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.1

| } l JUDGE GLEASON: Shall we proceed,

2 please? Ms. Moore?
i- .

,

p 3. MS. MOORE: Your Honor, the-staff

4 calls to the stand Dr. James F. Meyer and Trevor

h 5 Pratt.

6 -JUDGE GLEASON: It's been some time..

7 I have forgotten. Were'you sworn?

8 MS.. MOORE: Yes. Both witnesses were.

9 previously sworn.

10 Whereupon,

11 DR. JAMES F. MEYER'

.,

12 WILLIAM TREVOR PRATT

O).1

!. %
13 having previously been sworn by the-Administrative

'

14 Law Judge, testified as follows:>

,

15 DIRECT EXAMINATION BY liS. MOORE:
,

j 16 Q. Dr. Meyer, would'you'please state
J

|
1.7 your name and business address for'the; record?

i

18 A. (Witness Meyer) My name is; James-F.

| 19 .Meyer. My r business address is: Nuclear. Regulatory
;

20 Commission, Washington,_D.C..

'!

3 21: 0 -And would you please state your
f'
'

L22 position.with the NRC?-

12 3- A. ~(Witness Meyer) =I am.a' Senior Task'

~24 Ma na sg e r ~ r espon s ible ~ f o r''.t he . r e ac to r system and. .
+

25 co n t a i nm e n t- ;.sys t e m portions of severecaccident
'

.
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1 ; analysis.for resk assessment.
.v

2 Q. Dr. Pratt, would you.please state

3 your name and business address for the record?.
.

'

4 A. (Witness Pratt) William Trevor Pratt,

5 Building 130, Brookhaven National Laboratory,

6 Upton, New York.

7 Q. Would you please sta te. ;yo u r position?

8 A. (Witness Pratt) I am a group leader

9 of the Accident Evaluation Group within the

'

10 Department of Nuclear Energy

11 Q. Gentlemen, do you have before you a

12 copy of the document entitled Direct Testimony of

13 James F. Meyer and W. Trevor-Pratt concerning-

14 Commission Question One?

15 A. (Witness Meyer)- Yes, I do..

16 A. (Witness Pratt)- Yes.
i

17 Q. Was this testimony prepared by you or

15 did you participate in its preparation?

19 A. (Witness Meyer) - Yes, it was prepared
:
' 20 by us.
!

'

21 Q.- Do you-have any additions o r.

j. 22 ' corrections to this. testimony?
i-

-23 A. (Witness.Meyer) Yes, I do. In'an

24 errata sheet. dated February 10, 1983,-there are'a: '

25 ' number of corrections so indicated.

.
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[ 1. In. addition,-there'is a typog r a ph i c a l-
~

[ 2 error on page.40 of.our' testimony,<line 11 from-
1-

3 .thenbottom of the page,.thenvalue 0.4'should read-

4 0.5, and f ollo wi ng _' tha t- the parenthetical.'---

I

5 JUDGE 1GLEASON- which-page is that?-

*
i

]1 6 A. (Witness Meyer) Page 40, Roman 1 Number

#' 7 3.B-40.

h 8 'J U D G E GLEASON: Roman Number-3.B-40?.

9 And where is that?

10 LA. (Witness Meyer) The lith.-line from

i 11 the bottom. The value'O.4 should read'O.5 and
{

'

i

|
- 12 parenthetical percentage should read 5 0--pe r cen t . .

O.
.

13 That's the extent of my' errata.

! 14 Q. With these changes to;your-testimony
~

i

] 15 is it true and ccrrect-to the besthof1your:
l

.

information and belief?16 knowledge
- .

'

I - .

17 A. (Witness Meyer) Yes, it is.:-

| 18 A. ( W i t n e s s _ P r.a t t ) ;Y e s , ' i t l i s '. -
L-

{ 19 Q. Do'you adopt itsas yo u r '-te s timony _ in.
_

j. 20 this proceeding?
. -

| H21. A. (Witness Meyer) Yes, I-do..
'

.

22~ A. (Witness.Pratt) ~ - Y e s', . I doi

f 23 MS._-MOOREi' ' Copies'of~this testimony -

24' -have be ? d el'iv e r ed _ to the' parties,' Board |and court >

-

-1

-25 reporter.-

' '
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:

'

1 I move that it be received.and: bound

2 in' the-transcript as though ' read. Dr.'Meyer's

3 professional qualifications'were previously bound-

4 into this record.

5- JUDGE GLEASON: Is there objection?

6 Ilearing none, the testimony of the-

7 witnesses will be received into evidence'and bound

8 into the record as if read.

9 (Bo und _ te s t i mo ny. .f o llows . )
,

10

11

'

D
13

14

15

16

17
.

18

'19

20

21

'22
-- :c . ,

i

23 !
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UtilTED STATES OF A' ERICA[t NilCLEAR REGillATORY COMitlSSION

BEFORE'THE ATOMIC SAFETY AND LICENSING BOAltD

in the Matter of- )
i Docket Nos. 50 747-SP

CONSOLIDATED EDISON C0i1PANY ) 50-286-SP
0F NEW YORK (Indi6n Point, linit 2) )

1

POWER AUTHORITY OF THE STATE
''

0F NEW YORK . (Indian _ Point, l'ni* 3) February 10, 1983
'

.
,

ERRATA SHEET
FOR

DIRECT TESTIMONY OF JAMES F. MEYER..AND TREVOR PRATT
CONCERNING COMMISSION OUESTION 1

P.III.B-10-Line 7 DELETE "nine"

P.III.B-18-Column 4 CHAUGE "0.1" TO "0.01"

% P.III.L.-19-Line 6 CHANGE "LFC" TO "LF"
'

P.III.B-25-In the Column headed Relcase category:B, the.value
in the line marked Release lime, . CHANGE "1"
TO - "2" and the value in the line marked Release.
Duration CHANGE "0.5" To "1.0"

P.III.B-38
and ADD as a footnote " values shewn at.the top of"the .

~

P.III.B-39 bars are for. fraction of cesium released"

P.III.B-45 DELETE the two lines immediatelycfollowing Table-
III.B-8

P. III.B-58-Line 11 of Answer-25, . CHANGE' " releases. When"
TO '' releases,. with the exception 'of the Rut henium.
When"

P. III .B-59-in the Column headed "Ru'', . the cross-hatched area--

should extend upward to a value of:0.21.

NOTE: Correc't' ion pages ~ for nages III'.B-32, III.B-33, III.B-43---

and III .B-44 was submitted to the Board and Part ies ' by, _
letter dated, February 2,;1983.

. -,

-

f
. "
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UNITED STATES OF AMERICA4

j NUCLEAR REGULATORY COMMISSION -

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

j.
.,

In the Matter of )
)'

: CONSOLIDATED EDISON COMPANY OF NEW ) Docket Nos. 50-247
| YORK (Indian Point, Unit No. 2) ) .50-286
|- )

POWER AUTHORITY OF THE STATE OF NEW- )
YORK (Indian Point, Unit No. 3) )

;

'
DIRECT TESTIMONY OF JAMES F. MEYER AND W. TREVOR PRATT

CONCERNING COMMISSION QUESTION 1

4

Q.1 Please state your name and business. address for the' record Dr.- Meyer.

; A.1 My name is James F. Meyer. U.S. Nuclear Regulatory Commission,() Washington, D.C.
.

Q.2 Please describe your position with the NRC and describe your responsibili-
ties in that position.1

; A.2 I am a Senior Task Manager responsible for the reactor system and contain-
.,

! ment system portions of severe (core-melt) accident analysis for risk
i
! assessment.

!

Q.3 Have you prepared a statement of your professional qualifications?,

A.3 Yes, I have prepared a Statement of my professional qualifications
attached to this testimony.

,

Q4. Please state your name and business address for the. records Dr. Pratt.

A.4 Jiy name is W. Trevor Pratt. Brookhaven National Laboratory (BNL), Upton,-

'~'
'New York.

_

L
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III.B-2
.

Q.5 Please describe your position.with BNL and describe your responsibilitiesx

in that position.
.

A.5 I am the Group leader for the Accident Evaluation Group in the Division of
Engineering and Risk Assessment at BNL. As such I am responsible for the
technical management of the USNRC Technical Assistance program at BNL in.

the area of severe accident analysis.

Q.6 Have you prepared a statement of your professional qualifications? _

A.6 Yes, I have prepared a Statement of my professional qualifications
attached to this testimony.

.

Q.7 What is the purpose of your testimony?
,

A.7 The purpose of this testimony is'to address portions of Commission
Question 1. The testimony presents the staff analysis and assessment

( of severe accident phenomena, containment building failure modes, and
.

radiological releases from the containment buildings for Indian Point
Units 2 and 3 that could result from coremelt accidents. In addition,

analysis and assessment is presented of-the changes in containment
building failure modes and radiological releases that could result from'
potential design changes that mitigate the consequences of coremelt acci-
dents. Much of the testimony in this section is based on information from
" Preliminary Assessment of Core-Melt Accidents at the Zion and Indian

Point Nuclear Power Plants and Strategies for Mitigating their Effects"
(NUREG-0850, Vol. 1).

Q.8 Please outline the steps involved and the general approach-taken by the
~ taff in analyzing the containment buildings and mitigation features.s.

|
The purpose of this analysis and assessment is to determir.e.the' performanceA.8

capabilities and failure characteristics-of the Indian Point containment
i buildings under severe accident conditions; to generate data describing

the radionuclide releases from the containment buildings for the environ-
mental consequence evaluation based on the coremelt accident sequences

-

1

. _ , _ . , , . _ . . _. _ - - . _ _ _ - - , . _ , _ .. __._ --_. .-
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Os determined in the testimony of Mr. B. Buchbinder, Mr. R. Budnitz and Mr.,
,
,

, Sanford Israel; and to provide the bases for considering mitigation
strategies. This analysis is accomplished in 7 steps:

,

!

Step 1. The plant damage states derived in the testimony of Mr. B. Buchbinder,.

t

Dr. R. Budnitz and Mr. Sanford Israel for internal and external events
are combined into one' set of plant damage states characterized by the
time of core melt, the condition of the containment building, and the,

status of the containment building cooling capability. -

4

}
Step 2. These plant damage states are analyzed using the MARCH computer code;

to determine the coremelt accident progression and the containment

building loading and failure characteristics with and without mitiga-
tion strategies.

.

j

Step 3. Containment building event trees are established which provide for a
i convenient cataloging of the key events as the coremelt accident
j proceeds.

Step 4. Based cn the MARCH computer code analysis, plus independent evalua-

tions of such items as containment building failure pressure and
j steam explosions, split fractions are assigned to the various

branches on these event trees. The output of the event trees is a
set of conditional probabilities associated with various containment,

building failure modes for a given core-melt accident sequence. The:

I failure modes considered can be thought of in two categories: those

for which the containment bu,ilding function is initially effective
and those for which the containment function is either bypassed or
significantly compromised. The first category is made up of the
following failure modes (using the notation of the " Reactor Safety
Study" (WASH-1400)):

a Steam explosion induced failures. Steam explosicns can poten-,

(alpha) tially generate vessel-component missiles which.could thent

penetrate the containment building.
s-

,

m

-- -- - , - - y . , - . . . .m,,-



- _- . _ . _. .. _. ~ _ .
_

III.8-4

_y Hydrogen burn induced failures. Burning hydrogen gas can

(gamma) generate sufficient pressures inside the containment building to )
cause an overpressurization failure. (Hydrogen burns can also:

{
cause the containment building to fail indirectly by causing the '

failure of engineered safety features needed to protect the
building containment function.)

6 Failures induced by.overpressurization of the containment
(delta) building produced from generation of steam and noncondensible

gases. .The release of primary system energy'in the form of
'

steam, combined with the decay heat energy which produces more
steam and noncondensible gases, can overpressurize the contain-
ment building, thus leading to failure.

c 8asemat penetration. Core materials interacting wit;. the
(epsilon) reactor cavity basemat can penetrate the containment building

floor _(basemat), thus releasing core materials and-water into.
the en'ironment.

,

v

The second. category is made up of the following failure modes (using
the notation of WASH-1400)

p Failure to isolate containment building. The coremelt accident
(beta) occurs with containment building penetrations.left open,.thus-

considerably. reducing the effectiveness of the containment
building function. .The conditional probability that this con -
tainment building isolation occurs is'10 3, that is ,.:one time
in a thousand the containment building will-not be~ isolated.
during a core-melt accident.-

i
'

V The accident progression bypasses the containment building
' '' fuhetion completely. 'An example of this' failure' mode is the'

interfacing sys'tems' loss of-coolant accident.~ It'is due-to the'

failure of barriers, such as check valves, that separate high
pressure from low pressure systems. = Direct-~ access to the

|
I

!

|.
'

!.
!

. . . - - _ . _ . . - _ . .
_~1-,-.--._. _ _ . . . . .-_.__ _ ,. . , _
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environment is obtained through the residual heat removal. system
piping.

.

$* The initiation of a coremelt accident and concurrent failure of
the containment building are caused by an external event, such.

as an earthquake. This failure mode (not considered in
WASH-1400) is similar to a major "S" failure mode because it
assumes a very large opening in the containment building.

.

TR This accident progression bypasses the containment by means of
the steam generators. A core melt accident progression develops
which is characterized by multiple steam generator tube ruptures
(TRs) and failed (stuck open) secondary system pressure relief

valves. .

All these modes are considered in the staff analysis; however, only
the first category of failure modes is treated in the containment
event trees.* Failure mode categories are subcategorized according to
the different times of containment failure and different conditions
within the containment. Figure III.B.1 pictorially.shows these

~

various containment building failure modes (with the exception.of.$*,
the seismicall'y ir.duced containment building failure and TR, the

j steam generator tube rupture failure mode). In addition, this figure -

4 also relates the failure modes to the release categories'(a matter-
to be discussed later in this testimony).

'

Step 5. For each containment failure mode, a CORRAL computer code analysis
,

; yields the radiological release values at the point of containment
;. building-failure (or the radiological release-at a leak rate of.1% of

f the containment building volume per day for the "no-failure"' cases).
'

i These radiological release. values are grouped into 9~ release
categories which cover the full spectrum of releases from severe;.

!

I- *Since, for the's'econd category of failure modes (p, V, s*, TR) the containment
,

function'is already defeated, no containment event tree ~ analysis 11s needed.
1

i

. .- .. -c.,,.# ,_ e- .-- , , , -x<- w .e- v ---+y,-- r.-yy.---m 4 -3 -#m



F

III.B-6

STEAM EXPLOS!ON (RELEASE CATEGORY B)FA! LURE MODE a)

O A
,, r C t . .

... .r . . . ,

:'' R '*

a, '
4

.. . , , . - ..

,

.. ,,
.

.

' . ..
ZTTE"K -

: : : : : -
.

.

A. A. A. A. A. A. A. A. A. A. A. A. A.
-

.

FAILURE............. s.
A. A. A. A. A. A. A. A. A. A. A. A. A. A. A. A. A. A. A. FROM SLOW .'..

.. ..................
OVER PRESSURIZATION

', A. A A. A. A. A. A. A. A. A. A. A. A. A. A. A. A. A. A. A. A. A. A. A. A. A. A. OR HYOROGEN BURNi ,. . . . ........................
<

.

: : : :::::: CONTAWMENT SPRAY : ::::::: FAILURE M@E 5.yj,

: : :: : : ::::::? : : ,

: : . : : : : : : SYS. TEM
.,

.::.: :::::: *: : EELEASE
* '-

.
'' - : : : ::::::::*::::::::::*** CATAGORY.

.. ............. .... m. .

.: : : ::.::: : : :::: :: ::..: .- C.D,E.F)-'"
. *

: :: :::: . :. :: : : : : ::: :- - : ... :....: .......... . . . .

. : : :. : *: ::: : *: .: .:..- .-

.. .. .. .......... .. .

: : : : : .. : .: : . 1.: .. .?
-

....

.......... ........ .. ,
. . .... . .

'-.....: :-: :- . .:,

. .. e..

' . . STEAM '*

'- GENERATORS
*

,

' '

1T~ FAILURE TO
. T -.

TCONTAINMENT4 .

( lE MODE 6)i *.
,

.' REACTOR '.GJ CATAGORY G)
C00 tant \ /B :? R\ /..

...-a.*e -
PuMeSf. . . . . . . . . . . . . . - -. -.

.

' . -

y . :a-, ,

J** ' , . FAN .; .. - s.,

''- * .. ,
; COOLERS *... ,. .

* *

;: . : . --
'

: g n y c
-

.c ..
. . .. .. ...i .- .

-,, , s . *. a . . , 9 q, - .. ggggggg , ",
' . . . .

h< {,'.; . ' . ' . i ; :. VESSE

. .. ..-
.

/- ).1 F.1)
- .r . .. , .. . . . .. ... . ..

, ,~" ,** ;.., . g;. :., . . _ . .

.....-;.,. - .
.eyEur y ... ., .

' 7 ,' .'. .?,,* . , ,"6HR SUCTION
' *. . -

' ' *,,# '" * *' '
VALVE FAILURE - - .-

I'' '~. ',"I'
RELEASE e

REACTOR CAVITY
-

', x\CATAGORY B)
1CORE

.

,
INSTRUMENT - -

'

......o.c. .. ..gg . ,

V
BASEWT I

PENETRATION
-

FAILURE MODE e) !
SELEASE CATAGORY H)

.

1

'
| REACTOR BtjllDING

'

..

.

Figure Ill.B.1 Indian Point Reactor Building Showing Potential Failure Modes

;

- - . , - .



f . :-
'

.~.

1.
,

III.B-7
,

[
accidents that cause early containment building failures to accidents ;-

that cause minor leakage but that do-not otherwise compromise the $
building's containment ' unction. .

'
.

