRETE

C -...,=,. .. ....

-

ASSUSE OUENCHING OF CCRE DEERIS AFTER FAILURE OF
ORY-ELL /aETNELL FLCCD UNOE: RPV

)

EVALUATION:

RAISED CON;PETE PECESTAL ASSURES THAT MCLTEN COPE FALLS
-

)
INTO SUPPRESSION PCCL

C ST: 5500,000 - $1,0CD,0C0
)

.

h

)

nutech
. ..
2*:

i
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1

(!) PLUG TO 3E 3 CURED USING ';" =
4CCC:n MIGH TEMPERATURE CONCRETE ,

C R EAC*C R

|
l

APV INVERT
T EL 7E7*.7 3/4

.
1

.

1
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>
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CORE DEBRIS PATH EVALUATION

CONCEPT 2 - SUPPRESS!CN PCOL FLOODING CF CENTRAL PEDESTAL AREA

C3JECTIVE:

PRCTECT PEDESTAL FROM DAMAGE SY-

.CLTEN CORE MATERIALS*

AFTER FAILU?.E C: DRYWELL FLOOR

)

EVALUATION:

-

RAIS!N3 SUPPRESSION POOL LEVEL COULD POTENTIALLY PREVENT)
'

PEDESTAL DAMAGE, AND WOULD RESTORE FILTERING BY
,

SUPPRESSION FCCL AND COOLING OF MCLTEN CCRE MATERIALS,

-

SPRAY SYSTEM CPTIONS MAY BE CAPA3LE OF PROVIDING
ADECUATE FLCW

COST: (SEE FCLLCWING DISCUSSION CN SPRAY SYSTEMS)

)

,

nutech
B-40

,

4
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| CONTAINMENT VENTING g
,

CONCEPT 1. VENT TO SECONDARY CONTAINMENT

j
'

i C3JECTIVE: '
,

,
t

j
- P RCV !::E A3ILITY TO VENT CONTA:NMENT PRESSURE TO ASSJ22

CONTAINMENT !NTEGR!TY *
,

'
2

i

i )
|

1

i EVALUATION:

i

|
- S E C O N:: A R Y CCNTAINMENT VENTING PCSS!3LE THROUGH

CONTAINMENT PURGE VALVES
.

'
I

-
, -3

,

! SAME ARGUMENTS AGAINST CONCEPT AS FOR MONTICELLC-

I1

s' ,

S,

j COST: NOT EVALUATED - #~
1

4

1

!
e

i
!

4

9 \

,

?
t

b

1
,

I

nutech
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|
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CONTAINMENT VENTING

CONCEPT 2 VENT THRCUGH STANDBY GAS TREATMENT SYSTEM

CR CCNTAINMENT PURGE SYSTEM

CBJECT:

A S S 'J :E C C N T A I N '' E N T INTEG !TY A ?;C P.?CviCE FILTEREC VEN--

PATM

3

E V A L 'J A T I C N :

.

) SYSTEMS NCT CAPABLE CF FULL VENTING FLOW RATES
-

CCST: NCT EVALUATED
i

)

3

1

nutech
E-42

,
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I

i

i
'

CONTAINMENT VENTING
i

.

1

CONCEPT 3 - 3YDASS AROUNO CONTAINMENT PURGE SYSTEM

.

CONCEPT:

ASSURE CONTAINMENT INTEGRITY, PROVICE FULL-FLOW VENTING-

CAPA3!LITY A N O P R O V I C E L O - - F L O'.4 FILTERED VENTING-
1

i

'
EVALUATION:

i
3YPASS AROUN:| CONTAINMENT PURGE SYSTEM DROVIOEO FOR HIGH-

)<

FLOW RATE VENTING4

i

CONTAINMENT PURGE SYSTEM UT!LIZE0 FOR LOW-FLOW VENT [NG-

,

1

5
'

STANO3Y GAS TREATMENT SYSTEM ALSO AVAILA3LE, !? PCWER-

.,

AVAILA3LE, FCR POST ACO!OENT CLEANUP

)

| COST: $1 - $e4 MILLICN
1
,

b

l

I

1
.1

l
4

i

!

t'

$

!, nutech
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CONTAINMENT SP9AY

|

CCNCE:T 1 - FIRE HCSE CCNNECTICN IN REA TOR BUILCING

- , : .. T .1., :..wJ . i .

- PRCv!DE ALTE:NATE WATER SCU:CE FOR D: YWELL ANC WETaELL
S?:AY FCR PPESSU'E CONTRCL, CCC;;N3, AND AE:CSCL

SCRU33!NG
3
.

.

EVALUATION:

i . .d. ;s- SvuRC. / . v. , . ,sw. F R n. .u. A - , .4 r .w. .u . .In .. ., .N - .-.--i_ s . . . . s. w vna

3U:LDING

- ACCESS TC REACTCR SUILDING ^UESTICNASLE
)

s,a C v, S a l- I ,,4 . e 4 y e_ z i l i a -c .u. r . w 1 c.3:- ..--: , N. . ._ . . - -<=a .. oc. a . . v -
- .. - - --

.CTCRS"

)

r. e - . $On.",an1 - $ .1, n. F n , U" F r).

.2 . , . . www se

)

nutech
t .-: :
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CONTAIHMENT SPRAY

t

n

CONCE:7 4 - INTERCCNNECTION OF FIRE MA!N TO CONDENSATE
SUPPRESSION CHAMSER FILL LINE

l CBJECTIVE:

-

P30'.!CE ALTERNATE WATER SOURCE TC SDRAYS, WITH
'

INTE3 CONNECTION CUTSICE CF REACTOR BUILDING
.

EVALUAT!CN.

)

j CROSS T|E LCCATED IN AUXILIARY BUILDING
-

-

SPRAY FLOW EXCEE0!NG 4000 GPM AVAILAELE (2 PUMPS)

)
-

SAME CONCERNS ON SPRAY EFFECT!VENESS AS FOR NCNTICELLC
.

-

MAJOR COST IS WITH CONVERT!NG VALVE MOTOR OPERATORS AND
l

PCTENTIALLY RES!!!NS EATTERIES,

! CcST: 5500,000 - 1,000,000

I

!
I

i

|

nutechE.:e
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? UNITED STATES '

.

,/ ii ?' NUCLEAR REGULATORY COMMISSIONi

% .Q.,.y
', A4 /'_ '-:

W ASHINGTON. 0 C. 20555
'

-si

- 4

*...* Octooer 3, 19EE

I

1
-

D '

vive;;NT,"Y CO:- James G. Dartlow, Director

Civisior of Insoectior Drocra -
C "1ce o' Insrection and Enforcerert

f* n" 00hert v. Rernerc, Director

Elvisior c# EW: Licens1nc
0" ice C huclear ;eactor Peculation#

5":|i: - CE-'' inn nr W!LLit.v c, " .nEP, ANr OTWEOS rn: :

SMW CA'fSE CODE: PEGa:t:U DILGD!" STa In'.

45 recu?sted M Dhil McF.ee by tele- ore, we h: e orecared the enclosed cr3't
rescorst +c ine cart c'.a show cause petitier cv William C. Golder and otrers,
cated Ju 'E. '.CFf, whicr asserts inherent desicr ce#iciencies in tne Dilcrir

Sta-iar c' rte'rrect structure.

Ir t9e eve : we can be o' further assistance in rescondinc to the cetition,
clease ccettet Gus Lainas (Y29E?N ..Jerrv uulr.an (X77Ca'' or J. rucrick

c
.

<y: : c- c v 3:3<<,

1
-

, ,

) M~ A0/, 6=

iobert W. Aernerc. Directer
Division o' PW? Licens4cc
C" ice c' Nuclear eacter ;eculatier.

Enclesu e:
As stater

cc: J. Idv'c'
O. Vctee
G. Klincle-

,C Lainas
_l.. Hulman
J. Kucrick
J. Iwolirski
P. Leech

pI 4 /5 7-/ O

K/19

u ~yA. . . . ~c- .

x r.. w.
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D:AT PESDONSE TO 2.206 DILGRIP PETITION

'] Ccria w ert Structures

The petition asserts tha* the C-eneral Electric Mark ! pressure-suppressier -

syste-' encloyed by the Dilgrir reactor contains inherent design 'iaws which

raise cuestions abcu* its ability to withstand accidents. Generally, the

::aceens are related tc:

' . ' Desi;r issues raisec by Dr. 5. H. Hanaue- in the early 19T's, and

T The Diigrir cortair, rent cacability for severe accioents.

Tre #0110 ;' t ; dis ssior acdresses each of these concerns:

.

H N "E: 'SS"ES The cetiticner's concerns are based on AEC mercranda datec

reice tt *9'E. Mc-e sceci#ically, the key reference is a memorandur written by.

0 , S. '. Harauer in 19~ which raised several cuestions cr the viability o# '

cressu*e su:cressior, coatainrent concects. The majority o# those concerrs have

beer eit*c- directly or indirectly cuoted ir. the cetitior.. They include

re#erences '.: irhe-ert desicn flaws, lack of adecuate testinc, steam bycass

susce;*itility, volurt limitaticts causinc overcrowding, and a stated ccncern

about the ese-=l' viability cf the * ark I desier.

At the *ir.e these issues were raised, the then AEC staf' set about evaluatir-

each concern to ersure tha*. adecuate safety margins were being maintained or

existing plants. Additionally, the AEC alst had under investigatice ' -ious

technical matters that related to the safety of pressure sucpression tyce

Cortainments for light water coolec reactor Dlants. Based on its rer'ew o# |
1

l
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4

these efforts, the sta#f concluded that proper consideration had been given to .

i eack of the ' technical corcerns. This staff evaluation was documented in
4

! MUCEf-0474. cated Julv 197E: "A Technical Update or Pressure Sucoression Type

Corn 'nrents in use ir. L.S. Light Wate- Reactor huclear Power Diants." As

| EncicsvreAt- tr's NU:.EG, a sumnary of NCC staff actions related tc the

tecm ical issues 1cer.tieted t v Dr. Hanauer's memorandum of Septemoer 20,197:
*

was cresented.'

l
i

c' the issues raisec ir the portion of the petition which are based' i
a rev ew
i

J

cr. corresocndence detec 197E or eerlier indicates that all o' these issues

have beer. accressed in NUDEG n474 The conclusions remair. Salid today ard t'

are 200 ally applicable to the Pilcrir Nuclear Power Statier..'

I ~he retitier aisc re#erences statemerts from MUcEr-0474 which relate te dif'er-

ences Letweer expacted exoeritental results and actuai test results. Specific

corrects in the cetition were rade indicating that svrorises reCeatedly oc-i
,

Thecur-ed curin; t e course c' the various, then onceinc, test oregrees.h

staterents extractet 'ecm NUPEG-0474 were made during 1976 wnen many c' the

test orocrars were in their early stages.

Since the issuance c' NUDEG-0474, the generic test orocrams related tc the "ar6 :
!

containment design and the NFC assessrent of the tests have been comi eted.|

These tests were a small portion of an extensive program which was conducted by

the AWF Mark I owners croup. The staff evaluation o' 'his effort was reported
1
t

1

I
.

i
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ir. NUREG-066;. In additien, a plant-specific analysis was performed fo- the -

Pilgrim huclear Powee Station based on the final test results. Based er this

anSlysis, desigr. changes were proposed to restore the intended safety margins.
;

These changes have been both reviewed and approved by the staff, anc modifi-

catiers have beer implerertec at Pilgrim. As a result, the Pilgrim containmert

has been cemonstrated te be ca;atle o' accommodating design basis accident-

with adeccate margir.

The cetitior rt'ers to ancthe -' :*. Wanauer's concerns related to the safety

1,
-

This issue related tci disadvantaces o' cressure sucoression containments.

byrass caths in BW: pressure suppression containments, and was designated as

Gere*ic Issue El. "SE',' Lire Break inside the Wet Well Airspace of Mark I and !! ,

C o nt a i nme- t s . '' The staff evaluatior c' this issue has recently been completed
{
j and the 'esults were presented in NUREG/CF 4594, "Estinated Safety Signi'icance

) o# Gerer"- Issue 61." Based on these results, the staff :ancluded that no new

recuirements we"e justi'ied, and no further study of this safety issue was
!

warranted based cn an overall risk assessment.

In summary, the cetitioners have asserted thet the pressure suceression con-
.

| tainment design is flawed and they have Questioned the viability o' this

containment type. In rescorse to these assertions we have shown that many o'

i the specific-concerns had been previously and satisfactorily addressed in

NUCEG-0474 For those concerns identified since issuance o' NUREG-0474, we

have shown that a generic program was conducted to deternine the loads under

investigation. Additionally, Pilgrim has inolemented design chances based on

the program results to fully establish design margins.
1

<
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;ILGRIV CON *AINwEN* CCCA9!L!TY FO: SEVEDF ACCIDENTS - Assertions by the |

h
~

cetitioners concerning the performance of the General Electric pressure-

suceressier, containeert were raised from the viewpoint o# containmert failure

ir the evert c# a severe accident. The petitioners assert that there is a

teroency to urocrestimate the probability c# various types of accidents,

citinc areng other things, the recent very severe accidert at Chernobyl ir.

the Scviet Unicr. 'he cetitiorers also conclude that there is a Pig"

crobab414tv tha; rilgrie's b' ark I containment structure will not withstanc
1

various severe accident sce-aries.;

1

)
tith 0uc" nc C ' is available exD1icitly for the Pilgrim plart, other Clant-

sceci#ic C:L's and assessrents c accident secuences at specific clants c'+e-'

insichts relat1ve Pilgrir. First, the probability of accidents that could

challeret t "a ri : containment have been found to be ouite low, involvinc a

mul ticli ci t' c' #ailures before proceeding te a core-melt. Second, containment

arialyses arc 01 ant srecific assessrents at other BWPs indicate a rance c'-

centaineetit failure e-obab ~ity estimates, assumine occurrence o# a cere melt

acti ce r.t .

; conditional Park I containment failure probability was cuoted as .9 by the

petitioners as a basis for concer . This estimate derives fror the 1975

Peactor Safety Study, VASu.la00/NUREG-75/ Ole, Table 5-2. The value reflects
|

the assumptions and findinos for the surrogate BWP plant Peact Bottom (a f
4

I
i two unit plant also with Park I contair.mentsl as it existed at the time of

the study.
:

'
I

t

I
, i
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Drobabilistic risk assessments (FRAs) have been found useful in licensing and ,

cther regulatory activities in identifying vulnerabilitief. Such assessments

have beer. exter.54vely reviewec for several plarts. The numerical results o'

these assessments certain consicerable uncertainties and it is net ressible to

conciuoe vit" certa nty that they are either excessively conservative or non-d

corservativt. Cr balance, the Com-ission in August, 1985 concluced in itt

Severe ?c.1cer. Ft''cy Staterer: that, based or the information available.'

the severe accicent risks at all U.S. commercial light water reactors were

su##icie ;1y lov that nc - rediate action was recuired but that investigations

o# cotertial clant vulnerabilities woulc be undertaker..

information or the Pil'orim containment that wasThe cetitioners rresent no new

nct kr.cwr E ' resolved to the sta#f's satir# action prior to issuarce o# the

Co* f-ior's ctlicy statenent, other than a reference to the Chernobyl accident

and an inaccurate comca iser o# rated containment pressures. (The 57 oconds

ter souare irch cuoted for Cnernchyl ones net apply to the building structure

that housec the reactor ccre.) Infcrmation on the Chernobyl accident has not

demonstrate: to cate a defect in the Pilgrim design. The staff is continuine

to evaluate the Cherrdyl event relative to U.S. olants and exoects t: issue

its recort or. tais matter 1n a few nonths. The petitioners do reference

factors "not taken into account" in PDas # rom a Union c# Concerned Scientists'

~

l

accidents Regardine Future ?esiens1 " Policy 5tatement or Severe Peactor

and Existing Plants," F.P.50,32138-32151, August 8, 1985.
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January, 19EE pace * by S. ShcIly and G. Thompson that was submitted as comment
'

or NUREG-095i, Draft :or Comment. The factors identified include aging o#
,

|

structures techn1 cal specification violations and temporary exemotions'

therato, corstructior defects and weaknesses, partial failure secuences, and

exterre' ever.ts. (Fany PRAs de take external events into account.) Fetitione-

i hase nct, howeve , cresented evioence tc demonstrate that these factors
1

ccrstitute a su##irient contributier, to cublic risk to warrar.: a show cause

crde #c. rilg-ir.

As ci-t c# the irclementa 1or pnase o# the Commission's Severe Accidert Policy

Staterert the N:: staf# has identified a set of elements for carticular

! ccr.s'ct atior that have the cotential for substantial incroverent in the
i

j rit' ' tier cacatility o# Pa rl I c0rtainments. These are basec upon extensive

researce and ar.a'.yses that crovice imoroved understanding of the physical arc
|

| chemical phenorena associated with severe core melt accidents. These eleTents

| were ident4*"ied to the caers of boiling water reactors at a public meetinc

or June 16, 19Ef and include (1) hydrogen control, f21 drywell s; ays,
;

(31 wetwell venting, fai core debris control, and (51 development o' related

e-ergercy crocedures and operator training. The common thrust of these
i

elements is to reduce substantially the likelihoed o' bypassing the large
,

i

volume cf water in the suporession pool which can act to remove large cuantities

of fission products that would be released from the reactor in a core melt
i

accident.
.

.

|

!

I

i

,
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~ At a secord outlic reeting or. September 11, 1986 with the BW4 owners, the lattt- .

4

oreser.ted a ' report er their ''Evalut-ior of BWR Accidert Fitication Capability
1

I Celativa to Proposed NPi Changes", dated Aucust 1986. This technical dialocue
j .

terweer. the i*e## are the owners is cortinuine and is planned to result in a

set of prccesed new reccirements or the Mark I centainments. 4ncludirg filcrin,

) tc te issued te Cecemoer 'off 'o- concent in the fnrr of a dra't ceneric letter.
!
,

1

E0rter Edisor 1: 6" active Participant with the other RW: owners in this

evalutticr. e#'oet in additier., ard specifically with resoect to the Dilcric
1

Stat c", Roster Edisor, ar.nounced er July 25,19E6, that it is croceeding tci 4

imoler.er* certain r.ccificatiers to the certainment. This action will kee the

clant she dowr. urtil ee 'y 19F'. -

1

i

At e reetine with N3" or Sectemoer 9,19Ff, Boston Ectson stated that it piars

| 10 ortvice tne ce ability to cornect **e # ire water syster to the DWF syster.

Thi! yculd crovice ar. accitieral source Of water for the dryWell strays,
i

Previsier viii aise be made for connecting fire truck pum:inc cacabilitv

f te the DWC s" ster. The ir.stallatier cf a third diesel generator, which would

| be carticularly helpful curinc station blackout conditions, is under serious
I
i censideratier. Also, being considered is a reduction o' the ?a-hour period at
:

! tre end of reactor operation when the cortainmert is not oresently recuired to
4

! be fully inerted. Procedure chare s and training acoropriate to all such plant

j modifications will be imolemented before plant startuo. The NPC staff will

i monitor these modifications to assure that they do represent safety enhancements

and have ne adverse safety imoact en existing systems.

<

,

!

i
i
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Petitioners alsc recuestec that the NRC recuire Boston Edison to submit a .

2 .
' feasibility stucy on all possible structural modifications prior to NRC
i

! at:roval o' speci'ic modification proposals. At the present time neithe-
'
>

Ecstne E? scr. nor the sta'f nor the petitioners have ida.tif e- any structural'

.

mcdi'icatirr; tc the Pilgrir containment that would be warranted by severe'

accide-t censidera:1ers. This recuest is, therefore, denied,
i
i

i

( CONCLt'5IO?. - Tre petitioners' assertions with respect to inherent design flaws

ir the pressure suceression system utilized at the Pilgrim plant have been

Orevicus1" reviewed and conclusions reached within the context o' N C regulaticns
,

ar.d cuidance. Medi'icatiers to re-establish containment design margins have t-er
:

tr:lemented. Evaluaticns o' the Mari ! containment with respect to severe
.

'

act :e s are coatinuing: (11 throuch the implementatior of the Commissice

e licy 5:atecent or Severe Accidents: (2) through Not staf' and industryc,

iritiatives tc ice-Ove containment performance for all BW;'s; (3' throue* a-

N:C e:rraisal c' the Cheencby1 accident; and, (?) thrcugh the licensee's

j initiative. Ir nc case has sufficient evidence been presented that would

indicate that tre Cilgrim plant should not operate while resolution and risk
i

i reductior im rovements are censidered. inat is. there is not su "icient

! evidence of either design flaws at Pilgrim, or high risk, which warrants a show
l
' cause order for the plant to remain closed or to susoend the coerating license.

|
-

;

!
.

I
I

k

l

4

!
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i UNITED STATES

|
E ~j NUCLEAR REGULATORY COMMISSION

,

'>+
! s '; wasmMGTON. O. C. 20585

\...../
'

: October 24, 1986
|

!

! Mr. J. Gary Weigand, President
and Chief Executive Officer.

! Vermont Yankee Nuclear Power Corporation
i RD 5, Box 169
| Ferry Road

Brattleboro, VT 053C1*

1 Dear Mr. heigand:

SUBJECT: VERC.T YANKEE CONTAINMENT STUDY,

1

J This is ir. response to your letter dated September 2,1986, enclosing the
i Vermont Yankee Containment Study for our review. We acknowledge the
I

extensive effort in generating the report in a short interval of 60 days.
.

; We have reviewed the report in two parts. The first part relates to the
) review of your comparison of the Vermont Yankee design features to those of
! the reference plant in WASH-1400 and calculation of a Vermont Yankee specific
'

containment ccnditional failure probability (CCFP). The second part deals
with cur review of your response to five generic NRC staff concerns related

! to Mark I containtrents for Boiling L'ater Reactors (BWRs).

| Your approach was to quantify the Vement Yankee CCFP using the Peach Bottom
j| analysis as a surrogate and modifying the accident sequence frecuencies to

reflect the specific design features and 14 year operating data base of Yement
j Yankee, supplemented by industry experience where Vermont Yankee data was not
i available. The range of plant specific conditions were determined by
! phenomenological analysis using Industry Degraded Core Rulemaking (IDCOR)
; group Modular Accident Analysis Program (MAAP), deterministic structural
! qapability calculations made for Browns Ferry and the Peach Bottom plants,
J and your staff's engineering judgement. Using the above approach, you have
! provided a best estimate CCFP value for Vemont Yankee containment of 7% for
1 all sequences where containment may fail within 24 hours and where radionuclide
] releases include all noble gases and greater than 0.1% lodines. You have,

however, not provided an analysis of uncertainties in your methodology, in the!

| phenomenological analysis using MAAP, and your engineering judgments.

! Based on the staff's experience with other BWR Probabilistic Risk Assessment
} (PRAs) we believe that the CCFP of 7% may be fairly representative but is
J quite uncertain. It is our judgement that the CCFP based on your estimating
. techniques would have associated uncertainties as discussed in Enclosure 1.
! We also believe that your evaluation has provided the staff with sufficient
! insights to conclude that the CCFP for Vemont Yankee may be lower than the

90% estimated from results of WASH-1400. Our assessment of the uncertainties
leads us to believe that the Vermont Yankee CCFP is probably less than 50%.;

That conclusion, that the CCFP is probably less than 50% and may be fairly4

i estimated to be about 10%, brings out the very reason for the five generic
; NRC staff concerns related to Mark I containments. We believe that greater

. %g en% W,. rei'7 +
|

'

9.c. _ . _ . _
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2 October 24, 1986

assurance of containment performance in the face of core melt is desirable
and achievable. Therefore, our attention now is shifted to the second part
of your study.

Our review of the second part of your report dealing with containment perform-
ance enhancements has resulted in some preliminary conclusions and several
questions. We find that the kind of enhancements proposed in your study are
consistent with the type of improvements considered by the staff. You have
indicated tnat further analysis should be performed to test the feasibility
and effect'venest of the concept discussed in your study. We agree.

Enclosure 1 is our preliminary assessment of your study. Our evaluation
proposes further studies regarding combustible gas control and core debris
barriers. We request that you reevaluate these two issues in the light of
the staff comments. Enclosure 2 lists detailed staff questions. We request -

your response to the staff questions and comments by November 17, 1986.

Sincerely,

f/ _+3

Robert M. Bernero, Director
Division of BWR Licensing

cc: See rext page

.,
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Er. R. W. Capstick Vermont Yankee Nuclear Power
Verment Yankee Nuclear Power Corporation Station

cc:
Mr. J. G. Weigand Mr. W. P. Murphy, Vice President &
President & Chief Executive Officer Manager of Operatiens
Verment Yankee Nuclear Power Corp. Vermont Yankee Nuclear Power Corp.
R. D. 5 Box 169 R. D. 5,-Box 169
Ferry Road Ferry Road
Brattleboro, Verront 05301 Brattleboro, Vermont 05301

Fr. Deraic Hur.ter, Vice Presidert Mr. Gerald Tarrant, Ccemissierer
Verront Department of Public ServiceVerecct Yar.kee huclea r Fewer Corp. ' --

It71 Kcrcester Rcad 120 State Street
Frarir. phar., Fu!stcrusetts 01701 Montpelier, Verment CSCCE

New Englanc Ccaliticn en Public Service Ecard
' Nuclear Follutier State of Vermont

Hill and Dale Farm 120 State Street
R. O. 2 Ecx 223 Montpelier, Verment 05C02
Putney, Verment 05346

Vermont Yankee Decommissicnir.g
Mr. Walter Zalu:rty Alliance
Chairman, Ecard of Selectman Box 53
Pest Office Sex 116 Montpelier, Verment 05602-0053
Vernen. Vermon: 05345

Resident Inspector
Pr. J.*F. Pelletier, Plant Manager U. S. Nuclear Regulatory Corr.ission
Verrent Yankee huclear Pcwer Corp. Post Office Bcx 176
Post Office Sex 157 Vernon, Vermont 0535a
Vernen, Verm:nt C5354

Vermont Public Interest
Mr. Rayrend N. McCandless Research Group, Inc.
Verment Divisien cf Occupational 43 State Street

& Radiological Health Montpelier, Verment 05t02
Administraticr Building
10 Ealdwin Street Regional Administrater, Region 1
Mcntpelier, Vermont 05602 U. S. Nuclear Regulatory Commission

631 Park Avenue
Honorable John J. Easton King of Prussia, Pennsylvania 19406
Attorney General
State of Vermont
109 State Street
Montpelier, Vermont 05602

John A. Ritscher, Esquire
Ropes & Gray
225 Franklin Street
Boston, Massachusetts 02110
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ENCLOSURE 1 l

PRELIMINARY EVALUATION OF CONTAINMENT SAFETY STUDY

BY THE OFFICE OF NUCLEAR REACTOR REGULATION

FOR THE VERMONT YANKEE NUCLEAR POWER STATION

VERMONT YANKEE NUCLEAR POWER CORPORATION

DOCKET NO. 50-271

1.0 INTRODUCTION

By letter dated June 30, 1986 from J. G. Weigand to H. Denton, the

licensee, Vement Yankee Nuclear Power Corporation, comitted to perfom a

containment safety study. By letter dated September 2,1986 from J. G. Weigard

to H. Denton, the licensee transmitted the study for staff review. On

September 12, 1986 representatives of the licensee met with the staff,

sumarized the study, and answered questions. On September 28 and 29, 1986,

staff representatives visited the plant and the neighboring Vernon Hydro

Station to review plant features and portions of the study.

The purpose of this evaluation is to provide the staff's preliminary

coments on the licensee's study. Final coments will be based on the licensee

response to staff's questions and coments. A regulatory position on generic

implementation of improvements must await review of backfitting implications

under the requirements of 10 CFR 50.109. The following eva?uation should not

be considered a Nuclear Regulatory Comission position on the issue of Vermont

Yankee Nuclear Power Station containment safety.

2.0 EVALUATION

The licensee's study basically consists of two parts. The first part is

an evaluation of containment failure probabilities in severe accidents. The

,W N $ 5 J & Q h
'~

' -

i \ 24,
|



_ __ __. , _

,
_ _ _ _ _ _

l
.

'

..

-2-

second part is an evaluation of potential improvements in five areas (combusti-

ble gas control, drywell spray capability, containment venting, core debris

contre?. and trainir.g and procedures).;

;

2.1 Containment Failure Prebability Evaluation

! The licensee evaluated the design and operation of Vermont Yankee Nuclear
4

| Dower Statior. (VYNPS) with respect to core Irelt probabilities and containment

system response. The evaluation used detailed assessments for a similar

reacter. adjusted for specific VYNPS features. The principal conclusion by the
!~

'icensee was that a best estimate of the conditional probability of containment

failure was .07. That is, if a core melt accident were to occur at VYNS, there

is a 7 percent chance that the containment systems will fail and result in a

large release of fission products.

i The bases for the licensee's estimate include a number of assumptions,
!

evaluaticns and juogements. One important judgement pertains to the use of'

results from an industry developed corrputer code called Modular Accident

Analysis Progran (MAAP). The staff has not reviewed this code, at present

has no plans to do so, but will assess the results and conclusions from its
;

applications to VYNS. The accuracy and application of the code is a subject
'

|>

of considerable debate however. Therefore, uncertainty must be attached to

the use of the code at this time.
:

A number of important conclusions have been drawn by the licensee based on
i
'

the containment safety study. The more important ones are:

1
!

'

|
'

|,g- --- .... _ ._ .. _ _ _ _ _ . . , _ _ , _ , , , _ ,
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7-
.

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

..

-3-
.

* A conditional containment failure probability of .07.
* A maximum containment system failure pressure of about

135 psia.

~ha bu:* estimate ccre nelt probability was 3x10-5 per

reactor year (one chance in 30,000 per year of reactor

operation).

'' One accident class (loss of cooling capability with the

pressure vessel at high pressure) dominates the core melt

probability (about 40 percent).

Althcugt station blackout and ATWS are significant contributors

to the core melt probability at vermont Yankee, as for other

plants, the largest contributor is loss of makeup with the

vessel at high pressure.

The staff's experience with core melt and containment failure estimates

ircicates that large uncertainties exist in these estimates. In addition, a

high pressure core melt entails greater uncertainty regarding containment

response than prevails with low pressure core melt. Pending receipt and

analysis of the response to staff questions, the staff concludes that the

licensee's estimates appear optimistic considering the uncertainties inherent

in failure rate data, modeling of systems, human responses, accident initiator

identification, as well as the physical processes that follow degraded core

conditions.

Vermont Yankee has four SRVs which serve as the automatic depressurization

system (ADS), compared to eleven SRVs at Peach Bottom, five of which serve

as the ADS. Further, at Vermont Yankee the four SRVs are three-stage Target

..



___

..

.

-4-

Rock valves which have relatively high failure rates based on reported failures.

When the the failure experience of SRVs is considered, accident :equences

TPUV, TPQUV, T PQX, T PQUV, T QUV and TPW need to be added to the dominant
E E g

accident sequences identified by the licensee. As a result, the total core

damage frequency of 3xif /R-yr could be increaseo by about a factor of 2.

khen SRV failures (spurious opening and stuck open relief valves) related

accident secuences are considered, the release type for Class !! accidents

(i.e., loss of containment heat removal and subsequent loss of makeup) may

change. This is due to possible edrly failure of the RHR capability after

loss of NPSH as a result of stuck open relief valves and subitquent pool

heatup. As a result, the containment conditional failure probability for
.

Vemont Yankee could exceed 7t for all sequences and result in containment

failure withir 24 hours.

The frequency of Loss Of Offsite Power (LOOP) at Vemont Yankee is

estimated to be 0.07/yr. When compared with 0.22/yr for the national average

grid, the Vemont Yankee value is deemed too low based on the conventionally

used Bayesian estimation technique. The failure rate of the nearby hydropower

i plant is estimated to be higher than 0.07/yr. In the Bayesian estimate, the

plant data are used as inputs modifying the a priori distribution, i.e., the

national average LOOP frequency.

Additionally, the estimated 6-8 hour battery capacity at Vermont Yankee was

based on 2175 ampere-hours rated capacity discharged at a constant load of 1.75

volts / cell, with the load estimated to be 27 amperes. This does not include
I the excessive loads likely to occur during the startup of motors, and the

abnomally high ambient temperatures likely during the accident. Thus, a more

:
= -

_ . . . . . .
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likely estimate for the battery capacity is on the order of 3-4 hours when all

those factors are considered. This will, in turn, affect the core damage

frequency and the conditional conta'inment failure probability of the complete
i

statior blackcut sequence. If there is additional battery capacity not

inciuceo sr. the Vement Yankee Containment Safety Study, the Licensee should
'

state se for clarification.

Other irportant areas of considerable uncertainty are the manner in which the

vessel may fail (and the amount of resulting steel in the core debris), the

effectiveness of the reactor building for fission product attenuation, iodine

may not be a good surrogate for risk estimation (refractory products from core

concrete interaction may be better), and the containment loadings and response

following vessel head failure.i

i Sased on the above, we ccnclude the CCFP for VYNP is probably less than
'

50%.

1

2.2 Current NRC Concerns For U.S. Containments

Severe accidents dcminate the risk to the public cssociated with nuclear
' power plants. A fundamental cbjective of the Commission's Severe Accident

Policy is to take all reasonable steps to reduce the chances of occurrence of

a severe accident, and to assure the capability to mitigate the consequences

of such an accident should one occur. The Reactor Safety Study report issued

in 1975 found that for BWRs the probabilities of accidents resulting in core

melt were low, but the containment perfonnance following a severe accident was

| poor and tended to offset the benefits of low BWR core melt probabilities.

Subsequent actions resulting fecm the TNI Action Plan have led to several
i

, , - - - - :-- .. ~_ _ . , . . . .
-

i

I

4

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



. . . _- - -

, _ .

.

..

..
-

*

|

-6-,

plant modifications and required improvements in plant procedures to further

reduce the likelihood and consequences of severe accidents. In concert with'

the Consnissicn's policy to further reduce the chances of occurrence of severe

accicant: and'?c mitigate their consecuences, en industry initiative is underway

to develcp a methocology for Individual Plant Evaluations (IPEs) for use in the'

i search for risk outliers. The resulting approach will be applied on a plant

spec 4fic basis. The staff may find that, while the IPE approach may

satisfacteri'.y address system reliability and containment perfomance for

each plant specifically, the process will necessarily be a slow one. The

staff has. -herefore, identified several potential deterministic containment
,

enhanceme'its which lend themselves to generic implementation and have the

! potential to significantly mitigate the consequences of most severe accidents.

The generic approach has the advantage of expeditious implementation on all
i
i plants and will be responsive to Cornission's policy regarding mitigation of

the ccnsecuences of severe accidents.

i Based on the insights gained from PRAs, the staff has identified the following

five areas of potential BWR containment enhancements.

1. Provisions should be made for roliable operation of drywell containment

sprays for a broad spectrum of accident sequences, including blackout

sequences. The reliability of containment sprays should be enhanced

! by providing independent water and power sources. Backup water
i

j sources and pumps, hose connection and use of fire mains should be

| considered. The provisions to be implemented should minimize
J

.

!

j .. - - - - -. ,. _ -
,_ _

i

|
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occupational exposures that could result from manual actuation,

and procedures should be explicitly developed and expeditiously

implemented as part of the BWR Owners Group development of the

Emergency Procedures Guidelines.

2. Provisions should be mace for symptomatic response and reliable
!

4ctuation cf containment wetwell purge and vent valves. They should
,

open and close under accident conditions as a means to assure that
t

the beycnd-design-basis events do not lead to overpressure failure

cf the containment and the selected vent paths. They should provide

a p:th for releases which will maximize the use of the suppressio'n
,

pool as a cer.densing and filtering medium.

3. Emergency procedures and training should be reviewed and modified as
|

! necessary to assure that operators are able to recognize severe accident

conditions and use plant equipeent to best advantage under suchi

carditions. Revision 4 of the BWR Emergency Procedures guidelines

should be implemented promptly following the staff's review and approval.