Step 6. Similar containment building loading analyses are conducted with +

various mitigation features in place. The reduction or elimination
,

of various containment failure modes due to the presence of mitiga-
tion features is reflected in changes in the probability. for each

rof the 9 release categories. These changes are determined by using _

the containment event trees.* I

I.

Step 7. The release category output is then used to determine the actual risk
'

reduction afforded,by the mitigation features by performing CRAC
computer code consequence analyses, as described.in the testimony of
Dr. S. Acharya.

- ;

.

Q.9 Please continue with a detailed discussion of the containment building '

loading and failure evaluation following the outline given above. Start
by discussing the grouping of plant damage states derived from the
testimony of Mr. B. Buchbinder, Mr. R. Budnitz and Mr. Sanford' Israel.

i

A.9 Step 1. The grouping of plant damage states from internal, fire and
external events is shown in Table III.B.1. In this table-the damage
states given in Mr. Israel's testimony (internal events) are added to the -

damage states given in Mr. Buchbinder's testimony (fires) and Dr. Budnit.z's.

testimony (external events) for each unit.** The external-event damage
states, the " fire" damage states, and the internal event damage states can.
be combined in this fashion because the subsequent accident progression :

within the containment is relatively insensitive to the accident initiators
once the status cf the containment has been determined. Note that the,

* It should be noted that in general the second category of failure modes, for
which there'are no event trees, are unaffected by the presence of mitigation 1
features described in this testimony.

**The memorandum which describes.the assembling process for the' damage states
listed in Table III.B.1 is' memorandum from F. Rowsome to J. Meyer, " Damage
State Liklihood For Indian Point," dated December 2, 1982.

,

e

9
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Table III.B.1 Indian Point damage state frequencies

Unit 2 Unit 3

Before Fix* After Fix* Before Fix** After Fix**
Damage
State INT *** LOSPt Rott INT LOSP R0 INT LOSP R0 INT LOSP RO

Z 0 0 7(-7) 0 0 7(-7) 0 0 3.5(-8) 0 0 3.5(-8)
V 4(-7) 0 0 4(-7) 0 0 4(-7) 0 0 4(-7) 0 0

E 4(-4) 1.6(-5) 3.2(-4) 2.4(-5) 1.6(-5) 4.3(-5) 3.6(-4) 1.5(-6) 1.2(-5) 2.5(-5) 1.5(-6) 1.2(-5)
EC 1.1(-5) 0 0 1.1(-5) 0 0 neg. 0 0 neg. 0 0

EF 6.4(-7) 0 0 6.4(-7) 0 0 .neg. 0 0 neg. 0 0

EFC 1.3(-4) 2(-5) 6(-9) .1.3(-4) 2(-5) 6(-9) 2.0(-4) 3(-6) 1.2(-6) 2.0(-4) 3(-6) 1.2(-6)
.LF 1(-4) 0 0 1(-4) 0 0 1(-4) 0 0 1(-4) 0 0 3.

"
I

SGTR 2(-6)ttt 0 0 2(-6) 0 0 2(-6) 0 0 2(-6) 0 0 "

TOTAL 6.4(-4) 3.6(-5) 3.2(-4) 2.7(-4) 3.6(-5) 4.3(-5) 6.6(-4) 4.5(-6) 1.3(-5) 3.3(-4) 4.5(-6) 1.3(-5)
.

| GRAND |
! TOTAL- 1(-3) 3.5(-4) 6.8(-4) 3.5(-4)

'

i * Fixes for Unit 2 include a) reduced seismic fragility, b) reduced fire vulnerability, and c) anticipatory
shutdown for hurricanes,

' ** Fixes for Unit 3 are limited to reduced fire vulnerability
! *** INT = Internal events excluding those characterized by loss of offsite power

tLOSP = Events: limited to those characterized by loss of offsite power.(LOSP)
ttR0 = External events characterized as regional disasters (RS) (seismic and b.irricane)

titAfter.the-analysis in this testimony was completed, the value for core melt sas changed upward to 4(-6)
-(see staff testimony on Board Question 2.2.1)

,|

!.
' I
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Table III.B.1 Indian Point damage state frequencies (continued):
Definition of " damage state" designations

Plant Damage States Designation

Containment Failure Prior to Core Melt Z -

,

Containment Bypass Via Interfacing Systems LOCA V

Early Core Melt With No Containment Cooling E

Early Core Melt: Sprays and Coolers'0perational EFC

Early Core Melt: Only Coolers Operational EF
.

Late Core Melt: (Failure of ECCS in recirculation ,

mode) with coolers operational LF -

Z
'Early Core Melt: Only Sprays Operational EC m
a

Containment Bypass Via Steam Generator Tube Rupture SGTR ,

~
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damage state per.babi7 f ties' are given bo{h cefore and after the. "extcenal

event fixes" deccribeo in previous testipcay. Als.a note toat the damage
_

states are furth r sepErated into groupi_ngs whic.h c!Gracterize the site-9

evacuation capability, nariely-normal sitIcvacuatton capability and
_s

a,bnormal site evacuation' capability due to "regionh!'disas,ters." (This , '

matter will be' discussed in some1 detail by S. O,charya'in testinony to
follow mine.)

' ' '

, 7
~

,.

-- i a
,

-

Q.10 Please summarizc the results of the' MARCH code Onalyfis and 'irideper$ dent 5

analysis for the damage states menticand above. *
,

~

Fiveoftheskeightrepresenta"tivedamagestates'wereanalyze.1-A.10 Step 2.
,

in NUREG-0850.* A dominant' damagi state', "E," for. both Units 2 anc' 3, is

characterized by a qmall break LOCA ccupied : tith fai16rs ,of the emerc:ncy '
core cooling system (ECCS) infection and all ccatai m nt heat., removal'| '

systems (CHRS) systems. A typical'small' break LOCA .results f' rom failure,

ofthereactorcoolantpumpseals.*fTheleakageratethroughthefailed - -
,

pump seals was assumed in NUT.EG-0850 to be approximately' 200 gal / min,
~

compared with the rate of 1200 ga17mlh assumed iri the IPPSS'. ,The-faster
. -- - .

leakage rate assumed in the IPPSS,would shcrten the time to uncover and
.

~
.

degrade the core and to cause vessel failure relativa-to the analysis
described in NUREG-0850. However, because the ch'aracteristics of th?-
accident sequence will be similar, the analysir, presented in NUREG'0850
will form the basis of our discussion. For accident s,equences in which'
water from the refueling water storage tank (RWST) would not be-injected
into the containment, and with failure of all CHRS, the cavity would not
be flooded with copious amounts of water at vessel failure and, further,
reflux of water into the reactor cavity could not be assumed. This implies
that the analysis presented in Section 3.2.2.2(1) of.NUREG-0850 which
assesses the dry cavity cases is applicable to damage states designated "E."

"The remaining three damage states, designated as I, V, and SGTR here, were
'

assessed subsequent to the publication of NUREG-0850.
**This accident is equivalent to the TMLB'S sequence discussed.in

p . Sections 3.2.2.2(1) and 3.2.3.2(1) of NUREG-0850.
'

.

.,
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Figure III.B.2 shows a typical pressure history for an "E" damage state
with a small break LOCA coupled with failure of ECCS injection and all.

CHRS systems. . Initially following reactor scram, the containment building
remains at operating pressure because the primary system energy is released |

| through the steam generators. If there is no feedwater available to the
steam-generators they will event'ually boil dry. Also during the total-
loss-of-ac power accident, the reactor coolant pump seals cannot be cooled.,

,

) Under these circumstances, a small LOCA induced by failure of the reactor
coolant pump seals could occur. In NUREG-0850, pump seal failure was e =

assumed to occur one hour after scram. The pressure history in Figure
j III.B.2 reflects this assumption. After the steam generators boil dry or

the pump seals fail, release of the primary system water inventory will,

{' start. If the steam generators boil dry first, the power operated relief
valve (PORV) will lift and relieve primary system water at the set point,

j of ?he valves. As soon as the pump seals fail, the primary system will
start to depressurize and primary system water will be released through

! the failed pump seals.
i

'

When primary system water is released to the containment building, it
'

flashes to steam. Since no active containment heat removal is assumed for
,

this accident sequence, the steam partial pressure causes the pressure in
containment to rise. Eventually, without ECCS injection, the core will

'

uncover. The point at which the core is uncovered ~ depends on the time at:
which the pump seals fail and on the leakage rate. In Figure II.B.2 we,

! indicate the point at which the core is uncovered for a typical "E"
damage-state accident progression. In NUREG-0850 sensitivity studies were

*

provided on leakage characteristics.
.

When the core is uncovered it heats up and will eventually melt. We pre-
dict that it will take approximately one hour for the core to melt and
slump into the bottom of the reactor vessel. When the molten core con-

i tacts water in the bottom vessel head, steam will be produced and released 2

to the containment atmosphere via the failed pump seals. In the bottom of
the reactor vessel the core materials will thermally attack- the lower ves-,

sel head. With a relatively low primary system pressure, we predict that

;- .

"

__ _ _ _ _ _ .__ ._ _ x _ _ . . _ , __
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it will take approximately one hour for the core materials to degrade the
bottom head to the point at which failure would occur.-

When the reactor vessel fails, any residual primary system pressure is
j released to containment while the core materials are released into the

reactor cavity. For this accident sequence, relatively low primary systed
pressures are predicted so that minimal blowdown forces result from vessel
failure. Also, we noted above that a minimal amount of' water would be,

expected in the reactor cavity at vessel failure. Water could reach De
cavity after vessel failure from the accumulator tanks, provided high

e

pressures prevent accumulator injection into the primary system prior to *
4

vessel failure. Accumulator injection occurs when the primary system
pressure falls below 665 pounds per square inch absolute (psia). Primary

i system depressurization depends on the leakage rate, which in turn depends
'

on the size and location of the break. Figure III.B.2 shows that for the
assumed leakage rate, high primary' system pressure does prevent injection

'

of all accumulator water prior to vessel failure here. Some of the
accumulator water discharges into the cavity after vessel failure. How-
ever, there is not sufficient water available in the cavity to bring the
core debris into thermal equilibrium. '

..

With limited water in the reactor cavity, extensive interactions will
eventually occur between the core material and the concrete.- As the core
debris decomposes the concrete, water vapor and carbon dioxide are released.

The water and carbon dioxide can oxidize metals in the core debris and4

form combustible hydrogen and carbon monoxide. However, for tnis parti-
cular accident sequence, the high partial pressures of steam and noncom--

bustible gases render the containment atmosphere inert. Consequently,
4

failure of cor.tainment due to burning of combustible gases is not'a-
potential failure mode for this damage state.

Potential failure modes of concern are failure of the containment building
by overpressurization caused by the release of steam and noncondensible
gases from the concrete, or failure by basemat penetration. In the IPPSS

- it was assumed that failure would occur by overpressurization rather than

.

e

'

_- _
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4

;

by basemat penetration. However, in NUREG-0850 it was found that the type
; of concrete installed at the reactor site strongly influenced the potential
j for the two failure modes (Section 3.2.2.3-3.2.2.6). A limestone-type
j concrete, which releases large quantities of noncondensible gases, was
j calculated to fail the containment building by overpressurization prior *

[ to basemat penetration. However, for basalt-type concrete, which releases
i smaller quantities of noncondensible gases, it was not clear that over-

pressurization would occur prior to basemat penetration. Analyses of.

j . concrete specimens from Indian Point indicate a. basalt-type' concrete was -

used; hence we are not able to predict with certainty the timing and mode .,

,.

; of containment building failure. The u'ncertainty of these two failure
,

.

modes during core / concrete interactions is reflected in the branch point-
split fractions used in our containment event trees (see step 4 below).

7

j- Another class of damage states is characterized by the availability'of ac
power and, thus, the availability of containment building heat removal-

j (either,by sprays or fan coolers). For these damage states (EC, EF, EFC,

| and LF), the primary threat to the containment building comes from burning

{ of combustible gases (principally hydrogen), either directly due 'to pres-
; sure transients, or indirectly,by causing damage to ESFs. The.
:
; hydrogen burning problem would be severe for either a dry or flooded
i reactor cavity, although there is an expectation of a smaller contribution

..,

j. from hydrogen combustion for a flooded cavity if a coolable debris bed is

{ established shortly after vessel failure (about 1/2 hour). Basemat pene-
; tration is calculated for those sequences'when a dry cavity is assumed.

Although water is certain to slow down penetration times, it will.not !

| arrest the penetration unless a coolable debris bed is established for'the '

core melt materials. The probability and timing of containment building.
|- failures by hydrogen burning are specifically treated.in this testimony by

the relevant branch points in the containment event trees.,_

;

The thermal loadings,on the containment building are considered to be of.
.,

, -

secondary importance under saturated conditions'within the containment-
. ..

building. Calculated thermal loadings for. accident sequences that did'not
'

s involve combustion or dry-cavity core / concrete. interactions.(350*F) are
1

| =

:

.J
s
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O
considered to be small. For sequences involving combustion, temperature
loadings may be important in assessing equipment survivability and the

,

integrity of containment building penetrations. Also for " dry-cavity",

accident sequences where considerable noncondensible gases are produced,
the super-heated environment which evolves may be important. These mat-
ters are discussed under the subject of uncertainties later in this
testimony.

i

Steam explosions and any missiles they might generate that could penetrate
the containment building (e.g. , control rods and vessel head) were impor-
tant considerations in WASH-1400 risk analysis. Potentially these missiles
could cause a containment building failure for any of the damage states
under consideration. The consequences from this failure mode ("a" in
WASH-1400 notation) can be severe. In NUREG-0850, the probability of an
"a-mode" failure is over 100 times smaller than was estimated in WASH-1400.*
Our estimate is based on such considerations as the fraction of the core'
melt involved in the heat transfer process; the efficiency of the heat

O transfer process; the effect of the steam explosion on the vessel head and
control rods; the ameliorating effects of the containment missile shield,
and the resiliency of the containment building. The essential argument
for the lower values is that reactor vessel geometry is not conducive to
premixing large quantities of core materials--a preiequisite for large
steam explosions. The probability for a given energy release is written
as the product of (a) the probability of obtaining a premixture quantity

4'

of drops of molten core material in water commensurate with such energy
yield and (b) the conditional probability that such a premixture will be
triggered into a coherent explosion. These probabilities were evaluated
for all the stages of the meltdown sequence. The upper bounds of a few
hundred megajoules and a few thousand megajoules are projected for the
in-vessel and out-of-vessel steam explosions, respectively. Even though

"An analysis by the NRC Office of Nuclear Regulatory Research, done independently
of the analysis given in NUREG-0850, draws a similar conclusion, namely, that
the best-estimate probability for the "a-mode" failure is 100 times smaller
than estimates in WASH-1400. Note: M. L. Corradini and D. V. Swenson,- Sandia
National Laboratories, " Probability of Containment Failure Due to Steam Explo-
sions Following a Postulated Core Meltdown in an LWR," U.S. NRC report-
NUREG/CR-2214, June 1981.

.

,
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Q the probabilities are low, steam explosions are formally considered in the
overall risk analysis and in the containment event trees described below.

!

Q.ll Please discuss the establishment of containment event trees.

A.11 Step 3. Containment event trees are convenient ways to organize and3

) represent the progression of coremelt accidents'from accident initiation
on the le'c of the tree to the point of containment failure on the right,

! of the tree. Containment event trees have been constructed for four -

I representative damage states described in Table III.B.1: E, EFC,* EF, and
,

: LF. The traes use a ten-branch logic network to describe the progression
<

| of the various states. The questions asked at each of-the ten branches
! are described in Table III.B.2. A yes-no answer is required for each of

the ten questions. Each branch is assigned a split fraction which assigns
4

a probability of a "yes" answer to the branch point question (the proba-
*

bility of a "no" answer is one minus the probability of a "yes" answer).
The selection of the split fraction depends on the type of analysis
presented in step 2 above. The convention used in'the trees is that a
positive response (yes) results in a path which moves to the top of the
tree and a negative response (no) results in a path which moves to the

3 bottom of the tree.

| A positive response to any one of six questions (2, 3, 5, 8, 9 and 10)
results in failure of the containment building by a variety of. failure;

i modes. Each of then, failure modes results in a particular radiological
j releaJe category (see step 5 below). For those paths which do not have a

positive response for any of the six questions *, the path will end in "no
containment failure." Hewever, it is important to note that "no failure"
paths also result in releases of fission products to the environment-
because of containment leakage. Finally, for each individual tree, the.
conditional probabilities associated with the end points of the various
paths through the tree (i.e. , the right-hand column) should sum to unity.
These conditional probabilities are then multiplied by the probabilities

b _ Because the EC_ damage state has a similar containment building loading history"

to EFC it is subsumed into the EFC damage state.
V

.

i
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'{ j ~ Table III.8.2 Containment event tree branch questions
,

:
. -

! Branch
4 Division Questions
i

f 1 Is there a substantial hydrogen burn prior to vessel failure?

2 Does containment fail prior to vessel failure ("y" failure,

i mode)?
|

| 3 Does containment fail by steam explosion generated missiles ("a" .

| failure mode)?
;

j 4 Is the cavity flooded at vessel failure?
4

{ 5 Does containment fail at the tira of vessel. failure ("6" failure
j mode)?

) 6 Are CHRS* restored after vessel failure (restoration of ac power)?
i

j 7 Are containment building sprays operating?-
i
l' 8 Does containment fail by combustible gas burning ("y" failure mode)?