4 Paths for core debris travel should be evaluated for conditions repre-

sentative of a large scale core melt. Where the expected path of debris,

j travel indicates a substantial likelihood of loss of the suppression pool
4

, as a release filtering or debris quenching medium in BWR containments, the
!

| torus room under the suppression pool should contain a 3 foot high barrier
!

to trap water and core debris.,

5. Ccmbustible gas control provisions should provide substantial assurance

| that containment failure due to hydrogen combustion is not likely in the
1

I

i
I

-a - - . . . . . .
- - . - -

i
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potential severe accident sequences, including blackout sequences. The
' period of operations while containments are deinerted while at power,

particularly during potential preshutdown conditions, should be minimized
|

by reducing the present Technical Specificaticns. permitted value of 24
,

hcurs.

The licensee has evaluated the five areas as appropriate to Vermont Yankee

and has found that with the exception of combustible gas control and debris,

4 .

control enhancements, the proposed enhancements could be beneficial for Vermont
.

Yankee severe accident mitigation capability. The staff recommends that the
e

| licensee should reconsider the combustible gas control and debris control

issues in the light of the following staff evaluation. The licensee should'

4

also ccmplete the further studies proposed in its containment study report,
a

i propose specific modifications that it plans to undertake, and provide a

i tentative schedule.

j E.2.; Combuctible Gas Control

Vermont Yankee is allowed by its Technical Specifications to be deinerted
.

for 24 hours at startup and 24 hours prior to shutdown. The staff has proposed |
1,

the approach of minimizing the deinerting time, thus reducing the vulnerability !

of hydrogen combustion. A 12 hour deinerted period may be sufficient. Based
,

on discussions with the license during a September 11, 1986 site visit, the
!

staff understands that it takes about 8 hours to deinert the containment.:

Therefore, it appears feasible to reduce the deinerting period in the Technical |;

!
~

Specifications. |

J

* -~+= -- . - . - _ . . . . . -
_ .%,,, , ,
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In the Vemont Yankee containment study the licensee has concluded based on

operating experience that deinerted power operation is about 1.1 percent of

.the total operating time, and concludes that such a low percentage will not
ksignificantly impact safety.,

Since the licensee was satisfied that its design objectives have been .tet, any

mpacts associated with shorter deinerting times were not identified. This

issue shculd be explored further in order to address the staff's goal relating

to increased assurance that the presence of a contustible mixture inside

primary contairsnent is reduced to as low as practicable levels. To this end, the

study should include an evaluation of past practice to detennine the impacts to

plant operation due to a shorter allowable deinerting period.

2.2.2 Containment Sprays

The licensee has identified and implemented means to improve the reliability /

availability of drywell sprays through the use of the following installed
'featwres.

a) redundant sources of water to the containment sprays; namely,

the torus, the ultimate heat sink, and the cooling tower basin.

b) redundant pumping capability for the containment sprays; namely,

the RHR pumps and the SWS pumps,

c) the capability to operate the containment sprays during loss of

a.c. power by using d.c. operated valves and a diesel driven

fire pump.

i

i
n - -- - -- . . - - - . _ . _ _ _ . _. _ ..

_ .-_ _ _ _ _ - - - _ - ... .
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d) the capability to use the diesel driven fire pump to pump water
.

through the RPV and into the containment during severe accidents

that violate the RPV integrity. This mode could be used to cool

the core debds and avoid over depressurizing the containment.

Additionally the licensee indicated the possibility of automating

the valves in the Reactor Building that are required to line up'

the diesel fire pump with the containment and RPV sprays, s

The licensee has concluded that it is practical to use the containment

sprays to control containment pressure and temperature and cool core debris
*

::uring a severe accident.

The staff concurs with the licensee that using c,ontainment sprays after a

severe accident can assist in the control of containment pressure and

tecperature, scrub the containment atmosphere and cool the core debris.

However, in order to accomplish these objectives sufficient spray flow must

be maintained. The diesel criven fire pump may have insufficient flow capacity

lo produce a spray that is effective for pressure and temperature control,

scrubbing, and debris cooling. Insufficient flow to the sprays can result in

water droplets that are too large to scrub or control pressure and temperature,

and spray coverage may be insufficient to cover the core debris. Additional

alternate water supplies (and/or spray nozzles) to the containment sprays

should be considered since the diesel driven fire pump cannot supply sufficient

water to ensure fission product attenuation and heat removal. The 10COR/BWROG ,

^
study (Evaluation of proposed BWR Accident Mitigation Capacity Relative to

Proposed NRC Change) of the use of sprays is in confomance with the staff

objectives. Further, IDCOR/BWROG estimated that only 250 gpm is necessary
,

t
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to cool the core debris to prevent it from damaging the containment. Although

250 gpm may be sufficient to remove decay heat from the core debris when the

spray ti ideally distributed, a larger flow of water from the sprays may be

required to establish a gooo spray distribution for fission product removal

and to remove the latent heat from the melted core and debris.

The licensee's proposed usage of the containment sprays is a reliable and

cost effective means for post severe accident control of containment pressure

and temperature, scrubbing of the containment atmosphere, and cooling the core

debris, ano is consistent with the staff's views. However, in order to be

assured of sufficient flow for severe accidents further study is recomended

to better ur.derstand spray perfomance at derated flow conditions.

2.2.3 Venting

With regard to the venting issue, the licensee discussed two of the most

significant accident scenarios; station blackout and ATWS. The report

concluded that containment venting should only be considered as a last resort.

The staff agrees that venting the noble gas activity is a procedure of

last resort. The licensee also concluded that venting may be of little value

in preventing core damage for an ATWS. In the case of station blackout, the

licensee states that opening a wetwell vent is difficult and the potential

benefits are limited. Therefore, the licensee concluded that containment

venting is not considered to be practical.

Even though the report concluded unfavorably with regard to venting, it

identified six possible vent paths from the existing piping arrangements.

After evaluating each path, a "12 inch vent path" was proposed as being the i

I

i

. . . . . .

1

.
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most desirable. This proposed path bypasses the Standby Gas Treatment System

filters. The modification would require that approximately 15 feet of 12-inch

cipe be added and that one new motor-operated isolation value he added to the

line. The precased three-inch Atmospheric Centrol System line includes the

Stancty Gas Treatment System. For this pathway, additional vender analysis

and testing would be required fer the reliability of the valves. Both paths

wculd utilize the vent stack. The final selection was left open pending further

study, which will include consideration of competing safety requirements.

hone nf the pctential vent paths identified by the licensee has been shown

ca;able of cpening and closing at the pressures, temperatures, radiation, and

steam environments asscciated with severe accidents. The issues of a.c.

independent pcwer sources for the neeoed valves have not been evaluated by

the licensee.

The staff agrees that further study should be performed. In the study,

consideration should be given to more recent investigations such as the

Evaluation of proposed BWR Accident Mitigation Capacity Relative to Proposed

NRC Change, submitted by IDCOR/BWROG, dated August 1986.

In particular, the availability of adequate independent power under

accident condition should be considered (statier blackout). The Vermont
,

Yankee study did not consider independent power sources because an earlier

study (Harrington, R.M. and Hodge, S.A.; " Containment Venting as a Severe

Accident Mitigation Technique for BWR Plants with Mark I Containment"; June 26,

1986) concluded that wetwell venting during Station Blackout has limited

beneficial potential for BWR Mark I containment plants. This limited benefit

may be significantly understated because of key assumptions in their analysis

, , _ _ _ _ _ . _ . . _ . _ . . . . . . _ .
_..._. . .. _ ___. _ _ _ _ . .
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and, in addition, it should be weighed against the IDCOR finding that station

blackout is a significant contributor to core melt probability. The study

should also include an engineering evaluation that compares venting requirements

with ventina capabilities. The report stated that the r.eed for substantial

venting capability may arise during an ATWS scenario in which the energy in

the form of steam that must be renoved from the containment would be in the

rance of approximately 10% to 401 of rated reactor power. However, it is not

clear if the vent paths noted earlier have this capability. The IDCOR study

indicated that vent sizes for power levels of 20 to 30 percent may require

vents of 26 to 24 inches in diameter, whereas the sizes required to remove

decay heat after 10 minutes decay for other scenarios would range from 4 to

6 inches.

Another aspect of venting that can have a significant effect on accident

consequences (onsite as well as offsite), and that needs further consiceration,

is the consecuences of elevated releases.

If tne vent path includes the plant stack, the elevateo release during venting

can prevent the contamination of onsite buildings and equipment. As noted in

the licensee's study, some vent paths have the potential for making portions of

the plant inaccessible for accident control and mitigation functions. Speciff-

cally, some of the vent paths have the potential for releases into the Reactor

and Control Buildings. One advantage of an elevated release through the plant

stack is that it maintains operator accessibility to vital plant areas. Elevated

releases can also reduce substantially offsite dose consequences in the vicinity

of the plant. Reduction factors of 10 or more are conceivable within two or

three miles. Hence, the licencee shculd evaluate and quantify the specific

"- - - - _ _ _ _ _ _ _ _ . _ , . _ _ , _ .
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,

benefits that can be achieved with respect to offsite dose consequences by

venting through the plant stack. Specifically, the licensee should consider

site specific meteorology and topography in the evaluation of venting through

*he cler stack. The offsite atmosphere transport should extend to distances

where the effects of stack height become negligible.

2.2.4 Core Debris Barriers

The use of core debris barriers to prevent molten core debris from penetrating

the steel containment shell or torus vent pipes has been investigated by the

licensee. During initial construction the bottom of the steel drywell at

Vermont Yankee was backfilled with concrete to El. 238'. Should core debris

melt through the reactor it will fall en this concrete in a 17' -2" diameter
J

enclosed area (231.5 ft 2) known as the Subpile Room. The only paths available

for core debris to exit the Subpile Room are through its only doorway, or ,

through either the three-inch steel flocr drain or the three-inch steel equip-

ment crain. The Subpile Room floor and equipment drain lines are imbedded in

the drywell floor concrete and are routed to sumps inside the drywell. There

is a ninimum of approximately 1.5 feet of concrete underneath the sumps and

piping before reaching the steel drywell shell. The Subpile Room doorway is

a curbless opening in the portion of the biological shield wall which supports

the reactor skirt.

'The licensee states that should core debris melt through the reactor onto

the circular Subpile Room ficer and stay molten with enough vertical head

available to cause it to flow, it could pass out of the Subpile Room though

- - - =.
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its only doorway, or through either the three-inch steel floor drain or the

three-inch steel equipment drain. The Subpile Room floor and equipment drain
'

lines are imbedded in the drywell floor concrete and are routed to sumps inside

the drywell. If the entire volume core debris is available for spreading, a

maximum layer thickness of approximately 1.1 inches would result. Since the

vent line is approximately I foot above the drywell ficor, it is not expected

that the molten ccre debris could enter the torus through the vent pipes.

The licensee concludes that Vermont Yankee analysis indicates that a

scenario in which sufficient core debris melts and propagates to the contain-

ment boundary dces not appear feasible. Vermont Yankee has a similar size

drywell and reactor vessel as the Peach Bottom plant analyzed in WASH-1400,

yet has less than half the number of fuel assenblies and control rods.

Significant uncertainty exists in core and steel debris volume and

transport analyses. The Vermor.t Yankee analysis indicates that core debris

will not reach the drywell shell. Vermont Yankee already has diverse capability

to spray water into the containment. The licensee states that additional

physical barriers may be counter-productive as they may prevent containment

spray from cooling the debris while it is confined in the Subpile Room. The

Vermont Yankee analysis shcws core debris control is closely coupled to contain-

ment spray capability.

Our preliminary assessment is that full core debris barriers as considered

by the licensee may not be cost effective for Vermont Yankee. However, the

licensee should examine localized barriers protecting the downcomer opposite

|
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the doorway of the Subpile room and two adjacent downcomers (one on each side).

Such a modification may not be costly, and will provide added assurance that

core debris travel will not cause suppression pool failure or bypass.

4.1.5 Severe Accider.t Procedures

Vermont Yankee's present symptem-oriented Emergency Operating Prccedures

(EPGs) are based upon the latest approved version of the BWROG EPG's (Revision

31 However, containment venting and reactor power control using water level

fc- ATWS conditions were not included in the Vermont Yankee Emergency

Frecedures.

ine licenses has indicated a willingress to consider updating the emergency

cperating procedures to include the EPG Rev. 4 guidance on ventino and ATWS

power control. The licensee should implement the operating procedures currently

being considered by industry in EPG Rev. 4, following NRC staff reviews. Any

future addenda which may result from the current program cf enhancing the

containments capability tc mitigate the consequences of severe accidents.

2.2.6 Other Imorovements

Other potential containment performance improvements should also be

considered. For example, the licensee should consider supplemental power

supplies for improved automatic depressurization system operation for station

blackout response. This is particularly important since loss of makeup at

high pressure appears to be the largest contributor to core melt.

- -
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3.0 CONCLUSIONS

The staff concludes that the Vermont Yankee containment safety study has

provided evidence that the containment is more capable of performing its

'unctier during severe accidents than previous assessments of Mark I type

containments would indicate. That is, given a core melt accidents, a prelici-

nary evaluation indicates a less than 50 percent likelihood of containment

failure. The staff also concludes that the likelihood and consequences of

such a failure may be reduced substantially with rodest improvements as

discussed above. The staff, therefore, recommends that the licensee perform

the feasibility studies indicated by the study, and those proposed in this

evaluation.
.

l

I
|

_.

-.



- .
;

.

*- - - - . .. .. .. ..

_

,

ENCLOSURE 2

VERMONT YANKEE CONTAINMENT STUDY

4

REQUEST FOR ADDITIONAL INFORMATION

1. What is your estimate of the overall uncertainty of conditional

contairmert failure probability and its basis?

2. What is the affect on core damage frequency when accident sequences TPUV,

TFQT.', T PQX, T PQUV, T QUV, TPW are included in the dominant accident
g E g

sequecces based on reduced battery life, and the number and type of

SRVs compared to Peach Bottom, and on the CCFP?

3. Given that the national averace value for frequency of loss of offsite

pcwer is on the order of 0.22/yr justify, on the basis of the Bayesian

estimate that the frequency of loss of offsite power at Vermont Yankee is

0.07/yr.
|

1

4. Verify that the total battery capacity available at Vemont Yankee is ,

I
greater than 2175 ampere-hours, and that it could be maintained at a |

1

voltage greater than 1.75 volts / cell in high ambient temperature during

the accident for 6-8 hours. |

5. How often are the RHR/RHRSW interconnectir.g valves actuated to assure that

the valves work properly?

|

|



,
-

s.

.

.

-2-

6. How often are the interconnecting valves between the RHRSW and the fire

protection system (fire pumps) actuated to assure that the valve works

orcterly?

7. haw reacily can the MSIVs be reopened following closure at operating

conditions? What interlocks must be bypassed and how complicated are the

procecures (e.g., must the differential pressure across the MSIVs be

reduced for the valves to be re-opened)?

8. It is not clear how the CCFPs given or page 74 of the report were

obtained. Please explain.

9. What SLCS modifications are proposed for V.Y.? Page 86 discusses the

advantages of two different possible modifications, but gives no commitment

to either.
I

Identify the testing and maintenance requirements you use for the diesel10.

driven fire pump. Do these requirements conform to those contained in the

National Fire Codes? Also identify any reliability information for the

system such as outages and failures to start on demand. What outage time

limitations do you use for the system while at power?

,

!
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11. Identify the scope of modifications required to the spray system, or

increases in the pumping capacity, to assure a uniformly distributed

spray with proper droplet size (as opposed to a dribble) if the diesel

fire pun.p were usco ir. a core melt event. Approximately what would

the costs be of such rodificatiens?

12. Can portable AC generators be used effectively to power vital valves

and/or small pumps for station blackout accidents? If so, what
~

modifications would be required, and what would be their approximate

costs?,

13. In section 2.2.1 you conclude that the containment can be " expected to

withstand pressures approximately two times design prior to failure."

Provide the bases for your conclusion.

14. In section 2.2.10.3, isn't the water supply from at least a portion of the

cooling towers also available?

15. The use of the Vernon Hydroelectric Station is referenced in Section

2.2.11.1, and discussed in more detail in Section 4.4.2.3. Reliability

estimates are presented on page 62. Please provide the basis for the

reliability estimates with reference to both the historical operation

of Vernon Hydro, and the transmission line and substations to Vermont

Yankee.

- - . -
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16. The Nitrogen Containment Atmosphere Dilution (NCAD) system is referenced

on pages 25 and 115. What maintenance and surveillance procedures are

used to ensure operability?

17. In Section 4.1.4 MARCH /RMA and MAAP code package for Vermont Yankee is

refe-enced. Were calculations made for Vermont Yankee, or were the

results of computation for other reactors evaluated for the Vermont Yankee

design? What calculations were made? *

.

12.' Invessel and exvessel steam explosions were not considered credible (pg.

55, 1st para.) based upon research. Identify the research that fort::s the

basis for tnis conclusion.

M. As we understand tables 4.7 through 4.10, the designations E, L, and NCL
,

refer'to ea hy (E) tr late (L) containment failure estimates, and NCL

refers to no containment failure. The second designators H. M and L

refer to high, medium and low releases, respectively. To what extent

can mitigation through manual actions in the time available, and in the

temperature and radiation environments associated with such accident

types be expected to be successful for early failures; for late failures?

Specifically, for the combustible gas control, spray, and venting evalua-

tions, what do you judge the effectiveness of the existing plant and

procedures to be versus the possible improvements for early and late

sequences?

. .
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20. NPSH during spraying is identified as a concern on page 117. To what

extent will further investigation be undertaken to determine whether NPSH

is an issue? Verify ttiat,procpdures, exist for the operator to lineup ECCS

water sources outside the containment in the event NPSH reouirements are

not met. If analysis indicates it is an issue, what do you propose be

done to eliminate or reduce the level of concern?

21. Venting is considered for the station blackout sequences only. Please

discuss your rationale for not considering other events when venting may be

beneficial.

22. Since there is a substantial difference between the heights of the VYNPS

plant stack (318 feet) and the reference plant stack (500 feet), indicate

how this was taken into account in the comparison of the two plants.

23. Evaluate the differences in offsite dose consequences due to venting at

ground level versus through the stack. Using site specific meteorology

and topography, provide an estimate of the offsite dose differences

between the two types of release as a function of distance from the site.

24 On page 125, rapid containment depressurization which could fail the

drywell is offered as an uncertainty relative to containment venting.

What analysis and/or tests are being conducted to reduce this uncertainty?

If no analysis or tests are contemplated, what actions are proposed to

minimize the uncertainty?

..-. - -- . -. _ _ . . - - .. . . . . - - _ . .
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25. Remote manual valve operation is discussed in Section 5.3.5.1.1.,

primarily with respect to station blackout. To what extent can the remote

vert valve a.1d any spray valve alignment be counted on for the other

classes of sequences you assessed? That is, if remote manual operation is

not available, would the local environment the operators would encounter

allow successful local operation?

26. Severe accident venting discussed in Section 5.4 does not include an

evaluation of the reliability of the ADS system. Given the types of

severe accident challenges you have described, provide your estimates of
,

the reliability of ADS valves; i.e., their potential as a suppression pool

bypass path. Can battery packs or portable generators be used to assure

high reliability? If so, at what approximate cost?

2'7. Wha't is the approximate cost for improving the valving for the diesel fire

pump?

28. For the improvement options you have evaluated, what maintenance and

surveillance guidelines would you propose to use?

i

29. To what extent do you consider the option of drywell flooding to be
)

effective? If effective, would you include the option in future revisions |

|to your emergency operating procedures.

- -- --- . . . . .

|
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30. It is estimated that the maximum debris layer thickness on the drywell

floor would be approximately 1.1 inches (page 136). Provide the bases for

such a ce clusion.

31. What is the thickness of the vent duct between torus and drywell? (Fig 1,

- Page F-6).

32. It is stated that " additional physical barriers are believed to be

cunter-productive as they may prevent contaircent spray from cooling the

debris while it is confined in the Subpile Room." P' lease elaborate how

such a barrier would prevent the spray from effectively ccoling the

cebris. (p 137).

33. It is indicated that, with the excepticn of the one-inch nitrogen CAD line
~

and the six-inch nitrogen purge line, the pipe lines associated with fcur

potential vent paths are likely to fail. Provide background infomation

which led to this conclusion (p 131).

34. It is implied that a layer of debris (1.1 inch thick) would not penetrate

the drywell steel shell and enter the torus (p 136). If such is the

conclusion, please discuss why such a burn through is unlikely while core

debris is attacking the dry well floor. There is a gap between drywell

steel shell and concrete shield. If the molten core were to burn through

. _ _ _ .
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the steel shell at the indicated corium elevation, what would prevent the

fission gas from entering the reactor building since the concrete shield

cutside the drywell shell is not designed as a pressure boundary?

35. It is stated that 135 psia is a reasonable ulue for the VY Containment

failure pressure (page F-5) e_

a) What is the uncertainty range associated with this value?

b) Khat would be a change in core melt and conditional containment

failure probabilities associated with the uncertainty? 'd
-.

c) Frovide references for the Ames and Sandia calculations mentioned

in the Appendix F. (page F-1)

30. Your evaluation of deinerting indicates a relatively few hours of power

operation while tne containment is deinerted (i.e., about 1% in the'

Run Mode). For each such instance, please identify the following:

a) the number of hours deinerted;

b) the purpose for the deinerted condition, and whether it was

successful; before shutdown was required by your technical

specification, and

c) the power level and its corresponding reactor pressure at

which containment entry and exit were made.

Please indicate the impacts you would expect for a deinerting

technical specification to either 16 hours, or 12 hours.

~ - .._ ..- .
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37. Please provide your estimates of pressure and temperature as a function of

time for the accident sequences you analyzed for CCFP estimates.
P

32. It is not clear from your evaluatier why the probability estimates of

early failures with higher releases are lower than for Class IV events.

Please explain if venting of ATWS sequences before core melting was

essumed?

;
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Docket No. 50-443

Mr. Robert J. Harrison
President & Chief Executive Officer
Public Service Company of New Hampshire '

' Post Office Box 330
Manchester, New Hampshire 03105

Dear Mr. Harrison:

SUBJECT: TRANSMISSION OF BROOKHAVEN NATIONAL LABORATORY ORAFT REPORT OF
THE SEABROOK EMERGENCY PLANNING SENSITIVITY STUDY

Brookhaven National Laboratory has submitted its draft report to the NRC

documenting the findings from its review of the Seabrook Station Emergency

Planning Sensitivity Study and supporting documents. The NRC is making the
1
'

report available at this time for your information and use. You should note

that the NRC staff process of review and comment on the Brcokhaven draft has

just Oegun, and the Ercokhaven final report will not be produced until the,

autners have hac the cpportunity to assess formal NRC staff comments. The re fo re ,

the rer. ort is subject to cnange.

)

h
Victor Nerses, Project .'4anager
PWR Project Directorat: No. 5

,

Division of PWR Licensing-A
|
i

Enclosure:
Oraft Technical Evaluation of the

EPZ Sensitivity Study for Seabrook
Technical Report A-3852
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Mr. Robert J. Parrison
Public Service Company of New Hampshire Seabrook Nuclear Power Station

t

CC:
Thomas Dignan, Esc. E. Tupper Kinder, Esc.
John A. Pitscher, Esc. G. Dana Bisbee, Esc.
Ropes and Grav Assistant Attorney General
225 Franklir Street Office of Attorney General
Boston, Massachusetts 02110 208 State Hosue Annex

Concord, New Hampshire 03301
Mr. Eruce 8. Becklev, Project Manager
Public Service Company of New Hampshire Resident Inspector

Post Office Box 330 Seabrook Nuclear Power Station
Manchester, New Hampshire 03105 c/o US Nuclear Regulatory Commission

Post Office Box 700
Dr. Mauray Tye, Presidert Seabrook, New Hampshire 03874
Sun Valley Association
209 Sumner Street Mr. John DeVincentis, Director
Haverhill, Massachusetts 01839 Engineering and I.icensing

| Yankee Atomic Electric Company
Robert A. Backus, Esq. 1671 Worchester Road

'

O'Neil, Backus and Spielman Framingham, Massachusetts 01701
116 lowell Street
Manchester, New Hampshire 03105 Mr. A. M. Ebner, Project Manager

United Engineers & Constructors
William S. Jordan, III 30 South 17th Street
Diane Curran Post Office Rox 8223
Parmon, Weiss & Jordan Philadelphia, Pennsylvania 19101
20001 S Street, NW
Suite 430
Washingtor, C.C. 20009

*c. Philip Ahrens, Esc.
Assistart Attorney General
State House, Station <6
Augusta, Faire 04333 Carol S. Sneider, Esc.

Office of the Assistart Attorney General
Environmental Protection Divis1er

Mr. Wa-ren Hall One Ashburton Place
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ABSTRACT

A tecnnical evaluation of the Seabrook Station Energency Planning Sensi-
tivity Study (PLG-0065) has been performed. This was an evaluation which
focused on those areas found to be the nost influential in calculating the
Seabrook risk estimates. The approach taken by Brookhaven National Laboratory
(BNL) was to perforn sensitivity studies to assess the impact on the results
in PLG-0465 of tne BNL evaluation of tnese areas.
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PREFACE

This report describes a technical evaluation of the Seabrook Station
Energency Planning Sensitivity Study (PLG-0465). The main objective of this
technical evaluation is to assist the NRC in its evaluation of the validity of
the conclusions presented in PLG-0465. This is therefore a focused review by
Brookhaven National Laboratory (BNL) of those areas identified in PLG-0465 as
being the most influential in calculating the Seabrook risk estimates.
However, regardless of the . conclusions of this focused review, BNL cannot
attest to the validity of tne overall risk profiles presented in PLG-0465.
This follows f ro9 the observation that the risk estimates in PLG-0465 rely
heavily on Seabrook Station Risk Management and Emergency Planning Study
(RMEPS) (PLG-0432), which in turn relies on the Seabrook Station Probabilistic
Safety Assessnent (SSPSA). Unfortunately, the risk profiles in the SSPSA hava
not been indeoendently reassessed, requantified, and validated, by the NRC
staff or their contractors. Similarly, within the scope of the review, BNL
has also not validated the accident sequence probability estinates in t ". e
SSPSA. Therefore, because these estimates form the foundation for the
updated risk estimates in the RMEPS and ultimately in PLG-0465, BNL has not,
and cannot, verify the total risk estimates in PLG-0465. This includes the
predicted dose versus distance curves. The current review should therefore be

,

regarded as an evaluation of selected issues related to the potential for a
large early release of radioactivity at the Seabrook Station and not a
reassessment or validation of the total risk profile.
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i SUMMARY
,

1

Tnis report describes a technical evaluation of the Seabrook Station
Energency Planning Sensitivity Study (PLG-0465). The results of the PLG-0465
Sensitivity Study are reproduced in . Figures S.1-S.3. The principal conclusion
of PLG-0465 was that an emergency planning zone (EPZ) at the Seabrook Station i

of 1 mile radius or less is more justified in terms of its risk management '

ef fectiveness than the current 10-mile EPZ was justified by the results of
NUREG-0396. This conclusion was made in PLG-0465 without accounting for any
new insignts about source terns since WASH-1400. The conclusion was based on
the following observations:

The individual risk of early fatalities in the population within 1.

mile of the site boundary with no imnediate protective actions is less
than the NRC safety goal (refer to Figure S.1). This individual risk
is substantially less when a 1-mile evacuation is assumed.

The risk of early fatalities with a 1-mile evacuation is conparable to.

the WASH-1400 results, which assumed a 25-mile evacuation (refer to
Figure S.2). Tne Seahrook Station results for a 2-mile evacuation are
substantially less than those for WASH-1400.

The risk of radiological exposures for 1, 5, 50, and 200-rem whole.

body doses with no innediate protective actions is less at I nile than

the corresponding NUREG-0396 results at 10 miles (refer to Figure
S.3).

: .

Tne Seatrook study (PLG-0465) identified the following three areas as
beiag the rest influential in calculating the Seabrook risk estinates:

Tne effectiveness of the Seabrook Station primary containnent to.

either remain intact or to maintain its fission product retention
; cacability for peaiods nucn longer than required for even delayed, ad
i hoc pro ective actions.

A nore realistic assessment of tne strength and failure nodes of the.

Seatrook containment than was possible within the state-of-the-art of
PRA wnen the RSS was completed.

A nore realistic treatrent of the initiation and progression of inter-.

facing systens LOCA sequences.

At the request of the NRC, the BNL technical evaluation focused on the
areas that were identified in PLG-0465. The approach taken by BNL was to per-
forn sensitivity studies to assess the impact on the results in PLG-0465 of
:ne BNL review of these areas. The BNL sensitivity studies used the condi-
tional risk indices provided in PLG-0465 (and supporting docunentation) to
assess how changes in tne probability of accident sequences and containment
f ailJre nodes would cnange the risk esticates in PLG-0465. The sensitivity
studies calculatec revised 200 ren-dose versus distance curves and tne nean! absolute ris( of early f atalities and total cancer fatalities. The results of
"e 3*;L sensitivity studies are given in Table 5.1 and Figure 5.4 The dose

vs distance curves in Figures 5.3 and 5.4 can of course be directly compared;
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however, tne BNL nean absolute risk numbers in Table S.1 cannot be directly i

conpared (without additional calculation) with the infornation from PLG-0465 |
in Figures 5.1 or S.2. Tne nean absolute risk nunber in Table S.1 would have

; to be converted into individual risk of fatalities in the population within 1
nile of the site boundary before direct comparison within information in'

Figure S.1 could be made. However, the information provided in Table S.1 is a
useful indicatien of how the PLG-0465 risk levels in Figures S.1 and S.2 would
change if recalculated using the assumptions of the sensitivity studies.

) In addition to the areas identified in PLG-0465, other areas were
identified as potentially important to risk at Seabrook. In particular, the

'

applicant was requested to provide information on the risk associated with
accidents during shutdown. The results of the applicant's assessment of such
accidents are also given in Table S.1 and in Figures S.5'and S.6. BNL was not

] able to assess the frequency of these events because there remain fundamental
' ouestions regarding nodeling of these scenarios. In addition, the potential

for induced stean generator tube rupture (SGTR) for accidents in which the
prinary systen is at high pressure was identified as a topic for review. This

; topic was reviewed in detail by the NRC staff and is the subject of continuing
NRC and industry research activities. In an effort to assess the potential

*

influence of SGTR, a simple sensitivity study was performed at BNL and the
results are also given in Table S.1 and Figure S.4.

In Table 5.1 and Figure S.7 the effect on risk of combining all the
sensitivity is presented. This calculation should not be interpreted as a
reassessnent of the overall risk profiles for Seabrook because there was not a

t syste-atic attengt by BNL to obtain completeness. It is simply intended to
indicate how the results of the various sensitivity studies could influence,

i the risk estinates in PLG-0265. Tne method used to combine the effect of all
! of the studies is not rigorous and could lead to inconsistencies. In
j additi:n. it is not normal practice in probabilistic risk assess ents to

cc-aine counding sensitivity studies. The results in Table S.1 and Figure 5.7>

; should therefore be recognized for what they are, namely, a series of
sensitivity studies and not be interpreted as a statement of the overall risk;

j at SeaDrock.

J ihe results in Table S.1 and Figures S.4-S.7 are useful to focus on those
j areas of the BNL review that appear to have the greatest inpact on the
; conclusions in PLG-0465. Tne results indicate, given the extent of this

focused review, that the conservative assumptions regarding accidents during
shutcown and induced SGTR have the nest impact on the dose vs distance and

j risk estinates in PLG-0465. However, the more optimistic assunptions regard-
i ing these events nave ninor impact on the PLG-0 65 results. These are areas
i of considerable uncertainty, which at the present time do not allow a better
i de'inition of the risk estimates than given by the ranges in Table S.1 and
j Figures 5.4-S.7

; The conclusien of this focused review is that the risk estinates quoted
! from DLG-035 at the beginning of this sunnary do appear to be influenced by

tre varicus sensitivity studies cerformed at BNL. The individual risk of,

| early f atalities with no imneciate protective actions as predicted in PLG-0 65
l are cnly slightly below the Droposed NRC safety goals as shown in Figure S.I.
! Ine efore, from an inspectier of Table 5.1 it is clear that see of the sensi-
] tivity stustes will result in risk estir ates (if no immediate protective
!

. v.' i i i
$,
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actions are taken) that approach and may exceed the p ;p;;ed goal . However,
with a 1 mile evacuation none of the selected sensitivity-studies exceeded the
safety goal. In addition, the statement in PLG-0465 that "there is no
significant f requency of exceeding 200 rem beyond 1.5 miles in the Seabrook
sensitivity results" is not confirmed by some of the sensitivity study results
presented in Figures S.4-5.7.

Whether or not the results of the BNL (and applicant) sensitivity studies
' and the fact that BNL cannot verify the total risk estimates at Seabrook chal-

lenge the principal conclusion of PLG-0465, namely "that an emergency planning
zone (EPZ) at the Seacrook Station of 1 mile radius or less is more justified
in terms of its risk management effectiveness than the current 10-mile EPZ was
justified by the results of NUREG-0396" is a matter of NRC policy and beyond

; the scope of the BNL review. ,

1
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Table 5.1 Inpact of BNL Sensitivity Studies on PLG-0465 Risk Estimates

Absolute Risk Per Reactor Year

Early Fatalities Total Cancers

Sensitivity One Two One Two
Nc Mile Mile No, Mile Mile

Study Eva:. Evac. Evac. Evac. Evac. Evac.

Original 2.7(-3)* 3.6(-4) 2.4(-5) 1.5(-2) 1.4(-2) 9.2(-3)
PLG-0465
Results

Revised 2.8(-3) 4.6(-4) 1.2(-4) 1. 5 ( -2 ) 1.4(-2) 9.3(-3)
Frequency
for Inter-
facing
Systen LOCAs

Steam 4.5(-3) 2.2(-3) 1.8(-3) 1.7(-2) 1.6(-2) 1.1(-2)
**

Generator
Tube 2.8(-3) 4.2(-4) 8.4(-4) 1.5(-2) 1.4(-2) 9.3(-3)

***

Ruptured

Contain-ect 4.7(-3) 2.4(-3) 2.0(-3) 1.8(-2) 1.7(-2) 1.2(-2)
Loads an1
Perforna ce

i

**| 6.2. b4-c:1:ents 2.9(-3) 3.0(-4) 2.1(-2) 2.0(-2) 1.4(-2)from
Shut- 2.7(-3) 3.3( 4) 2.8(-5) 1.5(-2) 1.4(-2) 9.2(-3)

***

door ****

**jIrpact 1.0|-2) 7.0(-3) 4.2(-3) 2.6(-2) 2.5(-2) 1.9(-2)
of all
Issues 4.9f-3) 2.6(-3) 2.2(-3) 1.8(-2) 1.7(-2) 1.2(-2)

***

*2.7(-3) = 2.7x10-3
**Pessinistic assunctions.

***00tiristic assanctions
****Calculatec ty tne Applicant, not confirmed by BNL.

s r. i i
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1. INTRODUCTION

1

1.1 Background

The Seabrook Station Probabilistic Safety Assessnent (SSPSA)I was com-
pleted by Pickard, Lowe, and Garrick (PLG) Inc., for the Public Service

*

Company of New Hampshire and Yankee Atomic Electric Company in December 1483

and subnitted to the Nuclear Regulatory Conmission (NRC). The NRC staff and
; its supporting contractor initiated an in-depth review of sections of the

{ SSPSA related to determining those accident sequences that could lead to core
) damage. However. this effort was terminated prior to completion of the

j review.2 A separate contract was placed with Brookhaven National Laboratory
.| (BNL) to perform a very limited 3 review of those portions of the SSPSA related -

1

! to core meltdown phenomenology, containment response, and radiological source
terms. The BNL review 3 did not include an assessment of the physical strength

J of the Seacroo< Containment.
1
:

The key results of the SSDSA I are given below:
;

Tre re39 are redian values of the uncertainty distribution fer core. '
,
.

' 'ne!: frequen:y were found to be 2. 3x 10 " a nd 1.9x10 ' events per
j reactor-year. respectively.
j
;

Botn the societ31 and individual risk provisions of the NRC safety.
)

| goals were net by wide rargins; hence, the risk to public health and
\

; safety was estirated to be extremely small.
!

Dif ferent risk factors were found to have different key contributors.]
.

i
'

Interfacing systens LOCA events and, to a lesser extent, seisnic-
j induced transient events were the principal contributors to early

.

healtn risk. The contributors to core melt frequency and latent i

j health risk were made up of a large group of initiators, including
loss of of' site power, transient events, fires, and seismic events.

|

I

Tre drinae: contributors to core celt frecuency were supoort systeej .

j 'aults, external events, and internal hazards that af fected both the
t

i

1

i
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core cooling and containnent heat removal systems. As a result, a

major fraction of the core nelt frequency, 73%, was associated with
sequences in which long-term containnent overpressurization was indi-
cated, while only It was associated with early containment failure.

In contrast with previous containment analysis, the timing of contain-.

ment overpressurization in the above sequences was found to be
nessured in units of days rather than hours.

A najor result of the SSPSA was that interfacing systen LOCA events were
the principal contributors to early health risk. The results of the SSPSA
were updated in the Seabrook Station Risk Management and Emergency Planning
Study (RMEPS), PLG-0432" to account for new insights regarding radioactive
release source terms and the progression of sequences involving loss of
coolant events tnat bypass the containment.

Tne purpose of tne RMEPS was to present the results of a technical
evaluation of energency planning options and other risk management actions
that were under consideration for the Seabrook Station. The principal focus
of t"e study was the evaluation of the inpact of various protective actions
such as evacation and sneltering to various radial distances from the plant
site.

A secced report related to energency planning was published (Seabrook
Station Erergency Planning Sensitivity Study, PLG-0465) which determined the

radius of the EP: that could be jus ti fied without consideration of any
advances regarding the source tern methodology since the conpletion of the
Reactor Safety Study in 1975. It is this second study that is the focus of
the current BNL review.

1.2 Scoce ard Focus of the Deview

The objective of this technical evaluation report is to assist the NRC in
evaluating the cohustness of the applicant's conclusions regarding the
Energency planning Sensitivity Study for Seabrook (PLG-0465). The focus of
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the BNL review reflects those areas of PLG-0465 (and the supporting docunent
PLG-0432) where rajor risk reductions (when compared with the results of the
SSPSA) were calculated. Tnus, our review assessed the physical strength of
the Seabrook containnent and the magnitude of the challenges to it. In

addition, the potential for bypassing the containment via interfacing systen -

LOCAs or by loss of containment isolation was assessed.

An inportant comparison in PLG-0465 relates to a comparison of the dose
and distance risk curves developed for Seabrook with similar curves in NUREG-

t

0396. Thus, the technical bases for the risk curves in NUREG-0396 will be
reviewed and compared with the bases for the curves presented in PLG-0465 to
determine the appropriateness of the comparison. Finally, the site conse-

quence modeling in PLG n465 will be evaluated and compared with current NRC
consequence nodels.

1.3 Organization of the Report

The previous section identified ,the focus of our review of PLG-0465 and
indicated the limitations of the effort. The report is organized to address
ea:* of the areas discussed in Section 1.2. Initially, in Section 2. those

:3rt ons of PLG-0055 and the RMEPS (PLG-0432) related to system f ailure are
reviewed to determine tre appropriateness of the accident sequence probabili-
ties.

Section 3 reviews the ability of the Seabrook Station primary containnent
to witnstand the very severe pressure / temperature loads associated with core
neltdown accicents. This is a very important review because the applicant
corstders that the Seacrook containment has a significantly greater capability
for containing core neltdown accidents than a number of other large dry con- >

tainments that have been reviewed by the NRC staff over the last several
y9ars.

The sensitivity of :ne conclusions in PLG-0432 to uncertainties in
containment loads I;ressure/tenceratures histories) and containnent perfor-
Parce ( ased on tre aeview in Section 3) is explored in Section 4 The source

tea s used ir PLG-0432, wnien were based on RSS metnocology, are reviewed in

|
|

!

. I
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Section 5. Finally, in Section 6, the site consequence nodel and the risk
calculations presented in PLG-0432 are reviewed.

1.4 References

1. SSPSA.

2. LLNL Review Dra't.

3. NUREG/CR-45 0.

.

4
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2. SYSTEM EVALUATIO'i

{ In this section, those positions of PLG-0465 1 and the RMEPS2 (PLG--043P)
related to systen failure are reviewed to determine the appro-priateness of |
the accident sequence probabilities. This review focused on the reduced

-' frequency of the interfacing systen LOCA claimed in PLG-0432. This section
1

also addresses other sequences that might lead to early containnent bypass and
hence the potential for a large early release of radioactivity. This is a
particularly inportant topic for review because the applicant's risk estinates

; are based upon the conclusion that essentially all accidents that nay lead to
| a large early release of radioactivity have a very low probability (less than

one chan"e in ten nillion per year of reactor operation).-
|

! At NRC direction, since the present concern is with the frequency of a
substantial release, this section addresses several selected areas which are

j already know, to bear directly on this question. The strength of containnent
is addressed in a later section; here, selected nodes of containment bypass
are discussed. These include classical interfacing systens LOCA, failure of

,

cont 3innent isolation, and breakdown of stean generator tube integrity during
{ a severe actidert.

4

The study generally creates a strong impression of completeness.
Fo ever, the cresent cecision logic irposes unusual demands on the analysis.

3 Wnea one is quantifying a nultiple passive failure event whose frequency and
ccrsecuences are both clearly dominated by events whose absolute likelianod

} has been establisned experientially, some latitude can be toleaated in the
cuactification, and reclect of the less likely contributors can be justified.<

Here, the decision process requires that certain Categories of events be shown

to be essentially incredible on an absolute scale; there can be no doninating
'

i
! events for then to hide benind.
i

I
Several types of questions arise:

!

i 15 whetner the basic assunptions of tne subnittal are adequate, and '

e
i waether taa analysis confronts all the iroortant issues
|
1

!
:
1

i

.
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|

! 2) wnether, gi.ven tne basic assumptions, the plant-specific modeling ic
self-consistent and complete within the range of issues addressed oy

) the nodelinc

| 3) whether tne scenarios actually modelled are properly quantified
j (incloding conman cause considerations).
:

j- An example of a Type I completeness ' question will be discussed here in
; Section 2.3, namely, wnether a high-pressure melt scenario can lead to steaa

j generator tube cagradation and concomitant containment bypass. This is a
fairly generic cuestion, and one that is not answered within the material sub-!

I mitted to date. Tnis question is presently being studied by the utility and
i its const ltants.
t

!.
1

j An exarple of a Type 2 completeness question is whether the eneck valve

between residual heat renoval (RHR) suction and the refueling water storage
, tank (RWST) is likely to f ail in scenarios wherein the RHR systen is overpres-
\

surized. The study raises and discusses this question, but without clearlyi

; establishing wny the check valve survival probability is high enough to
I warrant not ex loring such scenarios. We believe that this inforration will

te feathcc-ing, but w911e this particular question may be laid to rest, it is
] en::leratic of a 'a-tif of sucn questions which cannot be exhaustively tallied

within the scope of this limited review, but which bears on the submittal's
conclusicas.

1

i Finally, a particular instance of a type 3 question will te discussed
! below in Section 2.1 where tne fraquency of nultiple check valve failure will
!, be addressec.

!
1 2.1 Inter'ac t g Syster LOC"
j
.

| 2.1.1 General
1

I

'ccerc'ng to t*e Seancock Station Erergency Planning Sensitivity Study,I
i; cae c' tae p incipal contributors dontnating early health risk--and one wnich
!
i

has beea suNec:M to avtaasive reaaalysts since the SSDSA--is an Interfacing!

Syste s LCCA t n e. bycasses ccntainnent. From all the potential pathways
i

i

,

|

!
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through w9ich an :nterf acing Systems LOCA (ISL) nay occur, tne study icenti-
fied six lines as possible initiators for ISLs:

Four lines in the cold leg safety injection (Low Pressure Injection.

[LPI]/ Residual Heat Renoval (RHR] Loop Return lines)

Two lines in the suction side of the RHR system..

The corresponding initiator frequencies were determined as:

Cold Leg Safety Injection Path (VI): I ix10 6 event / reactor year
PH9 Suction Side Cath (VS): 3.3x10 6 event / reactor year

wnich resulted in the following core damage frequency:

CDIst = 4.dx10-3 event / reactor year.

These f requencies were obtained as a result of an enhanced and innova-
tive analysis which involved new treatments of various aspects of the acct-
deat. The new treatr.ents are listed below:

More complete modeling of valve failure modes.

New data on cneck valve failures versus leak size.

fiore realistic treatment of dynanic pressure pulse.

Explicit modeling of RER relief valves.

Quantificatien of RHR piping fragilities to overpressure.

Modelirg of RHR purp seal leakage.

Operatcr actions to prevent nelt considered.

Therrat nydraulic and source tern factors nodeled using MAAP".

Uncertainties quantified..

BNL has performed a limited review of the new analysis, compiled a number
c' cuostions and observ3tiors, and performed a new evaluation of the initiato-
frecuencies. The cbjective o' this chapter is to provide the results o# this
li 'tec asv ew.i

I
1
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2.1.2 0 ner ISL Paths

BNL perforned a cursory line survey for potential containment bypassing
patnways for ISL. Tne survey identified sone pathways (e.g., RHR lines to the
RCS hot legs, letdown line, excess letdown line, etc.) which were ignored in
the Seabroc( study. Since BNL believes there were good reasons ,to ignore
then, these pathways were not analyzed. However, BNL believes that all the

potential paths should have been considered and the reasons for the rejection
of each path, with the probability of the path being open, should have been
discussed.

2.1.3 Initiator Frequencies.

The deternination of the initiator frequencies is one of the most impor-
tant parts of the Seabacok EPZ Study.1 It depends essentially on the correct

estinate of the frecuencies of relevant failure modes of valves in various
interfacing lines. Inese valve failure nodes are:

Di s: ru."ture or grcss lea < age o' series valves (check valves) in the.

L: lines

Ots: u:tu'e or gress lea (age of *0Vs, failure of sten nounted limit.

switches, ' id dis: f ailing open when indicating closed, in the RHR
suction li' es.

The a:proacn a;:d i ed faa rodeling o' initiator frequencies in the Sea: rook
study is based on two " innovative" steps:

a) Separatior of tre gross (reverse) leakage of check valves failure node
into " gross reverse leakage" and " failure to reseat on demand" failure
nodes, which were treated together in earlier data bases. This step

re uired, of couase, a "rer0deling" of the appropriate Boolean ecJations.
b) An analysis o' data on check valve leakage frequency versus leak rate for

cre:r valves o' the D*S/E CS systen boundary. This step resulted in

aptly 1*g a redu et cre:k valve leak 3ge f ailure frequency in the cuantifi-
cation c' t9e iritiator race's.

|

1
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In tre process of surveying data of the Nuclear Power' Experience (hpE)
data base, no disc rupture events were identified by PLG for check valves and
MOVs. Tne maximun observed leak rate was 200 gpn. Leak rates were estinated

based on other available evidence: the rate of boron concentration change in
the accurulators, pressure reduction, and similarity to other occurrences for
which the leak rates were known. To estimate the total check valve hours, the
information provided in NUREG/CR-13635 on the number of valves in the ECCS in
various PWRs was used. DLG's total number of check valve-hours was approxi

8mately 1.0x10 . To estimate the frequency of check valve failure to reseat on
demand, two types of data were used: estimates from generic sources of fail-
ure data, and experiential data from eight U.S. nuclear plants for which PLG
pe" forced plant specific PDAs.

2.1.3.1 Cneck valve failure frequencies

Since the chec( valve f ailure frequencies play a crucial role in the ISL
analysis, BNL perforced a sorewnat more detailed review of that part of tne
Seatrcok study. As a consequence of the review process tne following observa-
ticrs are race:

a' ;L^ selected a particular subset of : nose events listed in the NCE data
case, narely, events involving check valves at the RCS-ECCS interface.
'o estinate the tctal nu-der of cneck valve hours, it used the total popu-t'

,

lation of check valves in the ECCS instead of the particular subset of
cae9 valves at tre interfaces. This resulted in substantial overestima-
tion of check valve hours,

c' Tre correct exposure tire for check valve failures is not cerely the tire
when the plant is operating. For exarple, check valves in the DhR are
alrost continuously exposed to potentially degrading conditions (during
cold shutdowns, as well). A correction factor for pressure exposure of
inteafacirg lines shoul: te considered separately, in Calculating the
initiator frequencies.

1' When esticating lear rates f or accurulator check valves from accumulatnr
ia!epages, it mast te recogni:e1 tn3t the deduced leak rates relate to
ta? caec< valves ir sa** es , rat"e" than lealage thr0ug9 a single ched
valve.

.
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|

| e) Tne leak failure frequencies versus leak rate curve presented in the study
; (reproduced in Figure 2.1) is only a first approximation for a more pre-
j- cise leak failure frequency versus relative leak rate curve. In particu-

lar, this curve pooled data involving a variety of check valve sizes. A

more sophisticated treattnent would require knowledge of the size popula-
tion of check valves at the interfacing pathways.

| f) The largest leak rate in Figure 2.1 is of the order of 200 gpn, whereas
the arena of interest ranges to 65,000 gpn. The " linear" extrapolation to

i higher rates is not necessarily justified. If the shape of the distribu-

tion is Pareto, the linear extrapolation is in order. However, if it
;

j follows a Rayleigh distribution, the extrapolation is not correct (but
j conservative). Seabroo.k-specific considerations (valve si:es, designs)

:k
are not r.ade in the analysis,

g) The initiator nodels implicitly assume that the leak tests of the valves1

] " discover" all failures and valves behave as new after each test. The

study does not describe tne relevant test processes and the expected
] "real" efficiency of these tests.
4 h) The report does not consider connon cause failures. Such failures indeed
! happen due to boron deposition, improper maintenance'such as installation
) of irpropea componea.ts (gaskets, seats, or valve disks) which nay fail
| almost ir e31ately or at a later time.

!n order to estirate quartitatively the consequences of some of the above.t

I reationed deficiencies, BNL performed a more detailed reevaluation of relevantJ

j chetk valve failure data. Tne process was facilitated by the availacility of
; relevant f ailure events selected for an independent study of ISL at PWRs.
I which is presently ongoing at BNL for the NRC.
i

'.
I.
a

j Tables 2.1 and 2.2 present failure events for High Pressure / Low Pressure
isolatten check valves selected by BNL. These tables contain more relevant1

] events than are listed in TaDie 3.8 of PLG-0432. i

)
; Table 2.1 contaias events for the valve " leakage" failure node. Table

2.2 preseats tne events for the " valve failure to close" failure moce. Table
2.1 snews also data on the estimated leak flow rates. These latter data are

! ettataa: essentially witn the same netnot as tnase of Table 3.8 of PLG-002.
4,

I

I
!

!
|

|
i
i
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1

!

'
!! sing the failure events related to the accumulator check valves only,

B'il attempted to determine the leakage failure rate for a " clean" subset of
'

check valves. The appropriate check valve population was relatively easy to

} determine for all the PWRs in the U.S. (see Table 2.3). The total time fron
start of connercial operation of the individual plants was used as " tine of

,

exposure" for this clean subset of check valves, since, e.g., water with boric
*

acid degrades these valves. The total number of check valve-hours obtained is
72.34x10

!
4

The f reauencies of accunulator check valve leakage events for various
j leak rate ranges are given in Table 2.4 The corresponding frequency exceed-

ance/hr values are plotted against the check valve leak rates in Figure 2.1.
For corparison, Figure 2.1 shows also the PLG data. The shape of tne curve isi

alrost identical with that of PLG, but shifted higher, with almost one order
I of magnitude, riue to the higher number of events selected and the nore precise

value for check valve-hours.
3

1

. It is appropriate to nention here several precautions concerning the
leakage f ailure characteristics derived from accunulator check valve failure
eveats.

I
t

(

In the TDE data base the najority of interfacing check valve leakage.

I events involve accunulator valves. Although this seening bias c0uld
i arise fecn the extra nonitoring of the accumulator, it could also
1

] reflect a particularly severe environnent acting on the valves. IfI

] the latter is true, then leakage exceedance frequency data (ordinates
! in Figure 2.1) may lead to overestinates of the frequency for otrer1

3 interfacing che:k valves.
,

ine less flow rate data (" leak sizes"; abscissas in Figure 2.1) repre-! *

; sent lowea limits for these quantities, because leakage flow rates
! s

esticatec fren accunulator inleaxages involve, in most of tne cases.
lear. age througn tyo, eneck valves in series, where the l ess -lea n ing
valve etninates 'the other valve may be even wide open).
As a result of these fattors, a nore realistic leakage failure exceet-+ *

) an e frecuenty/hr versus leak rate curve for non accumulator interfac-
: ing Caths nsy be sonenhat inwer in f requency at icw leak rates, but

;

}

i

!
,

l
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mignt fall off nore slowly with increasing leak rate than do the
curves in Figure 2.1.
Inis more realistic curve yet has to be determined..

Since there are no nore accurate data available, BNL recalculated tne initia-
tor frequencies by using the data obtained for accumulator check valves.

j

Since the purpose of this calculation is to contrast the result with that of
the PLG analysis, the same extrapolation and calculational techniques are used
as those of PLG.

2.1.3.2 Cold leg safety injection path frequency

Tnis section presents a revised estimate of VI, the frequency of inter-
facing LOCA through the injection lines. The calculation presented below is
intended to follow the PLG analysis step by step, except that the check valve
failure statistics have been nodified as indicated above. Subsequently, these
rodified initiator f requencies will be propagated through to illustrate new
plant danage state f requencies. However, it should be noted that one proble9
noted above is not adcressed by this modification: the fact that-much check
valve lea age expeaience actually corresconds to leakage through multiple
checi valves. For exarcle, referring to Figure 2.1, if we take 10 4 per hour
as the frequency of 1300 gpm leakage through multiDie check valves, we obtain
an annual frecuency on the order of 10 " per year (per line) for these rather
sizable evants. At 10 7 per hour for 150 gpm leakage, we would obtain 10 3
per year, whicn is near the threshold of observability. We believe that this

,,

treatrent is sirplistic and conservative, and accordingly have not propagated
these numbers; but on the other hand, a proper treatment would ultirately have
to confront the cultiple leakage aspect of the accumulator experience, which
neither PLG's analysis, nor the one presented below, accorplishes. The

foll0 wing is, then, a recalculation of the PLG result using PLG rethods but
codifying the single che:k valve f ailure rate as previously discussed.

t

Free Figuae 2.1. the redian frecuercy of a single check valve failure
resulting in lea. age, tnat exceeds the capacity of one charging puro (i.e.. '
150 go-) is about '.1x10 7 per hour. Assuring a lognormal distribution for

|

|

|
i
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!

this frecuency and a range factor of 10 (which nay be too conservative for
this increased statistic) yield:

,

Parameter Frequency (even'ts per reactor year)

95th percentile 9.6x10 3
A Mean 2.6x10 3

Median 9.6x10 "
5tn percentile 9.6x10 5

Si-ilarly, the median frequency of exceeding 1800 gpn is.1.4x10 8 per hour.
Assuming a lognornal distribution with a range factor of 14 yields:

Parareter Frequency (events per reactor year)

95th percentile 1.7x10-3
"ea" 4.4x10 "

. .

Median 1.2x10 ''
5th cercenttie 8.Sx10-6

The frecuency of " fail to operate er demand" for check valve, Ac is taken t0
be the sare value as that used by PLG.

.

Ac = 2.7x10 ' (mean value).

By ustrg Formula 3.14 cf PLG-0432, the estimated mean frequency of failure of
two series injection cneck valves, that produces leakage to the RHR syster in
excess of 150 gpm is:

4.90x10 E events / reactor-year.

Since reaa are four injection paths, the nean value for Cold Leg Safety
|ajectica ena. *

VI = 1.95x10 * events / reactor-year.

L
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Icp event, LR in the injection path event tree represents the fraction of the
initiating event frequency, VI, in which the leakage not only exceeds 150 gpm,
but also exceeds I A00 g;n. The product of LR and VI thus represents tne fre-
quency of pressure challenges to the RHR system due to failure of both check
valves in the four injection paths. Based on tne above values, LR has a mean
value of .053,

2.1.2.3 RW:! suction side f requency

For an ISL to occur in the RHR hot leg suction path, failure of two
series POVs must occur. In the PLG-nodel for this path, the failure involves:

a) independent failures of both MOV valves, causing excessive leakage; or
b) independent failure of one of the valves and a demand failure of tne

second valve, or .

c) " valve f ail open while indicating closed" f ailure for the first value and
excessive 1+akage failure of the second valve.

In the DLG treatrent, tne frecuency of M0V valve disc leakage and failure
s:0n ce-arc (due to a sudden pressure loading) were assumed to be identical tc
t at 'c- :Pa c e:v valves. For the frequency of failure of an MOV to close en
de,and but indicate closed, a rean value of Aq = 1.1x10 ' failure / demand was
used in the DLG treatrent.

App!ying tre same a;;: roach as PLG (Formula 3.15 of PLG-0432) with tre
newly determined cnect valve lepage frequency, St.L recalculated the total (2
lires} suction sice ISL frecuency, VS, The new tean frequency for the RHR
suction side catn 1s:

VS = 1.44x10 " events / reactor-year,
l

ine split fraction, LR, for tne fraction of VS in which the leakage past
the series 90V5 is greater than the cacacity of the relief valves, is
:*actical'y tre sare as in tre case o' injection lines: .059 '*
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i
For these check valve leak rates, the PLG procedure of using the check

s

| valve ' lea <ev f ailure rates as " conservative" estimates for the leakage
' '

failure rates of the MOVs is probably too conservative, and appropriate MOV
leakage failure frequencies should be used.

||,
yr

| In the case of a reanalysis of the initiator frequency, VS, there are i

|, several BNL observations to be taken into account in a new suction side ISL
i nodel:

a) Inadvertent opening of the two MOVs due to connon cause failures such as
,

improper raintenance, nalfunction of the interlock systen, design error,1

irar0per tests, or testing operations,
s

b) Failure of the stem or other internal connections in valves equipped with,
'

f limit switches or failure of a limit switch (including improper mainte-
| nanfe such as reversing indication).
', cl 4t is difficult to see why only two MOVs have limit switches, instead of\
I \four,

d) It would be very .useful to describe the valve inspections that are pro- . !
1 * nised each tire tne plant goes to cold shutdown or is refueled. For

exacole, at a plant recently investigated by NRC, Region 1, everything was
testec tnoroughly, but tne relays for the MOVs were not inspected.

*

e) Cen:f derations should be given to operating procedures and the likelihood
,- /

tnat tne procedures will not be followed, and interlock behavior.
>

'

j ?.:.* Cperator Actions
. - s

g 1'
The ability of :ne Seabrook operators to diagnose, respond to, and niti-3

t
- [ gate a ileactor Coolant L9' stem (RCS) to Residual Heat Removal (RHR) Interf acing

,

9fstems LOCA will be reviewed in this subsection. Appropriate operator
actions can nitigate the consequences of the ISL sequence that result in I

! leakage outside containcert when the capacity 'of the RHR purp suction relief
valves is exceeded and subsequent failure of the RHR puso seals results. As

discussed by PLG-0*32, the success of these nitigative actions is dependent en

:ne ability of the Seatrock operating staff based on their training and emer-
gency procedures, to correctly diagnose _ a LOCA outside containrent. Tne !

e
, -

g

s

)

y

.

,
4 *

._ __
_!__,
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!
4

j correct diagnosis ray be nampered by operator confusion between symptons asso-

.

those LOCAs inside containment which fill and pressurize the Pres- iciated with
,

| surizer Relief Tank (PRT) oy pressurizer relief or safety valve discharge flow
|

and those associated with a RCS-RHR Interfacing Systems LOCA outside contain-
.nent which also fills and pressurizes the PRT via the RHR suction relief valve
discharge flow.

8

J

The following is the result of a brief BNL evaluation of operator diagno-
sis and actions to nitigate the consequences of RHR pump seal failure Inter-
facing Systems LOCA sequences at Seabrook and its assessment in PLG-0432,2

; Section 3.1.4.3 entitled " Operator Actions and Emergency Procedures."

'

inis evaluation was preceded by an independent and fairly extensive
familiarization preparation with the Seabrook procedures as they relate to the
ISL to be studied. This preparation was followed by observation of a series
of Seatrock Siculator cemonstrated accident sequences wnich illustrated the i

distinguishing cnaracteristics of the LOCA outside containnent and tne
responses expected of the Seabrook operators. The BNL evaluation was per-
forced by a former Senior Licensed Operator and Westinghouse Reactor Plant
simulator Certified Engineer. A nore detailed and complete evaluation of;

'

operator respe se would require a conprehensive Hunan Reliability An alysi s

] (HRA) such as Team Ennances Evaluation Method (TEEM)6 by a knowledgeable tean

of specialistis providing excertise in PWR operations, PWR systens engireering
and hunan reliacility. This team would develop a detailed task sequence anal-
ysis of the Seatrook c:erating staff performing the detailed tasks recuired to
ritigate these sequences and analyze the associated human reliability of the

i

staff resco+se using the analysis.

There are tnree sets of operator tasks identified by PLG-0432 wnich are2

to be irportant to the mitigation of the sequences by the Seabrook operating
staff (eac9 witt a uni;ue Operator-Action Sequence identification number in
parentnesis), namely:

i (O') Diagnose the 09 systen LOCA
(02) Isolate tne RHR systen LOCA,

(03) Provice akeuo to tne PWST.

!

I

!
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To successfully accomplish these tasks, the operating staf f nust follow
the appropriate parts of the following SeaDrook procedures which are appli-
cable to the RHR systen LOCA event.

Procedure E-0 (Reactor Trip or Safety Injection), Rev. 00, date.

05/16/86.
Procedure ECA-1.2 (LOCA Outside Containment), Rev. 00, dated.

05/16/P6. This procedure provides guidance on isolating the
rupture.

Procedure ECA-1.1 (Loss of Emergency Coolant Recirculation--ECR),.

'ev. 00. dates 05/16/96. This procedure provides guidance for supply-R

ir; adecuate ECCS flow and plant stabilization.

Drocedure E-1 (Loss of Reactor or Secondary Coolant), Rev. 00, dated, .

05/16/86. This procedure provides guicance for long-term cooling and
stabilization.

Plea e note that EC A-1. 2, Rev 00 needs to be revised to ensure that
valves PH '21 and -V22, the RHR pump hot leg injection cross connection valves
a*e closed prior to trying to identify and isolate a break in the icw oressure
syste-5. Inis need was i denti fi ed by a detailed review of the at0ve four
p ::ecures.

Tne cuartifica:icn cf tre three operator tasks identified by the Operator
*cticn Se uerce icer.::fication numbers 01, 02, and 03 above have been provided

PLG-0*32,1 Table 3-10. According to the acconoanying discussion in Sectionin

3.1.c.3, "Tnese operator actions include the hardware contribution, where
a:piicable, and are based on enhanced procedures and instrunentation in order
to alc tre opera:crs in :neir diagnosis of the event." For each of the three
c era;;r tasks, a "tase," human error rate with a "nean" value of 0.005 nas
been identi- fied as "0P".

This singular nu?.a n reliability analysis number is identi fi ed in
2PLG 643? as ". recor ended in Table 20-6 of NUREG/CR-1278 . for

7. .
. .

f:1'owirg a procedare uncer abnorcal conditions. This human error rate is
inter:retec to naee a rean value of 0.005 and to ce represented by a log orrai
c,striSuticr rarge 'ac cr o' 10." Therefore, t e cely part of tne :nree sets

.

_ _ - . - -
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of operator tasks 01, 02, and 03 which changes their quantifications values is
the hardware contrioution. The human reliability quantification contribution
of each of tnree operator tasks use the same estinated Human Error Reliability
(HEP) value of 0.005 with an error factor of 10. Each HEP is based on
NUREG/CR-1278,7 Table 20-6 (entitled " Estimated Hunan Error Probability (HEP)

related to failure of administrative control"). Item (4) HEP entitled "Use
written operations procedures under abnornal operating conditions." Tnere-
fore, no differentiation is made to distinguish quantitatively among operator
actions related to " diagnose," to " isolate," and to " provide."

i

The October 15, 1986 demonstration at the Seabrook Simulator with the
abovementioned Seabrook abnormal /ecergency related procedures provided (in the
absence of a detailed TEEMi equivalent human reliability analysis performed on
an actual Seabroo< licensed operator shift) a reasonable assurance that a
licensed Seabrook crew would adequately perform the necessary actions within
the tire required on :ne sinulator. This assurance is heightened especially
since the Seasrook Training Center has recently instituted, in October 1986, a
training nodule entitled "RHR Interface LOCA/ Student Handout," as part of its
Re;ualification Training Progran. Tne inclusion of such a nodule will rein-

'

force tne ir:ortance of tre RCS-RHR Interfacing Systens LOCA. Please note that
thi s nocule c:r.fi rrs tae need to revise Seabrook Drocedure No. ECA-1,2. 9evi-
sion No. 00, dated 5/16/85 entitled "LOCA Outside Containment" to close (or
verify closed) valves R"-V21 and -V22, the RHR purp hot leg injection cross
connection valves to identify and isolate a break in the low pressure systens.

Neveatheless, there were a number of concerns raised during a plant walk-
:nrougn on the same date as the simulator demonstration which the SeaDrook
Sinulator cannet adecuately answer. These concerns include the following:

a) Ability of RHR pump leakage to be detected in the control roon - con-
ce n lies witn vault cor:artrentation design with the Equiprent Vault
surp not receiving leakage pronDtly thereby delaying level detection

! incut in t~e control recr.
o) Ability o' R-? pur; relief disenarge into tne PRT to be distinguisn-

able ia the control room frcr the pressurizer relief and safety valve

i
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:

discharge - concern wi t h the latter relief and safety valve dis-
charge tailpipe terperatures.

In sunnary, the operator action analysis performed in PLG-0432,1 Section
J

- 3.1.4.3 appears to be superficial at best. The use of one single HEP value
7f rom one table of NUREG-1278 is an example of a lack of detailed and insuffi-

cient task analysis in assessing human performance appropriately. A detailed
6TEEM equivalent human reliability analysis is a far more appropriate and

rigorous approach to assessing Seabrook operator actions during a RCS-RHR,
'

Interf acing systens LOCA. Nevertheless, the simulator demonstration empha-
I sizing human reliability and task sequence timing, plus the new training

nodule reinforcing a connitnent to train the operator, provide a reasonable
assurance that a licensed and trained Seabrook crew would adequately perform
the necessary actions within the time frane required.

2.1.5 Ereak Location

Tne " weakest link" of the RHR pressure boundary when subjected to acci-
cental pressurization was i denti fi ed by the applicant to be the PHP purp
seals. A tabular listing o' failure probabilities at 2250 psia showing purp
seal failure crecabilities ranging to 0.5 while retallic failure probabilities
(piping, valves, and tuning) were 0.006 seens to support this observation.

The estinates of retallic conponent failure probabilities were based on:

! a) accidental pressurization ceak pressure limited to the initial RCS pres-
j

sure of 2250 psia.
1

b) a proDability of failure at the yield strength of the raterial to be 0.01
and tne procanili y of failure at ne ultimate strength of the na:erial to
be 0.99.

c) tne cnaracterization of :ne overpressurization event as a cuasi static
process.

c) the statement ina: at 2250 csia, ne stresses in the liniting :H: piping
are only approacning yield stresses and the neat exchanger tube and other
recranical co conents are at a small fraction of their respective yield
stresses.

1
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Tne cnaracterization of the overpressurization event as a quasi static
process with a liniting peak pressure equal to the initial RCS pressure of
2250 is based on IDCOR evaluations which have not been reviewed by BNL. The
assignment of it and 990 failure probabilities to the yield and ultinate
strengths of tne material respectively is acceptable since a failure at yield
is considered unlikely while a failure at ultimate is considered very likely.
The statement concerning the safety margins inherent in the RHR piping and,

retallic components and the basis for their calculation, however, must be
substantiated. Further, the influence of life or time dependent effects on
these safety margins must also be considered. Of particular concern in this

; regard is the capacity of the potentially corrosion degraded or embrittled
heat exchanger tubes to withstand any dynamic loads associated with the over-i

pressurization event.

i

The following request for furtner information has been made. "In the
description of RHP Pressure Boundary Failure Modes, it is stated that the
naximum value of stresses due to pressurization to 2250 psia in the limiting

} RHR piping are approaching the yield stress and the stresses in the other
i netallic co ponents are at a small fraction of their respective yield

stresses. Descrice the analyses conducted to support this conclusion ' and
provide a surcary of the pertinert resuits. In addition, clarify whether the

t

pressure loading has been applied as a dynamic pulse coupled with corrosion
degradation effects (such as heat exchanger tube embrittlement ). If tnese
effects have been consicered, describe the analyses and the dynamic loads. If
not, provide tne basis for not considering these effects "

ine applicant's response to this request will be reviewed and tne results
of our evaluation discussec in a future supplement to this report.

4

2.1.6 Event Tree Ouantification

This section summarizes tne effect of observations made by BNL in
previous sections to the event tree quantification,

t

tron :ne above observatier.t. it is obvious that the rain problen in the
!

cuantification o' various ISL scenarios are related to the cetermination of|

{
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i

the initiator frequencies. The other observations and questions expose mainly
the overall uncertainty of the real frequencies of these accident scenarios.

The effect of the change in the initiator frequencies to the plant damage
states can be demonstrated if the new initiator frequencies, VI and VS, given
in Sections 2.1.3.2 and 2.1.3.3 are propagated through the corresponding event

; trees.

'
1

; Table 2.5 presents the results of the RNL requantification. The table
j and its notation is essentially the same as Table 3-14 of the Seabrook EPZ

Study. For convenience, in Table 2.5, the meaning of some plant damage states
are repeated.

j Fron the table, the new value of the total core damage contribution due
to :SL can be deternined (the sun of PDS states 8C through IFV). This is:

j
P

CDISL = 1.37X10-6 event / reactor year.

Tne value ootained 1s nach higher than the updated value (see Section
,

2.'. 11 o' tre Seabrook EP: Stucy. It is much closer to the result of an
ei-lie assessrent given in :ne SSOSA, which is,

I

l

CDISL = 1.8x10-6 event / reactor year.

2.2 acciderts During Shutdown and Refueling Conditions
!

5 The Seacrook Erergency Planning Study concentrated on accidents that
2

woult occur during power operation, and did not assess the risk during non-,

power operation. Table 2.6 defines 6 nodes of plant operations as were,

. defined in standard techr.ical specifications. As far as early releases arei

concerned, there are so e potentially significant contributors from operation
in nodes 4, 5, and 6. Typically, technical specifications do not address the
status o' containrent i s olation in node 5, and recuire isolation in made 64

j only curing ;erioos of fuel handling. Consequently, it is possible to nave a
core relt accide-: with the containment wide coen.

|

|

e
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NSAC-N 9 is the only study that was performed to assess the core damace
frequency due to accidents curing non-power operation at PWR. It is an inno-
vative and detailed study for the Zion plant, using the plant-specific proce-
dures and experience. Three types of initiating events were considered: loss
of cooling, low te90erature overpressurization, and loss of coolant. NSAC-84
results show that tne dominant core damage sequences are due to loss of RHR
system and human errors. The contribution of LOCA to core danage frecuency
during shutdown ard refueling is approximately 2x10 6/ year. The contribution
of low temperature overpressurization is assessed to be less than 1010/ year.
Ine total core damage frequency during shutdown or refueling was assessed to
be 1.8x10 5/ year which is corparable to the frequency of core damage during
power operaticas, i.e., 5.7x10 5/ year. It was stated in the executive sunnary
of NSAC-84 tnat "witn the uncertainties involved, the risk of fuel damage
during sore period of a shutdown may be as great as the risk at power."