9 Does containment fail by overpressurization ("6" failure mode)?

| 10 Does containment fail by basemat penetration ("s" failure mode)?
t
i

i *CHRS: Containment Heat Removal Systems
i

j for the accident sequences themselves as listed in Table III.B.1 to
j determine the probability of failure by the particular failure modes

examined. A sample containment event tree is given in Figure III.B-3.;

|
a

{ ' Q.12 Please continue your discussion of the event tree method by describing
; the analysis associated with each branch point.
J

; A.12 Step 4. This overall explanation will be clearer if we examine a typical
j containment event tree, branch-by branch, and describe the analytical

process at each step. Note Figure III.B-3.
;

;

',

,

J

4
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"E" DAPAGE STATE>

FIGURE III.0-3 CONTAINie!T EVENT TREE
|

)i

BRANCH POINT QUESTIONS (SEE TABLE III.B.2) i

! l |

Failure Cond.
1 2 3 4 'S 6 7 8 9 10

Abde Prob.*
.

..

0 .0 .

a .0001
..

1.0 0 .0
.00005- 6,

1 ;0 .0001 .0C 5
,

I T T
''

<-

.9.95 0.0 0.0
.9599 8 6 .009999

1

t YES 0 '.1 i i' i
'

; i"

d f'

,,
49NO

6, .0049495

. DOS
-

T T" -

! 995 0 .0
,

0,0.

I 6 .39398t
_ 2

1.0 0.0 1.0 0 .4

0 .53187
,

l 1Failure mde Pc P(10-5) Og O9
'

p

a (Category B) .0001 0'1 I

I No .059097

| 6 (Category F) .005 Fail
1

42(Category C) 40393

e (Category H) .53187

il(Category I) .05910

TOTAL 1.0,

1

*The numberical values indicated here are only known to one or perhaps two significant
; digits. All additional digits are only included so as to audit that the conditional

probabilities add up to unity. //
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The first point at which the branch could divide considers the que' tion ofs

large amounts of hydrogen generated and released to the containment build-
ing prior to vessel failure. Due to characteristics of the accident
saquences analyzed in the MARCH computer code and t. dependent calculations,
it was determined that a substantial hydrogen burn would only take place
for the "LFC" damage state prior to vessel ~ failure. A substantial burn -

| does not necessarily mean containment failure. In fact, a substantial

early burn could be beneficial because it could prevent a more extensive
burn later when more hydrogen and other combustible gases have been

_

released to the containment building.

The second point at which the branch could divide cons'iders containment
<

bdiding failure before vessel failure. For our analysis, the only
important containment building failure mode at this branch is failure by

) hydrogen burn and then only for the "LF" damage state. (However, it should
be noted that the B* containment failure mode, not considered in the event

| trees, also fails the containment pri.or to vessel failure). For any failure
{ determination, the pressure at which the containment %ilding fails must
' '

be calculated. The NRC analysis * determined that extensiva yielding of
structural members (reinforcing bars) for the Indian Point containment-

4

building would take place at 126 pounds per square inch gauge (psig)
(141 psia). We have defined this as the staff failure pressure. For

; overpressurization from either hydrogen burns or from steam and 'noncon-

densible gas overpressurization, which generate pressures greater than<

126 psig, the conditional probability for failure approaches 1.b. NRC

analysis also determined that there would be extensive strain in the liner.

of the containment building at the intersection of the cylinder wall and
'

foundation'basemat at 118 psig, which could result in local liner failure
and resultant leakage to the environment. For those events such as hydro-
gen burns, which are large but have pressure peaks of less than the 126 '

,

psig failure pressure, the following probabilities for containment building
|

failure were used,-based on considerations of the uncertainty of the |

A

Letter from F. Schauer, Chief, Structural Engineering Branch,LDE, NRR to
G. Mazetis, Acting Chief, Reactor Systems Branch, DIS, NRR dated January 11,

Os
1982.'

e
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126 psig value and of leakage due to liner failure at the lower pressure.
A 5 psi standard deviation value (noted as c.) was assumed, yielding the
following probabilities for containment failure:

Probability of failure at: .

126 psig = 0.98 (+2a)
121 psig = 0.84 (+1a)
116 psig = 0.50 (mean value)
111 psig = 0.16 (-la)
106 psig = 0.02 (-2a)

.

For this branch (#2), the highest split fraction containment building
failure probability determined was 0.01. The reason for this value is
given in Appendix A of this testimony, " Discussion of Event Tree Branch
Divisions for Hydrogen Burns."

The third branch division addresses the question of.whether the containment
building will' fail by steam explosion generated missiles. As discussed

C above, we view this failure mode as having a low probability. The split
fraction used in this study for all five sequences is 10 4 (0.0001) for a
positive response at this branch.

The fourth branch division addresses the question of whether the cavity
will be flooded at or after vessel failure and whether or not it will
remain flooded thereafter. This question is important, as it will affect
steam overpressurization, basemat penetration, aerosol generation, and
hydrogen generation. The split fractions used for this branch are:

'

E flooded = 0.01
EF flooded = 0.01
LF flooded = 1.00
EFC flooded = 0.90

!

!
1
,

!
'

. . . - . . _ _ .
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4-

| These split fraction probabilities are a function of the capability to
inject the refueling water storage tank water into the containment building

,
and on whether or not water is present in the cavity at the . time of vessel.,

failure. (Water will definitely be present at vessel failure for the LFi

damage state but perhaps not for the EFC.)
.

Branch divisions 5, 8, and 9 address containment building overpressuriza-
tion failures (from burns or steam) relatively early in the accident (5)
and relatively late in the accident (8 and 9). The hydrogen burn failures

1 are of concern for the EFC, EF, and LF damage states. The steam overpres-
' surization failures (actually a combination of steam and noncondensible

gases) are of concern for the E state. The split fractions used are
! listed in the event trees.

|
*

The split fraction probabilities for containment building failure due to
: hydrogen burns range from 0.0001 to 0.15. These split fractions are
! derived from data about hydrogen production, its release to an' d mixing
I with the containment atmosphere, and its burning using the MARCH computer

code and independent analyses. The background for this determination is
j given in NUREG-0850 while the specific procedure for determining the split
, fractions is given in Appendix A to this testimony.
1

i
,

The. split fractions for containment building failure due to overpressuri-
zation from steam and noncondensible gases are a function of whether or
not the reactor cavity is flooded. If the reactor cavity is-flooded,;

; containment failure by overpressurization is virtually assured and there-
4 fore a split fraction for containment failure is 1.0. But if dry, then ~

i
the analyses in NUREG-0850 indicated that the pressures alone may not be

; sufficient to fail the containment building prior to basemat penetration;
the branching probability split fraction assigned for this case is 0.4.
Because, for this case, there exists considerable uncertainty, a sensi-

'

tivity analysis is performed later in this testimony which considers the
impact of this uncertainty on risk.

1

)

.

.

*
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4- Branch division 6 addresses the question of restoration of ac power after
, core meltdown and reactor vessel failure. .In particular, we are concerned

with restoration of containment heat removal systems (CHRS). -This branch
'

is only relevant to the E damage state. At branch 6 a negative responsei

of "1" is assigned to the split fraction for damage state E. The reason
that there is no probability assigned here for power restoration is that

f the staff has determined that: either power will be restored prior to core-
i uncovery thereby preventing core degradation or, if not, then the proba-
i bility of pcwsr restoration occurring early enough to affect the outcome
'

of the "E" damage states is. small. Restoration of ac power and thereby
cooling virtually eliminates the possibility'of an overpressurization

i failure but enhances the probability of hydrogen burn ' failure, as discussed
i

j below.

1

Branch division 7 addresses whether sprays are operating or activated. It

is important to know if sprays are operating because they reduce the air-
borne radiological source term and have an ameliorating effect on hydrogen:

burns should they occur. (Either fan coolers or sprays can make the con-
tainment atmosphere combustible that had previously been rendered inertr

by steam and thus cause hydrogen ignition; this matter is addressed'in '

| branch 8). The following split fractions were used for branch division-7:

'

Split fractions for damage state:

E = 0.0;

EF = 0.0,

4 EFC = 1.0

.

The final branch division 10,* addresses the question of basemat penetra-
[ tion. In NUREG-0850, the analysis indicated that no basemat penetration
! would occur if a coolable debris bed could be established in the reactor |
: cavity. -If a coolable debris bed could not be established, basemat pene-

tration is predicted to take about three days. For the flooded cavity

,

* Note that b' ranch divisions 8 and 9 are discussed under branch division 5 above.
'

a
1

r
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cases, a conditional probability for failure of 0.1 was assigned, reflect-

| ing the uncertainty that,a coolable debris bed could, in fact, be estab-
. )

lished even with a' flooded cavity. (This issue is assessed in Section !

3.2.3.3 of NUREG-0850). For a dry cavity, a conditional probability for
failure of 0.9 was assigned, reflecting the assessment the basemat pene-
tration is the dominant course for the accident progression when no cooling |,

is available. |
.,

In summary, four damage states are analyzed to. determine the characteristic
containment failure modes. Containment-event trees (one for each of the,

four damage states) are used to catalog the accident progressions and,
specifically, to determine conditional probabilities for the various
containment failure modes. (These conditional probabilities are found in
the right-hand column of the event trees.) '

.

Q.13 Now that you have described the physical mechanisms which can cause con-
! tainment building failure, please describe how you determine the radio-

.

nuclide release categories for each of the failure modes.

A.13 Steo 5. With all the containment building failure modes and related -
characteristics compiled, the next step in the procedure is to combine
them into categories which describe the amount and composition of the

,

radiological release at the time of containment building-failure. This
process is accomplished with the aid of the CORRAL computer code, which
determines the radiological release fractions to the.enviianment based on

_ physical processes occurring in the containment building.

Output from the MARCH code related to core' degradation, conditions in' the -

| containment building atmosphere, and leakage from the~ containment building
| are used as-input to the CORRAL code. ' The CORRAL analysis follows the .
-| radiological release from the time the core is uncovered to the contain-
i ment' building blowdown at building failure. CORRAL calculates the inte-

~

grated release fractions of eight' radionuclide groups as:a function of
time. The CORRA'L output defines _-the release _for-atgiven containment fail--

ure mode for a specific accident-sequence. CORRAL! calculations are per-
~

formed for all possible containment failure modes.for each of the damage

,
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&

|w states. This leads to a large number of potential release categories. In

! order to make further calculations managable it was determined that the I
if nine release. categories listed would adequately represent'the large number '

; of calculated releases.
i
!
'

The release categories shown in. Table III.B.3' range from the most severe,

situations (Category A) to the release resulting from a 1% per day leakage.

(Category I) for the no-failure case. Each of the containment building

f~ failure modes for the damag'e states is assigned a release category, as

| pictorially indicated in Figure III.B-1 and listed in Table III.B-3.
.

! Table III.B.3 gives the data for all nine categories. The-probabilities
4

[ shown are determined by multiplying the probability for the damage state.

in question (note Table III.B.1) by the total. conditional probability for; ,

i the particular failure mode (note Figure III.B.3). The information in
i Table III.B.3 is exactly the data needed to perform the risk analysis
[ (CRAC-code analysis) described in the testimony of Dr. S Acharya.
|

1

] Q.14 What is the staff position regarding use of the CORRAL code?

b
| A.14.The procedures and assumptions-described here for determining the radio-
1 nuclide release values (and described.further in Section 3.4 of NUREG
! 0850) are essentially those used in WASH-1400 and in other PRA studies

(e.g., Zion Probabilistic Safety Study and the IPPSS). More recent cal-
j culations with more mechanistic aerosol behavior codes have demonstrated

j that the CORRAL code, with standard input assumptions, do not fu1|y consider!

,

the amount of aerosol agglomeration in the containment building atmosphere."-
;

| In addition, CORRAL does not address retention of aerosols in the primary

[ system. The present data base,.however, does not permit-a quantification
I of the impact of the above considerations. We find little basis-for the

attempt to quantify these~ effects with probability distributions assigned:
to the various source terms in the licensee's IPPSS. Probability

* Technical bases for estimating fission product behavior during LWR accidents<

| USNRC-NUREG-0772, June, 1981.
~

~ !
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Tcble III.B.3 Radiological Releases f- Jte Containment Building - CRAC Input) \

Release A 8 C D E F G Hi It,

|
Category NF**

' Associated p* V, a 6,. TR y y y p c
'

Failure Mode

Re'1 ease 3 1 13 9.4 12 3.0 2 72.0 2tt

Time (hours)

. Release 2.0 0.5 0.5 0.5 0.5 0.5 8.0 8.0 8.0

Duration
(hours)

Release 5.0 0. 5 98 137 180 180 0.3 0 0*

. Energy.
(BTU /hr x 108)

Warning 1 1 8 1 1 1 1 67 1 -

::
,Time g

(hours) $,

Release Fraction (fractions of total core inventory)
!

1.0(0)## 1.0(0) 9.6(-1) 1.3(-1) 8.5(-1) 1.4(-1) 1.0(0) 7.0(-1) 5.0(-4)
Xe-Kr'

I-Br- 8.0(-1). 7.0(-1) 9.8(-2) 1.0(-1) 1.0(-1) 7.8(-2) 2.0(-3) 4.0(-4) 5.0(-6)

Cs-Rb 7.7(-1) 5.0(-1) 3.4(-1) 9.3(-2) 8.1(-2) 6.2(-2) 9.0(-3) 1.0(-3) 1.0(-5)

Te. 7.5(-1) 1.0(-1) 3.8(-1) 4.4(-2) 6.4(-2) 4.9(-2) 7.0(-3) 1.0(-3) 1.0(-5)

Ba-Sr? 8.6(-2) 6.0(-2) 3.7(-2) 1.1(-2) 9.2(-3) 7.1(-3) 1.0(-3) 1.0(-4) '1.0(-6)
.'

Ru 6.1(-2) 2.0(-2) 2.9(-2) 5.0(-3) 5.6(-3) 4.3(-3) 6.0(-4) 7.0(-5) 1.0(-6)

La '9.8(-3)- 2.0(-3) 4.9(-3) 6.6(-4) 8.6(-4) 6.6(-4) 9.0(-5) 1.0(-5) 2.0(-7)

. c

,
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Table III. C 4ontinued) .

INDIAN P,OINT RELEASE CATEGORY FREQUENCIES-

Unit 2 Unit 3

Before Fix After Fix 8efore Fix After Fix-i

R21 ease
Category INT # LOSP# RD# INT LOSP RD INT LOSP RD INT- LOSP RD

A 0.0 0.0 7(-7) 0.0 0.0 7(-7) 0.0 0.0 3.5(-8) 0.0 0.0, 3.5(-8)

B 4.6(-7) 3.6(-9) 3.2(-8) 4.3(-7) 3.6(-9)' 4.3(-9) 4.7(-7) 0.0 1.3(-9) 4.3(-7) 0.0 1.3(-9) . .

'

C 1.6(-4) 6.4(-6) 1.3(-4) 1.2(-5) 6.4(-6) 1.7(-5) 1.5( ': 6(-7) 4.8(-6) 1.2(-5) 6(-7) 4.8(-6) -

,

i 0 1.0(-6) 2.0(-9) 0.0 1.0(-6) 2.0(-9) 0.0 1.0(-6) 0.0 0.0 1.0(-6) 0.0 0.0

E 1.6(-7) 0.0 0.0 1.6(-7) 0.0 0.0 1.0(-7) 0. 0 - 0.0 1.0(-7) 0.0 0.0
f~

F 6.2(-6) 6.8(-7) 1.6(-6) 4.4(-6) 6.8(-7) 2.2(-7) 7.8(-6) 9.8(-8) 9.6(-8) 6.1(-6) 9.8(-8) 9.6(-8)
G 6.4(-7) 3.6(-8) 3.2(-7) 2.7(-7) 3.6(-8) 4.3(-8) 6.6(-7) 4.5(-9) 1.3(-8) 3.3(-7) 4.5(-9) 1.3(-8) h

"

H 2.4(-4) 1.2(-5) 1.6(-4) 5.1(-5) 1.2(-5) 2.2(-5) 2.3(-4) 1.4(-6) 6.2(-6) 6.3(-5) 1.4(-6) 6.2(-6) y

I 2.3(-4) 1.7(-5) 1.9(-5) 2.0(-4) 1.7(-5) 2.6(-6) 2.7(-4) 2.5(-6) 1.7(-6) 2.5(-4) 2.5(-6) 1.7(-6)
E

; 1(-3) 3.5(-4) 6.8(-4) 3.4(-4)
-- 4

# or definitions of' INT, LOSP, and RD see Figure II.B.1F .

0##1.0(0) = 1.0'x 10
a*NF = no failure.

tThe release fractions for these categories are higher than equivalent-category release fractions used in the RSS
(WASH-1400)-

ttThe release time for these categories can be arbitary; that is, the (:isk) results are insensitive to variations J
i

in the release time.
-

,
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m

distributions for source terms which assign a high value to source term
,

estimates varying by more than an order of magnitude simply demonstrate
the substantial uncertainties associated with these estimates. The radio-
nuclide release terms (source terms) used by the staff are appropriate at
the present time.

Q.15 Before continuing with step 6, an analysis of the reduction or elin;ination
of various containment failure modes due to the presence of mitigation
features, please explain the purpose of a mitigation feature. -

A.15 The purpose of a mitigation feature is to mitigate the consequences of i

severe accidents, accidents that are beyond the design basis of nuclear
reactor containment buildings by reducing or eliminating one or several of
the containment building failure modes discussed in this testimony. It

is, however, important to stress that the existing containment buildings
adequately mitigate the consequences of a wide range of postulated acci-

% dents that are more severe than those considered in the original design of
the building. A new mitigation feature, combined with an existing con-
tainment building design, will mitigate the consequences of an even wider
rangs of severe accidents.

Q.16 Please discuss how the staff determines the safety benefit afforded by a-
particular mitigation feature.

A.16 The safety benefit of a mitigation feature can be determined qualitatively
by assessing its capability to eliminate or reduce the effect of a par- 4

ticular containment building. failure mode. This process can proceed !

without resorting to probabilistic risk analysis. However, .it is our
,

opinion that we should quantify the safety benefit of a mitigation feature '

by using the approach described in this testimony. This approach allows'

for a quantitative measure of safety benefit by determining the risk
.

reduction resulting from such a feature, thus providing for.a direct link
with effects on the public.'

O
\J
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{ Q.17 Please explain how you assess the limitations and drawbacks of aitigation
I features.
4

;

[ A.17 A practical engineered safety system will have an inherent unreliability
,

and potential negative characteristics that must be taken into account in
any assessment of its safety benefit. Thus practical engineering con . ;

ceptual designs are considered that meet certain functional requirements
.

| and design criteria. Based on the conceptual designs, unreliability can
'

be estimated. In addition to unrealfability, it is very important to .
,

consider potential negative characteristics of a mitigation feature. In a

{ probabilistic risk analysis context these negative features can be consid-
y ered " attendant risks," that is, new. risks that are introduced by the

character of the feature itself. For example, a core retention system
that requires a flooded cavity introduces an attendent risk of increased

j potential for slow overpressurization failure of the containment building. -

; The imp ~lementation of unreliability and negative characteristics into a-

f risk analysis framework is-described further in " Step-6" of the testimony.

{ Q.18 Please continue with Step 6, analysis of mitigation. features.
1

{ A.18 Step 6 All steps discussed to this point represent the Indian Point
t

facility as built. In step 6 we will consider the impact of mitigation-
features on radiological releases to the environment by.following the,

methodology described in steps 2, 3, 4 and 5 of this testimony. .We will
first consider ideal mitigation features and then realistic mitigation
features. Ideal features prevent the following containment failure modesi

by meeting the following requirements:
,

(1) For combustible gas control (preventing hydrogen burn [y] failure
mode), either (a) provide for the controlled burning of an amount of j

combustible gas sufficient to render the containment building inert
'

by oxygen depletion in such a way that thermal or pressure loadings.
from controlled burning do not cause vital equipment or the contain-
ment building to fail; or'(b). render the containment atmosphere inert !

either before or after accident initiation in such a way that the. '

*

!
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containment building does not fail from pressure loadings contributed
by this activity.

(2) For control of gradual overpressurization of the containment building
(preventing overpressurization [6] failure mode), provide a reliable .

means to remove the energy causing overpressurization so that the
containment building failure pressure is not exceeded and so that the
containment building pressure is brought below the design pressure
within about 12 hours of initiation of the control measures. The

basis for the 12-hour period recommended is the need to limit the
initial leakage that would occur at pressures in excess of those the
buildirig was designed to withstand.

(3) For control of basemat penetration (for preventing basemat penetra-
tion [c] failure mode), assure that interactions between the core and

: concrete are limited by establishing a coolable debris bed in the
reactor cavity.

O.

! Based on the above requirements, we choose, among the options available,
.

the following features for further consideration in our risk analysis:

(1) To control combustible gases: an ignition system to control burning
using glow plug igniters. -

(2) To c'entrol building overpressurization: a passive containment
building heat removal system, such as heat pipes.

(3) For prevention of basemat penetration: a system to flood the reactor
cavity.

As long as these features function ideally as designed, are 100% reliable,
and do not themselves introduce any negative characteristics, the' impact
of these features on releases of radioactive materials from the-contain-
ment building can be determined using the containment event trees by

O assigning a. split fraction for failure of zero to those accident failure
modes for which the mitigation feature is designed. Here we consider all

.
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N
three mitigation features as a single mitigation strategy and assign split
-fractions' of zero to the 6, y and s. failure modes.,

;

i -

| The nine release categories given in Table III.B.3 were determined to be
: sufficiently representative of the full spectrum of releases that only the
| probabilities of releases for the nine categories had to be changed. I

| These new probabilities are listed in Table III.B.4,'together with the 1

, case discussed above for Indian Point Units 2 and 3 before mitigation.
:

.

No mitigation feature functions ideally as designed all of the time.~ In
; addition to unreliability, negative characteristics may be introduced when

mitigation features are incorporated into a design. A realistic case was4

run in which negative features and unreliability were considered for con-
| trolled hydrogen burning, using glow plugs; for overpressurization pro-

tectior., using a passive containment heat removal system; and, for basemat,

I penetration, using a continually reflooded reactor cavity. 'The negative
features and unreliability for this migitation strategy are discussed in

,

Appendix B to this testimony. Again, as with-the ideal cases, split q

fractions at the various branch points in the containment event trees are
| changed to reflect these unreliable and negative characteristics, and a

new set of probabilities for the nine release categories is determined.
These are also shown in Table III.B.4. Figure III.B-4, 5, 6, and 7
together provide the complete set of containment event trees for. Indian

I Point as is (probability column "a"), with ideal mitigation (probability
column "b"), and with realistic mitigation.(probability column "c").

!

Step 7 With the impact of the mitigation features addressed, the risk-,

reduction analysis can proceed by use of the CRAC consequence analyses.
This is the subject of Section III.C, " Staff assessment of accident

-

consequences."

Q.19 Please. summarize the key aspects of your analysis and assessment,

i
-

A.19 The. analysis and assessment performed in this section can be summarized
with the aid of Figure III.B.8. Coremelt plant damage states and their

,

i
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,

1

Table III.B.4 Probability assigned to each release category |
|

Release Unit 2 Unit 3,

Category 1 2 3 1 2 3

INT & LOSP - .- - - - -

A.

RD 7.0(-7) 7.0(-7) 7.0(-7) 3.5(-8) 3.5(-8) 3.5(-8)

INT & LOSP 4.3(-7) 4.3(-7) 4.3(-7) 4.3(-7) 4.3(-7) 4.3(-7)B
RD 4.3(-9) 4.3(-9) 4.3(-9) 1.3(-9) 1.3(-9) 1.3(-9)

INT & LOSP 1.8(-5) 2.0(-6) 4.0(-6) 1.3(-5) 2.0(-6) 3.3(-6)C .

RD 1.7(-5) 0.0 2.1(-6) 4.8(-6) 0.0 6.0(-7)

. INT & LOSP 1.0(-6) 0.0 9.0(-8) 1.0(-6) 0.0 1.0(-7)0
RD .- 0.0 0.0 -0.0 0.0-

4

i .

INT & LOSP- 1.6(-7) 0.0 8.1(-9) 1.0(-7) 0.0 6.5(-9)E
RD 0.0 0.0 0.0 0.0- -

'

INT & LOSP 5.0(-6) 2.2(-7) 3.2(-7) 6.1(-6) 1.6(-7) 2.8(-7)p
RD 2.2(-7) 2.2(-7) 2.2(-7) 9.6(-8) 6.0(-8) 6.0(-8)

~

INT & LOSP 3.0(-7) 3.0(-7) 3.0(-7) 3.3(-7) 3.3(-7) 3.3(-7)'g
RD 4.3(-8) 4.3(-8) 4.3(-8) 1.3(-8) 1.3(-8) .l.3(-8)-

INT & LOSP 6.3(-5) 0.0 1.5(-6) 6.4(-5) 0.0 1.6(-6)H
RD 2.2(-5) 0.0 2.0(-7) 6.2(-6) 0.0 6.3(-8)

.-

INT & LOSP 2.2(-4) 3.0(-4) 3.0(-4) 2.5(-4) 3.3(-4) 3.3(-4)y
RD 2.6(-6) 4.3(-5) 4.0(-5) 1.7(-6) 1.3(-5) 1.2(-5)

1 Probabilities Before Mitigation
2 Probabilities with Ideal Mitigation Strategy
3 Probabilities with Realistic Strategy

.

!
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associated probability were provided from Section III.A. Using these u*

.,

damage states, Indian Point Units 2 and 3 plant data, and radionuclide -!
,

release data, analyses and assessments were performed to determi% bow and-

when these containment buildings fail, the amount of radionuclida releasese
i '

upon failure, and changes in these releases due to the presence of miti, !

j gation features. The analysis yielded 9 release categories, th'at rep're--
'

sent the full spectrum of releases attributable to the various containment
building failure modes. These categories in order of decreasing cesium

* '

release fr.n. tion, that is decreasing consequence impact, are:
.

2 s
*Release Category Failure Mode

A Large seismic event $*
(containment collapse),

I B Event V and all a (alpha)
failure modes',

C All long-term'6 (delta)
overpressurizations and SGTP.
event

D All aarly y (gamma) hydrogen
burra (no sprays),

*

E All late y (gama) hydrogen
; burns (no sprays)

F All early y (gamma) hydrogen
burns-(with sprays) i

'

G All S (beta) failure modes
(failure to isolate
containment)

H All c (epsilon)'basemat
penetration modes

I All conditions for which,

.

containment failure does '

not occur.
,

Just how the probabilities for the various containment failures are par-
titioned amon'g the nine release categories is:shownLin Figure III.B.9.for
Unit 2 and Figure III.B.10 for Unit 3. (These figures summarize the data

i

t
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~
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.

in Table III.B.3.) In terms of probability of release, the dominant.

release' categories for both units ara C (for slow overpressurization), H
(for basemat penetration), and I (for "no failure"). However, when the

,

| amount of radionuclide is considered, categories H and I become' unimportant.
The release categories that dominate risk then will be A, B,.and C. The C>

,

category dominates due to the combination of high relative probability and
: large release; the A and B also are potentially major contributors due to
1-

their large release fractions.:
,

;

j- _ :

Of the three dominant release categories, only C can be reduced or elimi-,

; nated by mitigation features. The changes in this release' category that.
! can be anticipated with ideal and realistic' mitigation strategies are
4

{ shown in Table III.B-4 for both Units 2 and 3. The mitigation feature-
! considered is a passive containment heat removal system (heat pipe system).
t The other components of the mitigation strategy, a distributed ignition .

1

( system for hydrogen control, and a core' retention system to prevent base-

{ mat penetration, change other release categories-(categories 0, E, and F
f for hydrogen control and H for core retention), but;the changes are not as
; significant as the changes resulting from overpressurization control.
;

-

.

: The impact of the mitigation strategies on the radionuclide releases ~from
$ the containment are graphically displaye.d in Figures III.B.11 and 12, for
.

| Units 2 and 3, respectively. The amount of cesium,(Cs) released is use'd.

f as-an index of the severity of the release. The probability of exceeding
: a release is plotted as a function of the amount released. 'Thus, since

f the probability of exceeding a Cs release fraction '(for unit'2) of 0.4-
; (40%) is zero for all the categories except A; the right-hand element of'

~

f the graph shows the contribution from release category A--the most' severe.
Note that it is not reduced by the mitigaM an strategy. Based-on the data--
in Tables III.B.3 and III.B.4, the other-release categories are add'ed,--'

yielding the graph shown. Note that the.left-most element of.the graph is-
the sum of all probabilities and thus the total probability of coremelt.
It is clear then that there is substantial reduction in releases;of-cesium

g when the ideal mitigation strategy is in place. It is 'al'so' clear.-that-

O there is a substantial loss-in that reduction for a realistic ~ strategy
which considers unreliab'ility and negative' aspects of this strategy".

:
.

.-
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,

Although this depiction of the safety benefit,s of mitigation is useful, a
complete consequence analysis must be performed in order to have more
definitive results. These consequence analyses are the subject of the
testimony of Dr. Acharya. The results of those analyses that have a
direct bearing on the risk reduction from mitigation are summarized here,
however, in order to complete the evaluation of mitigation features.

Estimators of the safety benefit (risk reduction) from the mitigation ii
features have been determined using the methodology described in Sec-
tion III.C. Ways of making ~these estimates can take several different
forms:

i

(a) by plotting CCDF (complementary cumulative distribution function)
curves comparing the societal risks before and after incorporating
mitigation strategies for various risk measures (e.g., early fatali-
ties, delayed cancer fatalities);

(b) by plotting curves of individual risks as a function of distance from
the facility, again comparing risks before to those after incorporat-
ing mitigation strategies; and

il

(c) by comparing the numerical values obtained by integrating the CCDF
,

curves which represent the risks before and after mitigation strate-
7 gies have been implemented. These numerical values represent the- j'

values expected for societal risk.
-

.

As with the CCDF curves them- i,,4

selves, the comparison can'be made for a variety of risk measures. i~;

liere we choose to use form (c). .The numerical values:are determined by
multiplying the conditional mean values for societal consequences for each

}' release category (as listed in Table III.C.5 for consequence categories 1
[early fatalities] and 5 [ delayed cancer fatalities]) times the~ probability
for each release category (as listed in Table III.B.4) and summing to

; determine the total risk numerical values. This is done-for the.three
!. cases under consideration here, namely before mitigation, with ideal miti- ,
I gation'and with realisitic mitigation. A summary of these expectation

values for Units 2 and 3 follow:
'

'
_

m-_._- _ _ _-___m_ _ _ _ _ _ m -- r - . - - , - ,
-
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8 Table III.B.5
Indian Point Unit 2

Delayed Cancer fatalities Early Fatalities
(per Reactor-Yr.) (per Reactor-Yr.)

Before Mitigation 1.7 (-1)* 1.5 (-2)
After Mitigation 3.4 (-2) 7.7 (-3)
(realistic features)

After Mitigation 1.6 (-2) 6.6 (-3)
(ideal features)

*1.7(-1) = 1.7 x 10 1

.

- Table III.B.6
Indian Point Unit 3

_

[ ) Delayed Cancer Fatalities Early Fatalities
/ (per Reactor-Yr.) (per Reactor-Yr. )( _ j

Before Mitigation 9.1 (-2) 3.8 (-3)
After Mitigation
(realistic features) 1.9 (-2) 1.3 (-3)
After Mitigation
(ideal features) 1.0 (-2) 9.5 (-4)

We formulated a ceantitative risk comparison by using the above values and
the following relationship:

[ Expectation Value Before - Expectation Value After] x 100
Expectation Value Before !

.

\

x

|

,
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- that is, the risk reduction normalized to the initial risk. The normal-

ization yields a risk reduction percentage measure independent of absolute
,

risk. Using this formulation, we have: |

|

Table III.B.7 Indian Point Unit 2

Risk Reduction Risk Reduction
(Delayed Cancers) (Early Fatalities)

Mitigation Strategy -

(realistic features) 80% 50%
,

Mitigation Strategy
(ideal) 91% 56%

Table III.B.8 Indian Point Unit 3

Risk Reduction Risk Reduction
(Delayed Cancers) (Early Fatalities)

Mitigation Strategy
(realistic features) 80% 66%

Mitigation Strategy
(ideal) 90% . 75%

.

'

Figures III.B.5, 6, 7 and 8 display these risk reduction'results as'
segments of total risk.

It is apparent that the potential impact of mitigation strategies on-
delayed cancer fatalities is significant.

The potential risk reduction on "early fatalities" is reduced;-that is,
the risk reduction percentage is smaller. -One reason for the different
risk reduction values when considering latent versus early fatalities can

~

'

be seen by noting the release categories in Tables III.B-3'and III.B-4.
Early fatalities, having a localized threshhold impact, are controlled

0 -

.

.

C'-
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0 .primarily by the highest " release fraction" release category, in this case
categories A, B and C.. (Note Table III.B-3.)' The probability for the A-
and B release categories remains constant when considering mitigation
-feature strategy options (note Table III.B-5), since none of the strate-
gies is considered a "fix" for the large seismic event, the event V, or
the steam explosion containment failure modes. Put another way, early
fatalities result only from the large release-fraction categories, cate-
gories where, with the exception of release category "C," mitigation
features have little or no impact.

.

Q.20 Please' comment on the impact of uncertainties on your results.
.

A.20 As described in several parts of this testimony, there are significant
uncertainties and unknowns in areas of phenomenology, the accident progres-
sion and containment failure characteristics. In order to get a better

~

idea of the impact of these uncertainties and unknowns on risk values, we
have performed a parametric analysis.by varying key parameters which have

O large unknowns and uncertainties and' noting the effect of these variations
on the release categories and on the actual risk values. The change in

the risk values reported here are determined from risk analyses essentially
identical to those described in Sarbaswar Acharya's' testimony which
describes, in detail, the determination of public risk given the radio-
nuclide release data generated in this testimony.

Uncertainties in the following areas are considered here:

1) Uncertainty in the ability of hydrogen burns to fail the containment
building

2) Uncertainty in failure of the containment building by gradual
overpressurization

3) Uncertainty in the ability of.a flooded cavity to establish a coolable
debris bed and therefore prevent basemat penetration

.

6

9
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4) Uncertainty in whether or not the containment buildicq fan coolers
can perform their function under the adverse environmental conditions
of a severe accident

5) Uncertainties in the performance (re' liability) of the heat pipe
mitigation feature

The uncertainty assessment presented here is in the form of percen'hage
changes from the original risk for two risk measures; early fatalities 'and
late fatalities. Percentage changes are indicated for both Indian Point 2
and Indian Point 3.

1) If we increase the probability of failing the containment building.
by hydrogen burns by an order of magnitude (e.g., a split fraction'
change from 0.03 to 0.30), the percentage change-in risk values are:

% Change I.P. #2 I.P. #3

early fatalities neg neg.

late fatalities 40% 100%

On the other hand, if we reduced the probability by an order of.
magnitude Ie.g., a split fraction change fram 0.03 to 0.003), the
percentage change in risk values are:

% Change I.P. #2 I.P.' #3

early fatalities neg. neg.

late fatalities -4% -10%

*

m

2
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. 1

a

[ Ne conclude that the effect on early. fatalities of large parametric |
variations on the hydrogen-burn failure mode is small and negligible. -4

This is not surprising since the contributions to early' fatalities
from the hydrogen-burn release categories (0, E, F) are small.

1

On the other hand, late fatalities are affected by large variations '

in the hydrogen burn failure modes', particularly for Unit 3. However,

; it should be noted that'a change in the failure mode by-an order of
,

magnitude only changes risk by a maximum factor of 2.