.

BNL performed a limited review of NSAC-84 Based on the linited informa-
tion cocumented in NSAC-30 and limited information for Seabrook, BNL believes
that the deninaat secue*0es identified in NSAC-84 nay also apply to Seabrook ,
anile the frepuercies of ne accident sequences need to be reassessed. Tne

NSAC Pa ac3 lysis of laa te per3ture overpressuri:ation may be too optimistic.
~ve-ts su " as trese Of Turkey Point 49 indicate that the frequency witn wnicn
a raDid pressurization occurs with tne RHR Systen isolated and the PORVs
unavaiiacie is higne- tnan IC-3 per year. Tne operators nave only a few
miautes to rescond to tne event before the pressure reaches the setpoint for
tre sa'ety valves. Ine-e' ore, the human error probability is not going to be
very small . If tre operators f ail to terminate the overpressurization, the
prirary syster pressure will reacn the setoo49: for the safety valves. At
this pressure, tae vessel rupture probability may be of the orcer of
in- 3,10- 11

1
1

Ine f 011 c w' r g sections ciscuss tne possiole 'nitiating events in no e
detail. Operational experiences and causes of failures are provided for each |
ty:e o' initiatirg everts. S: e scenarios that may lead to core damage are
provi1e: based en re::rts in the related area. Related safety issues are also

'

provided.
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i

2.2.1 Loss of Decay Heat Removal

; Tne RHR systen is designed to renove decay heat from the primary coolant
systen during nodes 4, 5, and 6. Most of the time when the system is oper-
ating, only one train is actually running; the other train is either on stand-
by or unavailable due to test ca naintenance. If the operating train fails to

continue running, the standby train will not start automatically. Therefore,
less of the operating train leads to loss of the system and operator actions

^

will be required to restore it. The Office of Analysis and Evaluation of
Operaticnal Data (AE00) identified and analyzed 130 loss-of-DHR events at PWRs

i during approximately 500 reactor years of operations.12 According to this

experience base, the frequency of loss-of-RHR is estinated to be 0.25 per
,

', reactor year. Table 2.7 lists the categories of the 130 events. It can be
j seen that automatic closure of suction valves and inadequate RCS inventory are
i the two dominant causes of loss of DHR. Automatic closures of suction valves
j were caused by spurious high pressure signals, loss of instrument bus, and

hu an errors in calibration of pressure transmitters. Inadequate RCS inven-

to*y was caused by human erroas and inadecuate vessel indications duringi

c ained-down ocerations. It was estimated 12 that approximately two-thirds of
t*e events were human error related.

Upon loss of DHR, operata-s may be able to restore the failed train by
; reccening tne spuriously closed suction valve, or starting the standby train.

Alternative retrods for decay heat renoval include use of stean generators and
use o' charging punas. Typically several hours are available be' ore core
uncove y occurs. Therefore, the most important thing is that the operators
must be able to recognize the loss of DHR. In the 130 loss-of-DHR events
i denti fi ed in the AEO study, the operators responded in a timely fasnion,
suen that no serious damage resulted. However, the duration of loss of DHR in
scre cases exceeded one hour. If a loss of DHR occurs 36 hours after a
reactor trip wi*h the plant in a partially drained condition, the onset of
core uncovery may be I hour af ter the loss-ofDHR.12

Tre dominant core danage secuences in NSAC-M represent scena*ios in
i wai:n decay neat removal is lost aad the operators fail to deter . ire that

actic, to restore cooling is recuired. For example, the accident se;uence

.
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with the highest frequency is a sequence in which the RHR suction valve is i

inadvertently closed, the operator fails to trip the RHR punps, and also fails
to determine that action to restore cooling is required. Its frequency is {
estinated to be 4.3x10-' per reactor year. Such scenarios can be postulated
for Seabrook. However, quantitative-assessment of the accident scenarios must |

1take into consideration the plant-specific information. For example, operator
|

performance is strongly affected by the indications or alarms available in the
control roon. Zion does not have any alarm in the control room for inadver-

.

tent closure of the RHR suction valves, while the Seabrook control roon has an
audible alarn on the video alarn system if the RHR pump is running with the

i suction valve closed. Anotner dif ference between Zion and Seabrook is that
Zion has a single drop line and Seabrook has double drop lines. This is not
espectec to be a significant cifference because the auto closure logic at Sea-
brook will isolate both suction lines when a spurious signal is generated,
i.e., a single pressure transmitter provides input to the interlock logic of
:ne two inner isolation valves, and a separate pressure te-r smitter provides
input to tne interlock of botn outer isolation valves. BNL performed a LER

; search for loss-of-DHR events due to spurious closure of suction valves at
plants with double dro; lines. Seven events were found in approximately 40

'

reacter yea 5. Inis indicates that the frequency of spurious closure of
; suctice valves at plants witn couble drop lines is not lower than the average

fre:uency for all plants.i

In res:cnse to the NRC request for adoitional i n fo rmation , the Public
Service of New Harp s ni re (PSNHi provided a shutdown risk analysis for Sea-

l3brook utilizing the results of NSAC-84 Two differences between Seabrook
.

and Zion we e accounted for, viz., the number of hot leg suction lines, and
the succort syste- interf aces with the RHR systen. In the analysis, credit
for tne additional suction line at Seabrook was taken, based on the statement
"For spurious valve closure to cause a loss of RHR cooling at Seabrook
station, it is necessary to postulate either a connon cause event involving
one valve in eacn suction path, or a coincidence of a single valve closure and
naintenance being ce-forred on the other RPR train." This reduced tne fre-
ouency of loss of RH: Dy a nuitiplicative factor of 0.'45 and the core damage
fre:uency by re xicately a f 3ctor o' 2. From the information available to
B ', '. , it is nct c!e!" :nat this reduction is justified. It is true that a

._ .. . _ - ._ . -- - . .-
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1

L

single train of the RHR systen is adequate for decay heat removal. However,

the standby train is not normally operating and will not start automatically
when the operating train becones unavailable. Tne- analysis in reference 13

i

assunes perfect autonatic start signal for the standby train or perfect opera--

i tor response to tne loss of the operating train; however, it has previously
'

been snown that operator error is important in these sequences, and neglect of
; it here is inappropriate.

The analysis of the support systens in reference 13 has not been reviewed

by BNL. As was stated in the analysis, the differences in the support systen
interf aces with the RHR system are unf avorable for Seabrook.

Two issues are related to the availability of RHR systen, i.e., unre '
solved safety issues A-45 and generic issue 99. A 45 addresses the adequacy
of decay heat renoval systems in existing light water reactor nuclear power

i

plants. Generic issue 99 addresses the RHR suction line interlocks on PWRs.
SNL is currently involved in a project to investigate nethods to inprove the
reliability of RHR systens during shutdown or refueling. The results of the
project will be used towards resolution of generic issue 99.

2.2.2 Low Tencerature Over;ressurization

!

low ter;erature overpressurization nay occur during shutdown as a result-,

of unanticipated addition of nass to the reactor coolant systen, for example,
<

inadvertent actuation of safety injection pumps, or imbalance of letdown and
charging flows. Inbalance of letdown and charging flow may be caused by
spurious isolation of tne RhR syster, thus, violation of tne letdown flow, and

loss of instrurent air that causes the letdown flow control valve to close and
the enarging line flow control valve to open. To protect the Seabrook plant
against such scenarios, a low temperature overpressurization protection systen

4

i

is activated wnen :ne pricacy system is cooled down after a reactor trip. Tne
I systen nonitors the primary system pressure and temperature and actuates a
a

main control board alarn when the pressure reaches a pre-ceterrined fraction
of the allowable pressure, and on a further increase in measured pressure,
transmits an actuation signal to the PORVs and the p0RV isolation valves.
Alsc. One sa'ety i nj ection punos and one or nore of tne cnarging punps are,

a

i
i

;

|
.
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made inocerable during initial cooldown. In addition to the PORVs, the relief
; valves in tne RHR systen may be available to relieve the pressure. Each RHR

suction line has a relief valve with 900 gpm capacity at 450 psig, and each
RHR discharge line has a relief valve with 20 gpm capacity at 600 psig. How-

ever, these relief valves may be made ineffective if the RHR suction valves
close automatically when the setpoint of 600 psig is reached, as was the case
in the Turkey Point-4 events. Actually, the Seabrook Technical Specifications
only require either both PORVs or botn RHR relief valves to be available.

1

i

; Two generic issues are related to the subject of low tenperature over-
pressurization, generic issues 90 and 70. Generic issue 94 considers addi-
tional l ow -t empe ra t u re -overp res s u ri za t i on protection for light water * reac-
tors. It nas a "nigh" priority ranking. ll Enclosure 1 to reference 11 is the

I
prioriti:ation evaluation for the issue, it was stated in the evaluation that
before 1979 30 events in PWRs were reported where the pressure / temperature of
the reactor coolar.: system violating Technical Specifications. After 1979,
following changes to operating procedures and the implementation of overpres-

l surization citigation systers, there have been two reported events of over-
] pressure excursion events, i.e., Turkey Point-4 events. Based on the opera-
I

tional experience anc the use of the Vessel Integrity Simulation Analysis
(V:SA) coce,l' the pricritization evaluation estimated tna :ne core da : age
frequency due to vessel rupture in a low-tenperature-overpressurization event

; at Oconee 2 to be 4.5x10 6 per reactor year. Generic issue 70 consicers the
reliacility of PORV and its block valves. BNL is currently investigating the

j, issue, and a d aft report of the work is upcening.

|

7. 2. 3 Loss of Coolant Accidents;

i

M*0-52 15 reviewed operating experience witnin 5 calendar jears up to
the end of 1991, and identified 10 loss of coolant events at PWRs. They were
caused by the 'ollowing causes:

1. Inadvertent nanual initiation of RHRS supplied containrent spray,
2. Inacve-tent loss of inventory to the containment building suro and/or

; autoratic initiation of recirculation mode of low pressure safety
injection.

2. Inac/ertent loss of inventory via the RHRS relief valves.

_.- -. - _ _ ._ _ _ _ . . _ _ _ _ . - . _ . , _ _ . . _ _ _ = - - - , . _ , . . . _ _ - _ _ - , . _ . . _
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4

;
; 4 Inaavertent loss of invectory via mispositioned crossconnect or drain I

valves.
5. RhRS valve packing gland removal during plant pressurization,

! dislodging the valve packing and gland.
6. Gross valve packing leak.

!

As for the loss-of-cool i ng initiating event, LOCA during shutdown or
refueling requires operator response to terminate the inventory loss and to |

,

{ provide inventory make up. The NSAC-84 analysis for Zion assessed the core

damage fre;uency due to a LOCA at shutdown or fueling to be approximately,

! 2x1C-6 per reactor year. The dominant scenario is that the operator fails to1

close tne RFR return valve to the RWST after draining the_ cavity, on reestab-
'

; lisning RKR flow, a LOCA via the RWST vent outside the plant occurs, and the
] operator fails to respond to it.

'

2.3 Ircu ed Steam Generator Tube Rupture (SGTR)

! For accidents in which the primary system is at high pressure during core
uncove y anc nelting, it is possible that large natural circulation flow pat-
te ns ceule develo; within the primary system. These flow patterns could in!

2 tu r reat uc repens of tne pricary systen renote from the reactor core. As
f the p rimary systen heats-up, it is possible that parts of the pressure

Ocs-cary could cegrace. Of particular concern is the possibility of degrading
} the steam generator tubes such that the prinary systen could become opeq to
I

tre se:onda*y system. I' the secondary systen were in turn open to atno-
j sprere, then a direct path could exist between the prinary systen and the

atros: e"e, w9ict bypasses containnent.
'I

!

Inis is a very 1.portant topic for review
I

because it could potentially
lead to a relatively large early release of radioactivity, and the applicant

; cc sicers it to be very unlixely. Tne topic was not included as part of tne
wor ( sco;e for the current BNL review. However, the topic was reviewed 16 in
detail :y the NRC staff an: is the subject of continuing NRC and incastry

j researcn activities.
>

4

i
i

|
f

f

i
.

4
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Scoping studies were perforned to assess the impact of induced stean
I

generator tube rupture on risk at Seabrook. First, the frequency of accidents
in which the prinary system would be at high pressure had to be determined.
The applicant estimated U the frequency of high pressure sequences in which a
SGTR might have an effect to be 4x10 3 per reactor year. This estimate was
considered reasonable in the NRC review l6 and therefore used as the basis for
the BNL scoping study.,

!

Given that core meltdown occurs with the primary system at high pressure,,

j the probability that the steam generator tubes will fail had then to be deter-
; nined. In addition, it is also possible (provided methods are available) for

the operators to depressurize the primary systen prior to induced failure of
the SGT. The probability of successful depressurization had also to be deter-
nined.

Estinating the probabilities of the above events is subject to signifi-
cant uncertainty. However, the Severe Accident Risk Reduction Program at SNL

!

attenoted to cuantify these probabilities by use of expert judgment. Tne
I probabilities were developed specifically for the Surry plant and reported in

Appendix B of St'035-3119.13 The experts concluded that there was a condi-
tional prcbatility of 0. 8 for successful depressurization of the prina ry
systen. In additio"., they felt that the probability of an induced stean

i
generator tute rupture nignt be between 0.01 and 0.1 (for both small and large
tube ruptures) conditional on no depressurization. These estinates are

-

reasonably consistent with an earlier NRC nemorandum 19 on this subject, which

suggested a conditional probability of about 0.01 to 0.3 for SGTR given a hign
pressure core neltdown. It was therefore decided to use 0.2 as the concition-
al probability of failure to depressurize and a range of 0.01 to 0.3 for SGTR;

to assess tne impact of this phenonenon on risk at Seabrook. Tne results are
sunnarized in Section 2.5.

2.4 Certainnent Isolation Failure

; To be provided.
I

i

|
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i

2.5 Su~~ary

.

In the introduction to this section, several categories of questions were
; listed; the topics treated here are each particular instances of those general

categories. It must be erphasized that there has been no top-down review of I

the process of establishing the frequency of any release category; the topics
.

addressed here were chosen essentially a priori. For some topics, sensitivity
j studies have been performed using the applicant's conditional risk indices to
i show how the dose vs distance and risk profiles might change as a result of
J

the concerns raised in this section. The results are summarized below.

Irter'acina System LOCA

The contriDution to release categories S1W and STW from interfacing
systen LOCA (as given in reference 1) are reproduced below:

5

Source Tern Category Plant Danage State Frequency,

SIW 1FV 4.6x10-9
.

j S7W 1FPV, 7FPV 3.9x10-8
,

Ine BZ requantification of tne event tree for interfacing system LOCAs
! (in Section 2.1) suggested the revised frequencies in Table 2.4 These

revised frecuercies would imply the following contrioution to source term
categories Six and S]W:
Source Tern Category Plant Damage State Frequency

SIW IFV 1.4x10 7
57W IFPV, 7FPV 1.1x10 6

,

Ine irpact of the above changes on the risk estimates in PLG-0 *32 is
given in Table 2.8. The revised frequencies for interfacing systen LOCAs have |

,

(as expected) no impact on the risk of cancers (refer to Table 2.2) because
tnis health effect is dominated by the higher frequency S2W category. The

ir;act of the revised frecuencies on early fatality risk is very snall if no
evacuation is assurec. However, as successively larger evacuaticn distances
a e assa ed tne revised frequencies have rather more effect. However, as the

rc encuation assurstion is already belew the proposed safety goals, the
i

J

i

-

! .
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;

i

changes in risk for the one and two mile evacuation assunptions are also
n utc_

witnin the pr:p:x4 safety goals. The above changes have no inpact on tne 200
ren dose vs distance curves in PLG-0432 (reproduced in Figure 2.2) because

.

they influence conditional f requencies below 0.001.

Note that in Section 5.2 questions were raised regarding the credit.to be,

taken for pool scrubbing of fission products for the 57W source term
'

category. In tne RSS21, a decontamination factor of 100 was used for
subcooled pool scrubbing rather than the factor of 1000 which was used in
PLG-0455 to calculate the S7W release fractions. BNL has confirmed that the

4

! effect of using a factor of 100 rather than 1000 would not change the results
! of the BNL sensitivity study in Table 2.8. However, the statenent made in
'

Section 5.2 that neglecting pool scrubbing for all interfacing LOCA sequences
would have no inpact on risk is only true if the frequencies in PLG-0465 are
used. If pool scrubbing was neglected and the revised RNL frequencies in
Tacle 2.4 was used, then the risk results would be effected. However, BNL

>

does not consider it appropriate to neglect pool scrubbing for that subset of
interf acir; system LO*A secuences where the break locatica is under water.
Tnus, BNL consicers the sensitivity results presented in Table 2.8 to be
approp-iate eve wnea our concerns in Section 5.2 are takea into acocunt.

Acciderts During Shutdown
!

'
This tcaic was not originally addressed in PLG-0465 and a detailed

assessrent of sucn events is beyond tne scope of the current BNL work on tnis
project. However, the applicant was requested to provide information on the
risk associated with accidents during shutdown. The results of tne
applicant's assessnent of such accidents were presented in the form of

i sensitivity studies in reference 13. BNL is not presently in a position toi
i assess the frecuency of these events for Seabrook becuase, as explained in i

Section 2.2, nere remain fundamental questions regarding the nodeling of f
,

these scenarios. H wever, in spite of this, the applicant's results have been
i a.cl ude d in Tatie 2.8 and Figures 2.2 and 2.3 for corpa rison witn :ne BNL
sensitivity study results on other topics. It should be note: t't a t the

ap !itact coasiders their upper bound estinates in Table 2.S a 1 ~igure 2.3 to
; be ve y conservative. In particular, in order to assess the inoact of these

!

i

, - - _ - . - - . _ _ _ _ . . _ _ _ _ _ , _ _ _ _ _ _ .___ _ . _ _ _ _ _ _ _ _ _ _ . _ . - -_ - -. . _ . . - . - - . - - .



. _ .
.- -

2-27

events . tney were included in source term categories derived for accidents
from full power, which could lead to predictions of shorter times and larger
quantities of fission product release than would be expected from accidents
during shutdown.

As shown by the applicant in Table 2.8 and Figures 2.2 and 2.3, the
influence on risk of accidents during shutdown can be significant. It should
be noted that this topic is being addressed gene-ica.lly in other ongoing NR0
work.

Induced Steam Generator Tube Ruoture

In Section 2.3 a sensitivity study was suggested to assess the inpact of
induced SGTR on risk at Seabrook. The frequency of high pressure sequences
taken together with tne conditional probabilities 'of failure to depressurize
and induced SGTR given in Section 2.3 give the following range of probabili- '

ties of induced SGIR:

.

4.nx10 5 x C.2 x 0.3 = 2.a 10 6 per reactor yearx

4.0x10 5 0.2 x 0.01 = 8.0x10 a per reactor year.x

In order to estinate the iecact of the above probabilities on risk an
appropriate source term category nad to be selected. It was decided to allo-
cate SGTD events to release category S1W, which represents a large early
bypass of the containnent. It was felt that this was a conservative
assuoption because significant retention of the fission products in the
secondary side could occur and this was not considered when calculating the
SIW release fra:tions. The impact of adding the above frequencies to - source
term category S1W is illustrated in Table 2.8 and Figure 2.4

Tne impact of t9e above changes relative to the risk of cancers given in
PLG-0465 is again relatively small even when the higher probacility of SGTR is
assured. However, the impact on early fatality risk of the hignest proba-
bility of SGTR has rather core inpact. The risk of early fatalities increases
fec- 2.7'-21 to 4.5f-3) per reactor year assuming no evacuation and rerains
relatively nig even with a two nile evacuation. The risk of early fatalities
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!

assuming no evacuation and the high SGTR probability is close to and nay
PJ AC.'

j exceed the ma safety goals. It should be noted that the risk estimates
! in Table 2.8 are sensitivity studies and that the NRC staff believes 18 that

j the actual probability of a SGTR is closer to the lower estimate. Howeyer,
' given the uncertainty associated with predicting such events it is prudent to

indicate the impact on risk of a range of assumptions regarding SGTR.

;i ihe inpact on the 200 ren dose vs distance curves in PLG-0465 is shown

j in Figure 2.2. Only the more conservative probability for SGTR has an impact

3 en the 200 ren dose vs distance curves and then only on conditional frequen-
cies below 0.01. The statement in PLG-0432 that "the risk of radiological
exposures for 200-rem wnole body dose with no inmediate protective actions is
less at 1 mile than the corresponding NUREG-0396 results at 10 niles" is not
affected by this particular sensitivity study related to the potential for

i SGTR,

Certain: ent Isolation Failure
i

1

(to be provided)
i

1
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Tacle 2.3 Accumulator Check Valve Exposure Da'ta ,'*
.

Start of Number of * Tc:a1 Number of
Commercial Number of Accumulator Cieck ValvePlant Naee Operation Years Check Valves (10 pours)5 *

Arkanasas Nuclear One 1 December 1974 11.08 4 3.882Crystal River 3 March 1977 8.83 4' - 3.094Davis-Besse 1 November 1977 8.16 4 2.859 iOconee 1 July 1973 12.50 4 4.380
3

Oconee 2 March 1974 11.83 4 4.145Oconee 3 December 1974 11.08 4 3.882Rancho Seco April 1975 10.75 4 3.767Three Mile Island 1 September 1974 11.33 4 3.970Three Mile Island 2 December 1978 7.08 4 2.481Arkansas Nuclear One 2 March 1980 5.83 8 4.086Calvert Cliffs 1 May 1975 10.67 8 7.478Calvert Cliffs 2 April 1977 8.75 8 6.132Fort Calhoun September 1973 12.33 8 8.641
,

Millstone 2 December 1975 10.08 8 7.064Maine Yankee December 1972 13.08 6 6.875Palisades Dece=ber 1971 14.08 8 9.867St. Lucie 1 December 1976 7.08 8 6.363Beaver Valley 1 April 1977 8.75 6 4.599D. C. Cook 1 August 1975 10.42 8 7.302D. C. Cook 2 July 1978 7.50 8 5.256Indian Point 2 Julv 1974 11.50 8 8.059Indian Point 3 August 1976 9.42 8 6.602 ')Joseph M. Farley 1 December 1977 8.08 6 4.247Kevaunee June 1974 11.58 4 4.058North Anna 1 June 1978 7.58 6 3.994Prairie Island 1 December 1973 12.08 4 4.233Prairie Island 2 December 1974 11.08 4 3.882Point Beach 1 December 1970 15.08 4 5.2B4 -Point Beach 2 October 1972 13.25 4 4.643 #,
R. E. Cinna 1 March 1970 15.83 4 5.547

,

E. B. Robinson 2 March 1971 14.83 6 7.795Sales 1 June 1977 8.50 8 5.957Surry 1 December 1972 13.08 6 6.875Surry 2 May 1973 12.67 6 6.659Trojan May 1976 9.67 8 6.777Turkey Point 3 Dece=ber 1972 13.08 6 6.875Turkey Point 4 September 1973 12.33 6 6.481Yankee Rove June 1971 14.50 2 2.500
,

,

2 ion 1 December 1973 12.08 8 8.466Zion 2 Septenber 1974 11.33 8 7.940
'

McCuire 1 Dece=ber 1981 4.08 8 2.859Secuoyan 1 Jul:. 1951 4.50 10 3.9;2Se:uoyah 2 June 1982 3.58 10 3.136
T 2TA'-

2.369(2)
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Table 2.4 Statistical Cata on Leakaces Events of Check
'

'

,

1,2 Valves to Accurulators
~

*
.-

- <

b '|, I
' ,.

/

/(' _

-

Frequency of Frequency ofLeak Rate (gpm) Number of Events Occurrence (per hour) Exceedance
'

.

5 11
10 4.64(-7) 1.48(-6)9-

20 3.80(-7) 1.01(-6)9
30 3.80(-7) 6.33(-7)3

100 1.27(-7) 2.53(-7)
a

1
200 4.22(-8) 1.27(-7)2 8.44(-8) 8.44(-8),
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Table 2.5 ISL Results Initially Assigned Plant Damage States

Frequency Contribution Fron
Plant Total

Darage State VI VS Frequency

LOCA 1.96-4 1.44-4 3.4-4

DLOC 1.2-5 0 1.2-5

DILOC 9.8-8 7.7-6 7.8-6

BC 2.1-8 0 2.1-8

70 1.5-7 0 1.5-7

7FPV 7.4-8 1.7-7 2.4-7

IFoV 1.8-8 8.0-7 8.2-7

IFV 8.4-3 5.9-8 1.a-7

Totals 2.1 3 1.5-4 3.6 4

Note:
LOCt: denotes a PDS, wnich contains thos'e secuences in which the

P.C leakage in both ISL cathways analyzed exceeds 150 g;m,
but dces not exceed tne RHR systen relief valve capacity.
Tne secuences are essentially nedium LOCAs.

CLOC: denotes a PDS, wnich contains sequences in wnich the ISL
i s terni nated.

CILO:": denotes a PDS, in which cociant makeup is being supplied
to the core, but tne ISL has not been terminated.

The otner plant danage states are involving conteinment bypassing
ISLs and core danage.

!

!
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Table 2.6 Plant Operational Modes *

Average
Reactivity " of Rated Coolant.

Operational %de Condition, Keff Thermal Power ** Temperature

1. POWER OPERATION > 0.99 > 5: > (TDHR),

2. STADTU3 > 0.99 < 5: > (TDHR}
3. HOT STANDBY < 0.99 0

> (TOHR) I
4 HOT SHUTDOWN < 0.99 0 (TDHR) F>T,y >200*F

5. COLD SHUTDOWN < 0.99 0 < 200*F

6. REFUELING *** < 0.95 0 < 140*F

TDu3 = temperature at wnich the DHR system is initiated (generally 280*F -
'

350*F

*As defined in B5W, CE, and W standard technical specifications.
Note rany plants do not use standard technical specifications.

** Excluding decay heat.
*** Fuel in tre reactor vessel with tne vessel head closure bolts less thanfully tensioned or with the head removed.

|

l

|



-
.

.

2-42 '

,, Table 2.7 Categories of 130 Reported Total DHR Systen Failures
When Recuired to Operate (Loss of Function) at U.S.
PWRs 1976-1983

No. of Events (% of Events)

Autonation closure of suction / 37 (28.5)
isolation valves

Loss of inventory

Inadequate RCS inventory resulting 26 (20.0)
in loss of DHR pump suction

Loss of RCS inventory through DHR 10 (7.7)
system necessitating shutdown
of DHR syster.

Corconent Failures

Snutdown or failure of DHR pump 21 (16.2)

Inability to open suction / 8 (6.1)isolation valve

Others 28 (21.5)

Total 130 (100.0)

|

|
!

|
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Table 2.8 Inpact of BNL Sensitivity Studies on PLG-0418 Risk Esticates

|

Absolute Risk Per Reactor Year

| Early Fatalities Total Cancers

j Sensitivity One Two One Two
No Mile Mile No. Mile Mile<

Study Evac. Evac. Evac. Evac. Evac. Evac.

' Original 2.7(-3)* 3.6(-4) 2.4(-5) 1.5(-2) 1.4(-2) 9.2(-3)
DLG-043f65

; Results

; Revised 2.8(-3) 4.6(-4) 1.2(-4) 1.5(-2) 1.4(-2) 9.3(-3)
Frequency1

| for Inter-

i facing
System LOCAst

i
1 Steam 4.5(-3) 2.2(-3) 1.8(-3) 1.7(-2) 1.6(-2) 1.1(-2)**

Generator '

Tube 2.8(-3) 4.2(-4) 8.4(-4) 1.5(-2) 1.4(-2) 9.3(-3)***

!,.
nuptured

| Accident 6.2(-3) 2.9(-3) 3.0(-4) 2.1(-2) 2.0(-2) 1.4(-2)**

fren
Sru*- 2. 7 ( - 3 ' 3.8(-4) 2.8(-5) 1.5(-2) 1.4(-2) 9.2(-3)

***

ec,,-....

*2.7(-3) = 2.7x10-3
**Pessinistic assumptions.
***00tinistic assurptions.

'

**** Calculated by the Applicant, not confi rmed by BNL.
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3. EVALUATION OF CONTAINMENT BEHAVIOR

3.1. Cacacity at General Yield

v

Seabrook Containment Buildinc

j The Seabrook Station containment building (See Fig. 3.1) is a reinforced
| concrete structure consisting of a basemat, a cylindrical wall and a hemi-
I spherical dome.1 The basemat is essentially a 10' thick circular Slab which

I

supports tne cylincer and other internal structures. The cylinder has an
internal diameter of 140', a height of 149' and a minimum wall thickness of
4'-6". Tne dome internal diameter is 69'-11 7/8" and the minimum wall thick-
ness is 3'-6 7/8". In addition, tne containment has a mild steel liner on the
insice. The liner thickness is 1/4" at the base, 3/8" in the cylindrical

; wall, and 1/2" in the dome,
1

, Ine c0ntainment is reinforced with ASTM A615 grade 60 reinforcing bars of
'

various sizes, mainly =18, *1c and ell. The specified yield strengtn for the
[ reinforcing bars is 60 ksi. Median yield stress and lognormal standard devia-
1.

tion 05tained from the results of tensile tests are shown in Table 3.1.2 For
the ultimate strengtn of *13 reinforcing bars a nean value of 109 ksi and a,

i CoV of 0.025 has been reported.2 The liner steel conforms witn AS*.E SA516
! grace 60 for which the specified yield strength is 32 ksi. The mean yield

stress was found to ce 45.4 ksi witn a CoV of 0.042.2 At 271*F a mean yield,

i stress of 43.5 isi and a CoV of 0.065 are reported.2 The mean ultimate1

strengtn at 271* was estimated to be 59 ksi and with a CoV of 0.09.2

,

I

i

i

i

l;
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Tne primary membrane reinforcement in the cylindrical wall is divided
into two equal groups placed near the inside and outside faces of the contain-
ment wall. Each group consists of two layers of hoop bars and one layer of
meridional bars as shown in Figure 3.2. Since the cylinder basemat intersec-
tion is subjected to high bending moments and shear forces, secondary meri-

"

dional reinforcement is placed in this region (See Figure 3.2). In addition,
1 two layers of seismic rebars inclined 45* to the vertical axis are placed near

the outside surface of the cylinder wall. Shear ties are also placed in the
. cylinder near the cylinder-Dasemat inteasection (See Figure 3.2). Major rein-
t

. forcement details for the containment wall are summarized in Table 3.2.
i
4

1

j Tne dome reinfcrcement follows the cylinder reinforcement until 9.4*
above the springlir.e. Between 9.4* and 79.2* the hoop reinforcement is
reduced to one #18 bar near each face. Above 79.2* the hoop reinforcement js
terminated and tne reinforcement pattern is orthogonal. The meridional cylin-

1 der reinforcement is continued to 63* above the spring 11ne with an increase in
its density as the elevation increases. Above 60* every alternate meridional
re ar is terminated, and ney are bent sucn that the reinforcement pattern

| near the doce apex is orthogonal. Details of the dome reinforcement are shown
l
- in TaDie 3.3.

Concrete with two design strengths were used in the Seabrook containment;

building. A 4,000 psi design strengtn concrete was used for the basemat, for
the cylinder near tne intersection with the basemat, and for both the cylinder
and dome near the dome-cylincer intersection. In tne cylinder and dome
portions wnere primary membrane behavior is expected a 3,000 psi design
strengtn concrete was used.

:

'

The median and lognormal standarc deviation for the 4,000 psi and 3,000

psi design strengtn nave been reported for 23-day old cylinders and for aged
concrete.2 Tnese a;antities are given in Table 3.4 cotained from Ref, 2.

i

(

!

i

i

|
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Seabrook Containment Model
.

A finite element model of the Seabrook containment was developed to be
used with the computer code NFAP.3 The model is shown in Figure 3.3 and is
based on an axisymmetric idealization of the geometry, which is considered a
good approximation for a structural failure evaluation under axisymmetric-
pressure loads. The containment finite eierent model consists of 408 eight-
noded isoparametric elements and 1401 nodes. A set of nonlinear spring
elements with a bilinear stress-strain law are used to model reinforcing
details such as shear ties. In addition, a set of nonlinear spring elements
with high compressive stiffness and zero Lensile stiffness are placed under
the basemat to model tne foundation conditions.

Througnout the cylinder wall and dome the model has 8 layers of eight-
noced elements across the wall thickness, as shown in Figure 3.3. Six layers,'
of elements were used through the tnickness of most of the basemat. The

element layers and its properties were chosen to represent separately the
liner, the plain concrete, and the reinforced concrete with hoop, meridional
and diagonal rebars. Spacing and sizes of the layers have been chosen in
order to model the actual recar placements as close as possicle. Tnis is

. particularly pertinent at the cylinder-basemat intersection where high bending
moments and shear forces will develop. In addition to these criteria, the
modeling ret irements commonly used with finite element analysis were also
taken into consideration.

Ine inelastic behavior of the plain concrete is der cribed by the Chen and
Chen elastic-plastic-fracture nodel.3 Material properties for this model were
estimated from the aged (as built) concrete properties and are shewn in Tablei

3.5. Post-cracking cehavior of the concrete was modeled using a normal stif f-
| ness reduction factor a of 10 *, and a shear stiffness reduction factor
| a=3.5/(ci/c:o), wnere c1 is toe principal normal strain normal to the

,
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crack and cto the tensile strain at crack initiation.3 The shear stiffness
reduction factor is limited to s value not less than 0.10 to account for the
cummulative effect of interface shear transfer and dowel action. The normal
stiffness reduction factor a reduces the normal stress diagonal element in
the stress-strain matrix, and S reduces the shear stress diagonal element in
the stress-strain matrix. The tension stiffening effect was modeled with a
factor -0.1, which multiplies the concrete Young's modulus.

The elastoplastic behavior of the reinforcing bars and liner steel was
modeled by a bilinear stress-strain curve and a Von Mises plasticity model
with isotropic hardening. Since the #18 reinforcement bars provide most of
the reinforcement, the mean material properties for these bars were used for
all reinf orcing bars. For the liner, the mean properties at 271'F were used.
The plain concrete properties used are shown in Table 3.5

Loacs included in tne analysis are the dead weight of the Containment and
internal pressure. Ine dead weignt is applied to the containment in the first
loa: step at tne ceginning of tne analysis, wnile the pressure loac is applied
to the containment in small increments (5.0 psig) in order to detect the
initiation of nonlinear concrete behavior and concrete cracking. Once One
concrete cracks its stiffness in the direction normal to the crack plane is
recuced by tne facter a defined above, and the released stresses are
redistributed to the reinforcing steel. As the pressure load is increased tne
next nonlinearity is tne yielding of the liner steel. At this internal
pressure the containment is cracked in both the cylinder and dome, and so :e
flexural cracking has been initiated in the cylinder-basemat intersection
region. At this stage the load increments are necessarily small (2.0 psig) in
order to accurately predict the cracking pattern and stress redistribution.
Tnus, it becomes possible to cetect if a failure mechanism may develop at the
base of the cylincer oefore yielding of the primary membrane rein'>r:ement.

.
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i

i

Based on the results of the analysis described above, at a pressure of
154 psig yielding of the internal layer of hoop reinforcing is initiated. At3

a pressure of 157 psig the yielding reaches the external layer of hoop4

reinforcing and extends over a large portion of the cylinder wall. Up to this;

pressure the analysis does not predict a shear failure at the base. At
pressures above 154 psig it is observed that as the rate of growth of the
radial displacements with internal pressure increases, the shea'r force also

i

j increases at a higner rate. Thus it appears that a shear failure at the base
4 may develop at a pressure slightly above 157 psig. Since general yielding has
j been reatned the load increments necessary to continue predicting containment

)j response must be decreased even further than described above (less than 0.5
psig). Consequently, it was decided not to continue the analysis any further,

i
!

!