! 2) If we increase the probability of failing the containment ~ building by

| gradual overpressurization by 75% from a split fraction of 0.4 to
4 0.7, the percentage change in risk values are

i

!
1

{.
% Change I.P. #2 I.'P. #3

.

ea.-ly fatalities 45% 55%

late fatalities 55% 60%

1

!
.

| These calculations show the sensitivity of parametric variations
! related to overpressurization ' failure on-the final risk values.- Thus

the phenomenological and containment building failure pressure uncer-
tainties associated with this failure mode are relatively important.-
But as important as they are, their effects are-risk. increases that
are less than a factor of two. ;

3) If we assume that. the' probability of basemat penetration is 50% for
the flooded cavity case instead of the 10% that'we determined in the
analysis, that is we assumed a more pessimistic position regarding
the establishment of a coolable debris bed in the flooded cavity,-
the analysis yields

1

I
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<O'

' \):

i

i - % Change I.P. #2 ' I.P. #3
4 i

|

early fatalities neg. neg.j

i late fatalities 3% 5%

i - |
- Thus, the changes in risk;are all less than 10%, pointing out .the

1
insensitivity of the overall risk due-to whether or not the basemat '.

| is penetrated. ~

4

4) If the fan coolers fail due to environmental effects resulting fromj

the core / water / concrete interactions, then-the plant damage states'

that had characteristics of an "EF" and a "LF" will both look more
j .lik.e "E" and "L" damage states with overpressurization failure domi-

nating. An analysis was performed assuming that the cooling fans
failed for ~ the "LF" damage state 25% of the time * with the following' '

results:

i
4

| % Change I.P. #2 I.P. #3

early fatalities neg. neg.
'

r

- late fatalities 32% .63%

|
i

For early fatalities the failure of the fan coolers had little effect
,

j due to the small contribution to this risk measure from the EF and LF
plant damage states. For late fatalities, on the other hand, the

{ increases in risk are larger because of the prominence played by these-
-

[ damage states.

i

). Although these parametric calculations alert us to the. potential
j -importance of-the fan coolers, we are also aware that the. design'of

|
.

; :

i

I '5 '*A_similar analys'is was performed.for the "EF" damage state. For both ' units
'V- and both risk measures, the changes in risk were negligible. (

.

.'

'

w

i.
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I

_



a - .n. - a . ,

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

,

III.B-50, ,

:

3 .the fan coolers is such that the potential for failure'from
environmental conditions is small.;

i 5) - Of the three mitigation features considered in this study, the most
!- important is the feature that prevents gradual overpressurization

,

j -failure,'namely the passive containment heat removal system.
;-

The risk' reduction provided by this system is given below:
~

.

: .

% Change I.P. #2 I.P. #3
i

early fatalities 57% 75%-

5 late fatalities 83% 73%.

,

i

i
.

'

;

This above assumes that the system functions. ideally as designed at,

| 100 reliability and does not introduce any negative characteristics.
[ The unreliability of this system suggested in Appendix B is 5%. .At

this 5% unreliability, the following risk reduction is obtained:
i

!

% Change' I.P. #2' I.P. #3

: early fatalities 50% 66%

i
* 1 ate fatalities 73% 64%~
;

!

L

If the unreliability is 10%, the following risk reduction is
obtained.j,

.

!

.

O

W
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% Change I.P. #2 I.P. #3

early fatalities 42% 56%

late fatalities 63% 55%

.

The above parametric study ~ indicates the benefit.to be gained from
improving the reliability of the passive heat removal mitigation .
feature. -

4

'

In conclusion, this parametric study showed for the most part that para-
meters associated with major uncertainties could be varied by large amounts
with little effect on the final results. The two exceptions were the para-
metric analyses of the overpressurization and hydrogen burn failure modes,
but even then the variations yielded changes in risk of a factor of two
or less, and then only for the latent fatalities risk measure. Although
we are not in a*p.osition to say that this parametric ~ exercise encompasses
the key uncertainties, we believe th? results are indicative of-the,

+
.

.

-

variation in results based on the major uncertainties.;

Q.21 Please compare the staff cortainment assessment with the IPPSS assessment
'

considering first the question of overpressurization from hydrogen burning.

A.21 The staff assessment of the potential'for hydrogen burns to fail the
: containment building (y-failure mode) differs from the IPPSS assessment in

j two key areas: (1) the amount of hydrogen produced and (2,) hydrogen burn
i phenomenology. The staff expects that thousands of. pounds of hydrogen;are
; likely to be generated, while the IPPSS expects hundreds. _Further, the-

.

staff believes that the loading pressures from a given amount of hydrogen
burning, as calculated in the IPPSS, may be low. Both these key areas are

i discussed further below,

c Q.22 Please elaborate on differences in how much hydrogen will be produced.

\
\

[ .i
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A.22 The major source of hydrogen during core meltdown accidents is from metal !

oxidation. For convenience, we consider three stages in the meltdown and
discuss differences between IPPSS and staff estimates of hydrogen
generation during these stages. The three stages are:

1. After the core is uncovered but prior to core slump

2. When the core slumps into water in the bottom of the reactor vessel
.

3. During interactions of core debris with water and/or concrete in the
reactor cavity.

1. Core Uncovered:

There are virtually no differences between the IPPSS and staff
assessments (in NUREG-0850) regarding zirconium oxidation during'this

; q phase of the accident. IPPSS concluded that MARCH is conservative

) with regard to predicting metal oxidation and hence hydrogen genera-
tion. However, MARCH was used in the IPPSS during this phase of the
accident to predict hydrogen generation, an approach consistent with
the staff analysis. (The staff considered oxidation of steel in the

.

core region and found that it did not contribute significantly ((10%)
to hydrogen generation during this phase of meltdown. Oxidation of

steel structures above the core was considered in the IPPSS (but not
by the staff) and also found not to contribute to hydrogen generation
when the core was uncovered.) Clet ly zircenium oxidation is the

i dominant source of hydrogen during this stage of core degradation. .

Consequently, since both the IPPSS and the staff's report use MARCH
to predict zirconium oxidation, both studies predict similar hydrogen
generation up to the point that the core slumps.

2. Invessel Core Slump

There are major differencas between the IPPSS and NUREG-0850 regarding

the amount of additional metal oxidation that can occur as the core

.

_ _ - _ _ _ _ _ ___
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O
collapses into water in the bottom of the reactor vessel. -In

: NUREG-0850, we considered that uncertainties associated with the

,
phenomena warranted the assumption of a 100% zirconium / water reaction.

i

J In the IPPSS it is suggested that only an additional 20% of the
zirconium would react during core slump for accident sequences with.
Iow primary system pressure. For accident sequences with higher.
primary system pressure, IPPSS assumed an additional 50% of the

,

zirconium would react during core slump. The IPPSS, position was -

'

based on a scenario which postulates that silver-from the control
rods will melt first (silver has a relatively.1:sw melting point) and
form a plug in the lower, cooler region of the core (silver retains.

] its metallic properties upon melting and refreezing in an oxidizing
atmosphere). This silver plug would hold molten core materialsias

'

they slump from the central region of the core. The silver plug '

'

4 would eventually fail (locally) and the molten core materials would.
pass through the lower core support plates without having to sequen-

I tially melt them. Water would then be moved out of the bottom of the
reactor vessel by the molten core debris. The molten core debris /
water interactions would be minimal and any frag:nentation would
result in formation of relatively large particles. _The additional
range of metal oxidation assumed is from experimental data based on,

relatively coarse particles. With minimum core debris / water inter-
? action, the core materials will remain hot (and for the most part,.

molten) so that local penetration of the reactor vessel will start
immediately.

,

We consider the above scenario to represent just one of a number of
scenarios that could be postulated to describe in-vessel core melt-
down. The melting of silver and the forming of a plug is an important
aspect of the proposed scenario. However, it snould be noted that
tests at ORNL indicate that silver could be dispersed from the core
region as an aerosol. Thus these experiments would.suggest a
different behavior of the silver than proposed in the IPPSS.

OO
I

I

----- .--c . ,
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O
b The suggestion that all the molten core will pour through holes in

the. lower support plates appears to rely on the local melting of a
silver plug, which is in doubt. Finally, the size of'the particles
formed during core debris / water interactions is'an area of concern.
It is known that small particle sizes lead to faster, more complete

_

metal oxidation. We are therefore concerned at the size of the.-,

particles assumed in the IPPSS. Based on recent Sandia Tests, there4.

is a possibility that much finer particles could be formed, which 'in -
turn suggests that up to 90% of the metal could be oxidized. We4

; consider that the above di.scussien adequately illustrates that the
scenario proposed in the IPPSS although plausible is simply one~-.

possible description (per' haps even a limiting description) of~how a
; core meltdown could progress. There are clearly other plausible '

scenarios that would involve significantly more metal oxidation. -In
view of the above considerations, and. recognizing our lack of.knowl-
edge in this area, we feel that a 100% zirconium / water reaction -

should be used to determine the hydrogen p.roduction during in-vessel
core heatup and meltdown.

3. Core Debris / Water / Concrete Interactions
.

There are again major differences'between the IPPSS and NUREG-0850.

regarding the amount of metal oxidation that can' occur as the core
debris is released to the reactor cavity. The IPPSS~ scenario envi-
sions a high pressure ejection of molten core materials into the'-
reactor cavity which would result in water being driven from the
cavity via the instrument tunnel. As the primary system depres-,

surizes( the blowdown forces would disperse the core debris'out
of the reactor cavity. ' Minimum core / concrete and core / water inter-

; actions would occur, hence minimum metal oxidation and hydrogen
generation is proposed. However, the scenario does postulate-that,

; 50% of the molten core materials will be brought into thermal
equilibrium with the containment building in a very short time.
Consequently, the scenario provides a significant pressure ' pulse-in -

'

the containment: building at vessel failure.. Also,.the rapid cooling. - .

,

2__m - _ .m... __ 'h. , , . . , . , , , _ . w. . . , , , , ,,%, ,.,_..y - , . .,p. , , . . . - ,e
.
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of the core materials requires significant dispersal of the core
debris out of the reactor cavity. If the majority of the core debris
remained in the cavity, significantly longer quenching times would be
predicted with the IPPSS-heat transfer model.

The staff considers the above scenario as just one of a number of
possible out-of-vessel core meltdown scenarios. The dispersal forces
associated with vessel failure are important. It appears important
for the core materials to be molten as they exit the reactor vessel.
This in turn depends on the mode of in-vessel core slumping and the
vessel failure mechanism. The temperature at core slump 'is an input
parameter in the IPPSS scenario. If the core materials were at a

i

lower temperature, significant quantities of the oxides could be
solid. In this case, a slurry would be exiting the vessel with quite
different fluid properties than the molten materials proposed in the
IPPSS study. The lower temperature slurry could also further solidify

p\ on contact with the concrete, which would again influence the poten-

<Q tial for core dispersal. Even if we accept the dispersal of 50% of
the core material from the reactor cavity, the remaining 50% must
eventually end up in the cavity. It is not clear how this remaining
half of the core (with accompanying steel) can be_ brought into a
coolable debris bed configuration in the reactor cavity without
significant additional metal oxidation. There would not be any

-

energetic blowdown forces to disperse or rapidly quench the remaining
50% of the core as it slumps.

We consider that the procedure adopted in NUREG-0850 is appropriate
for bounding potential out-of-vessel core meltdown phenomena. We
consider the IPPSS dispersal model to be similar to the HOTDROP model

discussed in NUREG-0850. Both approaches result in rapid quenching
of the core material and virtually no metal oxidation (refer to
Figure 3.16 in NUREG-0850). The models therefore maximize the

potential for an overpressurization failure of containment at vessel
failure. The NUREG-0850 approach posed more of a threat than the

IPPSS scenario because 100% of the core materials were assumed to

.
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Q' exit the vessel compared with 50% in the IPPSS. However, even with
this conservative assumption, NUREG-0850 also concluded that the
threat to containment from overpressurization at vessel failure was

.

minimal.

The alternative approach in NUREG-0850 for. bounding potential
out-of-vessel core meltdown phenomena was the HOTDROP bypass model.

In this model, heat transfer from the ct e debris to water was
assumed limited by critical heat flux considerations and the core
debris was allowed to interact with concrete (refer to Figure-3.16 in
NUREG-0850). This model, assumes that-the majority of the ccre -

materials remain in the cavity and that several hours are required to
quench the core debris. .During this time steel oxidation could
produce an additional 2000 lb of nydrogen. Pressurization of the
containment building is obviously much slower in this alternative
approach; consequently, the potential of an overpressurization
failure is minimized while the potential for a hydrtgen failure l's
maximized.

We realize that the two approaches suggested above.(and in NUREG-

0850) represent bounding calculations in terms of maximizing two
potential containment failure modes. Calculations in NUREG-0850
indicated out of-vessel quenching times of less than one hour. It

would therefore appear reasonable.to suggest pressurization rates and
hydrogen generation compatible with these quenching times. This is
consistent with the approach taken in Section 3.2.3.4 of NUREG-0850.
We therefore believe that 1000 lb of hydrogen should be used as the
amount of hydrogen generated during the transition of the molten core
materials into a coolable debris bed in the reactor cavity.

Q.23 Could you now elaborate on the differences in hydrogen-burning
phenomenology?

O
.
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V A.23 In regard to combustion phenomenology, it is impc tant to mention two
aspects of hydrogen problems that appear to be not yet fully resolved.
These are:

1. Flame acceleration in hydrogen concentrations of 10 - 12% appear
possible in large containment volumes on a fairly extensive scale.
Experimental tests at McGill University have indicated that flame
velocities greater than 220 m/sec are reached in tubes containing
these concentrations with simple obstacles. Pressure may exceed the

adiabatic calculations but it is not known whether the time scale of
the pressure pulse is sufficiently extended to be a serious contain-
ment problem. Experiments on these phenomena are planned at Sandia
National Laboratories.

2. For nonuniform hydrogen compositions, although no specific sub-volurnes

have been identified within the Indian Point containment that would
, be obviously dangerous from the point of view of collecting explosive

mixtures, the circulation and mixing patterns have not been estab-
lished well enough to preclude their existence.

.

Thus, although the staff believes that the 3000 lb hydrogen source term
adequately represents the principal possible core melt accidents, the full
implications of this amount of hydrogen are not yet known because of
deficiencies in the understanding of containment combustion phenomena.

Q.24 Please continue your comparison with the IPPSS by noting the differences
in the treatment of basemat-pentration.

A.24 In the IPPSS, the assessment concludes that'a coolable debris bed will be
established if the reactor cavity is ficoded and supplied with water; thus
it is suggested that no extensive basemat penetration will occur under
these circumstances. Further the-IPPSS assessment disregards basemat

penetration for dry-cavity cases, as the containment building is assumed

Om
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to have already failed by containment building overpressurization (con-
! .sidered a far-worse case). The staff assessment differs from the IPPSS~

for both the flooded cavity and the dry cavity configuration.

For the flooded cavity, it is the staff position that debris bed
coolability is not guaranteed. Thus the staff uses basemat_ penetration-
probabilities that range from 10 to 20L The' details of the staff
assessment are in NUREG-0850, Section 3.2.3.3.

!
.

For the dry cavity case, the' staff analysis p.redicts basemat penetration
in about three days. Because this analysis is conservative, that is, that-
penetration is nqt a certainty, we have assigned a 10% probability that,

e the basemat will not be breached.

Q.25 Please continue your comparison of the staff analysis'with the IPPSS by
noting the differences in the key radionuclide release categories. Also.

'

i compare to the WASH-1400 release categories.
t

| A.25 The release categories A, B, and C, are the potential major contributors
i

to risk. "A" is the release . category for seismic containment building -
collapse event; "B" is the release category for " Event-V and steam-explo-
sions"; and "C" is the release category for_the Steam Generator Tube

Rupture Event and the slow overpressurization containment building. failure
model. The analogous release categories from the-IPPSS are Z1, 2, and

j 2RW, respectively. Figures III.8.13, 14, 15 compare the radionuclide group
releases for these three release category groups. For the "B=2" and

I' "C=2RW" release categories, the differences are negligible. For the."A=Z1"
; set, Figure III.B.13, the NRC releases are all higher than the IPPSS
! releases 7 When all the other release categories'are taken into account, %

however, the impact-of this difference ~is not large. In conclusion-then,.
there are no substantive differences between the staff analysis and the

; IPPSS analysis pertaining.to the largest three release categories. -It/is
~ i- also instructive to compare the IPPSS and staff release categories to- |

tho'se in the original Reactor Safety Study.(WASH-1400):as listed in' Table
'

'5-1, page 78, of:the main report. The "A=Z1" release -category has no equi 2
; valent in WASH-1400 since the release category:is for an accident that.was--

;.

L
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I

' not analyzed in WASH-1400, namely the large~ seismic event. The IPPSS
,

release category 2 (note Figure III.B.-14) is identical to the WASH-1400

!. release category 2. This category is reserved exclusively for the Event V
accident in the IPPSS study while in the WASH-1400 study it it used for
some y and 6 failure modes as well as for Event V. In Figure III.B-15,
the IPPSS category 2RW, the staff category C, and the WASH-1400 category 3
are compared. The primary contributor to the WASH-1400 category 3 release,

| is the overpressurization failure; therefore category 3 is the appropriate
: one to use in this comparison. Except for Iodine, all the WASH-1400 values -

,

| are approximately equal to or slightly lower than the staff and IPPSS
: values. If the WASH-1400 release category replaced the staff's release

j category C in the staff analysis, the net effect would probably be slightly
! lower risk.

o
'

Q.26 Please conclude your comparison by noting the differences in the
i containment building failure pressures calculated for the two studies.

A.26 In an earlier portion of the Section III.B testimony, we summarized the
'

staff assessment of containment building failure pressure. This failure
j probability profile is plotted as a function of containment building.
; pressure and compared to that calculated by IPPSS in Figure III.B.16.

|
t From both analyses, the containment building failure pressures are similar

for probabilities greater than 80%. However, because of a larger -tandard
deviation in the staff analysis, there is a sizable difference-in t' a two
profiles at lower probabilities. This is because IPPSS determined that.

"

the only containment failure event of importance is extensive yielding of-;.
key structural elements (in this case, the rebar) while the staff con-

,

sidered failure of,the liner and leakage through penetrations at lower ~ ;

; pressures in addition to the yielding of rebar considered by IPPSS. It-is
_

| difficult to determine the impact of using the IPPSS-failure values in
place of the staff's values. However, it is clear that the slow over- '

pressurization events would occur somewhat later and that fewer hydrogen
,

burns would result in containment building failure.

.

|

I
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; APPENDIX A *

l'
Discussion of Containment Event Tree Split Fractions

) A) LF Damage State at Branch Point 2 for Hydrogen B' urns: Potential for

i- hydrogen-burn containment building failure prior to vessel melt-through:
~

1

i

For the LF damage state, the partial pressure of steam in the containment
!- building is low. Also, core-heat-up is slow relative to other accident damage-
t

j states. The maximum hydrogen release to containment prior to vessel failure

] would be limited to s2000 lb ($100% metal-water reaction). There is'a good
j potential for this hydrogen to burn at the lower flammability. limits; however,
j if we assume that all the hydrogen burns adiabatically, a pressure rise ~ of
i
j only 65 psi would be produced. If this is~added to the pressure in containment
j (of $20 psia before the burn), the final pressure after the burn is only .

'

.

} 85 psia, which is significantly below the failure pressure of the containment
,

- building. We are, however, concerned about the possibility that local pockets-
.

of hydrogen could form and raise the potential for damaging detonations to1

{'
Containment could be threatened indirectly'through high temperature: occur. -

,

i damage to safety systems. Although the adiabatic burn does not fail contair-
1

i ment, the uncertainties associated with combustion of 2000 lbs. of. hydrogen- -

[ warrant a split fraction'of 0.01 at this branch point.
1
1

[ B) EFC and EF Damage States at Branch Point 2: Potential for hydrogen burn
: containment building failure prior to vessel failure
1

:

j The potential exists for a hyarogen burn prior to vessel failure-for these
j sequences as well as for the LF damage' state. However, core heat-up and

slumping is much faster.. for the EFC and EF damage states. The primary system -)
j . pressures are also higher so that less hydrogen is released prior to . vessel

~

failure.
. Also, the ve'ssel failure time is shorter for the EFC and EF damage -

states. This. implies a lower probability of a large hydrogen burn prior to4

. vessel failure for damage states relative to the LF damage' state. Thus we

i

.i

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



---- -- . ,
_

__ _

: III.B-65
.

I assume that the hydrogen burn effect is' negligible and assign zero to the split
fraction.,

I
C) EFC and EF Damage States at Branch Point 8: Hydrogen-burn containment

; building failure after vessel failure

i

If we assume that hydrogen did not burn prior to vessel failure, it is possible
'

that 3000 lbs. of hydrogen could be available shortly after vessel failure.

| The steam spike associated with vessel failure amounts to about 40 psia. The
.

; mole fraction of steam is close to the value that would render the containment
: atmosphere inert. At this pressure, the containment spray system would be
1

actuated for the EFC damage state, bringing down the steam partial pressure _and:

1

j rendering the containment buil. ding combustible. If we assume 3000 lbs of
I hydrogen burns adiabatically, a pressure rise of 95 psi would be expected.

However it is known that a number of mechanisms will tend to limit the actual
j pressure rise associated with hydrogen burning to less than the theoretical

adiabatic limit. A computer code (HECTR) has been developed at SNL to calcu-

; late the actual pressure rises associated with hydrogen burning by considering,
heat transfer by radiation, convection, and spray-droplet evaporation. Calcu-
lations with HECTR indicate that only 80 to 90% of-the adiabatic pressure rise
will actually occur. Based on these calculations and noting that the contain-

4 ment sprays will be operating for the EFC damage state, the split fraction of
O.03 for a positive response at branch point 8 was selected. However, the above'

; assessment has recognized uncertainties. Considering that the burn may not
I occur at the upper pressure limit of 40 psia and recognizing that more or less
i than 3000 lb of hydrogen may be produced, we consider the impact of a more
; optimistic assessment and more pessimistic assessment in the assessment of

; uncertainties as described in this testimony.

For the EF damage state the conditions in the containment building would be:
^

|
similar to the EFC damage state up to the point of vessel failure. However the

; sprays are assumed not to operate for the EF damage state (unlike the EFC) so
that there would be no water droplets from the sprays to contribute to reducing'

[
the pressure rise associated with a hydrogen burn. Consequently, for the EF

! damage state we assign a split-fraction of 0.10 for a positive response at
! ( l

|
|

L
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branch point 8 compared with 0.03 for the EFC damage state. The higher split |'

fraction for damage state EF recognizes the lack of spray ' operation and also -

that the burn, even without sprays, will not be adiabatic.. We also consider
5
'

the uncertainties in this value as we_did for the EFC damage state.

1

,
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APPENDIX 8'

;

Unreliability and Negative Characteristics of Mitigation Features

I. Hydrogen Control Using Glow Plugs
.

The unreliability of the glow plug system used in this study is:5%. The value
appropriate for similar systems installed'in ice-condenser type containment
buildings (e.g., Sequoyah) is lower (less than 1%). ~ However, we choose the more
conservative value of 5% here to account for performance uncertainties result-
ing frcm the more hostile environment of a core-melt accident. This unrelia-

. bility factor is used in the containment event tree in the following way. For
the relevant containment event tree branches (2, 8),-the probability of contain-
ment failure "before mitigation" is multiplied by 0.05. That is, if the-

original building failure probability was 10%, the new probability for failure
is 0.5%. (Note that this probability is 0.0% for ideal glow plugs, i.e., those

that perform flawlessly.) '

II. Passive Containment Heat Removal Using Heat Pipes

The unreliability of a heat pipe system used in this study is calculated at
5%. Ordinarily, unreliabilities for containment heat removal systems are
lower; however, because this is a new system with no record of performance
capability under the accident conditions, a larger unreliability value was
assigned. C ud buildup on heat transfer surfaces was determined to be the

major contributor to degraded performance or unreliability. This unreliability.
value is then used to reevaluate the failure probability at branch point 9.

III. Basemat Penetration Prevention Using a Flooded Cavity

The unreliability of this core retention system is calculated at 5%.- This
value 'is probably too low; that is, the probability of not achieving a coolable

,

,
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( T

Y debris bed and thereby not preventing basemat penetration is probably higher i

based on phenomenological considerations. The impact of large variations in
this unreliability parameter is not great since the impact of basemat penetra-
tion on overall risk is small anyway. The major impact in considering core
retention results from the negative features associated with flooding the
reactor cavity. Flooding the cavity is essential for core retention: however,
the following negative features must be taken into account.

* by flooding the reactor cavity the probability of failure by
overpressurization increases
by flooding the reactor cavity the potential for release of contaminated
sump water through the basemat increases. *

The first negative characteristic is so important that such a core retention
''

system could never be part of the containment design unless a containment heat
removal system was also included. Without providing for containment heat-

( removal, this core-retention system would actually increase risk because of

Q the increased potential for overpressurization failure.

The second negative characteristic would only be important if the liquid
pathway for the Indian Point site was an important route for distribution of
radienuclides to the environment. In the testimony of Richard Codell, it is
determined that the liquid pathway is not an important risk consideration.'

*
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-1 10 Dr..Meyer, would.you please provide a~

p
' 2 brief summary of,your testimony?

3 JUDGE..GLEASON: I think, unless there

4 is something, we.have been waiving ~this part of

5 the hearing, Ms. Moore. Unless you want to put

6 something on the record specifically, I would just

7 as soon as go directly to cross examination.

8 EM S . MOORE: The witness is availabic

9 for cross examination.

10 JUDGE GLEASON: Mr. Blum?

11 Mk. BLUM: Thank you, Your Honor.''

12 CROSS EXAMINATION BY MR. BLUM:

13 Q. Dr. Meyer and Dr. Pratt, which

14 version of CORRAL was'used for ~ your test'imony?.

15 A. (Witness Pratt) CORRAL 2.

16 Q. On page'3 B 24 of your testimony at

17 the very top paragraph you state, "In order to:
.

18 make-further calculations manageable it was

19 determined that the nine release cate.gories listed

.20 would adequatelyJrepresent the largefnumber of

21 calculated r e l e'a s e s . " How was that determined?

22^ A. (Witness Meyer) We.had.more than-nine

23 release' categories. H o w e v e r. , past experience has..

24 indicated'that the nine that'we selected were
'

25 -sufficiently representative 1of the-various types.
,

*
TAYLOE ASSOCIATES.
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t 1 of containment failure modes to propetiy reflect !
~.J |

2 the release category characterization for the

3 analysis.

4- ' JUDGE SHON: Dr. Meyer, I am not sure

5 that answered Mr. Blum's question. You assured-us

6 the nine odes you used were representative of all:

7 the many different combinations, but how did you

8 assure yourself that they were, indeed,

9 representative, that there were not half a dozen-

10 that you hadn't accounted for that were very veryL

11 different?

12 THE WITNESS: (Witness Meyer) The'
L_.;

13 release categories are listed on page 25 of the

14 testimony. Release category.A, the most severe

15 release category, represents a very severe release-
-

16 category.

17 I don't know of any release category

18 to date that is more severe than that, and that

19 would certainly c'over the top end'of.'the key risk
.

20~ category spectrum,

i- 21 The release category I, on the other

i 22 hand, was a release category calculated for the no

23 failure case, where we assumed an one percent pe r:
,

V];

L_ 24 day leakage rate from the containment.|

25 For'_ release categories-B through H

TAYLOE. ASSOCIATES
_ _ _ _ _ _ _ .
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1 the release fractions areEconstantly reduced going
| }

2 .from B.to H.

3 Any release category in' addition to

4 these nine would fall somewhere in the. range from ,

,

| 5 B to H, and we are close enough,to the-release
|

| 6 categories indicated to have'but a very small ,

|
| 7 impact on the direct consequence analyses.

8 JUDGE SHON: What you seem to be

9 telling me, see if I have this right, is that you

10 selected release categories that had a-broad range
|

11 from the worst to the least significant of
|

| 12 consequences, and that the ones that you selected
('Tt

| \>
| 13 in between, which would have had intermediate

|
14 consequences, were in some sense, and I'am not

| 15 sure what that sense is, not far from the others.
!

16 Is that it?

17 THE WITNESS: (Witness Meyer)

18 That's correct.

19 JUDGE SHON: It's a little

20 complicated in one's mind to decide whether there

21 night be a category that looks for all the-world

22 like D, or something like that, but has the

23 sufficiently different makeup to it that.it, would --

) 24 that it.would have some effect on your

25- . calculations or- your estimates. Do you-see.what-I

:TAYLOE-ASSOCIATESL
.j
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| In 1 mean?
L.)i

2 THE WITNESS: (Witness Meyer) Yes.

; =3 I see your point. And we have performed analyses
!

! 4 to convince ourselves that there would.be no major
!

5 variation in our results due to that type of

6 consideration.;

l

|

7 In fact, with some hindsight we-could

8 have collapsed these categories further. There is

9 a limitation in the contract code that suggests

10 keeping the release categories below ten is

11 desirable from'a calculation standpoint.

12 JUDGE SHON: Thank you.

L
13 I think it satisfied me, Mr. Blum.'I

,

|
14 don't know about you.

15 MR. BLUM: Yes. That's quite good.

IG Q. On page B 54 of your testimony, about

17 two thirds of the way down in the first paragraph,

la you state, "We consider that the above discussion

19 adequately illustrates that the-scenario proposed

20 in the IPPSS although plausible is simply one +

21 possible description (perhaps e'ven a limiting
|

| 22 description),of how core meltdown could progress."
|

23 What do you mean by the phrase "perhaps
r7 .

L_I 24 'even a limiting description"?
|

25 A. (Witness Pratt). This was a

p-

|- TAYLOE ASSOCIATES
t -_
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I Fl 1 ! description specifically related to'the amount ofN/ z

,

2' _ hydrogen that could be produced-during a core-melt'.

3. event, and we felt that the scenario discussions

;- 4 was a limited valuation in the direction of the

| 5 smallest amount of hydrogen that it could produce.
i

! 6 We think that there is a possibility

7 for producing more hydrogen. So_ limiting in the
i

j 8 sense of a small amount of hydrogen.

9 0 So as far as consequences of an

10 accident are concerned the IPPSS treatment of this

| 11 phenomenon would be on the optimistic side?-

| 12 A. (Witness Pratt) Yes.

| 13 0. Under the gamma failure mode the

14 testimony notes that hydrogen burns can induce

15 containment failure indirectly by causing the
:

16 failure of any safety features geared to protect

17 the building containment function. You recall that,
||

18 do you not?

19 A. (Witness Meyer) Yes,.I do.

i 20 0 And this suggests that~ hydrogen burns

21 might cause leakage failures or failures of

22 containment cooling systems, does it not?

23 A. (Witness Meyer) That's correct, yes.

!| 24 0. What review have you performed, if

25 any, of the impact.of hydrogen-burns on
,

TAYLOE ASSOCIATES-m
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3 l' 1 -engineering safety feature equipment?
k>

2- A. (Witness Meyer) We performed a review

3 of the impact of hydrogen' burns on the fan cooler

4 system and the spray system, and it was our

5 determination that the systems could survive the

6 burns that we considered.

7 However, 'I should point out that we

8 did a parametric analysis in the testimony that

9 explored the impact of engineered = sa fety features

10 failing, and the end result of that parametric

11 analysis was that the impact on risk isn't all

12 that severe

0
13 JUDGE silon : Before we get off this

14 particular point, Dr. Meyer, did any of the burns

15 that you included in your analysis result in

16 formation of a shock wave, or anything-like that?

17 THE WITNESS: (Witness-Meyer)- The

18 molt fraction of hydrogen necessary to go into the

19 dynamic range,.the shock development range,-is'18

20 to 20 percent.

21 Our analyses indicated that the molt-p

22 fraction ranges would be in the range'of 4 to 16
i

23 percent, so we do not think that'that_ type of-

' '

r7
'LJ -24 dynamic leading is a plausible. event for Indian

25 . Point

TAYLOE' ASSOCIATES
'
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{') - 1 JUDGE SHON: Even if.the. hydrogen
;

2' were somehow concentrated in some small area-or.

3 region?

4 THE WITNESS: (Witness-Pratt) In

L
| 5 fact, I was just going to bring that point up. One
!

^

6 would have to go to local concentration.to get

7 that situation.
L
! _.

into the~-CORRAL indication
.

8 We did put
|

! 9 a residual probability that that would secure, but'

10 it was a relatively small val ue .- It wasn't.that

11 large. That's simply because the damage states

12 where this would occur are relatively low in '

'

("J
,

T
t s
| 13 probability.
!

| 14 So we are talking about situations
i

!

| 15 where we have containment ~ heat removal systems
|

| 16 operating, and in terms of how they-differ from
i
i

! '17 the probability it's relatively low.
!

19 JUDGE Silo N : But once you considered

| 19 the probabilities of that sort of thing were low,

20 you didn't- --

.

21 Tile WITNESS: (Witness Pratt) -Yes,

22 that's true. Wo have done~quite a. bit of work at ,

23 Brookhaven to'get from defraction to detonation..I
~

24 - have'a number of publications out'about that, but, ,

25 - we haven't specifically loo.ked a t. that at

TAYLOE ASSOCIATES
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[{ 1 Brookhaven,: at least not in my group.

| ~
2 Q. Included in your review of effects on

!.

3 ESP equipment did you speciff'cally~ considerj

| 4- electrical cables?
l-

| 5 A. (Witness Pratt) We have a number of
i

i- 6 publications out in that area from1Brookhaven,

7 where one of our consultants ~from Stonybrook

|- 8 looked at that effect, and came to the conclusion
i

9 that those cables that were exposed could be

10 ignited under a hydrogen burn situation.

j 11 Q. I am sorry, I misheard a word?

12 A. (Witness Pratt) Ignited.

O
13 Q. No. You said that they could be?

14 A. (Witness Pratt) Could be. That's

15 right.

16 Q. And did you pursue the possible

j 17 effects of their being ignited?
(

18 A. (Witness Pratt) The possible effects,

|
| 19 in terms of the survivability of' equipment, we
i

! 20 don't think that particular equipment would have
,

! 21 been relying on those cables at this stage of the
i
i
'

22 accident.

23 JUDGE. silon : Are you saying, Dr.
i m

! b_) 24 Pratt, that the cables would' burn, but there would

25 be no safety equipment relying on'them?

TAYLOE' ASSOCIATES
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N)' 1 'THE WITNESS: (Witness Pratt) For
y:

2 these severe accidents, I 'think that's the case.

3 'Well, if there's a confusion, I think

4 we are relying on, say, the' operations of'the-

5 containment system to function and cool, to*

6 maintain the building's integrity. Whether or-not

7 we have the circuitry necessary for ECC.. T h a t*' s

8 the point I am making r

t

9 JUDGE SHON: But I am not sure how

10 you identify, as it seems you would have to,.that

11 each and every cable which was exposed and could

12 burn was a cable that was important only to an-

13 earlier stage in the history of the development-of

14 the accident, or at least was not necessary as a

15 mitigating feature from that point on.

16 Wouldn't you have to identify these

17 things, each and every one, and say yes, and.no?