]
*

4

i

|
;
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!
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i

3.2 Behavior at Larce Ceformation
! .

As discussed in Section 3.1, the containment structure is predicted to
reach a general yield state at a pressure of 157 psig, which confirms the.

I

estimate provided by SMA. As the pressure is increased above this level the
containment structure will begin to undergo large de tiations. SMA evaluated
the behavior of the containment structure at such pressure levels" and theq

"

results of this evaluation are summarized in Appendix H.1 of the PSA ,2

;

The hand calculations performed by SMA and used for the probabilistic
assessment primarily identify several possible weak places in the structure
and deternine the corresponding maximum pressure capacity in search of the
controlling failure mode. The uncertainties in the results are estimated and
identified as coefficients of variation (CoV) to account for both uncertainty
and randomess of material Denavior and lack of knowledge regarding the exact
structural benavior. The break of the liner plate is defined as the failure

Tne ca;;acity of the containment structure is computed in terms of then0de.
i

inte nsi accident pressure it can withstand. Any leakage associated witn the
; pressure level is estimated with a CoV.
,

i

Accident scenarios are postulated for both wet and dry containment condi-
Tne corresponding containment liner temperatures are 271'F for the wett i c a. s .

case and 700*F for tne dry case. The structural calculations are first per-
)

formed for the wet case and then modified to reflect the reduced material
;

strengths for the dry case. The various failure modes considered in this
analysis are discussed and evaluated below. During the course of its review,
B'il observed that tne SMA calculations did not show any checker's signature.
As a result. PSM has cont.itted to perform a complete and independent cneck
for all containment strength calculations,

i

!

!

!

! .
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i

I

4

:

J Memorane Failure '
;
4

ine cylindrical wall and the hemispherical dome are assumed axisymmetric ?

<

| and they take the pressure load by membrane action. Both the hoop and the

meridional pressure capacities are determined based upon the ultimate strength
) of reinforcing steel bars, failure of which will lead to a gross contairiment

failure. Tne mecian pressure capacities calculated by SMA at 271*F are as
follows:

1

! MODE PRESSURE CoV
|

cylincer, hoop tension 216 psig (governs) .12
j dome, noop or mericional 223 psig .1%
' cylinder, eeridional tension 281 psig .12

-

The 90vering hoop failure at 7 W F corresponds to a median pressure of
193 psig. Tne acove c- acities are based on the assumption :nat tne memorane

j
forces are resistec by the reinforcing bars and the liner plate, and not by

) concrete.
4

I

i
Since the above pressure values correspond to the ultimate strength of

!
reinforcing steel (109 ksi at 7.57, strain), the containment will uncargo av

[ great amount of expansion Defore failure. This is illustrated in Figure 3.4
whien plots containment pressure vs. radial displacement of the containment
wall as calculated by SMA. At 216 psig the radial displacement of the cen-

!
tainment wall away fro 7 the base is in excess of 3.0 feet. SMA believes that
at this pressure tnere is a 50 percent chance that the containment liner will

{ remain intatt and tnere will te no gross containment rupture. BN1. believes
;

that at these large containnent deformations it is difficult to accurately
preetct the benavior of the containment and that containment liner failure is

i mucn more lirely. It is also noted from Figure 3.4 that at a pressure of 216!

1

:

}

I
l

I
4
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!

!
|
.

I
; psig the pressure-displacement curve is almost horizontal. Thus, any further,

i pressure capability of the containment would have to be attributed to evena

7 greater material strength of the re,inforcing steel. Although some reinforcing
] steel may have a greater strength, BNL believes that for the high strain

levels being considered that further consideration must be given to instances
of progressive failure of the reinforcing steel,

i
1

) In the light of the above discussion, BNL considers the 216 psig pressure
| Capacity predicted by SMA to be an upper bound failure pressure. BNL believes
i

that a more suitable median failure pressure should correspond to the pr. essure
;

!

level at which the reinforcing steel reaches 1 percent strain (175 psig for
<

the Seabrook containment). Sucn a level recognizes the ability of the con-
I

1 tainment to witnstand pressures beyond the general yield, but limits the
I

amount of containment deformation to levels more commensurate with the current
i state of knowledge concerning containment performance. It is of interest to
| note that if one assumes that the 216 psig level (ultimate strength) repre-t

j
sents a 93 percent procability of failure and the 150 psig level (yield
strengtn) represents the 5 percent probability of feiture, then the cecian
failure pressure assuming a lognormal distribution is 180 psig. This pressure

i
is more consistent witn the pressure corresponding to the 1 percent strain

I
level,

i
i

. The mecian failure pressure corresponding to the 1 percent strain levelJ

; for tne dry corcition is 153 psig as indicated by PSNH in the response to NRC
! question 20 (PSNH letter dated Octoter 31, 1986).
i

f Shear Failure o' Wall at Base
i

t

j The shear failure of tne cylindrical wall is estimated by SMA at a median
] pressare value of 319 psig witn a Cov of 0.29. Inis pressure value is deter-
) nined based upon the yield strength of the reinforcing steel and on :ne

:
i

!

t

1

i,
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c-

assumption that the critical section will occur at a distance of 0.7 x
effective wall thickness above the base. The shear failure corresponding to
the ultimate strength of the reinforcing steel is estimated by SMA at a median
pressure of 408 psig with a CoV of 0.3.

SMA assigned a large variability to this failure mode due to their uncer-
tainty about the applicability of their elastic analysis when some yielding
occurs. However, BNL feels that this failure mode is more critical than
assumed by SMA. As discussed in Section 3.1, BNL investigated this mode of
failure by means of a non-linear finite element analysis. It was confirmed
that such a failure is not expected to occur for pressures up to 157 psig.
However, BNL believes that a shear failure mode at the base may develop at a
pressure slightly above 157 psig.

Flexural and Shear Failure of Base Slab

The flexural capacity of the base slab is determined by SMA based upon
the yield line theory. The median basic capacity is estimated to be 163
psig. However, when tne friction and mechanical locking between the base slab
and the ring gircer of tne enclosure building are considered, the median
overall capacity is estimated by SMA as 400 psig with a CoV of 0.25. Conse-
quently, it is concluded that flexural failure of the base slab is not a
controlling failure mode. Tne shear strength of the base slab is also calcu-
latec considering restraint from the ring girder of the enclosure building.
Tne median pressure capacity is estimated by SMA as 323 psig with a CoV of
0.23.

BNL reviewes :ne SMA calculations concerning the shear and flexural fail-
ure modes of the base slab and agreed that these failure modes would not be
controlling.
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I

Containment Deformations

The deformation of the containment is calculated by SKA based upon the
assumption that concrete will share tensile load with steel even at the
ultimate strength of steel. This assumption presupposes a bond between
concrete and the reinforcing bars up to the failure pressure except at the
location of the cracks which are postulated to occur with a spacing of
approximately 21 inches. The biaxial tension test results presented by Julien
and Schultz 5 indicate tnat concrete will crack at an early steel stress level
and the deformation at a high steel stre;s level is due to steel strain only.
Ine hoop and the meridional reinforceing bars used in these tests were of same
diameter as those for Se4Drook, namely, No.18 and No.14 The concrete

cracked at a steel stress of 9.4 ksi and the effect of concrete stiffness dis-
appeared beyond a steel stress of approximately 25 ksi. Consequently, BNL is
concerned tnat SMA may h, ave underestimated the containment deformations corre-

sconcing to the containment pressure levels. Since the containment deforma-
tions can result in containment penetration failures, an underestimation of
tne deforr.atic,s would result in nigher predicted failure pressures for the
penetrations.

In response to this con:ern PSNH provided a comparison of the containment
pressure displacement curve with and without bond stress (RAI 32, PSNH letter
dated November 7, 1996). Tnis comparison is shown in Fig. 3.4 PSNH con-

: luce: that an assumption of no bond stress would have no effect on the con-
clusions of tneir studies. The effect that this assumption has on the
reported capanility pressures for critical containment penetrations is dis-
cussed in Section 3.3.

1

|

|
|

!

|

*
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!
1 3.3 Cacability of Penetrations

1

j Many penetrations through the containment shell are provided. These
! include a few major penetrations such as the equipment hatch, personnel
| airloc( and fuel transfer tube and numerous smaller penetrations accommodating

system high_ energy piping, moderate energy piping, electrical, instrumentation
j and ventilation lines. All penetrations are anchored to sleeves which are
j embedded in the concrete containment wall. For the major penetrations, the

containment wall is thickened into a hub around the penetration sleeve with
k the wall hoop and meridional reinforcing members directed past the opening in

a continuous fashion and additional reinforcement provided as sleeve anchor-
;
'

age. For eacn high energy line, the penetration is a forged member, termed a
flued head, wnich forms an integral part of the piping and the containment

!
sleeve which is welded to the containment liner. For all other penetrations
the closure is a flat plate welded to the containment sleeve and either welded

; or connected with a compression fitting to the penetrating element. These
flat plateclosures acco*modate eitner single or multiple penetrations.

To assess the capacity of large penetrations, SMA performed an evaluation
of the equipeent naten. Inis natch is the largest of the large penetrations
and was considered to represent the bounding or most critical penetration in3

; this category. In :ne evaluation, the capacity of the hatch anchorage was r

deternined to be in excess of 300 psi. Possible failure of the liner at the:

i

haten juncture dae to sleeve-concrete separation was also evaluated and found;

to be improbable due to the low magnitude of the predicted liner strain.4

These evaluations are considered acceptable.
i

Altnoug1 :ne capa:ity of the fuel transfer tube anchorage was estaclisnec
i n the equionent naten evaluation, the containment wall in the vicinity of

j
nis oenetration is subject to punching shear failure since it makes hard

- !
:

t

i

.,

|
;

)

i

s

i
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1
,

contact witn the fuel transfer building when the containment expands. Using a
simple approximation to model the loading and relying primarily on doweling

j action of the containment reinforcement to resist the load, SMA determined a
! mean capacity of 320 psig in this failure mode. Acknowledging the approximate
; nature of this calculation, SMA assigned a large factor of uncertainty to the
1

results. Probabilistic aspects notwithstanding the crude nature of this
! calculation warranted further verification of the results. Therefore, BNL
i

performed additional calculations for this failure mode to form an independent
assessment of tne important force-displacement parameters.

,

In the BNL evaluations an approximate model of the system was again used
but this model differed from that used by SMA. The results, although differ-
ent from those oeveloped by SM, indicated that no gross deficiencies existed
in the SMA calculations. Further, the estimate of the pressure at which

contact is mace by the containment shell against the fuel transfer building, a
f controlling parameter in the evaluations, is not subject to the large uncer-
'

tainty associated witn the force-displacement parameters mentioned a ove.
Consequentially tne SMA calculations although approximate in nature are con-

. sidered suf ficient to cnaracterize the impact this failure mode has on con-
tainment integrity.

I
i

To assess the capacity of small pipe penetrations, SMA performed evalua-
;

tions for tnree specific penetrations, X-26, X-28 and X-23 X-26 was stated
,

i
to be a tounding or most critical example of a single pipe moderate energy
penetration. X-8 a bouncing case for a high energy penetration and X-23 a

bounding case for a multiple pipe moderate energy penetration. For each case,
,

simplistic inelastic analysis methods were used to estimate the forces
developed at the pipe / penetration interface as a function of containment
internal pressure.

|
Tnis data coupled with estimates of the penetration,

failure cnaracteristics allowed the calculation of the probacility of penetra-
! tion failure as a function of containment pressure in each case. Tne median
i

G

;

)

$

!
1

i

i .

I
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;

i

failure pressure and tne associated median leak areas were 166 psig/0. Sin ,2
i 2 '

2180 psig/50in and >216 psig/6tn for X-26, X-8 and X-23 respectively.
!

The discussions included in the SMA evaluations provided the basis for5

the SMA contentions that the penetrations evaluated were the bounding cases
i for the penetration types considered. Those discussions, however, did not

adequately characterize all other penetrations. For this reason SMA was
requested to compile a list of all penetrations, categorize them in accordance
with design features and demonstrate that the performance of each is adequate-
ly represented and bounded by the sample of three evaluated. As a response

) SMA provided Table 3.6 cnaracterizing all penetrations and the calculations
} considered to be pertinent for their qualification,
i
1

A review was made of the evaluations provided for the bounding cases. In;

j
each instance the structural aspects of the calculation seemed appropriate,

j
with the exception noted below, but the assignment of leakage area was consid-
ered arbitrary. In addition, for each case, failure was induced by the
displateme*.: of tne containment shell. Since the correspondence between this

displacement anc :ne containment pressure is dependent on the bonding assump-
!

tion made for the containment reinforcement and since BNL has requested SMA to
perform evaluations carresponding to a no bonding assumption (see discussion'

in Section 3.2) BNL elected to further assess the failure pressure and leakagei

1

area for tne two penetrations X-B and X-26. Penetration X-23 was not con-) sidered since it exnibited a high failure pressure.
4

)

{ For the nig, energy penetration, X-8, SMA estimated the median failure

!
pressure to be 120 psig for the wet case with an associated median leskage

,

area of 50 in: and a legnormal standard deviation of 0.5. The estimate of the!
median lea < age area was based on an annular gap of 1/2 in, for tre full

| circumference, at the containment sleeve. The estimate of the standard devia-
tion was arbitrary. For the no bond case BNL estimates the median failure

,

,

* )

i

!

<
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pressure to be 167 psig for the wet case and 152 psig for the dry case. BNL
,

accepts the SMA estimate for the median leakage area but disagrees with the
assumption regarding the standard deviation. In the absence of more explicit '

data concerning the behavior of penetration sleeves at failure, BNL believes
that an upper bound for the leakage area approaching the total annulus between
the pipe and containment sleeve should be considered. Based on these

considerations failure of this penetration corresponds to a type B failure
for the median leak and a type C failure for the upper bound leak (these agree
with the SMA findings).

For the moderate en'ergy penetration, X-26, SMA estimated the median fail-

ure pressure to be 166 psig for the wet case with an associated median leakage
a}ea of 0.5 in2 and a lognormal standard deviation of 0.69. The estimate of
the median leakage area was based on an annular crack of 0.06 in, the machined

clearance between the pipe and the thru hole 1.1 the closure plate, extending
over 60% of the circumference. The standard deviation was derived by consid-
ering 0.02 intnes a miniumun crack width and full circumference cracks. For
the no bond case it is estimated that the median failure pressure is 159 psig
for tne ae case and 147 psig for the dry case. Regarding leakage area, the
estimate for tne median leakage area is accepted but an assumption for the
upper bound lea < age area equivalent to that recommended for X-8 should be

Specifically, consideration should be given to an upper bound for theused.

leau ge area approaching tne total annulus between the pipe and the centain-
ment sleeve. Based on these considerations failure of this penetration corre-
sponds to a type A f ailure for median leak and a type B failure for the upper
bound leat (tne SMA estimates yielded type A for both conditions).

As noted above, one deficiency was nrted in the structural evaluations
!for tne penetrations. In those evaluations only a simple concrete snear cone

calculation for a generic case was provided to show that the penetration
ancnorage capacities were a: equate. Owing to the highly cracked state of the

___
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!

containment wall at nigh containment overpressures the reliance on normal
concrete action was questioned. SMA was requested to provide additional
calculations to demonstrate that small diameter penetration sleeves do not !l
punch through the containment wall under the worst pressure conditions assumed
in the analysis. Tne applicant's response to this request is currently under

i review by BNL.
i

'

Another potential failure mode for the piping penetrations, is the fail-
ure of the pipe both inside and outside the containment. This failure mode
was evaluated by SMA for the piping in the sample considered most prone to

i this failure, the piping passing through penetration X-8. The calculationsj

indicated tnat the piping failure pressure exceeded the penetration failure
'

Further given the high ductility of the piping, any failures of thepressure.

piping would have gross distortion, crushing and section collapse associated
with them limiting tne size of the potential leakage areas. These evaluations;

'

seem appropriate for the piping co1sidered,
t
i

Otner cioing peretrations involve the containment ventilation and air
purge systems and the containment sumo system. The containment ventilation

lines nave isolation valves cotn inside and outside of the containment.
;

For
tnese cenetrations, the most likely mode of failure is considered to be

i

deterioration of the valve sealant materials at elevated temperatures. In the

{
event of tne seal failure of tne inner containment valve, the volume between

!.
the valves must fill and achieve an elevated temperature before failure at the
outer isolation valve can occur. Tne elapte time for this failure mode is

;
. anticipated to be long as compared to other containment. failure modes and is

therefore considered of little consequence. ,

1

*

,ne suno system penetration is at elevation -31'6". A review of :ne
i

dranings originally provided to BN'. indicated that the penetration sleeve is;

*eided to tne liner at tne inside of the containment and to tne train A38 sumo

I
i

i

:

1
i

, . . _ , . _ , _ - - - . _ . - - - ~ ~ . . , _ . _ , _ _ . _ . . _ _ _ _ _ _ . , , . _ _ _ . _ . - _ - . _ , _ . . - - . _ . . _ , _ . _ . , - - - . . . - .



3-16

suction valve containment tank on the outside of the containment. ''As such the
sump suction valve containment tank was considered to be a direct extension of
the containment vessel and would have to have sufficient capacity to withstand
the temperatures and pressures associated with containment overpressurization
events. It appeared that SMA did not consider the tank in their evaluations
and therefore, they were requested to perform an assessment of the capacity of:
the sump containment vessel to the accident conditions. In the response PSNH
provided drawings that showed that the tank is isolated from the containment
atmosphere by a welded plate closure between the penetration sleeve and the

suction line piping. Because of its isolation the sump tank is not subject to
accident conditions of pressure and temperature and no further evaluation of
its capacity is required.

Another type of penetration is the electrical penetration assemblies.
Ine applicant has indicated that they briefly reviewed these penetrations andO

that they were not a controlling mode of failure. These types of penetrations
have been included in the ongoing SANDIA test program sponsored by the NRC.
S'4. is currently reviewing the available test data from this program to assess
the extent to wnich the test results will support the applicant's conclusion.

.
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3.4 Summary of Structural Findings
!

-

Based on its nonlinear finite element analysis of the Seabrook contain-
ment BNL concludes that shear failure at the base of the cylindrical wall is a
critical failure mode but would not occur before reaching a pressure of 157

$
*

psig.

BNL agrees that the containment structure would reach a general yield1
a

state in the hoop reinforcing steel at a pressure of 157 psig and that it is
; appropriate to consider this pressure as a lower bound pressure for the hoop
i

mode of failure. However, BNL believes that the median hoop failure pressure
should correspond to the one percent strain level in the reinforcing steel,
which is a pressure of 175 psig. The above pressures are for the wet

. containment conditions. For the dry containment conditions the corresponding
i

median failure pressure is 158 psig and the lower bound pressure (general-l
'

yield) is estimated to be 145 psig. This latter value is based on the
;

reduction factor recommendation in Section 11.3.4.1 of PLG-0300.1

i
j

With regard to containment penetrations, BNL believes that the failureI

pressures snoJld be cased on containment deformations assuming no cond
) strength between the reinforcing steel and concrete. Based on this assumption
I

BNL estimates median failure pressures for the wet containment condition of
i 159 psig and 157 psig for penetrations X-26 and X-8. For penetration X-26,

BNL agrees that a Type A (less than 6 square inches) leak path is appropriate
i

f
for the c'edian estimate; noaever a Type B (6 square inches to about 0.5 square
foot) leak patn snould be considered as an upper bound estimate. Forj
penetration X-8, BNL agrees that a Type B leak path is appropriate for the
medium estimate; however, a Type C (greater than 0.5 square foot) should be

!

I
considered as an upper cound estimate.

!
4

y

,

1
t
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For the dry containnent conditions, BNL estimated the median failure
pressures for penetrations X-26 and X-8 to be 147 psig and 152 psig, respec-
tively. These values are also based on the reduction factor recommended in .

Section 11.3.4.1 cf PLG-0300.

Although BNL has performed some independent calculations to support its
conclusions regarding the containnent strength, it also relied on the results
of calculations performed by PSNH and its contractors. Therefore, BNL recom-
mends that a complete and independent check of all relevant containment
strength calculations be performed by PSNH. PSNH committed to such a check in
their letter to the NRC dated October 31, 1986.
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accidert 1020s is exa-inec, fiate that ways in which the containrent might ce
bypassed o- not isolated are discussed separately in Sectica 2. This section,

the 0'erc, ::::i'ic:11y deals with ways in which severe accident loads might
result in loss of integri ty of the Seabrook containnent. The section is
divided int two majo parts. Firstly, the irpact of uncertairties in con-

tain ent loads is exanine:. Secondiy, tne impact of the B|c reviea of tre

contain e t ber.avic- (in Se:tice 3) is assessed. Finally, the results cf tric

sectio" a e sur 3-;2a 4- Sect r- d. 3.

The botton line of tne upcated assessment of containrert performance for
Seabrook is given in Table 4.1, which was reproduced from PLG-Ga65.1 The

c0nci:4 0ne' ;-enarili:;. C' a grcss ea 'y conta'n ent failure given a ccre reit
ac:icent was pre:'cte: to De O.C^^. at Seabrook corpared witn 0.50 in tre P.SS.2
Tne probao:11ty concitional on core relt of early failure ir PLG-0;f: i s ar.
order of magnitude lower than in tne SSPSA.3 This is largely due to the

redu:ed f e:ue . ' relative to : e va!ae in tne SSrSA) of inter'acir.g syste-.

LO~As, whi:r. are dis:usse separately in Section E.

':5 t*et t co-t a 4- e-: eve * * -se cua-ti'icatic- 4- tN 55:S: wa:2.

reviewed at SNL in ' 'J: S G / C;. 4 5 C . ' ine Bk review was limited in score ar:.

did not include at that tire a detailed assessreat of the Seabrook containment
Se a.;; . Ini: a: sutsecae-;5 bes perfc -:: as ; art of :ne presert re v i e.. ,
and it is docurented in Section 3. However, the review of the SSPSA was
sufficiently detailed to allcw SNL to conclude:

"There is negligible orcoability of prorrpt containment failure. Failure
durir; the first few ''o u -s a f t c - co*e nelt is also un ikely ant tu ti 'r: c't

cverpressu e failure is very !:rg corpared to the DSS. Mst cc e e!! acci-

de9ts would be effe:tively nitigated by containrent spray operatic ."

1tne 200ve conclusicas were ret tased on Saarroo. sce:'' : ca':J at r s <

perfor e: at 5*. bu* e# letted cue best judg e-t cased : extensive rev e.<t O'i

, i

i

-. , --, +
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ProDacilistic Safety 5:ury S. I- :nis section, we crit ally review the abevei
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%r..*inr..r. 1. a . .c 2. .
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performance during severe accicents.
.

4.1 Sersiti.it. t Cer:cirre .: Loads

During a cc e relt accident, the e are several possible types of contain-
ment lea:s :na: cculd occur. Eacn are briefly ciscussea below:

u.. -n.-,.... .. n. . - 4 , - .,m ..... . ..
. . . . c. .e.'.*. a . .- 4. d e . *. , e. i. . . '. ' '. .- 2 . '. " " a . . ' '. *. i e c. .'. ' , -'. . . .. .

an: 0:ner corn stic;+ ases :- ' : Ce generatec. If nese co-OustiOle gasess

accurulated to lar-e concentra:icns before io.niting. the resulting ceflagra-3

tien could irpose a high pressure /tercerature load on the containrent. The
ar,-lica-: prese-:= ir#cc atic- :: ir.:i: ate that sucn loacs woulc n:: ser1cus-
l .'.

k
m 1 1 e- . 3 =. * . e-<e.>.".-.. .-...-'...c....2 -

- . . .. . . .

Stear /nced:ndensible cas cartial pressures: Without the containrent nea
ren: val systers 0; erat' ;, stea ar: n rcondensible gases ge eratec curing :.e
c re rel* at:f re : w-f d cause tre pressure in cont ai nrer.: to inc ease. 2

* n e '. i . . a. a' va c. e. s. i # .2 '. '..-c.. * * a. - a. '- *-a. p v . e r '. 'i a l 'c r * - c. - . ' .
.. .

. .
--*

is. . os . '. s_ -- - i. .r .

--- *

c . n * 2 ". w ". A " . ', i- . - - " . - a: . '- -"'" k'i' c, c. ' * ", e- w ". . n. -
" '... m

.

.. , "...A.
sharp pressure culse i cc-taineert. Li-iting calculations were perforre: ::
demonstrate that t~e p essure pulses resulting free simply boilin; the water
w m , '. m- r . . - . c. c. 4 .-c.-- .- -4s

.--..2...s....r .. .. m
-

. . . . . . . ...

Di rect cor act c' core det-i s : In sore contain-ent desigas tie contain-
rent bounca ry is dire::'; access 1:le frcr tre region Oelos *he reactor
vessel. In these cesigns t e core de:ris after it relts thrcugh the reactor
vessel could co-tact : e centain ent boundary. However, the See: CO' cents' --

re r. *. d a. s 4 7. 9 i s. n- 2..e...-.'..'c ** *.is e^ca. c '. . . . . .* i a. - a. . *. #. a i. l ". - c. .. .. .
.

Stea ex lesicas: When roltea core raterials fall into water, exce-i.
ents irticate :*at tne boiling ca- ber.c e explosive i r. na*.; +. :: "as ree-

costulata: nat trese er;icsic s :c,u'd generate rissiles w-i:- coi - < ire::',
fail the c09:3'- e-: bounca y. Tae potential for aa invessel stea ex:losic-
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investigated Of a grouD of exDerts, and the results were Curlisae: ir U E ;-
111# 7 Tre cc :l;si- C' tr's cce g-cur was "at suen eve-: t a n a -c' 3 -

tively low probability. The results of this expert group are consisteat wit-
the applicant's submittals c- Seahroo' . The allocation of a ve y low prcba-<

bility (10 " coaditicaal en cc e relt) to this event is suppc-ted by the
authors.

Direct certairrent heatir;: inis is an area of significar:t pnenorencios-
ical uncertainty related spe:1fically to core meltcown witn tre pr: a y syste-
at rig- p essu e. # r ta- cc e ra erials a e eje:te frcr :e rea:te-

'

. vessel unce :ressure, e>:e e s at S' L nave indicte: that t * ej ' c r- 'tre

aerosols, which could be dispersec into the containment atmosphere and direct-
ly heat it. An additicnal concern is the oxidation of the metallic centent o'
tre ccre cerris. Trese rea:ti: s a e very ex:tne--i; and woul; a:: a 3::i-

ti0nal heat lea: t: t e cc-t ai trem .. Tre ;ressure rise in centairrent cae th

direct reatirg is cirectly prc;:-ti:nal to tne quar.tity cf core ceoris ejecte:
fron the reacter vessel and to how ra n of this core debris is dis;ersed irt:
the cont ai rre-; atmoss .ere. T-e c- '':3-t corsidere; tna* tris ;"e e a ats

rc a concern at Seatrock te:22e c' tre design configuratic; cf tre Oc tai ~-
rent, w-i:- t ej 'e' * vLl! pres e - :i ;ersal of the core ram " J . ' :: t-cs

C' *? :--* s ' * e * a t Os!"e -b .
.

The co-tiret bability (ccaditic-al en core relt) of the above pnencre-
ra resC: n; ea ; contai- l - 'i . l .re wa de.er,1ne: Oj tr 3;;11 r: L

'-

De less than 10*' for Seabrcok. Witnin the scope Of the present review, ENL
has not Cerfor ec Seabrook-s;eci'i: containrent loads. However, 3'L nas been

o
invoi.e: in upcating ' tre ris.. : r'i'e f- tne Zic plant for input to tne

NRC 's "?eactor Pi sk Reference Docure-t," NUREG-1150.10

c e ;::ating of risk fce Zi, .sas base: 09 3 rethodology developed as11

aa-t of the Severe Accidert rist Re: action Progran (SAND 86-0119) at SNL. Tnis
rethodology usec excert judg eat in a" atterat to estinate the uncertaiat;.

asse:iated wit- sc e e' tre :e:ea note: above. e etr colc;y als; j
,

i

accresse Ot e 3 ea :' uncertaint su:n as at: ice- se:ue a ;r0narilities,
source te- s aa: :c tairre- ce fo ance. Tre retaccolc;y was reveloce: at
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Zic. olant i s v ery similar tc S e a *' roc ( ia te-s of tre co-tainne- volu .e te
' s , er . ar-' atie c' the Zic- 1:ans to Seat S wy.':rea;* pce rati ,s- -

give some indication Of the icpact o' applying this new eethodology to Sea-
brook. It nust be e 05354:ed taat this exercise should in nc way be inter-
peeted as a Seatrcev-!;eci'i: Calculation be:30se the composite containnent
failure probability distribt.* ions for the two plants appear to be quite dif-
ferent. It sinply gives so e indication of the sensitivity of the Seabrc L
results : tre ty;es Of uncertain.y ciscussed ir. U.EG-115;. It should,also
te note: tr t thi s wc*.. i: ; e'# tr.a y anc nas not yet uncergone full peera

review c;tsice c' *:- e-- Ocet-a:te-s. It is, t*e e'cre, su:je:t to
-

.

revisic..

However, applicatico o' the new netnodology to the Zicn plant gives a
redian p r o b a b i l ' *;. O' a;r :>i ately 10 2 for at e a rl,, ::ttain ent f ai h.re
::-d' tic 31 c :: e s'*. 7 e -icter p- bability cf early containnen: 'ailure
is c;e to r. ore c:r.sersative assu :tions acout direct containment neating anc
H2 conDus* ion taken in contination with high stean1/noncendensible gas partial
0 essures. Pese ass. :*iors as- :: icered by *ne a ;1ica- tc te n:t
a--'itarle *: tre Seat 00,- Oc tainment. Hoaever, tne a::licant .as re:ues t+ .
at a eetirg 0- 'dve- e- 12, 190' :: asses: t ". e i P: te ''J2E -11-^

'
.

assu --'c ? 2 '~ : -- -- * e ese sc s;s dista- c curve: a t e s. : :-.

files in D;G-G ME. In re'eren:e 12. tne applicant provided a resocnse to *his-

infornstion recuest. The cerclusi -s giver in reference 12 a-e quoted belcw:c

(1) I"e N'!0EG-1* 50 assuncti:ns with respect to early containment failure are.

not creditle in tne ::-text of the Seabrook specific design an c o- fi p -
cation.

(2) Postulatirg these assur;tices in :ne sense of a sensitivity analysis
wculd :t r3ve a large i :a:t en t*e results presentet in "e '.: E"-:" "
sensitivity stucy.

(3) All O' :ne cor:lusicrs witn regard to energency ;1anning would still te
valic.

e :al:ulatic s t at ' -- tre basis for the at:ve ::r:1;siers were als:
Cre59-ted i n ref e''e Ce 12. ~ eSa CalCUla*iC s were review u at B*. ar- I;1vca
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estinates witn and without evnunion were founc to increase by relative S-a'l
amounts ar: w+-= st''1 lest : a- tne --~ m N:: safety goals 'a- incivien'

ris( anc societal rist. The irpa:t cr. the dose versus distance curves was no:
presented in reference 12 bu* it was assumed to be small . The results i-
refereace 12 3-e Dese- a- ar-'*:a-t' assur:tica (refer to Figure 4.1'*-

that for a conditional probability of early failure at Seabrook of 0.01 nost
of the failures will be tyre Q leaks rather than gross type C f ailures. This
ir; lies :9n con : :ne ea '. f a. . ares will resui: in an 564 release ra:ner
ttan :ne n: e severe ;.. re ed c. 'ht a;;rceriateness of tnis assu .;;ic wa:

revle e: ty E'c s t a '- 4 - :--- Tne inpa: or eis< ef tre S*C review is..

given i, tre rer: su it::

4.2 Sensitivitv to Co-t ei a-= - co 'a-~= ace

'ne : ; t'te cc t a'- - - .c ;ro: ability distri:sticrs f;r va-ico:-

ty;es c' c;rtainment fa: ; .e- in Figure 4.1, wnic was reprocu e:-

fren re'erence 12. Two teti - c u-e pacbability distributions are given for
a a aerj 3; wg.a c- 5 2 --- -

Ve'" failure distributier corres:Or:s ::
at:'ce-: secuea:es w :- --- -ci:.cr cavity is 'Iccded, tne core detris

'-

'Or-s a c oci a r ' e to- ' - bc- ?- 3'' c' the decay heat gee: :: 'O'lirt wa e .

Inis : 'i g; ni - 's - e: .i ee w3y of pressu-i:'-- cc-ta"- + -:

(i f the containre,: nea: e- : sjste=s are not workirgi. However, tre

tenperatures in the cont aia-a * ae ralatively benig' and would be close to
,......:,., , . . . . ....r.. . . . . . . . . ..s

,
. .<3. .aw.... . ,,u..p . .. .. C.. %s......

#..w. ..'w . _

.s. s

sequences ia wPic9 tha -sa:t- Cavity is dry and extensive interactions occur
between the core de -is a-c Oc-:-ete. Under these circumstances, hot noncor-
densi le gases are gene-ne- cg-irg tne core /concre*.e interactions. Inese
gases result in slower ccr:ainrent pressurization than the " wet" condition but
the hot gases hen tre cc-ta'- e-: nrcs::here 10 Fighe- te ce-n ures. Th u s ,

for any gi ven ;:ressure level, -a "c y" accidents would have nigner a:rcspne -
ic te-ceratures : nan tre "we;" accidents, whicn in tne acclicant's analysis
(re'er to Figure 4.1) resul:ec ic a higner probability of containren: failure.

- : :e- :: assess tae cotertia' for early contair e-: fai'ure c;e ::

sn^*t du M 0- Dress re pulses. *e ecnsidered it acDrcO-iate 'O use : e "wa*"
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would rot have bee eG sed t0 t".c nighe " dry" atr:stnere te pera*ures ; ':-
:: te pressu e f se c::u- ;. e st ;;;ures c . '. : trc e' Ore rci ra.'

degraded as a result of nig'; tenperatures and the " wet" conditions are r.cr
approc-iate.

If we, therefore, focus on the " wet" failure distribution (in Figure 4.11
as being nore apprc riate tc deterrire the potential fcr early containment
failure, tner :ne relative contricutions of gross (type C) failures and Denign
(type B) f ailures at a conaitions' crocability of 0.01 were cetermined" ty
: e a ;1ica-t (re'e- :: "' : e 2.:'. Tne irpact c' tha a: ve assu ; tic-s.0-

tre cose versus dista :e a: ri s, ;-c'iles were presente: i- Set ic- 4.1. -

this section we assess hov: :ne BNL review of contairnent behavicr (refer to
| Section 3) rign: ir:act tne at:ve results.

b:op f ailure assuming "we " corci-ine rer an f ailee :-es see cased on
tiens was esticate: to te .75 ;sig in Se:-icn 3. In ardition, tre possibility

of shear failure at the case of ne containment at a pressure of 140 psig was
also discussec i- Se: ic- 2. - veee , :ne reciar procatili , cf ap roxir.atel.,

10-, for a large early co-trnrent failure a: Zion (refe- to Sect;o- 4.. wa;

base: c- - 'c
= failu e : ess ee :' ;2 ;sig, h is ret trerer:re li.e' ~-

.n . .c. a. 3 . . . . g ;.... . s. e e
. . . .. (c. 4 r e-. . . . . ... ..n . ... c. q . , - 3. . e . n . , -... .. . t . . .

significantly change t' e co-t'*'enal probability of early failure at Sea-

b roc k . In fact, as tre Seabrock failu e distributions are higher than the
Zi cn fail.re dis;r;;.:::., c; oni expect :n :cncitional prosatiii;y o;

early failure to decrease if eve ything else were the sane cetween tne two
el arts .

However, the Seabrock spe:1fic failure pressures discussed in Section 3
a e ? owe- t*an :ne d4 st-icu:':-s a ese- ed by the ap licant ir Figure 4.1 am
cirse- tc t"e Zi: values. T 's, in turn, a'fe: s tre assumpti:n nade by :ne
applicant, in reference 12, related to the relative contricutions cf gross
(ty:e C) failures and ser4:n (tyce B) failures at a conditional procanility of
C.::. Tnerefore, betaa: ' t e u-:e-tairty assc:' ate; wit the relative cc -

tribu:icas o' tne tae f a"!pe reces , a 'iriting seasi*ivity calculatica was
P9P'Orre: *O assess t e irra:t :# assu~irg that at a c0rcit'Caal pr0bar'I'''

!
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of 0.01 all failures were gross (type C) failures. Tne results of the sersi-
tivity art presented in Table 4.2 and Figure 4.2

4.3 Sume rv
.

As a sensitivity study, the impact on risk of more conservative assump-
tions with regard to containment loads and performance during severe accident
conditions has been made. The results of the study are shown in Figure 4.2
and Table 4.2. The sensitivity study resulted in a higher conditional pecta-
bility of early containment failure than considered credible in PLG-0465 (10 2
versus 1 **). The hig'er procability was not based on Seabrcok s;ecific
calculations but inferred from calculations performed at BNL for a nuclear
plant (Zion) with a similar containment volume to reactor power ratio. It

must therefore be emphasized that this sensitivity study is not Seabrook-
specific and it was performed simply to assess the robustness of the PLG-0465
results to uncertainty in containrent loads and performance.

The impact on risk of considering a conditical probability of 10 2 was
found to be not significant wnen tne composite containment failure probability
distributions developed in PLG-0465 (and reproduced in Figure 4.1) were used.
Inis was because, at a probability of 10 2, most of the containment failures
wei lc ce leakage ilures rather than gross failures. A leakage failure

results in lower o. te nealth effects than a gross failure. However, if the
more conservative BT. assumptf ors regarding containment pe-fo rance (refer te
'Section 3) are combined with the higher probability of early containment
f ailure tnen the dose vs distance and the risk profiles in PLG-0465 were
affected. As a bounding sensitivity study, it was assumed tnat all failures
at a conditional probability of 10 2 would be gross failures and the results
are given f n Table 4.2 and Figure 4.2. The impact on the dose vs distance
curves is similar to the influence of the more pessimistic assum;tions regarc-
ing inducec steam generator tube rupture (refer to Section 2.3 and Fi gu re
2.4). The similarity of the results is to be expected as, given the limita-
tions of the RSS source term methodology, both types of events had to be
conservatively binned in 0 tre same source term category (namely SIW). De
ir:o act on the risk of cancers and early fatalities of more conservative
assuestions regarding containment loacs and performance is given in Table 4.2i
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and again follows similar trends to t9e SGTR study (refe- to Table 2.8). Tne

impact en the risk of can:ers is srall but the esaly f atality risk increases

by less than a facter cf 2 with nc irreciate protective actions taKea..
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A: sol 0:e Eis< per Reac:cr Ye:

Early Fatalities Total Carcers

Sensitivi:;. One Two One Tvic
No Mile Mile No Mile Mile

Study Evac. Evac. Evac. Evac. Evac. Evac.

Origina' 2.7'-2'' 2.3 ,c. 2.a -5) 1.5;-2) 1. 4 : - 2,' 9.2'-2's

DLG-0455
Results

c" c e. . , < e - a.
. c. . ... .: . .

: o.e .: ... .:. .. .:.., <~..- . . . . ..c .
.

Loacs anc
Performance

*2.7(-3) = 2.7x1r.-3
.
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I- :~s secti-- :ne fissica proc.:: sou :e ter s develoce: for PLG-0 f 5 '
1are reviewec. Tne sou :e terrs use in PLG-0465 are reprocuted in Ta:!e

15.1. The probabilities of each of the source terms are given in Table 5.2. |

5.1 Ficelity to WASH-1400 Methodology

Tne fissic precutt release fractions in Tatle 5.1 were ceterninec ey the
2a;;licant usir; r,I: retn:::lcgy. Tnese source terrs are consister.t witn the

poi-:-esticate source tea-s usec ir tne SS:SI. 3 Tae SSDSA sou- e teers ne c-

revie.e: :j 5*L in W5G/CR-45 ^~ ,ana they were found to be reasoca:le giw
the limitations of the RSS methocology (principally the CORRALS code).

.

Wre- recie ' ; :: F;G-0:55 sou-ce terms, questic-s we e rai se; a:
tra-s-itted t: : s a;:licart. Ore question relate: to release categ: y $2'.
( ref er to Ta:,l e 5. '. : . Tne f ractier.al release of tne nocle gases for $2. was
quoted as 0.123 wnereas the release fractions for Cs and Te were cuotec as 0.2
ac: 0. '.9 res:e::' ve' :t a eare inco sistent to release mcre aeroscis ' s.

and Te} taar ble gas, an: tne aoplicant was re:uested to eithe ex: a' : e
preti: tic-s c : vice rev'se: sou :e teens. In refe-ence f, e ar li:3--

provice a rese: se :: t 's cuest"- . Basically, t*e re 'e gas re'aas+ -

Table 4.3 (re:r cace: in TaDie 5.1 of this report) of PLG-0455 was a -i s-
print. The noble gas release fraction for tne S2W-3 release phase shc;10 have
bee- C.21 ra: e : s- C.^22. Mueve , as ;9e $b-3 release pnase :::. s w,
late (approximately 20 hours) after reactor scrar, the impact on risk of this
larger notle gas release would be very small . Calculations cerforres a 5NL
have verifiec that tne inpact of increasing tne noole gas release in tre $2.i-2
phase on both tne dose versus distance curves and tne risk profiles is regii-
gible.

5.2 Creci for Scrutting of Subnerged Releases

*
ather cues:M re'a w *: the credit assu ed f - t e i-te 'a ic; syste-

LC A sour:e tere in wai:n the crea( iccation was assume: to te surrerge: unce-
water ( 57,1 i n Ta:!e 5.1) . :n CLG ";265, t e source tern ritiga:icn resultin;

__

-
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frc- a sur:: 'er P '::: cee; :_:' was nocele: as a ce:c-ta :ca- :- '2::c-

(00) c' 1003 'c- all release fra:tions except the noble gases. In tte P55 a

ceconta-inatie 'a:: cf 100 was used for fissien prc:uct scructir: in a sub-
coole: po:1. Inus, in orce- to be consistent witn tne RSS retnodology it
appeared that a 1cwe- DC should be used. However, if the pool were indeed

subcooled, calculaticas at BNL indicated that us':9 a DF of 100 rather than
1000 would have no irpact on tne risk calculations pre-sented in PLG-0465.

A r0 e ir?:-tart questice was whetrer or not tre pool would te s;t:ccle:
cr sa:; rate:. I-te2., creci; was given for fissi:n prc: :: s: rut:irg~

in a saturate: ;cci and tnerefore, tne applicar; was recueste: :: provice

justi#ication fce :-' sJ:::-'e: assumptica. In referer:e 7, te applica *

provided a response to this cuestion. Arguments were provided to indicate
that the pool would be at least 100^ subcooled anc that this degree of sub-
cooling t gere w't- :M ' a ge :::' dertn was suf'iciert :: justi'y a" of
1000 rathe- :~a a 0: c' 102 as use: in the RS". However, the c!|ecti ve o'

tne question was cr: a-ily :: ce:errine if :ne pc:' woulc te s;::::le an:

based on the res;cnse, tcis appears to be the case. BNL had already Concludec
that changing :e ^r 'rc- IC-' tt 100 would 90: cha- e tne dose versus
d'sta-ce rce t e -is; pr 'iles. :'ra''y, the co :'u:' r- Igiven ir refe-e-:e

7) that eve- if cce' ce:r:3-irati:- wa-e cercletely ig cret, t-" Pe cm
ve-scs cista-:e a-- :c -i:. ' 'et 'n PLG-0462- w:ulc nct te si g-i'::3-:-
effected was exa :^ec a 5 *. - . Calculations at E*. in icated :na if the fre-

quency of interfa:ir; system LOCAs reported in reference 1 was used, then the
c: clus' -2: ::- s - T-c a :-: ' ate ess :" :e i -i n ' :- : ' ,- sy s :e- J

frequency was reviewe i e. Sectior 2.

5.3 $;- a 5

In su- nary, tee fi s s' on creduct source ter~s used in PLG na65 a::ea- ir
general :: De corsiste-: wit" t e app caches used in the ~55. Tne ris: '-: ir

Table 4.3 of CLG-0165 related to the f racticn of no:le gas release was foun:
by the applicant lar1 confirmed by BNL? to have negligible ir act on the risk
pr0 files ce : e cose ve-sus : star:e profiles recerte: ir CLG-04::. -.t. ?-=

Corrected noble gas e' ease fra: icn in te $ 2.. release Cate90 y WCult, to
itsel#, not C a ge t*e CC Olusi -s in D L G -0 5 #. . In at ' tic , tPe argJ ec

1
1
i
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p*ese"*:: !. *i a :'ita"* :".' WI*r* i-t*c E; Val'* i! su##i:1ea*'*"
_ .

subccole to warrant consice a:icr. of s i gni ficant decontanination acpears

reasonarie. Fi c a ! 1 ;. . tre s ate e-: ia tne a:plicant's resperse t 2: eve- i'

pool decontamination nad bee" ignoreq, the risk profiles or dose versus
distance profiles would not change significantly was confirred at BNL. Note.
however, that t*is ec-clesie- 4: kated c tre frequency estir3tes for irter-

facing system LOCAs in PLG-0465. Tre influence of the BNL review of interf ac-
ing syste1 LOCA events at Seabrook is given in Section 2.

5.4 Ref e re nce:-

. ,- ...
1. nu-vw : .

2. RSS.

3. SSPSA.

:. N'::E3/CP :5::.

E. Corral C :e.
6. PSN- Lette- ( 55*.-123;' , ca:e: ' . e :n - ', 19EC, " Response to Fe.;aes: 'o-.; .

0 Additicral Inforra* ion (RA!s ," J. Devincentis to S. M. Long.i

7 OS'N Le- er ' SE';- 122 '' , c at e: '. ve-te- 7, 1985, "Respo se :: r :ue:: f;re

AMitiona: :cfo matic ' ::',
. n .'i ncentis to S. ''. L: :.e
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(6. 5:TE CONSEu 2 E " u _

6.1 NUPEG-0396 Easis

NUREG-0396 1 introduced tne concept of generic Emergency Planning Zones
(EPZ) as a basis for the olanning of response actions wnich would result in
dose savings in the innediate vicinity of nuclear facilities in the event of a
serious power reactor accident. The actions would be triggered if projected
radiation doses tc a- indivica:' w:uld exceed Protective A: tion Guides (?ASt } ,
as discusset are re'e eace' ir NU ES-C396, althougn ad h:: actio-s could be
taken at any tire. Tr.e ??js are ; tc 5 rem wnole bocy dose a": 5 to 25 re-
thyF0ic d0se but are F ! inten:r, tS represeat acceptaDie ccse levels. Fur-
thermore, protective actions may not assure that PAG levels can be prevented.

It was co"cludet ia N'!REl-0295 tha t the obje:tive c' erergeacy respor.se
plans should be to renvide dose savincs fc" a saectrum cf 20;ide*ts that coul'
prota:e of' site deses it e>:ess c' tne OAGs since no sce:ific accicer.: coulc
be icentified as the one for wnicn to plan.

The nOst ir cria-; g;icance fc erergency plarrers is tne sd:e c' t c
EPZ. Basec on factors t it included risk, orobability, a ' a::iceat 00 se-
cuences, it was Jurge] trat a gereaic cistar:e c' abcut 10 ri!+s was accrocri-
ate for core reit a :icents. ine less severe a::icer.ts would not have corse-
quences in excess of the PAGs teyond this distance, whereas the core severe
a:Cice-ts w:;l: ret - ge-:-:- :a.s e: '. inj; d el c- deatt: tey: ; t .. ci:-
tance. Hence, protective acticas were judged to be rost useful witnin tnis
distance.

NUREG-0396 used tne a::ident release categories of the Reactor Safety
2Study (RSS) to corcute the risk of exceeding varicus dose levels in the

atsence of protective actions for a spectrum of accidents. The RSS accicents
and their redian pro: abilities are giver. in Tatle 6.1. Using the original RSS
consequence nodel (CRAC)3 ard One accidents PWP1 througn WP7, a 20'O ren whole
body rist curve was coastru:te:, sr.sw as the heavy lire cartec 03c4 in Fig; ea

6 :. Tris is tne level at a::- se-;cus injuries and sc e ceatns car o::gr.
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Fo-e.e , CU. :: r-- cc-~.: e : e 2^ ' re- ris- c'-e: 3 as a : :- c'
NUREG-0295 had to ir:erpolate to obtain tne 20' re- curves. Interpolatica was

perfarned for ea: com o ert at: ice-t tc catain the concitional risk given tu
accident. Then the conciticnal risk at various distances was cultiplied by
the probability showa in Table 6.1 and divided by the core relt probability c'
5r10 5 pe" react 0" 193 . The results for each were sunned to give the overall
risk of the accident spectrun. Each risk was computed using about 100 weather
sanples from a typical series of New York City hourly annual weather data with
the assurstien tnat people w:uld follow normal activities for one day follow-
irg ar-iva! c' tMe first plure to reacn tneia location. That is, people w Jir
stay at tneir original iccatic a : receive groundsnine cases for 22 rours.

BNL recomputed the 200 ren dose vs distance curve using an updated ver-
sion of CRAC, called CRAC2,* and a rore detailed grid. The conditional compo-

risks -e e cor;uted directly (no interpolation retuired) ar.: :ne resultsne-

fc eatr c' tre W2 5' -la9 release cateccaies are shcan in Figste E . '. . PWEd
-

an: :a7' did not ex:ee: 2^,C ren.
.

The overal' 20 re- i k cu ee was then corputed usin; a core rel: prc:a-s

bility cf 6x1'l E pe reacto year, whicn is the sun of the prota ili-ies f:-
PWP1 - PWD7 giver in Tatle 6.1. The cu ve gives higner risk for 1-3 riles a :
iowe ris< f er : - ~ -i l es t n a- N'j:ES-0306, but tre cu ve stil' ::- !*1 :'

.

beyond a00.t 10 miles. It snoulc ce notec tnat most of tre core nelt prcaa.
bility cones fror PW:7 which does not contribute to tne 200 rem curve. It car
be :cr:Imce: : a: tme a;;r:n 3-':-: ute: ir 'd:ES-C296 are rc: s:a :: a r t : I'. -
different from the rcre detailed calculations done by BNL using CRAC2.

.

6.2 Corsecuence " cv'-

The acclicant usec tre CDAC PS code for their censequence assessrent: in
PLG-0165. " In this section C ACIT predictions are concare: against ccese-
quences nodels current'y being used by the NQC and their contractors, nanely
CRAC, CRAC2. anc MACCS. 6 ine factors involvec in consequence rodeling are
discusse: in A ; enc x 6 of tne ?SS. All cones cc- ute ea-lj a: cela n
nealtn effects fron cl:utstire, innalatice, and grcundsnine. Tne eari, ne a ' :-
e'fects are base: cn data fecn the Ma shall Islancs, tcrt tests, cl'*1:al 4 ta
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f r:' ra:'::1:r tr e r a r.s . at: la: antrais (ca-ticularly tc- .um; 03.: N.

three CQAC rodels (CRACIT, CDAC2, and CRAC) use a stepwise linear fun : Or
with a thres"o!: d:se fo ea-ly effects as discussed in the RSC. The UCCS

code ( recen ti;. cevelope: at Sancia National Lab) uses a hazarc functict
approach without a threshold as discussed in NUREG/CR 4214 The latent
effects in the CRAC racels are calculated from the BEIR-1 report i wnich uses
Japanese data plus a modification to the linear dose response curve to account
for reduced effectiveness at low doses. MACCS uses the BEIR-3 model S which is
a linear cuadratic dose resronse ecdel with absolute risk of cance 'er so e
organs such as bo e na--ow ad relative risk for other orga-s, deper:i g c-
populatien rakeu:. |- a :i io , CF:^ and CRAC2 allcw on'y a ore "c u "'

release of ra:ica::' " c: ::: CRAC: ar MACCS allow "rui ti pu f f" releases.
There are also other differences in the codes, such as the shape of the plune,
dry and wet deposition of particulates, weather sampling, resuspension, etc.
wnich can account for di"e e-ces c' a factor of two in the results.

BSL use: tre "A^CS coce an: :^e sour:e te rms define: in Tat's 5.1 tc
review' the calculations presented by Seacroo< in plG-0465 10 using CRACIT. Tne

comparisons are based c- :ne 200 rer dose probability vs distance curves using
the source terns anc weatae- data su olied by Seabrook. In addition, PNL ca'-

culated tne inciviaual r'st c' exceediag 5, 25, and 300 re to tre : yroid a-1
the irdividua' ri is cf cea:- at a fun :icr cf distance. In all cases, it was

assure: Ona. tre pc:olatic- was expose: to one day of grouncsnine fcliowtrg
arrival of the first plume segment. Tney would also be exposed to other

plu-es : at a--i s - 3- t si r lecr'-- ':--- : e 2 nours.

6.2.1 Whole Body Dose Vs Distance

The PACCS code does not have an organ defined as "wnole body" so red
carrow was used as a substitute. In CRAC2 calculations it was found that tra
red carrow dose was acca: 3? nigne- than tne whole body dose. Als0, ea rl;.
healtn effects are sensitive to the red rarrow dose. Thus, tne re: rarrew

dose is a good substitute.

MACCS coes not ai e::1;. ca;cul 2:e . e risk o' a cose vs c1sta :e, re ::
was necessa y t0 ce#ia9 ar 2 r0; iate rist function t3 Gbtain :n's C3 ve. !r

,

,

1

---
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t r e "' 0 5 C a l 'f a t * ^ . . t~e '!- c' esceed *] 2"' re~ ' ' ; re: Pe--c<' ba!
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set to Zero if a weather sar:le yields a mear, dose less than 200 rem and one
if a weatner sa ale ..ielcs a cea cose greater than 200 re . Tnus tae rea-
risk is depencent upc- the ar val weatner data. Tne risks were calculatec for
the Seabrcok release categories SIW fone pu'f), S2W (3 puffsi, and 56W (?
puffs). Tha resul*s ? a givea ia cir; es 6.2, 6.3, and 6.4 The conditiena!
probability of .001 risks extend to 25 miles for 51W, to 2 miles for S2W, and
to a miles for S6W. These distances are somewnat less than tnose calculated
by Seabr:c. ..

6.2.2 T y Of Ensa is Dista-:c

Ine thyroid cases were not presented by Seabrook in the reviewed report,

i

but were discussed at sore length in NUREG-0396. Hence, BNL calculated the

ris' c' exceedi ; t~e c:se leve' c' E. 25, and 30 re- to t e thyrcid, as was
-

de e ir N'!:EG ^296 'c- Seabao: e' ease catecories SIN, 52W, a-d Sfa. Tne

res.its are gi ver. In Figures 6.I, f. 2, ar - 6.0 Tne results wer e truncated at
30 miles. The risk of exceeding E re, remained above 90t for all three
release cate; det. Tre 20: re- cu ve shows a sharp dro: a* less tha- 10
riles fc- 52.| a- at about IE -iles ' - 56W. Tne curves were cbtained by t c
sa e hazar: 'u--'ic de'i ' tic te:- ':v+ as ciscussec i- Sect':- f.2.'..

6.2.3 Rist cf Early Fatalities

P::'_I ases t- - 2:1: f a :::/ a;;rca:r :: cai:ulate ear'; fatalities a;

discussed in NUPE5/C 4214 Pi-st, the cumulative hazard is calculated as:

,vH = In,:,,; ( f u5p (e. 1)
-

t u
.

wee: is tre casa ar: ~ is t e ::e e: sired for producin; an effect i.n:

E?t c' tre er::se: incivicuais, an: v ceternires the stee; ess of the dose
effect curve. Tre f atality ris.' is tren given as:

.:....H. ... s..,.e - - -
.g,2

_ _ . _ . _ ._. - ._
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large intestire and sra'' intestine. The risk is assigred a t"reshold o'
. P .:..

In CRAC2 and CDAC'7, t e dese resporse is piece-wise linear due :: iarad-
iation o' tre bone ra- w, lu ; ard GI tract. The total risk is the :

P=0 + (1 7.;)R 2* (1-R I(1-R )RI 2 3 (f.3}

where E , R :, and F. 3 are tre ris's :: t*e taree organs, respe::ively. MAC:St .

gives screw at nigaa- ris . r i ' elly because the lu g d:se is new consie-
ere: nore ef f ect1 e tr. crcc.:ing *a:a'1:ies, anc also because th= nara : fur:-
tion gives sone risk at lowar doses.

Tne e'fe:: cf t e ccre dif'e ences is trat MA :S pre:i::s a nigner pec:5-
t i l i t;. Of a s all nurce c' : eat s while CRAC2 predicts a tigre crctatiii:
f:r la ;e rarse-s cf cea:ts. T- s is sno,m in Figure 6.5 f rom a cc pa-ison
calculation performed by Sandia National Laboratory for a severe ground level
release. Tnis is f:- 3 ; 'f:-- :: ulaticr distribution witbcut evacuation.
However, MACCS can cre:ict su stantially rere early death: wre eva:uat:cn is
rodeled since tre lu-r ccse .t.a''' te: es de-ina-t, but avacuation s:e a-i::

a e re: cc-s'de-e 'r -- : e. c..

SNL calculated tre irdividual ri s k of fatalities versus distances foa
5'., :.., an; Sie a: s:- - ; ; . : s f . : , E . '; , a n : C. . :: ci :s seer :nc..

the risk is sirilar to te 200 re, curve , but is not directly ccrrelated
because of the nonlinear interactions i- tne above ecuations.

6.3 Corrarisons cf Pesuits

6.3.1 Resuits of Sea -Ock Study

BNL used as a bas 4 s 'or cccparison *.ne 200 rem risk of wrcle tocy cose as
calculate: cy Sea:rc9 usi-r CE :: ano 203 ren ree rare:w -is usi ; ":::S a:
F' L . Tnis is : e ris. te a ,j; t"etical incivicual locatec at a ca- icular

c i s *. 3 - c e a-c actual poculatic- 2's t r' h * ' a . 1s r.c t co sifarat. e D*L

._,
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cal:C a:-- s we-e r: 'or-c- . -- e:er-c'ngica- ca:. sur:'1e tj Se at rec < .
Projected narbers of f atalitic; were not conputed since BNL didn't hue the
a:tual Seebroci c::al atior ca:a.

Tne Seabrook calculaticas fc- accidents S1W, 52W, and S6W are shown in
Figures 6.5, 6.6, and A.' wi+- *~ enrrasponding BNL results suoerirposec.
For S1W, MACCS predicts sligntly higher risk at less than 8 niles and much
lower risk beyond 12 niles. The di f.f e rences nay be partly explained by
differer:es i- weat e- sar;'1 : retnets ard plure ri se formul ations , sir.ce
this is a hi? e e ;; c':::_ rcc , the di f ferences in the tail O' the

"

ris curve is -:t ccm':ere-
''

t- be significant consice-ias the overall._

'
unce-tainti+s i. the c:.c.

.

For 52W, the MACCS co?: ac3ir predicts higher risk in close and a sore-
e

wa3* sharpe- deep #f 4- *- '' '. 4 wever, the di'fe e ce is that "*CES

predi:ts a risk c' .0^'. a-
^ ' <. e eas tne Seabrock results sMw t is risa-

e... a:,e....c .

Fo r 56'.1, the BNL res '* ' :Se to those c' Seabrc0< as in !"e case c':-'

S2W. " CCS c edicts .??' -is. c c ''es wnereas Seco oc< predicts tnis ri .
c' 209 re at f riles.

Ir S r a ry , E'.. 'ee s v2. 7: c:nsecuence nodeling is fair! preser.ted

by Seabrock and that the rela.'sely small differences corouted by BNL are
o r e t a n ',. e r ; ' a " r e - . - -

. :.

6.2 Se-sitivitv Studi_es

Two categories of sensi;i ig stacies have been performed as part of tnes

BNL review. First, sensi-i *. calculations were pe-for ed to assess t'a

offect of t*e duratics c' 'iss'ca cr: duct release on tne dose vs distaato
curves creseM ec in :_3 02{ T*ese sensitivity calculations are discussed in.

Se: tier 5. .1. See:ca. tre i :a:t on the dose vs dis *arce and risk esticates
in OLG-CIE C' tne va-' ;s : -:+~3 r3ised by t e P'.L revie.s .,1s a s s e s s r-: ir

#ea-" se *.icr C * * ' s ' e "' i :31 evaluat'cr re0 rt. 7 959 eevise: ris( esti.
-3*e: a e su- a-ize: '' 59:*ica '.2.2.
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6;.. Sensitt.ity c* Pesults to ''.1:*:u'f Releas=

B';L perforced sensitivity calculatiers witn rega to te r .: ' - ' -
''

releases and the release dura *ior for 52n anc 5 % . Tne results are gir i-
Figures 6.6 and 6.7, respectively using the one pu'f release categorie!
defined by Seabrook. In both casx it was found that a one puf f release
increased the risk and also that a shorter duration of the release (0.5 hours)
further increased the risk. Fcr the one puff, 0.5 hour release $2W, the 2C2

re .001 risk distan:e irc ease: f ror. 2 r.iles tc 7 miles and the ScW cistance
increased frer a c'*er 15 -i i e s . Inis demonstrates that a Ic' release

*-

duration leacs :c a g es:: :Nre ciiu::cn anc less risk at la ge- Sista cer.
Hence, in orcer :: :. . :enf .cew: :ne Secoroo< calculations, c e nus: r a . --<

confidence that the releases will occur with rates and durations similar t0
those assumed by Seabrook.

6.4.0 Sensitivi*y o' Oes.' s to O'. D e v i e,c

Tne Seabrook stu y (DLG-MES) identi fi ed the following three areas as
beiro the rost influent 4 3' ca? ulati g the Searrcer risk estirstes:

Tre ef'e ti ve ees te Sean-^4 *=tio- -':. ccntai--= ' t'

'.

eitne- re- '- i-ta:* :- to aia: 3ia 1:s fiss - : o t ;;' re .-- '--

ca;aSility fc :e-iocs ruc . longer than re uired for even delayed. ac
hoc protective acticns.

A more realistic assessnent of tre stre ;th and f ailure noces o' the.

Seanrock contairrent than was possitie within the state-of-tre-3- '

P?A wren tre PSS w&I 20 ;.ete:.'

A more realistic tre3t e-t of the ini*iatica a-d caogressica c' i-*= -.

'a ing syste s L~CA secuencer.

nus, the BNL techni:a1 evaluatior focusec on the treas that were ide t -
fle: in ;LG-Ga#E. Tre a :-cac" *aker ss :: pe-fo - se-siti.ity s: : - -a

assess :*e ir:3:: o- :ne res.i:s in PLG-0265 0' t~ EN_ review c' : a:
3 eas. e se sit'. - s.;:iss use: : e con:1 :c 3; c. -:ces :-:."ce: -
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PLG- M tan 0 surco-ting cc:u e-taticnt tc assess non cra.;es i- te

probability Of accide-t secuences and containcent f ailure modes would change
the risk estfrates in PLG.n~F. Tre sensitivity stuoles calculate revise:

200 rem-dose versus distance curves and the mean absolute risk of early
,

fatalities and total c'an ce r fatalities. The results of the sensitivity

studies are given in Table 6.2 and Figure 6.9. it.e dose vs distance curves in
Figure 6.9 can of course be directly compared with the dose vs distance curves
presented in PLG-0465. However, the mean absolute risk numbers in Table 6.2
cannot be dire:tly co ra-ed with t*e in'ornation on indivicual rist provice:
in ?LG-04fE. The rea abs: lute risk numbe- 1- Ta:le 6.2 wouin nave t be

COnverte: irt; i nd i .'i d u a l ris, of fatlaitier in the pop;1ation witnir 1 mle
cf the site bounca9 bef ore direct comparison within infornation in PLG-0465
could be made. However, the information provided in Table 6.2 is a useful
indication of how tne PLG-0465 risk levels in PLG-0465 would change if
recalculated usi g e assunstijns of tne sensitivity studies.

In additi:r Oc the areas identifiec in FLG-0265, ctner areas oe e
identified as potentially irportant to ' risk at Seabrook. In particular, the

acclicant was recuetter to provice in'ormation on the risk associated wi ?
accidents curing s"utco. . Tre results of the applicant's assessrent of su:-
accidents are als: give- i- T!ble 6.2 and Figures 6.10 and 6.11. S'i was n::
a le to assess t + 'recuence c' these events (re'e- to Se t':- 2.2 re:3 m

there remain fu . a ental cuestions regarding modeling of tnese scenarics. In
addition, the potential for induced stean generator tube rupture (SGTO for
a:: ice e ia ' / :- t e p - - 3 -) s,ste s at hign pressure was ice-:''i. : .

-

topic for review. This to:i: was reviewed in detail by the NRC ita'f and is
the subject of continuing NRC and industry research activities. In an effort
to assess the p0tential influence of SGTR, a sirple sensitivity stacy was
performed at 5NL (refer to Section 2.3) and the results are also given in
Table 6.2 and Cigure 6.9.

In Ta51e 6.2 and Figure 6.12 the ef fect on risk of co cining all the sen-
sitivity is presentec. Inis calculation shoulc not be interprete: as a reas-
sessment of tre overall -4 si profiles for Seab car. It is si 21, inten:e: t:

incitate now tne resits of tre varicus sensitivity studies could ir'iue :e
tne -ist estinstes i- ;L2-1465. *he retr:0 use: to co tire the ef'e: c' ai'

_. --
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of t.e st dies is r:: ripc cus and could lead to incensi s:= c' < . I- a r " -.

tion, it is not nornal practice in probabilistic risk assessments to contine

cou-tinc seasi ivity stucies. Tne results in Table 6.2 arc Figu e 6.12 snou'1t

therefore be recog ized for what they are, namely, a series of sensitivity

studies and not ba interpreted as a statement of the overall risk at Seao cok.

The results in Table 6.2 and Figures 6.9-6.12 are useful to focus on

those areas of the BNL review that appear to have the greatest inpact on the

conclusions ir FLG-CtEE. Tne results incicate, given the extent cf tnis

focused review, that t% cor.se v ative assurptions regarding accide-ts cu-f rg
shutdown an: incace: 51';' have t"e rest inoact on the dnsa vs dista .ce and

risk esttrates in ' a-t-e:. oever, tne more optimistic assumptions regarc--

ing these events have minor impact on the PLG-0465 results. These are areas

of considerable uncertainty, which at the present tire do not allow a better
,

de'iritice of t' e ri . estirates t,3- given by the ranges in Tab'e f.: a-1-

Figures 6.9-6.'.2.
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Ru t t u re.1

Containrent 4.7(-31 2. (-3) 2.0(-3) 1.8(-2) 1.7(-2) 1.2(-2)Loa:: ar:
Performance

i
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! PE"0PANDUP F00: Vincert A. Noonan, Project Director
; oro4ec+ nirectorata **
! Division of PW Licensing-A
1

i
FROM: Charles E. Rossi, Assistant Director

Division of PWP Licensing-At

n

SUBJECT: STEAv GENEFA 0: TL'SE RtfPTURE DURING SEVE:E ACCIDENTS AT
sracraa6 e : !nN - D art INTED.!" PEP 0cT<

i

Plant Nare: Se6r9 Sinic , Unit 1
Docket Number: SC

Resp. Directorate: FWF Directorate #5
Project Manager: Victre Nerses
Review Branch: Facilities Operations Branch, DPL-A

4
' Review Status: Oncein;

An accideat secuence with ter cetertial to impact risk at pressurized water
reactor plants uncer sc~ cerf tiens is the loss c' steam generator tube'

integrity cue to oeneratic" c' hi;n temperatures at hiah pressure during a
core melt accident. Tne ccie tial concern involves movement of high tercera-
ture fluid from the region c' the meltine reactor core into the steam cenera-
tor tubes with a resultert c.+-teatinc c' the tubes which leads to stea-'

| generator tube ructure (SC':3 High pressure fluid cortaining radioactive
' material from the meltinc core would thereby be released to the secondary side

o' the stear generaters, #-r- V e e it could be released to the ervironment
via tne stear generator re''c' vehes, therety bypassing cortainment,

Public Service of New Hares * ire (DSkW) has investigated the possibility of
encounterino conditions in tre reactor coolant system under which SGTj can be
cf concern,'and has deta ' red the likelihood to be less than 4 X 10~ perr

! reactor year. This is !.. . e r t ' ,, Hgh, ard the potertial conse:uerces c'
SGTP under severe accident conditions are sufficiently great under some'

circumstances, that PSN4 initiated an investigation of this topic,
a

The er. closed re: Ort is a c-t't cer) cf an interir docu ent crepared by
Warren Lyon (FOR-A/ CPL M wrich addresses the state of knowledge pertaining
to Steam Generator Tube :ucture durinc postulated severe accidents, and the
acclication o' this knowlecce te the Seabrook Station nuclear power plant.'

This reDort is creDared Mtr t*e assurption that the work and assessrert wi?'
certinue. The re0ert cres net cover all material received from PSNu are its

| contracters, and PSNb and their certractors have c'fered to discuss the issue
further. It also has not been subjected to comprehensive peer evaluation
within the NEC,

r

i Centact: W. Lycr
y??OE3
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Tre raicr cenclusior,s precider ir tre dra't re --? e-c e? ' ''c I:

1. Study of SGTR due to severe accident conditions is difficult due to the
cor;lexity c# the pheno e-2 and tFr develtc erta' nature c' analysis
technicues.

2. Further work is necessary to conclude that SGTP is urlikely under
conditions associated with a severe accident.

3. SGTR due to severe accident conditions can be shown not to be a problem
if the reactor coolant system is depressurized.

(Y d /~4'

Charles E. Rossi, Assistart Director

Divisicr. of PW: Licensing-A

Enclosure: As stated

cc: T. Nevak
S. Lc ;

F. Coffmar
J. Har
V. Leur.g
V. Benaraya
S. Newberry
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This re:crt addresse: the state of knowledce certaining to Steam Gererator
Tube Rupture during postulated ses?re accidents (aperoach to core relt ard

Icore relt , ano the applicat'on o' this knowledca tc the Seabrcoi Static-
nuclear power plar.t. This is ar. nterim report, prepared with the assurotion
that the work and assessmert wil' continue. The report dces not cover all
raterial received frcr Public 5' rvice of New Harpshire (rssp) and its ccrtra:-
tors. It also reDresents the .iew of the author and has nnt been sub4ecteo
to comprehensive peer evaluacion within the NRC.
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C: FT

'o e :iatu e.