18 Tile WITNESS: (Witness Pratt) I

f 19 would agree. The calculations we made at
|

20 Brookhaven was to look at the temperature

21 environment associated with a hydrogen burn, to

22 look at the, materials-that.were made up of the

| 23 cable material, and see wh<ther it would ignite.

) 24 And we came to the conclusion that,.

25 certain materials would Ignite under those

!!
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f I c i r c um s t a nc'e s .

2 J U D G E' S il O N : But that' answer,fwould

3 you not have to analyze the-specific. situation to
.

4 decide'that each and every cable which could so

5 ignite was a cable not- important_to thefhistory

6 from that point on of.the accident?

7 Tile WITNESS: (Witness Pratt) Yes,

8 you would.

9 What I am'saying is that in'our

10 testimony we explored in a parametric-factor those

11 cystems failing, and we found it was not a large

12 factor.

13 JUDGE Silo N : Then you did do.that.

14 Tile WITNESS: (Witness Pratt) Well,
,

15 I can't say I went through and checked he have --

16 we simply said okay, let's assume everything was

17 lost, and did the analysis using that assumption.

18 This is discussed on page 49, that the.effect.was

19 not large.

20 So it was not a detailed. analysis on

21 my part or any people in my group as to which

22 cabics wero.important. We simply assumed these

23- systems were lost for this-damage state.. I

24 JUDGE Silo N : You assumed'they were

25 all lost?.

TAYLOE ASSOCIATES' ,
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[() :1 THE WITNESS:. (Wi tness Pra t t) Yes,

2 -sir.

'

3 ' JUDGE SHON: I see. Thank you.

4 Q. Are not the cables to the containment

5 spray and the fan _ coolers inside~ containment?

6 A. (Witness Pratt) My answer was I don't

7 know.

8 A. (Witness Meyer) As I understand,

9 there are cables for the fan cooler systems inside

10 containment.

11 Q. Do you recall at all for the sprays?

12 A. (Witness Meyer) No, I do not. -

13 Q. You stated that there were certain

14 accident sequences where you assumed the safety.

15 equipment ESS would be inoperative. Is that

16 correct?

17 A. (Witness Meyer) Yes, that's. correct.

18 Q. And then there were other sequences

19 where you assumed that there was no probability of

20 them being inoperative. .Is that correct?

21 A. (Witness Meyer) That's correct, yes.

22 Q. Were there any sequences where you

23 engaged in any sort-of.probablistic modeling that-

24 they would become inoperative during that' sequence?

25 A.. (Witness Meyer) We would.have done-

.

TAYLOE ASSOCIATES'
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~) il that ifLthere was a demonstration of_significant
a

2' sensitivity to that particular consideration.

3 Since our parametric analysis that we-

4 felt scoped-the problem, the indication was that

~5 there was not that sensitivity, we didn't pursue

6 the matter further.

7 0 Which of the sequences where you

8 found the sensitivity?

9 A. (Witness Meyer) on page 49 of the

-10 testimony, you will note that we performed an

11 analysis assuming that the cooling fans failed in-

12 the LF damage state 25 percent of the time.

13 If they could fail 25 percent of.the

14 time, then the results shown would come about,

15 namely they,would have negligible effects on early

16 f a talities, and we would get anywhere from a 30

17 percent to a 60 percent increase in risks if you

18 are using the late fatalities risk more than you

19 are.

20 0 Are all instances of hydrogen' burns

21 contained within the LP damage state?

22 A. (Witness Meyer) No._They_can be also

23 contained in any of the damage states that have

24 containment cooling, including the EF and the EPC

25' damage _ states.
,

TAYLOE ASSOCI ATES-
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'

(v l' O. So there were some.-instances'of3

2 hydrogen burn where'you1 assumed a zero probability

! 3- of'the ESF equipment failing..Is that' correct?
,

4 A. (Witness Meyer) You mean in the

5 context ~of this particular parametric study?

6 Q. Yes.

! 7 A. The footnote indicates that a similar'

8 analysis was performed for-the EF damage state for

9 both units, and both risk measures the changes in

10 risk were negligible.;

11 Q. But I believe you also mentioned the
1

1 12 EFC damage state?

13 A. (Witness Meyer) Yes. For that

| 14 particular damage state you would have to-assume

15 that you lost both your fans and your sprays, and:

16' we felt that there was negligible chance that that-

17 would occur.

18 In addition, in another area of that'

i

19 uncertainty analysis, we increased the probability

20 of hydrogen failure by an order of magnitude, and

21 even for that rather gross parametric assessment

'

22 in terms of c o r4 s e r v a t i s m , the indications are-that

23 the risk value is changed by no more than a factor

d 24 of two.

25 Q. Under the beta failure mode you quote.

4
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' - 'l a' ten to the negative'three conditional''
.

2 probability of conditional failure to isolate

| 3 . probability. What is the source of this number?
|
|

4 A.- (Witness Meyer). This number was ;

I 5 provided me by the reliability;and--risk analysis

6 branch within.NRR.

7 Q. Is this the generic number or is_it
!

8 Indian Point s p e c i.f i c ?

9 A. (Witness Meyer) As-far as I

10 understand, it's an Indian Point specific number.

11 0. Do you know how it was derived?

12 A. (Witness Meyer) No, I do1not..

O
13 Q. DidEyou explore parametrically--the

14 impact of higher probabilities?

15 A. (Witness Meyer) We did not do a

16 formal parametric analysis assuming higher beta

17 failure mode probabilities.

18 llo wev e r , i t. would be my judgment that
,

!
| 19 that failure mode would have to increase

20 considerably for it to start having an impact on

21 the overall riskLat Indian' Point..
|

22 A. (Witness Pratt) If I could add to

23 that, although Jim said we did'not submit a formal
m
.b 24 analysis,_-I have done-the calculations, and even.

'

,

l
'25 ff you increased that.to a probability of.one, and

-i
!
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I

[ ') 1 made it e q u a l . t o ...t h e core-melt probability, it
%d

2 would not be a. main impact. j
3 Q. Under category beta prime the

,

'

4 testimony discusses seismic failure of the

5 containment.

6 Did you evaluate the seismic

7 capability of hatches, such as for personnel and

3 equipment?

| 9 A. (Witness Meyer) For tha't particular

10 failure mode, the beta star,-we assumed that the

! 11 containment fails at the initiation of the
i

12 accident, so the question of integrity of the

13 hatches is irrelevant.
'

(

14 Q. You are aware that the licensees

15 claim that there can be no direct seismic failure
7-

16 to the containment?

17 A. (Witness Meyer) I understand they.

18 recently. submitted an amendment to the IPPSS that'

5

1

19 claims that, yes.

20 Q. Have you. evaluated that?

I 21 A. (Witness Meyer)- No, I-- h a v e not.

| 22 A. (Witness Pratt) I haven't, either.

23 Q. Why haven't you evaluated it?.

I'}(4 24 A. .(Wi tne ss'.Meye r) Well,'first of all,.' #

4

25. it's not in my' area of. responsibility to. review.4

TAYLOE. ASSOCIATES ;m
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] 1 the seismic portions _'of the' analysis.

2 Second,-it=came in too-late to have

3 it formally Lincorporated into this_ proceeding, at

4 least in' terms of my containment analysis.

5 Q. As far as either one'of-you knows, )

6 there has been-no formal staff evaluation of this

7 matter?

I'just8 A. (Witness Meyer) That is --

9 don't know.

10 Q. But i nsofar as there are portions of

11 IPPSS amendment one that would relate to your area.

12 of expertise, you have been unable to evaluate it-

13 because of the late date at which it came in. Is

14 that correct?

15 A. (Witness Meyer) If I understood --

16 JUDGE GLEASON: Excuse me. Could I-
~

,

17 hear that question again, Mr. Blum?

18 Q. Insofar as there are portions'of

19 IPPSS amendment one that relate to your expertise,

20 the reason you have not been able to' evaluate it-

21 is the late date'at which'it came in.,Is that-

22 correct?-

Could you_ clarify23 A. (Witness Meyer)_

] 24 what you mean by that material.related to my

25 ex pe r ti se ? -

TAYLOE~ ASSOCIATES
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_ j'"} 1 0 Well, it would'seem that some of then
v

2 claims in IPPSS amendment one would be in some

3 ways dependent on proper positions about

4 containment integrity and operation.of different

5 failure ~ modes in the plant. .That's true, is it
s

6 -not?
i

7 A. (Witness Meyer) Yes, that's.true..

8 Q. And in some sense both have you would'

1

9 be rather experts for that material?
!

10 A. (Witness Meyer) If we were provided

11 with new damage states based on consideration of'

12 that amendment, then yes, we could proceed with

13 doing the appropriate containment analysis
;

14 associated with those changes.

15 O. Do you know. why.you.have not been
<

16 provided with new damage states?
:
1

17 A. (Witness Meyer) Our results, in

18 particular for the beta. star failure mode, would
1

19 be conservative in the-sense tha t. if this failure

20 mode is removed the overall risk would be reduced.

21 So in the sense - of covering the assessment :f rom a

! 22- standpoint of conservatism, that analysis has

23 aircady been provided.
>

b,r

24 'O. Well, I am asking something slightly
1
'

25 different, which has to do'with~a staff evaluation

.TAYLOEDASSOCIATES.,
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{ 'l of IPPSS amendment one.

2 Do you know wh'y you have not.been

3 provided with the' damage states that you would

4 need in order to do a'critica1Lreview of .IPPSS--

5 amer dment one?

6 MS. MOORE: M r .- Chairman, I object.

7 This is beyond the scope of D r ._ Meyer's testimony,

8 he has already said it is not in his area of

9 responsibility to review this statement and make

10 decisions.

11 JUDGE GLEASON: Well,-I~think it's a

12 relevant area of inquiry. I think I would l i k'e to

13 hear a response.

14 A. (Witness Meyer) Will you repeat the

15 question, please?

16 Q. Do you know why you have not been

17 provided -- Earlier-you just stated that if.you.

18 had been provided with new d a m a g e_ states based.on

19 IPPSS amendment one you could then utilize'your

20 expertise to evaluate some of the processes by.

21 which the conclusions were drawn. Is that a fair

22 characterization of what you said?
-1

23 A. (Witness Meyer) Yes.

'

24 Q. I was now asking if you knew why.you
l

25 had not been~ provided with new-damage states based !

TAYLOE ASSOCIATES
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(v} 1 on IPPSS amendment one?

2 A. (Witness Meyer) I do not know all of
|

3 the reasons.
.

4 As I said before, what we did would

5 turn out to be a conservative analysis if that

6 particular damage state is removed, based on the

7 amendment submitted by the utilities.

8 0 Do you know any of the reasons why

9 you were not provided with new damage states?

10 A. (Witness Meyer) The main reason, I

11 think, is that there was just no time, and it was

12 felt to be not a terribly important issue in,s

(_)
13 regard to the overall question of risk at Indian

14 Point.

15 JUDGE GLEASON: I believe you are

16 speculating here, Dr. Meyer. Is that correct? I

17 think your testimony indicated that you didn't

18 know why, but that you felt that if there was a

19 reason you felt that it wasn't necessary because

20 your analysis had already been made. Now, is it

21 your testimony that you do know why?
|

| 22 THE WITNESS: (Witness Meyer) No.

23 I would leave it at that.

f1
i4 24 JUDGE GLEASON: I think he has

25 already responded to the question.

TAYLOE ASSOCIATES
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1 =- Q. Youfare~ aware, are you not, thatfthe
]*
,

'

f- 2 licensees are claiming rather major. reductions in

~i
'

3 overall risk' based'on IPPSS' amendment one, are.you'

|- 4 not?
!

! 5 A. (Witness Pratt)' Yes.
|

6 JUDGE SHON: Mr. Blum, I guess-I am
|

I 7 still a little confused. As'I understood Dr. Meyer's

|
|

8; testimony he said that IPPSS amendment one claims

9 a reduction in risks. But his testimony as far as
|

| 10 the testimony before us today simply doesn't allow

11 for that reduction in risk.-It leaves the risk

j , 12 just the way it was before IPPSS. amen'dment one.
l

13 Isn't this true?

14 THE WITNESS:- (Witness Meyer). I

15 assume you are referring specifically now to the
|
l

16 beta star failure. mode, and I made my comments in-

|

17 that context.

| 18 JUDGE SHON: That's the.only thing.
!

| 19 that has come up. The beta star failure mode.is,

20 in effect, removed in IPPSS amendment one,-and it

21 is not necessary for you to-know'what the none-
'

i

| 22 damage state is when you' don't damage-it thatLway,-

23 simply because_you have sa id; it's damag ed. Is that
,
d 24 correct?-

25 THE WITNESS: (Witness Meyer)

i TAYLOE ASSOCIATES'
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f"~Y 1 That's basically-correct.
\ )-

2 Q. Were there any other respects in
4

3 which you-were able-to evaluate the significance

4 of IPPSS. amendment one, apart from beta star?
}

5 A. (Witness.Meyer) Again based on.what I

6 understand the amendment to be, the answer is no.

7 Q. Do you know whether there are any
d

8 other staff witnesses who will have been11n a

9 position to evaluate the significance of IPPSS

10 amendment one?

11 A. No, I am not aware of any-staff+

4

12 witnesses.

O
13 Q. Is it the belief of both of you that

14 there are none?

15 MS. MOORE: Could we have
!

16 clarification of that question? None what?

17 Q. Is it1the belief of both of you-that

18 there are no staff witnesses in this proceeding

19 who will have been able to evaluate'IPPSS

20 amendment one?

21 A. (Witness Meyer) Other'than.the

[ 22 information that had been presented before this
i

23- board under question.one, no, 'a s far as I know,.

.
24 there are no other witnesses to speak to that

i
25 amendment.

TAYLOE ASSOCIATES ~,
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] .Q. Is there-specific testimony that'you'l

'

.

2 are referring to under. question one which does
.

3 specifically evaluate portions'of IPPSS amendment
;_

4 one?

5 A. (Witness Meyer) I can't answer that
,

6 question until I can get a clarification of the
.

7 total content of amendment one. I have only.been-

8 talking about the beta star portions, and_I am not

9 familiar in detail with the other components of

10 that amendment.
! ,.

11 JUDGE SHON: Ms. Moore, have we had
;

12 before us staff witnesses who addressed themselves

13 to the remainder of IPPSS amendment one? It

14 doesn't raise any image in my mind, and I frankly -'

15 don't know.
I

16 MS. MOORE: Ther'e'-are no witnesses*

!
! 17 who-have specifically amendmen't one. The o n l y..

I

{ 18 context, and~I, myself, am not~ familiar with
<

19. everything in amendment one, but the only context

: 20 where-we would consid e r ed ice r t-i fica tio n is, for

21; ' instance, .the bumper,betweenuthe unit'2' control' * -

| 221 building and unit 1._superheater building.
.

23 JUDGE S il O N : W e l l , - t h a t '. s - . c e r t a i n l y ';-

1~3 .

very clear.by'your witnesses. I simplyfdidn't-L_) 24 made
, ..

_

: 25 remember-whether.or-not anyone'had. addressed the'-
_

-

4

-T'AYLOE/AS'SOCIATES
.

---w':- o y ~q e,- p r .g , v. -o, e 1-,. +g - ev .:



_ 1

12515

[^, 1 amendment as a whole.
-

2 What is the date of the amendment,

3 does anyone know?

4 MS. MOORE: I believe it's scmewhere

5 early in February.

G JUDGE SHON: Thank you. That puts a

7 good tima frame around it for me.

8 It seems, Mr. Blum, that the staff

9 hasn't addressed it at all.

10 Do you intend covering that in any

11 way?

12 MS. MOORE: No, sir, I don't believe
7
; 8

'u' "
13 we do.

14 JUDGE SHON: Thank you.

15 MR. BRANDENBURG: Judge Shon I am

16 reluctant to interfere, and the last thing I want

17 to do is testify.

18 I think there might be some confusion

19 between addressing amendment one, qua document,

20 and the uotimate question that we are concerned

21 with now. The underlying changees to the plan,

22 themselves, were made in the latter part of 1982,

23 and documents relating to them were provided to

k 24 the Sandia witnesses that appeared before the

25 Board and various staff witnesses prior to the

TAYLOE ASSOCIATES
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{ 1 Albuquerque meeting that-was held, if memory

2 serves me, in October of 1982.

3 So again 1 am really not seeking to

4 testify, I am seeking to clarify what strikes me

5 as an ambiguity that the changes to the plans that

6 were imbedded in the licensees' question 1

7 testimony, and also addressed in the staff's

8 testimony were made known to and. discussed with

9 the staff while the amendment one that formally

10 modified the IPPSS study did not mature into a

11 final product, qua a document, until later.

12 JUDGE SHON: In other words, what you-,

13 are saying, and I appreciate your clarification,

14 is that although 'IPPSS amendment one has not.been-

15 addressed by any set of witnesses as a document,

16 per se, nevertheless, the pertinent changes

17 incorporated into that document, which have been

18 incorporated in the plan, were addressed by the

19 Sandia witnesses and the staff witnesses?

20 MR. BRANDENBURG: Yes. And-made known

21 to them long prior to.their testimony.-

22 MS. MOORE: Your Honor, there should

23 .be one clarification. Except for-the release

~

-24 category A part of amendment.one, whichiis-the.

25. beta star. failure: mode, which we have-not

TAYLOE ASSOCIATES.
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1 addressed --

2 JUDGE Silo N : With the caveat, then,

! 3 that the release category A, beta star, the thing'

4 that we have been talking about, that has not been

5 discussed in previous testimony before us. Is that

'

6 correct?

7 MS. MOORE: That's correct.
.

'

8 JUDGE GLEASON: 'We.are getting-a lot

9 of testimony on this record from attorneys, and I

10 just don't think it's desirable or fair.

11 I recall a prior discussion about

12 this amendment in testimony with respect to-it,3

13 and issues and claims of unfairness at that -time

14 presented by some of the representatives, and I

I
'5 just don't have the transcript in front of me, of.