A: Al terr.atir.g current
ENL Brookhaven National Laboratory
ED I Electric Power Research Institute
ICC Inadecuete core ccclin;
VW Kilowatt
LM Larson Miller parameter

'
LOC: Less o' coolant accicert
wW Wegaw?tt
NRC huclear Reculatory Connission
NSSS- Nuclear steam supply system
PDS Plant damage state (See below'
PODV Pressure operated relie' valve
PRA Probabilisti: Risk Assessrent
FShH Public Service of he, hangshire
FAI Request for additicnal in'orration

DCE Peacter coola*t ru--
] RCS Reactor coolant syster
'

RWST Refueling water storage tank
SG Steam generator
SGTP Steam generator tube rupture

Plant damage states are used to classify conditions as follows:

! ! Early core melt, Icw RCS pressure at tire o' reacter vessel failu*e, DWT'
injection net initiated'

i

2 Early core melt, low RCS pressure at tine of reactor vessel failure, PWST
; injection initiated

3 Early core melt, hich FCS pressure at time of reactor vessel failure,
PWS' injection not tritiateff

a Early core melt, nicn P:S pressure at tire of reactor vessel failure,
FWOT injecticn initiated

i late core relt, lo. D ' ;* essure at tire o' reactor vessel #ailure, PWF'
injection nct initiatec

6 Late core relt, low PCS pressure at time cf reactor vessel failure, PWST
! irjectier initiated

7 Late core relt, high PCS cressure at time of reactor vessel failure, FWST
injection net initiated

i

e Late core relt, hign FCS cressure at tine of reactor vessel failure, FiS'
irjectior ir4tiated;

;

9 Core melt with non-isolated SGTP

! Containrert irtact at start c' core relt, co-tair-art Feat and fissier
crecuct renoval available

i

5i

t

- - - . - ,_ _ _ . . _ _ , - . _ , _ _ . , . - ._____, _ _ _ . _ , . . - _ _ . . _ _ . . _ - - - _ . , , _ _ _ - _ _ _ , . , _ . --.
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~ Cr .:3ir-ert irit-- a. s:a-; c c: - rs' , c-et=de --* rc=* re- va cr'
e va i i t t '. e

C Certaineer.t intact at start c' core melt, certainment fission croduct
rereval only available

D Containmert intact et' start of core melt, nere of the co *ainment 'urc-
tions available

E Centainment not intact at start o' core melt, activity release filtered

F Containment not intact at start of core melt, containment opening larger
than three inch diameter

FP Containment not intact at start of core relt, containment openinc smallar
tha" three incF diameter

?! Sircra't cras'

.
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; The Public Service of he,e Hampshire (PSNM has presented information to shcw

that the Seabrooi Statier containrert is one cf the strongest of any ruc'es-
power plant. It also contains one of the largest volumes. This combinatier
leads to a conclusion that the containment has the capability to either
sicnificantly delay or nrava" +>= release of larce cuantities of radioactive
material during and following a severe (core damage or core melt) accident.3

j Based on this premise, any significant risk associated with Seabrook Station
i wculd likely be found ir. accidents which bypass containrent.

! A number c' potertie' bytec: cc:tibilities exist, some of which have tradi-,

| tionally been recogr. h d . bdebilistic Safety Assessments (PPAsl, ard some
of which have not. Hist'orically, conservative assumptions have been appliedi

to those cases which have been recocnized, and the conservatism has beer
*

assumed tc be su'ficie-t'. la-:e t, hat the unrecognized pcssibi!ities becare
irsignificant since thev ware be'ieved small in corpariscr..

PSNH and its contractors base provided a comprehensive PRA with additional.

follow up investicatic M d- >"" a better representatfor o' nuclear plant
behavice has been atte :te- Sc- ee servative, and thereby risleading,
reDresentations have bee' ra- va . This approach te accide':t araly.is leae
to the possicflity tMt >P c~tervatisPs have beer removed, previcust,
neglected bypass paths which we-e rasked may now be found to centribute te

risk. Recognizing this, the Sta'f ard PSNH have explored containrent bypass
p;ssibilities. One ecssit' , t e topic c' :nis rep:rt, cnd a pctentia;
issue that has been under irvestigation by industry and the Staff for several
years, is the loss of stear eeeeeater tube integrity due to ceneration o' hich

} temperatures at high pressure caring a core melt accident. The potentiai
i concern involves movetert o' high teTrerature fluid from the region of tre
. melting reactor core inte the stee cenerator tubes, with a resultant over-
) heating of the tubes which leace tc their rupture. High pressure fluid

certaining radioactive material fror the reitinc core would thereby te released
to the secondary side of the steam cenerators, fror where it could be released

i

i to the envirencent via the stea" gererater relie' valves, trereby bypassin;I

j centainrent.

; 6

1
'

. - - . - . - - , . . . _ . . _ _ . - - _ - - - , - _ - - _ - - _ , - - , - , . - _ - . - - -



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

,

.

5

DFA FT

Fc- stee ceneracer tute r.:tu-( (S~~~ tc te e c- e-- a s acc-esser te-e. --
rust have a ccre darace (cr rei ) conditicn ir e-ncress with rc wate- c tr.: !

t

steam generator secondary side. The principal centributor to this ccrditict !

is estimated to be a loss c' a'l AS ccwer concu-re-t with a lest cf all
turbine driven feedwater to the stean generators. PSNP has investigated the
possibility o' encounterirg cceditiers which can centribute te SGT and has
determined the likeliheed te te less ther 4 X 10-5 er reactor year. This is

sufficiently hich, and the potential consecuences of SGTR under severe acci-
i

dent cenditions are suf#iciently great, that further investigation has beer
'

neces s a ry. This investigation is ongoinc. This report provides an interic
assessment of the status of the investigation, as well as a prcjection of
expected results.

.

Study of SGTR due to severe accident conditions is difficult. The phenorera
! are ccmplex, and most analysis technicues used to investicate nuclear power

plart behavier have utilized assurptiers which are nct applicable here. The
principal cceplication is the rultidimensional character of fluid behavior ir
the reactor ecolant syster. Suitable computer programs are .iust beginning to
become available. Suitable experimental information is just being develcped.
Hence, picneering work, such as cr vided by DSNu in investigatior, c' this issus,

car. be excetted :: have weairesses as well as strencths. We have fcur.d this
expectatice te be true.

The work reported by pSN' and its contractors is highly informative and
addresses nest ascects o' the SGTP issue. It is based upon knowledge cf what
takes place witnir the .',.: lea- Stea- Sup:ly Syster (NSSS1, upcn a cajcr
cceputer prograr that is under development and is being verified (PAAPI, and
upon information derived fror an experimental program at Westinghouse. The
folicwing is a summary o# the recc-tec inferration and cur assessrent:

1. Watbe atical rede'inc. Expected phenomena, ex erimental informatior
pertirert to the prencrena, and nodeling assurcticr.s have been addressed
for each of the major corponents c' the NSSS which are affected. Pulti-
dimensional fluid flow and enerov transport have been established as

dorira-t ove" rest cf the cocci +iers o' irte"est. We coesider this area

f

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



,. - - -

O

DRa ri

*- he ir a r d-
ma . st?c< - cc.elec ert, at: tre-t a-: 5 :- ( pe:e- 4

~ '
*

dif'icu' ties, which include:

a. Certair. noceling assur ticrs are overly cptiristic. Ar exa ple is
the assurption of corplete mixino in the stear generator inlet
plenur which tends to reduce the terperature o' fluid enterirg the
stear generator tubes. This assumption is not supported by the
available experimental evidence, and the effects of the assurption
are rot balanced by identifiable pessimistic assuretions elsewhere
in the analysis,

b. Experimental evicence is prelirinary. The experimental facility at
' Westinghcuse is providing infornation pertinent to this issue.

However, testing has been limited to conditions which are only
roughly scaled to NSSS representation. This is due to a logical
progressier in the test planning and facility developrent. Cata
fror apparert'y well scaled test conditions are just becerin;
available. Ne other test facility acdresses certain aspects of this
issue.

c. The co~ vter prograr used as the basis for r.uch cf the werk has net
been verified, nor is docurertatier available. We understard a
verification prograr and ar e# fort to Drevide decu-ertatica are
un de rway. (PSNW contractors have offered to discuss this inforra-

tion with us. Our review has not progressed to the stage where we
car nD e use this C#fer.) Although the phenomena we unde stanc ::
be modeled by the code appear adecuate for the purposes needed here,
and the code results appear reasonable subject to our concerns as
expressec elsewhere in this repcrt, this is not su'ficier.t information
to accept the analysis results.

2. Seatecok Statice Deceasentation. Tne basic analyses and sensitivity
studies have been based upon a plant con'iguration in which the NSSS

state is assured. Most of the assumed state conditions are reasonable.
There are exceptiens. Fcr exarple, the stear generator secondary side is

7
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assu ci it t e a t a r-es sere corres:-cncing tc secerca ry s'es reite' veivs
settings, and creer ructure of tubes is reported 'c- tMs ste's. The
resulting conclusions are similarly based upon this state. We believe
there is sufficier.t likelihood the secondary side will be depressurized
that this case should be considered. Depressurization would roughly
dcuble tube stress since the secondary side pressure would be decreased
from roughly 1100 psi to atmospheric pressure while the PCS pressure
remained at approximately 2300 psi.

3. Sensitivity Studies. PSNH and its contractors have performec a wide
ranging sensitivity study as part of an assessment of the imcact of
various modelirg assutotions and the state of the plant. Althcugh this
yielc3 valuable information and insight, sensitivity studies should be
approached with caution. They are only as good as the basic modeling.
The impact of our difficulty with assumptions such as the behavior o'
the steam generate- inlet plenum is not addressed in the sensitivity
study, and could impact the esults and conclusions.

4 Operator Actions. Plant response can be drastically altered by coerator
actions during a severe accident. SGTP is no excepticr. A number c'
operator responses have bee- discussed with PSNP. Although many c' these
were postulated actiers, sictf#icant information has beer develeced frc~
these Dostulatic s. Pecognition that operatcr acticns cculd detressurire
the steam generator secondary side is one item raised during the review.
Depressurization of the reactor coolant system via the pressurizer
Oressure Operated Felie' ',a've I:0;t.1 tc avoid the SGT; orcble- is
another.

Ve find trat the to ic cf SP,T: is in a developino state, with knowledge beine
rapidly accumulated. Further work is necessary to conclude that SGID is
unlikely under all corditions associated with a severe accident.

Existing knowledge can be used to support a cenclusion that SGTR is nct a
problem if the RCS is depressurized. Consequently, reasonable assurance that
progressiens toward core relt wcuid not occur at hich :CS tressure, ccucied

E
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allevia e our concern recarcing SGTk uncer severe accioer* ccccitiers. L :_

have not conducted ar evaluetien of the trade-of's asscciated with such ar.
approach, nce Pave we been prcvided with in'ormation that would either sur: ort
or negate RCS depressurizaticr under severe accicent conditions. Ve have
not provided a recommendation regarding whether RCS depressurization is
attractive when all pertinent factors are considered.

.

Our judgerent is that a carefully conducted thorough evaluation on the cart of

PSNH can establish that the likelihood that a SGTD will result due tc overheatir.c
during severe accidents which initiate from power operation is su'ficiently small
that tne risk associated with this event can be shown to be recligible. Our
judgement is prelimina-v anc ha: n:t been substantiated.

Substantiation of a judgement regarding SGTR under severe accident conditions
originating free prwer operatica with the PCS at high pressure can be obtainee
through a conbination of analytic and excerimental investigations. The
ongeirg test at Westinghouse in which reascnably clcse sirilitude is clairec
between the test facility and appropriate parts of a Westinghouse fdur loop
NSSS will provide key data which can be aDDlied to assist in the development

i and con'irmation of analysis techricues. Use of selected test data frcm other
facilities and further exarination of the analysis technioues, coupled with
necessary changes when they are un cve-ed, shculd provide su'#icient cor'irra-i

tion tnat reasonable reliance can be placed upon accidert aralyses pertinent
to this issue. Suitable analyses can then provide a su'ficient foundation to
"es:'se tris issue.

9
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The Public Service o' New Faceshire (PSNH) recorting o' Seabrook response te
accident cerditions in Pe'erences 1 - a represents one of the most compreber-
sive investigations of nuclear power plant accidents in a specific plant that
we have encountered. Sore accidents which have a significant irrpact uper risk

a

are treated more comprehensively than previously reported by any investigator.'

For example, References 3 and a describe an investigation of LOCA outside of

containment that is mere comprehensive than any we have reviewed. Many of thE
comonly used conservatisrs, wHch distort the perception cf accident impact,
have been reroved. What results is a serious attempt to better reeresent
clart res:ctse tc ccvc c ccciccet conditions, with particular attentien tc
items which have previously been identified as having a serious impact upon
risk. Paradoxically, as will be seen, this attempt to better represent plart

behavior recuires a rcre careful review c' certain astects of severe acciderts
than recuired for previously reported PDa investigations.

PSNK has presented information to show that Seabrook Station has one cf the
! strengest containrents of ary nuclear power plant. It is aisc one c# the3

j largest with rescect to containment volure. The combinatica e' 'arce ve'u t,

and strength leads PSW tc a conclusier that the certair ert car riticate
;

virtually every severe acticett ard, at the worst, can sicri#icantiv delay
release of meanincful cuartities of radioactive material during and followinc

core relt accidents. Fost core melt accidents can be contained within the
| Seabrcck Static ccetainre" , ard, i# this is accor:lished, little radicacti.:

material will escape. The full miticative capability of the Seabrock contair-

ment will te realized if there are no " holes" in the containment. Such boles
can exist if any c' the follcwirg cccur:,

4

1. Containment is rot precerly closed (isolatedi, such as can occur 4'
containment ventilatier is net properly closed ucer receipt of a contair-
nent isolatien signal,

7. A failure occurs which allows the containmert atmosebere to escape, such

as failure cf a centainrent cenetration due to a corbination c' hich
[ Oressure ard hig" tercerature, er
: 10

|
1

i
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Stear Su:cly Sp.te- f? E , t-incipally the Geacter Ccciant Syster Ic:S',
to the environment, such as occurs with the traditieral " Event V" (Pef.

4

I

51, with LOCA outside containment leading te core relt and the release
i

c' radicactive material via the LOCA flow pathway.

Clearly, if PShh conclusicos regarding containment strencth are verified,

there will be little risk associated with accidents at Seabrook Station unless
containment is bypassed. Therefore, core damage accidents with containrent

[ bypass deserve careful attertice. PSNH has reported studying some bypass
i accidents in significant detaii (:efs. 3, 4, I?, 17, and 181 Such studies

have led then to conclude that certair bypass accidents at Seabrook, such as
[ LOCA outsics contairre :. * n-' - eineificantly less risk than creviously
i believed.

i

In PRA investigations, ore ray neglect some small contributors to risk since
i

they are negligible ir, cerrariser. te ma.ior contributors. If ma.ior contributorsi
i

are found to be signi'icaat'y sm!11er, then one must check the previcusly
|
:

neglected centributors tc assure they are still negligible or, conversely, they
j

must be included in the contributice to risk if they are now significant. This
is the situation that is :vc4#1e: by the Seabrook Station PCA irvestigation

!

(Pe fs . 1-4) . A major cent-icutcr tc risk asscciated with centainment bypass,
Event "V", has been antly:c: : . M 'r , and they have concluded that it is net
the significant contributcr t; ris, tnat it was creviously believed to be.

This situaticn has led t,s - W *a e there ary contain ent bytass rish
contributors which have been missed or which require further cnnsideration?"

[ One potential area for tyeass, as identified abeve, involves a path between
'

tre ::3 are the envircrmeet. P e e . cf searchir; for such paths is to ask
)

"Are there any phencrena which ray occur, and which have not been adecuately
!

addressed in past searches fer accident possibilities?" We.and PSNH, amenc
ethers, have asked that cuestice, and fcund that certain phenomena have been

!

neglected in cast PRA investications because their contribution to risk is
small in comparison to other centributors. The chercrena of potential siori-

,

I #icarce involve rultidicersienal 'luid behavinr and fission product trarsccet
;

:

1;
;

I
!

.

.
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caccess. Consideratien of these chencrere Far e sicr''icant irrect user C*e

response, including Dotentially the location of RCS failure. There are re-v
'

j possible irclicatiers, inclucirp the possibility that tre ircact c' PCS failu-e-
on containment may have been overestimated in past analyses. The implication
of interest here is that failure to accurately redel PCF 'luid and fission
product heatine behaviar right result in an RCS failure which bypasses cer-

j tainment. The only area discovered where this is of invrediate concern
involves the Stean Generator (SG) tubes. If these fail during a core relt
accident while the P.CS is at high pressure, there is a high potential of a
majer release via the SG relie' valves or the SG Pressure Operated Felief
Valves (FO:Vs', which vent directly to the environment.

J

The general concern addressed in this report is the rupture of SG multiple
i

tubes in response to high temperature, which in turn is a result of core
$ uncovery. This accidert secuence should be o' concern any tire there is a
} core relt with the 905 at hig" cressure in combination with no wate* in the Sn
| secondary sices. These conditions lead to a potential for natural circulatict

transport phencrena to significantly heat the tubes prior to breach of the
! reacter vessel. I' this occurs, the resulting loss of tube strength could
; lead to tute euctu*e. ?' tube rupture cccurs, and any cf the seconda*. tics

{ valves are ccer, the secced!"y side is breached cutside cc-tainrert. A'te-ra-
tively, i' the PCS crestu*e is abcVe the SG relie# valve setroints, certair-
ment is similarly bypassed. This has not been adecuately investigated, and is
not recognized as a release path in the early Pickard, Lowe and Garrick werk
cr rist ir.e:tigatier, at Seabroch Sta tion (Ce's. 1 4} . !! has been adcressec
in rcre recent work (Defs. 12, 17, and 18),

,

!

Tre conce-n was expressee as tne rupture of multiple stear generator tubts.
We do not believe single tube ruptures will occur under the severe accident,

! conditions o' interest. The reaser 'er this is that if one tube rurtures, ca
1

; even beoirt to leak significartly, this will irduce flow c' bot RCS 'luid
tcward the leak. Therefore, the location of tube rupture will probably

! ouickly becorre botter. If high tercerature is what led to the break, a higher
ter:erature car erly rake it wcrse. Tubes in the vicinity cf the break will
be expcsec tc the hich velecity break ficw, in additicnal te high te?cerat ve,

!? <

.

|

#
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| this cascacirc e#fect woulc rapidly propagate to rultiple tube rupture,
stopping only when sufficiert RCS depressurization has occurred that tubet are
ne lorce stressed by a sienificant cressure differertial across their walls.

4

Although this reccet is limited to SG tube rupture, there are other SG cces:-
* nents which se:arate PCS fluid fror, the SG secondary side. These comperents,

such as the SG tube sheet, must be investigated to achieve completeness in the i1

i investigation of containment bypass via the steam generator. I
1 :

3 An initial consideration in investigation of the SG tube rupture issue is !

"What is the likelihood of attaining conditions where SG tube response could
be of concern?" Frincipally, the conditions are loss of all SG feedwater witt

I a simultaneous loss of RCS makeup capability; conditions which result, for

; examole, from a loss of all AC electrical power with the simultaneous loss of j

the turbire d*iver auriliary feedwater purp. PSW estimated this conditier tt !,

! have a ree- annual frecuency of a.E X 10 c per reacter year (Pef.1M, a value-

I sufficiently hich that tube response rust be considered.
;

i !.
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3.1. Description of Phenomena and Potential Concern, |
,

i
i
r

The RCS is generally noceled with a ore dimensional representation of fluid
'

I

flow, and in some cases with parallel one dimensional modeling in regions such
! as the reactor vessel. This has been particularly true for ppa , where to ours

knowledge, all have t,een based upon corputer code analyses which incorporated
single dirnensional representations of fluid behavior within the PCS. Addi-
tionally, moverent of the source of heat due to fissicn product rigraticn is
seldom eodeled.

,

'

The possibility of R S behavier being different fror. what is generally re:re-
1 sented during severe accidents has been reccanized for sotre time. Wintersa

} (Ref. 6) identified aspects of the problem in 1982 and Denny and Sehgal (Ref.
7) provided prelirinary multidirensional analysis results ir 1962. It was the
subject of an NDC/ industry neeting (Pef. E), and a ferral recuest fee wcrl

! within N 0 (Def. 9), in 1964, potential impact upon SGTR was estimated er a
preliminary basis (Ref.10), and experimental data were presented fror er

] ongoing series of tests (Ref.11), in 1985. Numerous aralysis results have
; been published since the early publications of Denny and Sehgel which repre-
'

sent work sponsored by both industry and the NPC. However, there is ec
outlished analysis of everall NSSS response to a broad ranca cf seve-e acci-
cert conditicrs which includes these phenomena, and which is based upon
accident analysis frethods which have been subjected to broad peer review and,

1

acce:tance. This introduces a difficulty into review c' ST t curing severe
accidents with respect to the irreact upon the Seabrook Station risk evalua.;

;

| tion. As will be seen, sufficient work has been accorplished that what appear
to be reasonable cMclusiens can be ferrulated, althcuch ccn'ir ation wili

3

require additional effort. As will further be seen, there appear to be
j ocerational rethods which can neoate the problen, althouch the impact on otFar

aspects of plant operation hat rot been evaluated.
3

The one dimensional analysis approach appears adeouate for approximation o',

,

the tire to co*e uncovery fcilowine accident initiatien. 'hether it is'
1 *

acecutte tn represent betavice 'cIlowin9 ccre uncove*v derees er a nu-ber of

lai

i
i

h

!

t
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s:crse tc atticert cerc'ticra, arc the type of accident. le general, cre
should ouestion the adequacy if twc, and sometires one, c' the followinc
conditiers exists:

1. PCS pressure is in the vicinity of normal operating pressure

2. A liquid " plug" exists at RCS low points (the lower reactor vessel or the
crossover legs between the SG exit and the Reactor Coolant Pumo (RCP)

suctice connecticci, ard the remainder of the PCS is filled with vape* ce
gas

3. Accider.t cortribute : ;cr.c-C ly founc te be major certributcr! to risk
have a lower pectability o' occurrence than found in enst PRA ir.ves'tigations

*
In the case of Seabrook Statiet, all three condit1ons apely with respect te SC-
response. A number of cerditions octertfally lead to core relt with the 005
at hig* pressure (includinc, fce exar:le, a loss of all AC electrical pcve-
with loss of feecwater), such corditions are calculated to leave liquid plugs
in RCS lcw peints for Westinghcuse designed NSSS's, and the Seabrook Statier
PCA work reereserts cop 0rehensive redeling with removal cf scPe unrealistic
conservatises.

Tte cctential risrecresericticn of system response of concern here sters #re-

the fluid flow behavior inherent in one dimensional rodelino. Such modelino
tyrically re:reserts flew th*cu:* the re?ctor cere as deteraired by the watt- !

lboiloff rate fror the lower cere er lower plenum. This rate becomes small as '

the water level accroaches the botter of the core. Typical calculations (see -
l

histcrical re'erences which were previously discussedi indicate that the flem

rate due to natural convection which occurs in a cultidimensional ranner is cf
the order o' tem or more tires that o' the flow due to boiloff. H*9ce, the
calculatfors are typically based en a minor contributer to flow, and the mafer
centributcr is neglected.

The modeling difficulty aise at:'ie: to uceer plenu- behavior. One dimersier- |
|al accC inq c' ary flutc f licuf d, vacer, or gas ) that passes thecug* the core ;

is ty;ic!''y a!su*ec tc fica thrcuch the UCcer Clenu* aro out the het leo.
!!

|
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certior o' the cere tas beer uncoverec cr the ccre is being ue:- c ges
cooled since streng racirculation patterns will develop which therrally lirk
the core and urce* plenum. At pressuret in the range cf 2250 psi, the linkage
is strong, and scre of the u;;er plenum component temperatures can be expectec
to closely follow core temperature during the early staces of the approach tr
core melt. The strength cf the linkage diminishes with decreasing pressure.
Information also exists which illustr&tes a decrease in linkace with increas-
ing hydrogen concentration ard core damage (although initial production of
hydrogen may enhance circulation due to the buovant gas " pushing" its way
toward uceer regions c' the reactor vessell.

Similarly, correct c~sice-stier c' the het leg and steam generator behavice
leads to calculation of significantly different behavior when contrasted to one
dimensional modeling. Pct fluid, at a temperature far greater than predicted
via a ore dimensional redel, will enter the upper portion cf the hot legs free
the reacter vessel, and flew toward the inlet plenun of the stear generate *5.

; Cisplaced celder 'luid will retuer to the reactor vessel ucrer plenur alcag
the bottom of the het legs. Circulatory patterns will becore established in

1

the steam generator inlet plena in which some of the hot incering fluid ist

rired with pletur fluid. Fluid from the stear generater irlet plera wi'' 'le,

into some of the stea cenerater tubes in the roninal forward directica,
disclacir; 'luid in tre stea generator cutlet plena. This disclaced fluid
will flow thrcuch other tubes in a nominal reverse directice, reentering the
steam generator inlet plena. ( All of these flows have been observed experi-
Pert!'ly as descrite: 4e ege .ercas l', 13, ard 14'. This recha ism has t>ee

cetential to transport het fluid from the reactor vessel into the steam
generator tubes durine core heatup and melt, with the result of creatino the
;ctential c' everhestirg the tutes i' there is ec wate" ce the stea gererate-
secondary side.

There are other ocssibilities which cculd challence tute integrity as well.
For example, mary plant !nadecuate Core Cooling (!CC) emergencv procedures
specify PCP operation if conditions exist which indicate an apprcach to core
nelt, and alterrate citigative ressures have failed. Such a step ceutd
circulate tot fluid thecuc* the CC5, includtrg the tutas. Aithoug* t*fs rev

i

6

I

I

J

|
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slig*t's ette'd it< *'re :: cr. e rei;, it may te a. ucit ractive aperre:r if
it aisc introduces a higr, libelinoed c' loss of tute irtec"4?y. To ou"
knowledge, these ccetrasting responses and the impact upnn risk have not beer
studied. (Nete the likeithood of entcunterirg the situatien is srall.'

A final phenomenon that hr received inadecuate attertion during conditice!
leading to core melt it fittine nendoct mnvement. Tyrical one dirersien
accident code calculations take such movement into account from the viewpoint
of radiological hazard, but do not include the influence upon heat ceneratier.
Ar:roxirately a qua-ter c' t*s hett crodu:ing radioiscteces probably has lef t
the core under the cercit*: : ' irterest, ar.d substartial deposits can be

exce:ted in the uerer cleru s tru:ture. This could have a sionificant influ-
ence u;cn therral reston s, .%,lerly if scr.e of this material leaves the,.

'

reactor vessel and enters the het legs.

As will be seen ir t*r #:''0. der se:ticrs, PSNW has addressed rary cf these
issue! ir the r0st CC*0'e'e*s4v? Stu? C this probler that We have erCou*-#

ttrtd.

.

3.2. Seabrook Statde Ste** nea=*ator Integ-ity

3.2.1 Issues Acc essa- r**=~
.

ine ES's has addressed ra*y c' the issues applicable to SG tube response
tc severe accident conditiers (Cefs,12,17, and 18). Analysis results
we-e sunr!*1:e! w* - 9te*ded te dete rire tne therrat res:crst e'
SG tubes under severe accicert conditices. Basic analysis assur;tions
pertinert to the state c' the clart were:

,

1. The stear gereraters rust be dry to experience a significant therral
transient sirce, i' the 56 se:endary side contairs wate , tha tubes
carnot ove"fet*.

i
I

2. Station blackcut conditions (Loss of all AC Ocweri exist.
,

;

Aralyses were cercactt: 'er t*e '*ilcwirc:
I

..
6

I

I
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2. Staticn blackcut with a 50 gcn RC: LOC: (each DCr) and no coerater
I actiOrs

3. Statier blackout with eterator actiers

4 Uncertainty evaluation

Possible c;erator acticr.s considered included:

1. Start stea- turbire driven auxiliary feed water flew

'

2. Festore emergency AC ocwer (diesels and/or switchgear)

3. Shed noressential lead:

Ca. 0:en RCS PC;','s wre c:re exit tem eratures exceed 1700 7
,

.

A ru-be* c' other c:e*!!ce actiers one rig 6t escect were ctscussed durire
ia meetir; w t* tha esNu a t SN'. er Octobe I', 19Ef, includier-

f. SG blewcow* are cerress;-izatier te etable fillire tha SGs by tre
condensate becster cur:s or from fire water systems. (There are twe
diesel driven Dumos and one electrically driven pumo at Seabrcok
Static *. Tre abili*; :: use these #ce irfectic irt: tre SGs he

, Oct been corfirmed.1
1
1
'

6. FCr operaticr, a steD that is rot Dossible unless C## site electri.
cal pewer has been restored. (PS.NH felt the likelihood was suf'i-;

ciertly low thet there would be nec14cible e#fect en risb.1 j

3.2.7 Likelihood of Corditiens Leading to Tube r ilurea

PSNW accressed tP* cuestice e' cenditiers recessary fer SG?D in the
resecrse to the Staf' 8ecuest 'er Additicral Inferrstier '23:' 27 (:e',

if
i

)
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1. The 'recuency of high pressure core melt with dry steam 9ereratres
is very srall.

2. Given the postulated occurrence of a high pressure core relt with
cry steam generators, creep rupture of the SG tubes is not a credi-
ble failure mode.

3. A large number of tubes ruf t fail to produce an early large contain- *

ment bypass.
.

4 All three of the following must occur in order for there to be a
containment bypass:

,

a. Failure to recover water tc the $d
b. Failure to decressu* ire the RCS
c. $G tube creep failure

3.2.3 PCcv Cerside atiers

PC:V 0:eratter as iderti'ied ir iter 4, above, is ret speci'4cellv
certaired in Seabreck Station eneroency procedures, but is believed by
PShu te be a logical operator response as an attempt to depressurire and
ettair water 'rnP tre accumulaters. /Operater F0nitoring c' tae ter:e"&-
tures is specifically identified in the procedures for loss of all AC
power conditiens.) In addition to potential core cooling via the accuru.
lette water, crening the rc:Vs is claimed to have the folic >ino e'fects:

1. !! reduces stresses in all prirary system comeonents
I

l
E. PORV flow overrides natural circulation such that high fluid te-ree-

atures are not attained in the $Gs, including the tubes.

19
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1 ' r. ret r u :: e s;3" ccertic , r.* irdicatte tm tM li6eite c'i

j betrg able te neen the CIC.s unde- Icss of AC arc !"" C *.ditir:
1

wa s M-*
|{ (See Sectice 2.2.9). They also indicated that one PORY was sufficient

j
since its " worth" is about 50 Vi e' enercy re*cval in the fore o' stear,

;
and have presented blowdown rate infarration in Peference 18. (hote.

! 'Seabrook is eeutcped with twe D0cVs.)
1'

1 Although we consider the EPRI funded Westinghouse tests pertirent to this i

issue to be somewhat pre 11rtinary with respect to scaling to NSSS condi-
j tiers, some interesting effects have been observed that are worth noting
I !

I which pertain to POPY operatien. These include:
i

i
e

j 1. hatural circalation flow restores itself readily te the pre-cpening
f condition in the hot legs, core, and comunication paths between the
4

upper plenum and the upper head following PORY closure.
,

!

! 2. Feat transfer in stea generators between the primary and secencaryI

j
side fluids increases 50% tc 75% with periodic verting.'

t

: 3. The core is little a'fected except for tFe beu dar.s with the het leg
-; that connects to the pressurizer surge tira,
i
i i

i ,

Ite- I is of particula" 1*terest since it carriet an icelic!"P th!*
i

flo. in the stean generator tubes is enhanced by PORY oceration (as well
;

| as by opening and closing of PCS safety valves). Hence, if one visuali:-
i et 00e'ir; arc Closing a c'essurizer PO V wPer degraced cCPcitions art ,

I
;

well established with the steam generater secondary side depressurized.
there may be a tendency to enhance flow of hot RCS fluid tProuch the

I
tubes, with the entertial cf causing tube rupture. '

,

3.2.4 Leer Seals
>

4

1 Loss of PCS inventory under natural circulation conditions (PCPs not
I

rurning) is expected to leave the PCS in a condition where water isI

} traD;ed at Icw elevatiers. Accceding to a nu*be* of pre 11rinary er!!v.
ses, these exist at the cross ever leg between the 50 evit and the CCF

1

20

,

, .

! |

| ,

|
'



,
_ , - _ _ - - - - _ . - - - - - . . _ = _ _ - - _ _ _ - _ - - . - --,

I

! t

:

I
i
; OWT

1rict, a* : "t*s ice - re:ic" c' tFe rea::ce retsst-e sets **. 'm
i abserte c' these water seal! cculd sieri'icartiv chPa?? circulettre !1

! conditions durinc ICC conditions, with the potential for changing SG tube '

t

| response. Although we expect a careful examination o' behavior 1r tre
|

| Seabrook RCS weuld establish that the seals will remain under rest boil $

f down conditions, this expectatien needs to be substantiated by suitable
j analyses which addrate tha ranna of cenditions which can exist durinc
j severe accidents.

| Complete loss c' the CC! licuid inventory with the PCPs running, fcllemed
j by less e' the RCPs, cc:.1d result in a homogeneous fluid condition in tFe
j RC$. Under this conditier, fluid heated in the core would flow into the
| Upper plenut, thrwp the hul legs, the steam generators, the RCFs, and
i back into the reactor vessel and the core via the cold legs. Although
| multidimensional fluid flow conditions probably exist in the reactor

;

| vessel after PCPs are 1 cst, e e may estimate that themal response it
still reasonably realistic i' modelirg is restricted to one dimensier

j previced the natural cerve:tien flc. rates are high. For this case,
! exist.ing analysis codes could be applied to roughly estimate stear

i

i cer**ater tube resperse. |# the resDonse was not clear, then nuttidirer..
.

siceal aralyfes could be a;;11ed to estimate the in'luaa:e. Ir such a
case, uacaat)frty ir the Fult41rensional analyses richt net be o' as

,

{ great a centern et 'c- tre situation o' rultidimensiera t behavier c:H .
| natite syste resconse. However, nonexistence of the loco seal due to

continuous RCP cDeration is an unlikely O tuation since the majority of !
cerddtices durirg eict steaa gererator tbte integrity is of ccreern will |

| involve loss of off site AC power, and RCPs will be unavailable. To cur
|

| knowledge, a co elete, accurate, analysis of a four 1000 Westinghouse ;
j NS!$ has not beer cerforrec fcr these corditions. In additional to an |! analysis approach, closure c' censideration of this aspect of $6 tube

i

behavior could te obtaired i' the Drobability of occurreece o' the RC$
) homogereous fluid condition wat established as neoligibly stra11 in
4

! contrast to other situatie*s where $0 tubes were shown to lose integrity,
cr if the risk associated with the condition was established as neoliot-
ble whea com:arer te other Seatreck Statien risks.

|
l
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taired if cre co sicar tne :CCs as beine restarted in resperre te He-
ccee terperatures, as prescribed in the energency procedures. For th* t
case, su"iciert head might be developed to clear the loep seals c'
water, and reb 0cegenire the PCS fluid, thereby generating the conditior
described in the previous paragraph. To our knowledge, rehenogenizatier

under these conditiers has not been establisbad tn occur at Seabaco6
Insofar as SGTR at Seabrook is concerned, the issue can be dealt with at
outlined in the previous paragraph.

A third situation of reroval of loep seals also potentially exists during
{bcil down of the PCS inventory. One may costulate that the ICC ccndition
!

occurs wit > the 100; tc:lf. in place, and that some other rechanism causes
their disruption. This could occur if a sufficient pressure difference
occurred across the seals that they were forced out of the low regions.
Several analyses have been conducted which include consideratir* cf this
behavior, and rene showed icss c' the seals. One wculd expect that
consideratice o' tFit cceditica could te clcsec if ar.alyses aprlicatie tc
Seabroek could reasonably establish that the seals rerain.

A firal Condition Car be Visualized if one c0"sicers a LMA t0 Ptvc
eccurred in the SCS. 8e era * ole, a s~all cold leg LO 2 '*er C:" se!'
LCCA1 could be located betweer the tw: natural seal reciert c't*^

,

crossover leg and the reactor vessel Icwer clenum. Renoval o' DCS rats
riight occur under ccnditiens such that the seal water was forced out of
t*e f sit t*t !*eak. D iPinaticr c' Ceasideratice, c' thi! e#'e:t witt
respect to impact upcn risk could be considered en the basis of a
thermal hydraulic investigation of RCS behavior, establishing that the
cotertial impact er ris6 o' t*e behavior is negligible in cercarisce to
otter established risk contributors, or both.

3.2.! F5h* Modelinc Consideraticrs

The P$NW has repcrted apClication of the MAAP 3.0 code to investigatten
of natural circu ation flowi

in Seabecek lE fs. 17 and III. Ihil C0f&f

treAis the r?'nr prenc?ena, ircluding aDDrotif*aticas O' rultidimensicPal

::

:

I
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i fle. 4-d 'is: P re :.:: 'Futing'rovereat,erfisap:liedt:; trej regiers o' ine RCS wnt:t are affected by the SG': issue.
I
,

Quasi-steady rcrentur balances and continuity ecuatiers are used tc
; represent r.atural circulation flow, and the stear generator inlet pieru-
j

behavior is represented by cuasi-steady mixing models. The modeling
[!

represents gas anc wall temperatures using conventional lumped parameter !

{ models, with 15 gas control volumes and 17 two dimensional heat sinks.
i (Several volures are subdivided into further volumes for some types ofI

calculattens. The core, der evarple, contairs 70 nodes which cceprise
f the core volume retta,\ N eentrol volumes are based upon approxinations |

,

of the flew patterns which werc seen in the Westinghouse experirects on a
j scaled MSS IPc': . F. , *,.' , : : :' . This basis for definition of control
t

l volumes means that cev14 tiers from the assumed flow pattern and flow
1

instabilities may not be represented in the model. Experimental evidence
shcws that there are asyr-at f e flow patterns, for erarple, which are net I

,

modeled, and which ceu Y letd tc tube heating conditions which wculd ret
!

be calculated. Fu*t t " . ?':':vp instabilities have net been experiree.
tally observed at the aestinghouse test facility, one must accept this

,

;

evidence with care sirca tap 're with fluid ceeditiert which close1v
simulate those exce:te 1r <* MS$ are fust being initiated.

Use of the lurrec ca a ete r:cci recuires further discustier, l!rli ke
!{ computer codes such as C0"D. which can cetemine flow patteres within I

j certain beunes proviced the configuration is properly modeled, a lurped
fj parar*ter ra d! ' is h:( " "* tiecrgly utaa a presuppcsed 'Icw behaviu .
I

i Although such representatier can be valuable and accurate under certair.
!

conditions, such assured behavior must be verified before it can te I
actepted.

Tre prelimina y bestirghcuse experirects, as discussed b ie".s !
in the next section ce tPis report, and som C0FF!X and FELDROG calcula.

(!
tions (Refs. 15 and 10 , represent steps in this direction, but further

!
} eviderCe is necessary be#C'e we Can accept the assurotion as veri #ied.1

i
(The experirents are sere hat preliminary, and the CO* MIX and NELppCS

j
calculations have not, te eur knowledge, been carefully checked agairsti

eveerirental evidaate.) We further ncte t>#t, to our knowledge, tFa'a
,

'

has beet ro indepeeder* stucy of the versica n' the NAAP code used fer
|i

i 5

! ?,1 '

!

|
'

i

! !

.
|
|
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t't ar.ilyst;. f' t ""ir , we belies t a re?sa M 's e r:al6cM c ' c c s..

modeline ar.c Ic;1c, ir acd1tien te a veri'icatice cenc a , are necesse s
for acceptance c' the calculated resul ts. (We note that EDD: hat a M t
ve 1'icatier pecara underw!v.}

One aspect of the modeling accears wnethy of further censideratier. The
steam generator inlet and outlet plena are assumed to be completely rived
in the PSNH studies being reviewed here, and they are represented by
single nodes with uniform properties. The Westinghouse facility test
data frdicate a partially strati'ied, partially riyed SG inlet pieru-
IPef.14), and redeling for the test facility is based ucen a
cuasi-steady state model ir which partial rixing is assumed at various
flimited' Iccaticrs betwee* streams o' different origins, Re'ererec 14
describes the situation as follows:

| "The flew ir frCP the het lee rises raoidly in a plure in the irlet
pleru and induces rivin;. Scre of the cold return flew from the
tute bundle does aveid ciring, certicularly near the divider wM e
is furthest fror the het leg. Puch of.the cold return tubes' #10 '

plunces through the hotter stratified fluid layer that strand'
j acrcss the bett: c' the tube sheet. The risine flows could be
| cbse-ved 'rcP cye injection and from observatier c' licht throuch
! the ce tity gradieets that resulted. Temperature reasure-erts inr

the inlet clenum are Indicatise of mixing. The tubes carrying het
fluid from the inlet plenum were generally concentrated in the area
arS e tre f:t le; ertria:e and 5:sttered if the r?giers furtte-
away. Cold return tubes were also scattered and were found in the
area above the het leg inlet also."

Test facility rodeline n' the chenomena uses a six ecuation accroxiratice
which contains ar eroerirentally determired rising parareter.

We believe the assu*ptien of coPolete mixine used 'or the P$hk investier-
tions will reduce 5". tube temperatures when contrasted to the esperiren-
tally icerti'ied situatica. This rodaling are i's ir:licaticas reed
further ccrsiceratder. /*tfl cor*eet is ret *#ted a nu*0er o' tiret ie

?A

!
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?.2.C Corrarisons o' Calculations to Experirectal Data

Several comparisons between PAAP coc'e calculations and experimental data

have been briefly described by PSNP and its contractors to the BN'. ard,

FFC staffs (Refs.12,17, and 18). These are discussed below.

1. Cera anc uerea clerte flow rates. The following cercarisen c'
experimental and calculated values was presented:

Test CorditicP Expe rimental Calculated
Flow Rate Flow Rate

?? rk Water Test 0.64 0.50
0.9 ri SF Test 0.016 0.017g

E. Het 180 ard s**e- coa **ater natural circulatice. Cer taisca e'
teveral carareters was provided:

Calculated Values for !reicatet
Nurter of Stea? Generator Tutes

Experimental Carryino Flow in the Out Direction
!t** Vt h e f 1: ::

Peat Transfer Date, r' 0.43 2.0 2.6 2.9,

Erteatr; Fluid. #^ 3" 3C.* 29.: :!.4
Exiting Fluid, CC 19 24.2 21.7 le.P
Coolart, CC 10 - 11 9.4 !!.? 17 P

where the entering fluid is f1Mec into the stear cenerater inlet pleeu-
from the uceer pertion of the sirulated het lee, and the esitinc fluid is
'le in: <rc t*e Ic.ee fortice o' the stear generator friet olenu* bac6
tCol": tnq s f ra16t>0 react *r yelse? a1067 the D0tter C # the h0? lec. TRt

!!,
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ccc'er* te :eet.'.,*e is t' c' tre w!!er leevlet tF' sa:ccca"/ 51ce c'
*

#

the sir"ul !ed stea: cererete", are thus, can te related te the rett!

transfer rate from the primary to the secondary sides.

These results are clearly promising. Continuation of the comparisons
with a wide range of experirental conditions in the serre test facility,
and with no changes in the rnodeling except for the change C# experimental
conditions and fluid properties, wculd be helpful in code verification.
Extension of the same fredeling approach to other experimental data (such
as flow in ducts and co penents) wculd provide further confirr.ation.
Completion of ccnfir~:tder c' rnodeling adecuacy eculd typically include
cor parisons of existing data obtained in large facilities, selected
contrasting of alternate calculational rethods te portiens of the code
under consideratten here, and establishinent that scaling is adeouately
represented by the code.

3.2.7 Calculated Seabr: inerrat Cesponse to Severe Accidents6

Calculated behavie t: seie:ted accident ceMitiert Fas beer surrari:ed
by D$'.w. Crir:ical results ard cur coments are as fctlcnt:

1. FaH St*4* flaaa-A*re Ta raratura fnr lets o' A7 Ca*** aad less r'
Feed bater flew. The follcwing te peratures and flow rates were calcu-
lated at the indicated ccedition:

Locatien Teraperature, '). Flow Rate, kg/sec

Co e (Peak' ;&CC 18 (re:irculatine tetweer
Upper Plcr u* lifC upper plenur ard cere)
Het leg 760 (walli 2.4 (courtercurecat i
t'i 'nlet Clenu* 850 -

ff Tuta 'Or (wall maviru*i 3.3 (total in each directioris

$G Outlet plenur C40 -

O!

I
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~ 5 'e ir:'cated tm ue r.:tte: ccre noce w:J: re t a atcut T se:m :-
'ro- the tire c' these values, erd that the generatar reoger ar:
bicekace due to relocated core material would cause natural circulatire
betweer the core anc the upper plenum to almost stcD. At this coirt, tre
upper plenur would begin to cool due to energy transfer to the he+ 1ees.

Plys (Pef. IFl presents additional inferraticn which shers te*peratures
continue to increase after vessel blowdown, with the peak upper plenum

0temperature exceeding 1200 K for a short tirie. The tube te*perature
contieves to increase fce the tire e' the calculation (20,000 sec, with

0vessel rupture at !!,'*" se:} , reaching a trayimu of about 1020 r. 'n e

w0uld te interested in seeing plots of other parameters over the sean c'
; the calculations, ir dudh t% hot leg and SG plera tem eratures, :
I better understand the interactions and modeling.

Ir res:Orse t a cuestier. DS'M indicated they had ret ce for*ed a
detailed snalysis cf ree:ter vessel hot leg rc :le thermal behavier, but,

0'elt a tercerature c' the cadra c' 1000 K was recessary tc cause failure.
Discussion also identi'ied that there was significant steam circulaterv '
' lea ir the secondary side e' the stea* generator tubes, and that t$11
stear, which was at a pressure correseceding to the stes geae"ater
safety valve settinct *erreseated a significant heat sinb. Further, it
wat ar e*fective rediu- 'c- te!*sferrir; heat fro * het tubes te celder

tubes, thus tending to redJCe the FaXimum tube temDerature. This raises
a cuestion of what results would be obtaired if the steam generatnrs were
cerress;*ited te atN s:r rM cressur', thus mariri:ing cretsure dif fere-e

tial across the tubes ard simultareously removirg a heat sink which could
influence temperatures throughcut the NS$5. (A sensitivity analysis was
CtP?v!!*d ir which tnis waf cre cf the parameters.i

i

fr80raatiCr Pretprted ir De#ere*Ce 12 ard th* ab6Ve surT*3ry table thM
fluid flew rates in the het leg of roughly 2 kg/see as contrasted with a
rate above 3 kg/se: ir tra M tutes for the tira af ter effective boilo"
c' water from the core until melt through of the reactor vessel. Cooling
via stea certaired fr the M secondary sida is thus in effective radiu* !

fer coaliry the $0 inlet cleru , The total ritirg assu tier certirert
J
! ..

..
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tc #icit in the ;'ert- it. ir it rr , (*'e:t've ir ereverting he: fLe
j # rom reachir; the tubes. Tris higr tube flow retr is also effe:tive ir
j transferring heat fror the reactor vessel to the SG secondary side, thus
f helcing tc limit fluid tercerature in the hot legs as well.
i

he believe a study would be beneficial of behavior with the SG secondary
j side depressurized af ter SG dry out. Now there would be no heat sink on

the secondary side, and tube flow rates may be lower due to less of a
;

f driving force for natural convection flow in the SG. Further, we weutd
i expect to see further stratification in both the hot leg and the SG inlet I
!

j plenu , (the latter net befrg allowed in the PSN4 supported analyses due
I to the modeling assuPDtior. of complete mixire). We pose the questien cf

,

t

whether tem;eratures ra;. te significantly above what was calculated b;.,

PSNH and its contractors under these conditio*ns.

!2

j 2. Operater induced b eressurizatter. This calculatic9 was based er '

! the assumptien that the c;erator would open a PO V wber the cere evit '

i the moccuples indicated *200 8 The calculatient trdicated accumulater
0

f

discharge approxirately 1400 see af ter opening the P0cV, with the CCS
! depressurized crier to vessel failure. The accurulatert were e : tied at

,

about 10,600 sec, and vessel failure occurred 2000 see later. Accumula.

ter water was found to cause a tra11 additional arount of hydroger
!

3

$ producticn. Phencrera associated with decressurization and hydroger
I

,

i decreased the effectiveness of heat transfer between the core and other
j regions of the N$$5. Steam generator inlet pierum temperature reached a

C
i rean e' reughly E!C K ducir; the derressurizatien, then cooled, are
j remained below 650 X for the remainder of the calculation (20,000 sec

0

;
j total calculation time, with POPV openino at approximately 8000 sec).
! 0

,

Paxtru- tute tercerature nas abcut 650 K, are was reathed at 20,000 sec, I
'

being identical to the inlet plenum terperature at that time. (Note DCS {) cressure is that of the certainment followino derressurization earlier ir !

| the calculation.1
.

i
1

; We note that RCS pressure behavior (Pef,18. Figure 4 di is different for
the base case and the PON ocening case crire to tre tire of ocentre c'

{ the Ff4V. he woule lhe to discuss these dif ferences 'or all carareters
4

'

I
,

I
i
1

i
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and we w;L'. like 1: L*0erstard tre reasers the) esist. lhe note the"E
j is little cifference ir tercerature over the ranca in cuestion, are

terperature is the ir: rtart parameter for the SGT: issue.)
h

Volatile fission products represent about 20', of the decay heat, and trei
i

| behavior of this energy source is calculated in the MAAP code. The
i calculations illustrated movemant of the decay heat source. About IP o'
(

the decay heat was associated with fission products which were in the
; upper plenum at the tire nf vessel failure. A small amount was in the
| het legs, as was aise tFe case fer the pressuri:er. The am0unt in the
! steam generater tube! wa: ret significant. (Most of the Cs! was in the
i upcer plenue at the tire of vessel failure, with about 10% of the Cs! in
i

the het legt.)

i
j 3. Other Variatiers and Uncertainty. Several sensitivity calculations;

j were perferred te crit 4r a bette* understarding of behavior. These
! included

{ a. Higher core melt te rerature
; b. RCD seal failure

| c. SG seconde y sida ble co*r
j c. Core resistance ve**at*--
) e. Peduced SG tube c'*:.'***r*
{ f. Core blockage cnaraes.
.

i
.rese are discuss *t tC.

}

i
j a. Nicher Core ralt te rerature. A case was run in which core relt
!

terperature nas assured te be 30CCet as contrasted to the base case

?!00'K. This was ictended to delay the enset of core geometry
degradation, which in turn provides enre tire to heat other porticar

! cf the OCS. The !,CCh chance in Pelt tercerature was found to cause
only a few degrees change in SG tube teeperatures, which was attrib.,

I

uted to the ertrerely rapid tercerature increase rate in the core as
relt tercerature is a:peca: Ped, and a centeritant small increase ir

the tire availatie (cf heat transcort to tre stea* oererators.
|

29
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?re rtet' 4: tene L::- assurte svrretric tet3*r, verets sr <
asymetries have beer fcund experimentally. If these contribute? +-
a preferential flow of hot fluid near one of the het legs, that leg

,,

right transport het fluid trward a steae generator and provide
i

higner temperatures than cetermined in the calculation. This could
increase the computed impact of the sensitivity calculation.

'

.

!

A second aspect of the modeling that would act to reduce the calcu-
i lated impact of the sensitivity run is the assumpticn of mixine

withir the stear generator inlet plenur. We believe an assesseer.t
of this effect is needed, as previously identified,

j
i

b. PC: seal failu-c. P:" seal failLre, if it were to occu , was felti
; to be a leak in the range of 50 gpn (water) per seal. This was;

i modeled, with the break occurring in all four RCos at 45 minutes
j

after initiatien of the accidert. This was fcund to have an insic.
-

4

nificart irDact on the results (Defs.12 and 12).!

PSNH also addressed preexisting leaks in SG tubes which are within.

technical specifications. These were stated to be small ir cer:ari-
sen to the 50 ger flow rate associated with seal leaks, and ccese-
ouently were argued as beine negligible (Ref. 17).

We believe tne preesistirg leak situation has a negligible im:act en '

] NSSS behavior as long as the leak remains small, but do not accept
;

the argu"*rt advanced t,. PSW as the reaser. A comparisca e' tre l

velocity associated with flow in a tube due to natural circulation
.

1,

| with that associatert with the leak, with establishing that tFa
{ letter e s regligible, weuld be more convincing. !1milarly, a
I

comparison of flow rate induced by the RCP seal ructure to that1
i

!
expected for natural convecticn flow would be helpful.

1
| Drovisten of teeperature infermation pertirent to fluid passing

through the PCD seals would be helpful.
|
t

|

)3 x
,

i

!
l

i
1
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1
Diys Ue'. 16; reocrti a calcu'atR:

te irvestigate the effect o' reduced cooling en the Sfi
f

secenca ry

side in which the steam generator PORVs are assured to stick open,
[ thus cepletire the secondary side of a high pressure stear atrc-

sphere. Drastic differences were discovered early in the accident
; due to cooling as the steari generators blew down. Sufficient
I

cooling was orovided that the pressurizer emptied due to primary
!

fluid contraction. Reactor vessel failure occurred slightly earlier
in this case as contrasted to the base case due to less heat renoval

;
fror the prirary system following removal of tne secondary side heat
sink. An initial peak in SG inlet plenum temperature of 860 K isC

!

identical to that of the base case, but occurs about 500 sec ear 11-
{ Fellowing tre initial peak, the pierun temperature behavior iser.

I similar to the base case, althouoh displaced in time, but is 50 to
0

100 K higher over the remainder of the transient.

i
j

We suggest the calculation be conducted by assuming the PORV is
i

stuch cpen after all water has been vaporized. This avoids the
;

situation of overcooling asscciated with the early openino, and may
be rc-e cc-Dstible with some postulated operator actiers associated
with late atterpts to deal with approaching core melt.!

}
'

Acair, we are concerned with the ir#1uence of assured rirfrg ir tFt
steam generator inlet plenum and the frpact upon calculated results,

i
'

d. Core resistance variatier. Variation cf the resistance of the'

core to flow was evaluated by lowering the axial and cross flow core
j friction factors in one calculation. This slightly increased heat

transfer to the stear generators and correspondingly increased tire
to vessel failure.

|
There was a slight tube temperature increase.

but in gereral, the calculation showed little sensitivity of tube'

tercerature to the change in ccre #riction factors.

3 e.
_ Reduced SG tube circulation. Selection of lower limit values of the'

nurrber of stea generator tubes participating in flow fecr tha f riet
j to tre outlet plena was used 'or another sersitivity calculatter.

1 31
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Tr.15 prcTicec lowe* .6'ces c' stear gererator ratural circLiatier
flow relative to the het leg natural circulaticr. #1c. rate, and
reduced cooling of the steam generator inlet plenum due to flow fror
the cLtiet plenue. Slichtly less heat was removed fror the reactor
vessel due to the lowered flow rates, and vessel failure occurred
slightly earlier. These charges were insignificant. Powever, the
steam generator inlet plenum was found to be abcut 150 K higher thee

0for the base case, reaching a temperature o' 080 K for a short time.
Steam generator tube temperature was relatively uraffected.

Comparison of inlet plenum and tube temperature transient behavior
(References 17 and 18's Figures 4-11 and 4-12) appears to indicate a
significant therral inertial associated with the tubes, which do not
increase in temperature to a significant degree in contrast to the
temperature of the source fluid in the steam cenerator inlet plenum.
We believe this needs further discussion. For exarple, what is the
location of the tube tem:erature and does this lccation correspond
to the highest tube te:rperature?

Acain, as previously stated, the influence o' the assumptien of
corplete riying in the stea? generator inlet plenur will ireact the
results. A portion of tre concern is that reduced ficer rates rey
lead te greate strati'icatier and less riyir; ir. the SG clera, a
phencrenon that is not modeled in the pSNH reported evaluations, and
a phenomenon with the cotential to increase tube temperatures ever
what was ree:rted,

f. Core blockace. In this calculation, a delay of blockage in the core
at the time of core melt to the tine the noce was com letely filled
with refrozen eutectic was assumed. This was done to continue core

j

oxidatien and core / upper pier.un flow for a longer tire. For this
case, the maximur sustaired SG inlet plenur terperature is roughly

01060 K, with a short tire (less than 50 sennes) temperature " spike"
)

0to about 1120 K.

32
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ke ac W reiterate tM cerce-r witr SG inie: cieru r:ceiir; anc it:
incact up n the result:.

g. Sensitivity Sumerary. An approxinate corp!" iter o' the results of
. the sensitivity stucy is provided in Figure 1. The ma,ior early
i, ;

effect on increased tube temperature is due to changing the SI: tube
' low characteristics. Late , and with the greatest impact, is the
effect of delaying femation of blockage in the core, which allows,

continued circulation of hot fluid through the core where the
tertperature is increased, as opposed to a drastic reduction in heat
transport between the core and other RCS corponents when a core
geotretry change occurs.

0
4 Steam Generator Tube Strencth. plys, in Reference 18, Appendix B,
addresses SG tube intecrity. The presentation is based upon the SG

secondary side pressure being at the SG safety or relief valve setecir.ts
which, as previously discussed, may not be the case. We note that Flys
ider.tifies nominal hoop stresses of 9300 to 10000 psi for the assured
cer.di tions . Hence, the case c# the SG secondary being depressurized will

i result ir a nominal hecp strest cf roughly 19,000 psi. This stress,
i substituted into Re'erence IE's Figure B-6, results ir a Larson Miller

pararete* of about 3'. The Larsen Piller paraarete- is de' ired as:

Lu = T(20+1cg t ) x 10'
r

|

| wnere:
1

T = temperature, P
t = tire te rupture, hrs.r

0
. Substituting a terrperature e' 1090 X (the value used bv plys to conclude
i

the rupture tira wculd be greate- than ?.S hrs) yieles a time to rupture
i of abcut S minutes, a signi'icant change from the Plys value,
i

! Plys cculd have selected 109C K as censervative, with no need to considerU

! an alte rate since the no tube rupture position was succorted by the

i n
i

|
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resu'*. !# M eet P ire this p;ssibility , anc sele:: a less c0nse*vative
C

100C K, we find a rupture tine of about 3.5 hours. These terceratures
can be contrasted to the SG inlet plenur temperatures provided in Figure
1, with recognition that these are not tube te:rperatures, but alsc with
the recognition that some of the parareters contributing to the temper-
atures remain to be evaluated.

Clearly, we are in a temperature region where relatively small changes
have a significant impact upon creep rupture time. Equally clearly, tube
stress could be rcuchly a factor of two higher than the value used to
justify that tubes wm.ld ret rupture. We cerclude the picture is not as
clear as presented in Reference 18, which presented a conclusion that
tubes woulc net be :- n t:.

3.2.8. Other Considerations

In Reference 17, P!N' stated that if one postulated creep rupture failure
of stear generator tder . the pressure inside the previously dried out
and isolated stear gene ater secondary side would increase until the
stear generator PODYs setraint was reached, at which time the valves
would lift and modulate cntil reactor vessel melt through and RCS depres-

surizaticn into the ccniainrert. During the periods of SG PORV opening,
there would be a bige ieai rate bypass condition directly fror the DOS te
outside the containment. They further stated that after vessel melt
thrcugh, the leak rate out this path would be low and would correspond to

,

any low pressure lea;: t-rugh the re:losed D0DV. They nete this leak
)path could be enhanced i' the SG safety valves also lift and fail te,

ji

reseat properly; however, they believe it unlikely that the safety valve
setpoint woulc be reacrec.

-

As previcusly ciscussed, we do not believe an individual tube wculd
rupture, but ir. stead believe there would be a rassive failure in one

'. steam generator. (Once the failure initiated, we would expect the PCS to i

depressurize rapidly, which would reduce stress on tubes in other stear
generators. ) It is cifficult te pcstulate a PODV modulating this cordi-
ticr. It is furtner difficult tc postulate the DOPV or the safety valves

,

3

|

|
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| w:L1c nct be darece: w*er ,erp sed to these cerc::icr.s, and trere'cre
their reclosing may be cuestionable. Finally , if the cceditions whic6
led to the accident secuence involve a loss of all AC power, which is one
of the likely situations civer a severe accident scenario, we pose the
ouestion of how long the POPVs can be expected to modulate pressure
assuning they are not damaged by the fluid being modulated.

Plys (Pef.18) has identified that the MAAP code does not model certain
aspects of SG tube temperature, and a method of obtaining temperature was

discussed. Aside from the impact of secondary side stear as a cooling
medium, we are concerned about local heating due to small leaks. Such a
leak could cause a small amount of hot fluid to pass through a incalized
area into the SG secor.cery side, with different heat trans'er cha racte r-
1stics and tube temperatures than one would encounter with the treatment
of overall inside to outside heat flow utilized by Plys in their estima-
tien. Whethe- this is imeertant te locali:ed tube tempe-ature over a

sufficiert area te be of concern should be addressed. (Nete the effect
cculd also be concentrated in an adjcinine tube. This can be visualizec
by picturing a tube with a small hole which directs hot FCS fluid onto
the seccndary side su"' ace c# an adjoinire tube, while the inside surface
of that sare tube is exposed to het PCS fluid.)

3.3 Accicent L O elibcad

PSNH has estinated the mean annual frecuency of accidents in which the core

r+1ts with tre PCS at higt cressure and the 50s cry as beunded by a value cf
4.5 X 10-5 per reactor year (Pef.17). This is composed of the following
plant damage states:

35

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



__. .-

.

DF A FT

Elart [ari;c us a r A r.r.u a l

St?te (PDSI Frecuency

8gX10f3? 1.5 X 10-
37; '

1.4 X 10i4A

4C 1.7X10]
4D 2.8 X 10'11; 4E 2.2 X 10 7) 4FP 1.2 X 10-

I 8A 3.9 X 10-6
Total 4.5X 10 -5;

.

j The accident sequences which comprise the PDSs include transient and loss of
# off site power sequences with failure of all emrgency feedwater, failure cf

feed and bleed with loss of all emergency feedwater, and transients without
scram. PDS 8A consists of eight secuences which involve station blackout and
ernergency feed water failure with recovery of containment heat removal.

|
i

; PSNH also adcresses the potential impact of tube rupture on this information.
They have assigned a high chance of no containment failure to POSs A. PDSs C

and I are considered as le'ading to a high likelihood of long term centainment
overtressure failure. PDSs FP are a high chance of small bypass, anc PCS E is
a high chance of large bypass. Hence, PDSs A, C, and D would be impacted by
SGTR, and FP ray represent seme ircatt. Addition of the appropriate value:
indicates that tFe likelihcod of being in a condition where SGT: cculd a#fect
the results is about 4 X 10 (as contrasted to the assur; tion of no SGTR),

PSNM considers tnese values to be bounding because some of the values incluce
states with water on the steam generator secondary side, for which SGTP is net
a concern, certain operator recovery actions have been neglected, and DCS

;

depressurizations prior to core melt have not been considered. As previously
discussed, operator depressurization is one of the potential steps which one
could consider to mitigate SGTP. PSNP estinates the frecuence of operater

.

|
1 t

failure te depressurize as less than IC 9" to 10 ~ per derand, provided proce-
|

cures are nocified ard adecuate operater training is provided. These values
lead to a conclusion that the frecuency of obtaining conditions urder which
SSTR would be cf ccccern can be reduced to of the order of 10-7 to 10 per

reacter year.

36
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'litcuge these salue: a; tee" reescratie, we note that the cc'diticr.s wrict 9e
to the factor o' 10- to 10~3 reduction do not p esently exist. We further
would need substantiation for these values prior to acceptance.

Discussion is also provided concerning the likelf tead of SGTR if exposed to
high pressure core melt conditions (Ref.171 PS'H points out that their
calculations shew SG tube temperatures that are soughly 200 to 300 F belcw,

what would oe required for creep rupture, and this is identified as principal-
ly due to cooling by steam on the SG secondary side. Several things are

i necessary for acceptance of the tube temperature conclusions, including, as
discussed elsewhere, substantiation of the calculational technicue and inves-
tigation of the likelihood of the SG secordary side having a significant stear
inventory (wnich also reans having a significant pressure).

1

Finally, PSNH estimates a 99 chance that failure of SG tubes will not occgr
i before reacter vessel melt thrcugh or piping nozzle failure. This value,

ccmbined with the prior estimates o' frecuencies, appears sufficient to
establish that SGTR is not cf concern as a significant contributor to risk.
Therefore, one can reasonably articipate that substantiation of the various
iters which led to the conclusier, as discussed in this cor:mur.icaticn, should
provide substantiation cf the above preliminary cenclusion.

3.4 Additicral Peviewe- Obse-vatiers

A number of observations and correrts have been made in the previous discus-;

sion. We c"e- the 'clicain; accitional ec rents:

1. Puch of the modeling utilized in the calculaticrs has ret been decurent-
ed. We uncerstard this is underway. Such documentaticn will be helpful,

in the centinuation of the review.

2. The outside of the het lecs is assured to be adiabatic. This prcbably
introduces a srall conservatism into the results with respect to hot leg
temperature. The impact en other parameters is probably neglicible.
With respect to the hot legs, the pa-areter cf interes: tay irvolve a
relatively thin wall conrecting pipe that is exceted te high fluid

3'
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terrereture, erd w'::t te pe-att-e vill folic * fluid terrerature r:re
closely than is the case with the relatively massive hot leg; or the
vessel nozzle region cf the hot leg, which will be more closely allied
with fluid circulating racidly within the upcar plenur. Therral res; case
of these regicts may be critical in determination of the failure point
of the RCS pressure boundary.

3. Although the limited experimental evidence reveals some symmetry in flow
,

behavior within the reactor vessel, there are also unsymmetrical flows
and terceratures. We understand the MAAP calculations are based upon
modeling the upper plener fluid as a single volume. This appears to be>

a noncenservative approach.
,

i

.
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. 4, 5 E:" SENE:1 C: EE p"r L:E CONCLU!!CNS

The above discussed cer.siderations lead us to the conclusion that this tcpic
is in a develecing state, with knowledce being rapidly accurulated. Insu "i.
cient inforrration is presently available for one to conclude that SGTR cannot
occur as a result of severe accident conditions.

Our judgement, at this juncture, is that a carefully conducted and thorough
evaluation on the part of PSNH, that utilizes information which either exists
or will be available within the near future, can establish that the likelihood
is small that a SGTR will result due to overheating during severe accidents.
Further, our judgerrert is that the risk associated with SGTR can be shown to
be regligible fer trese cc ,mions. Our judgerrent neecs to be substanti-

, ated. We have encountered too many unanswered questions, unsubstantiated:

i assumptions, and potential conditions which could lead to calculation of
'

increased tercerature to accept a conclusier that SGTR will not occur under
i

circurrstances such that the associated risk can be neglected. We note, as a
} cualifier to these ccnclusicts, that our review is not com;:lete, and, in

addition, work is ongoing to provide further informatil:n.

Existing knowledge would support a conclusion that SGTR is not a prcble- if
the RCS is depressurized. Corsechently, reasonable assurance that progressic"
towarc core nelt woulc ret occur at high RCS pressure, couplec with suitat'e
technical backup for a ccnclusion that low pressure is not of concern, would
eliminate our concern regarding SGTR under severe accident conditions. We

have ret ecnducted ar. evaluatier c# the trace-c'fs associated with such an
approach, nor have we been provided with information that would either support
or negate RCS decressurization under severe accident conditions. We have not
trevided a reco"rendatier regaroing whether RCS de::ressurization is attractive,

j when all pertinent factors are considered,
i

i

.
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Substar.tiatire c' a ,iudge ct: that 50'; it ret a cerce-r ur.de severe a::icer:
!

conditions with the RCS at higr. pressure can be obtained through a cortir.ation
! of analytic and experimental investigations. The ongoing test at Westirchouse )

in which reasorably close similitude is claimed between the test facility ar.d
apprcpriate parts of a Westinghouse four loop NSSS should provide key cata I

which can be applied te assist in the confirmation of analysis technioues.

Selected test cata from other facilities and further examination of the
1

analysis techniques, coupled with necessary changes when they are uncovered.
should provide sufficient confirmation that reasonable reliance can be placed
upon accident analyses pertinent to this issue. Applicatien o' a reliable
analysis technique to issua investigation should then provide the necessary
background to resolve this issue.

,

i
'

e
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I

!

,

40

i

1

_ - - _ _ _ _ _ _ _ . _ . . _ . _ . _ _ _ , . __.,_ _. _ _ _ _ _ _ _ _ _ _ ,_ _ _ , ____ ,, _- __ -_



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

i |

TRAFT |

f. DECEDE* m )

1. "Seabreck Station Probabilistic Safety Assessment," Pickard Lowe and
Garrick, Inc. , PLG-0300, December 19E3.

2. Garrick. John E., Karl N. Flerirg, and Alfred Torri, "Seabrook Static .
Drebabilistic Safety Assessment, Technical Sumary Report," Pickarc, Lowe
and Garrick, Inc., PLG-0365, June 1984

3. "Seabrook Station Risk Management and Ernergency Planning Study", Pickard,
Lowe and Garrica., Inc., PLG-0432, December 1985.

4 "Seabrook Station Emergency Planning Sensitivity Study", Pickard, Lowe,

4
and Garrick, Inc., PLG-0465, April 1986.

5. " Reactor Safety Study: An Assessment of Accident Pisks in U. S. Comer-
cial Nuclear Power Plarts," U. S. Nuclear Regulatory Comission,
WASH-1400, NUREG-75/014, October 1975.

.

I 5. Winters, L., "PELAP5 Statien Elackout Transient Analysis in a PWR," ENC
Nemo No. E.904.00-GR17, July 1982.

7. Denny, V. E., and S. R. Sehgal, " Analytical Prediction of Core
Heatuo/Licuefication/Sluccirg," Paper TS-E.A. Proceedings Intl. Meetinc

j cn LWR Severe Accident Evaluation, Carbridge, PA, August 22 - Sectember
: 1, 19E3.

E. Lyon, Warren C., " Report on Meeting to Discuss RCS Pressure Boundary
Heating During Severe Accidents (May 14, 1984)," NPC Memorandum to
Distribution, Jure 15, 19Ef.

9. Eernero, Pcbert P., "Need for Pultidirensional Modeling of RCS 9ehavier
in Support of Severe Accident Irvestigation," NPC Percrandu- fer CenwcM
F. Ross, August 30, 1984

10. Sheron, Brian W., " Steam Generator Tube Response During Severe Acci-
cents," NPC Pemorandum to B. D. Liaw, February 14, 1985.

11. Stewart, W. A., A. T. Piec:ynski, and V. Srinivas, " Experiments on
Natural Circulation Flow in a Scale Model PWR Reactor System during,

Postulated Degraded Core Accidents," Paper 10.C. Proceedings of Thirdi

International Topical Meeting on Peactor Thental Hydraulics, Newport, P.!,
Octcber 15 - IE, 19EE.

12. P1ys, Martin G., Marc A Kenton, Robert E. Henry, and Peter Kirby,
"Seabrock Stearr Generator Integrity Analysis," Information presented at
Brookhaven Naticnal Laboratory by Fauske & Associates, Inc. and hesting-
house Electric Corperatien, October 17,19EE.

13. Stewart, W. A., A. T. Pieczynski, and V. Srinivas, "Exceriments on
Natural Circulation Flow in a Scale Model PWP Reactor System Durirg
Postulated Cegraded Core Accidents," Westinghouse Electric Corporaticr,
Dittsburgh, Pa, Scientific Pacer EE-530 PCIFC 02, August 29,19ES.

al
.

- ,---m.- ,,_--,c . - . , , _ , - - - , ,.n . r--- - - - - - * - - - - * -- - - - - - - -'- r --- - - -rr



-- -- -

l
i

| 0; W

l .~ . 5:ewa- , W. A. , *. T. Piec ynski., are '. . Srinivas , ' Experirents en
Natural Circulaticn Flows in Stear Generators During Severe Accicents,"
Westinghouse Electric Corporation, Pittsburgh, PA, Scientific Paper
85-5JD-PCIFC D3, Decerber 5, 1985.

15. Chen, E. C-J., H. P. Do' anus, W. T. Sha, and P. R. Sehgal, " Degraded Ccre
Study Using the Fultidirrensional COMMIX Code," Trans. ANS. Vol. 49, pp.
453-454, June 1965.

16. Dearing, J. F., " Flow-Pattern Results for a TMLB' Accident Secuence in
the Surry Plant Using MELPROG," Los Alamos National Laboratory,
LA-UR-85-3668, November 1985.

17. 'DeVincentis, John, "Pesponse to Request for Additional Infor ation
(RAIs)," Letter from Public Service of New Hampshire to Steven M. Long cf
NRC, SSN-1227, T.F. B7.1.2, November 7, 1986.

IE. Flys , Martin G. , et. al . , "Seabrook S tea- Generator Integrity Analysis,"
Fauske A Associates, and Westinchouse Electric Corporation, November,
1986. (Provided via Reference 17.)

,

I

d2

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