16 course, to recall it. And I think that there were

17 questions on the part of the Board asking - fo r any

18 amendments to any part of the.IPPSS study to be

O19 brought forward.

20 I think'that.if you have-witnesses

21 coming up, if you want to respond to these things,-

22 do it through witnesses,~and not through your own,

23' testimony, please.

24 Mr. .Blum, back to you.

25 O. Beyond assuming-that_the. containment.

TAYLOELASSOCIATES ;
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] 'l fails due to seismic activity, did.you~do any
v

2 -analysis of particular mechanisms by which the.

3 containment could fall?

:4 A. (Witness Meyer) Yes, we did. The

5 containment will receive a certain pressure

6 history, pressure loading, as well as temperature

7 history, temperature loading. And based on these

8 considerations we explored the various containment

9 failure modes.

10 We have spent' sometime in past

11 testimony, cross examination, describing the

12 structural containment analysis that- led us t o' the7q
d

13 conclusion that 126 p.s.l.g. is a good number to
~

14 use for our estimate of the fai1ure of the

15 pressure of the containment.

1G Q. Did you specifically consider '"

17 possibilities of some sort ~ of intermediate failure

18 between gross structural f a il ur e of the rebar and

19 nothing occurring, no failure?

20 A. (Witness Meyer) .Yes, we did. In-fact,

21 we assumed that below.this 126 p . s . i .g . .v al ue ,

22 namely-at 116 p . s . l . g . ', that the containmentuwould

23' fail 50 percent of the time. We did this i n - o r d 'e r .

P)L. 24 to.take intoJaccount the_possibilityrthat the

25 -containment would' f a il 'in terms 1of. extensive-

:TAYLOE ASSOCIATES
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' T/ |1 leakage before .i t saw'the 1 2 6 . p . s . i'. g . L p r e s s u r e .

2 Q.. Did you examine how the containment
,

,
i

a-

3 fails under seismic loading? ,

'4 A. (Witness Meyer). The only.timeLwej

5 considered the seismic failure of containment,

6 that is direct failure of the contain~ ment due .to

7 the seismic event, was under the beta star release.

8 That is-release category.A.
;

9 The assumptions we made.there was

10 that there was such an extensive gross leak or
,

| 11 failure of the containment that the radio nucleide
i
' 12 would be released very rapidly
; del

er-

13 0.- Did you specifically examine the
i

14 mechanism by which the - containment fails? - Fo r -
.

15 example, is it_the rebar, is it the hatch, and-so
,

16 forth?j.

17 A. (Witness Meyer) The 126 p.s.l.g.
,

18 value is the value that we used for that we--

19 have determined to be the point at which there is--.

.

| 20 extensive yielding-of the rebar.
i .

-

21 We-considered'also.various other D

-
-

22- mechanisms for f a i l' u r e . We'have already discussed
.

'

23 'a t some length _the . leakage failure that-would

. 24. ensue.from a failure of the. liner of the _.

J25 containment. liner at lower pressures.

-TAYLOE' ASSOCIATES.3
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}N 1 There are, of course, penetrations,<

2 and we have considered the possibility of leakage

3 to these penetrations at lower failures.

4 Q. I am sorry. I am referring

5 specifically to the seismic event, where it's the

G ground acceleration acting on the structure, and

7 what I would like to know is whether you performed

8 any analysis of the mechanism by which containment

9 fails under those circumstances?

10 A. (Witness Meyer) I did not perform any

11 analysis of that.

12 Q. Does that answer stand for both ofe~-
r !
LJ

13 you?

14 A. (Witness Pratt) Definitely.

15 Q. With regard to page B 22 of your

16 testimony, you stated that you assigned a split

17 fraction of zero to the event of regaining ac

18 power for damage state E.

19 Isn't it true that in other placer. of

20 your testimony you at least imply that there is a

21 small probability of regaining ac power in time to

22 effect outcome?

23 A. (Witness Meyer) You would have to
{ -.,
L_; 24 refer to that specific portion of my testimony.

25 Q. Well, at this point would you agree

TAYLOE ASSOCIATES
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/~3 1- that there.is some small probability.of' regaining
Q)

| 2; ac power?-

| 3 A. (Witness Meyer) Yes, there is some

p'o w e r .4 small probability of regaining ac

5 Q. All right.

6 The specific portion of the testimony,

7 just to clarify, is on page B'22, the second to

8 the last sentence of the first paragraph, where it

9 says, "Either power would be restored prior to

10 correspond uncovery, thereby preventing correspond
t

'

11 degradation, or, if not then the probability of

.

12 power restoration-occurring early enough.to effect
)* 13 the outcome of the E damage states is small."

14 Do you see that?

15 A. (Witness Meyer) Yes. That's a correct

16 quote from the testimony.

17 0. Is not assigning a split fraction of

18 zero here a rather optimistic assumption under the

| 19 particular factor of damage state E?

20 A. (Witness Meyer)- Well, it would have

21 two cancelling effects. If you establish

| 22 containment cooling, then you decrease'the

23 possibility of pressurization failure resulting

h,;g 24 ~ from steam and noncondensible. Otherwise,

|

25 restoration of.ac power can bring you'from an

TAYLOE. ASSOCIATES; ,; .
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h 1 ' inerted containment condition to a deinerted
*~,J

2 containment condition, and thereby the possibility

3. of hydrogen-burns.

4 Q. And isn't it in some ways optimistic

5 to assign a probability of zero to that event
.

6 occurring?

7 A. (Witness Meyer) This optimistic value

8 was provided to me by the people that' determined-

9 the probability of restoration of ac power, and it

10 was based on their judgment- that we did not

11 include it formally in our analysis.

12 Q. Who were the people who provided it1

r~JL_.

13 to you?t

.

14 A. (Witness Meyer) The staff and the

15 reliability and risk assessment branch.

16 Q. Thank you. .

1 . ,

; 17 In your testimony generally a r a t h e r.

18 large number of pages are devoted to considering

19 the risk reduction effects of the sta f f. mi tiga tion

20 package, were they not?

21 A. (Witness Meyer) That's correct, yes.

22 Q. And just for clarification, would you

23 state what that package consists.of?
'

("1 . .

.

.

L_J 24 A. (Witness-Meyer)- To explore the'

.

25 question of risk reduction we considered a passive

'6
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I~T Il containment h e a t-' r.e m o v a l sys t em , - s peci fi ca11 y' .a
A/

2 heat pipe. heat removal system, together with

3 glowplugs to control the hydrogen burning,_and

4 with ~ the additional requirement of a fl ood ed

5 reactor cavity to give further assurance that the

6 basemat would not tny penetrated. Those are the

7 three.

8 Q. Why did you undertake'such. detailed

9 examination of these three and the'ir risk

10 reduction -potential?

11 A. (Witness Meyer) Because it was o u r-

.
12 charter to do so, to explore var.ious' candidates

-

' 13 and combinations of candidates to provide that key

14 element in the decision making process, namely the

15 risk reduction afforded by such a s t r a t e g' y , or by

16 individual features.

17 Q. When you refer to your charter, could

18 you be more specific about which instructions

19 these are, and from whom?

20 A. (Witness Meyer) It_ evolved from the-

21 designed Indian Point study that we have discussed

22 previously, starting.in December, 1979.

23 The. charter was-laid out:inEa task.
7

.

24 action plan t ha.t' wa s printed _in_the winter o'f 1980,
'

'
-

t

25 a copy of.which,hasEbeen provided toc all- pa r ti e s .

TAYLOETASSOCIATES-
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I] 1 Q. In your professional judgment are
sj

2 there any features of the Indian Point plants or

3 the Indian Point site that would warrant careful

4 exploration of mitigation measures fo r these

5 plants specifically, apart from having careful

6 examination on a generic basis.

7 JUDGE GLEASON: Mr. Blum, would you

8 please repeat that question?

9 MR. BLUM: Maybe I should try to

10 simplify it, too.

11 Q. In your professional judgment are

12 there aspects of the Indian Point plants or the.,

13 Indian Point site that would warrant detailed

14 consideration of mitigation features for these

15 plants specifically, even apart from such

16 consideration on a nationwide generic basis? ?

17 A. (Witness Meyer) I think our

18 conclusions, the staff conclusions, under question

19 5 are quite clear, that it is our position now to

20 discontinue pursuit of mitigation specific to

21 Indian Point in the context of this proceeding,

22 and to fold the question of mitigation features

23 into a more generic study of mitigation features
F ,

L4 24 for reactors in general.

25 Q. Were you aware of those conclusions

TAYLOE ASSOCIATES
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||f' I at the ~ time when.you did your s t u d y~, when you
~

2 prepared your testimony?

i 3 A. (Witness Meyer) We have always been
; - .

; 4 aware'of the possibility. In NUREG 850 it is

1 5 clearly indicated that if the determination of the
,

6 specific Indian Point study was that there was no

7 undue risk at Indian Point, that the mitigation-

8 study would not be then singled out for this
O

9 particular facility, but would rather be folded

10 into the more generic long term study'of;

11 mitigation features for nuclear power plants.

12 Q. Were you aware specifically of whatfs.

k.
'

13 would be said in the Rowesome and L o n g' testimony

14 with regard to mitigation features at the time you.

15 prepared your testimony?
f

16 A. (Witn'ess Meyer) I was not.

17 Q. In your work did you find the

18 mitigation effects -- I am sorry, the riski

19 reduction effects of the staff's mitigation

20 package to be greater or less than you had

21 previously expected prior to doing the computer

6 22 runs to prepare the testimony?

23 A. (Witness Meyer) The risk reduction
| Fr^3'

(J 24 values were lower, that is the -safety. bene' fit was

- 25' less significant, after performing the specific

:TAYLOELASSOCIATES
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{} 1 ' analyses, lower than we.had-first anticipated

2 based on more general. studies that you are

3. familiar with.
~.

4 0 What had you anticipated based on

5 those studies?

6 A. (Witness Meyer) Well, the studies,-in

7 particular studies performed at Sandia National

8 Laboratory, indicated that the risk reduction,

9 po't e n t i a l fron, say,'the filtered vent system
,

10 would be of the order of ten and higher.

11 We had no reason to believe otherwise,

12 although we did know that the initial studies were
7l

,
'

O
13 less detailed than the ones that we ended up doing

1 -

,
14 for the Indian Point site.

i
'

15 It was only until we had factored in
i

16 the external event fixes and completed our
;

j 17 analysis that we arrived at the values that we-

18 have presented here in this testimony.
1

19 Q. Now, by external event fixes you are
4 |

,

20 referring to those that are covered in'IPPSS !

1 |

21 amendment one, are you not?

|

22 A. (Witness Meyer) The fixes'I am j;

i

23 referiing to are indicated on page 8 of our
! R

L_) 24 testimony. You will' notice that the: damage states-

'

25 .are indicated there, the probabilities of_the

TAYLOE ASSOCIATES:
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variousLdamage states are indicated there, both1

2 before fix and after fix.

3 How well those fixes conform to the

4 amendment one' description from the- utili ty, I

5 don't know.

6 Q. Well, you are aware that inigeneral
'

i

7 amendment one does deal with reduced-seismic

8 fragility, reduced ~ fire vulnerability, and-

9 anticipated shutdown fo'r hurricanes, are you not?

10 A. (Witness Meyer) Yes, I am. aware ~ of

11 that.

12 My point is that the determination off%
\-) .

13 the change in the frequencies of damage states

14 were provided to me by the staff, and.I was not

15 involved in whether o r. not that staff estimation '

16 of reduction was consistent with the utility

17 amendment one' submittal,'

t

18 Q. Right. But to' the best.of your
;

19 knowledge the~ data on which the fix was based was

20 reviewed neither by yourself nor by-any other

21 member of the staff.-Is that correct?

22 A. (Witness Meyer) All I can say is it

23 was not reviewed by me.

24: 0.- 'Thank'you.-

~

2 51 MR. 'BLUM: We-have_no further.

m TAYLOE ASSOCIATES
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f 'l '11 .' q u e s t i o n s .
L 3.

|

I 2 J U DG E' 'G L E AS ON : Do you have~any

3' redirect, Ms.' Moore?

4 MS. MOORE: .Could I withholdumy

5 redirect until everyone..is finished, Your Honor?'

'

6 JUDGE GLEASON: If you prefer.

7 MS. MOORE: I prefer.

8 JUDGE G L E ,t S O N : Mr. Brandenburg, or

9 Mr. Colarulli?
.

10 CROSS EXAMINATION BY MR. BRANDENBURG:

11 Q. Gentlemen, I would first like to

12 start with page.3 of your testimony, and youq
! L.J

13 indicate there that you analyze plant-damage

14 states using the MARCH computer code.

15 Could: you tell us Trhich version of

16 the MARCH code you employed?

17 A. (Witness Pratt) MARC,H 1, part 1.

18 Q. Now, on the next page of your

19 testimony, page 3 B 4, you state that you assumed

20 that containment isolation'would not occur,.one'in

21 one thousand, that is ten to the minus three,.

22 times due to the fact i that building penetrations
..

23 we r e .- l e f t 'o pen .

_24 What-was-the basis.for that

I' 25 assumption?

i
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)- 1 MS. M O'O R E : Yo u r -Ilo no r , that's asked

- ;

2 and. answered.

|

| 3 JUDGE GLEASON: Let him answer.

4 A. (Witness Meyer) As I mentioned

5 earlier, that number was provided to me by another

G group at NRC.

7 It was determined based on - generic-as

8 well as specific characteristics of the Indian

9 Point containment isolation capability, as I

10 understand it.

11 0 Are you aware, or were you provided.

12 information by those persons on the staff with

G-
13 whom you discussed this subject, the

14 instrumentation available to the operators in the.

15 control room indicating the isolation status of

16 the containment at the Indian Point plant?

17 A. (Witness Meyer) No, I was not.

18 0 I would like to just ask you a few

19 questions on the containment f a il ure point

20 assumption which you.were ~ asked-about by Mr. Blum.

21 I think it would be useful if you wo u l'd turn to.

.22 page 3 B 20 of your testimony,p
i
r

23 Now, referring to the' array of

. Q( - 4
.

probability of failures set forth on that page,24!
i

25 what would the effect'on the damage states which
'

L -

L -
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w3 1 you develop in your testimony be if 126 pounds |
'

,..)

2 p.s.l.g. . was assumed to be-the'mean value.of i
|

3 failure, rather than the 116 indicated?

4 A. (Wi tness- Meye r) It would have two- j

|

5 effects. The over pressurization and failure would, |

6 in terms of net effect, occur later in the

7 accident, and several of the hydrogen' burn failure

8 modes assumed would no longer be present because

9 the failure pressures would not exceed the higher
,

10 containment failure pressure.

11 Q. And as a result of such an assumption

12 the frequency of containment failure would be
'

' 13 reduced. Is that correct?

14 A. (Witness Heyer) If the' same 5 p.s.i.

15 standard deviation value was maintained, yes,
,

i

1 16 that's correct.

17 Q. Now I am going to ask'you a slightly
i

18 different question about the same approach, and

19 that is what would be the effect on damage

20 statements if 126 p.s.i.g. was assumed to be the

21 lower bound, that is the minus 2 sigma, which in:

22 your testimony here you assume to be one of 6

23 p.s.i. I ask you to assume it's 126 p.s.l.g.?
F7
k_) 24 A. (Witness Meyer) Well, i t' w o u'I d. b e

i

25 similar to the effect I. j ustL spo ke to. The

TAYLOE' ASSOCIATES ^
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1 overpressurization failures would occur later, and
u

2 we would have fewer hydrogen burn failures, the

3 not result being a lower probability of

4 containment f ailur e.

5 Q. Now, the staff's analysis of the

6 containment f ailure modes at Indian Point

7 containment determined, did they not, that 126

8 p.s.i.g. is the onset of yielding, rather than the

9 actual point of gross failure of containment. Is

10 that correct?

11 A. (Witness Meyer) It's the point at

- 12 which there is extensive yielding in the rebar. -

~ - . ,

13 Yes.
!

14 Q. Now just, Dr. Meyer, to tie this up
|

15 with sone earlier testimony on this subject, I am

16 correct, am I not, that 126 p.s.l.g. is the

17 equivalent of 141 p.s.l.a.?

18 A. (Witness Meyer) That is correct.

| 19 Q. My next question relates to page 21

20 of the testimony, the parenthetical sentence

21 starting on line 4 of that page, in particular.

22 Now, as I understand it, your

23 evaluation assumes the presence of water in the

k 24 cavity at the time of vessel f ailure for the L F

25 damage state, and as I look at table 3 B 1, on

TAYLOE ASSOCIATES
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1- page 3 8 9, I am informed that Ithat damage state

2 is one in which the fan coolers are assumed to be

-3 operational. Is that correct?

4 A. (Witness ~Meyer) That's correct.

5 O. Now, returning to page 3 B 21, you go

6 on to state that water.might not be present for

7 the EFC damage state.

8 And returning again to the table 3 8

9 1, I see that that damage state is one in which

10 both the sprays and the fan coolers are

11 operational.

12 My question is if water would be7

i
13 present under the LF damage state when.the fan

14 coolers are operational, why would similarly the

15 water not be present when both the fan coolers and

16 the sprays were operational?

17 A. (Witness Meyer) The L signifies a

18 late core-melt. In the recirculation modo you

19 have had the opportunity during the invection mode

20 of injecting the total inventory of the refueling-

'

21 water storage tank into the containment system.

22 This virtually guaranties a flood ing of the

23 reactor cast prior to vessel failure.
--

L_a 24 |For the EPC, where we have an early-

-25 molt, and ' failure of invection, the fans can keep
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T'S~ 1 the pr_essures low for a considerable period of
%J

2 time, thus'not permitting the sprays to'come o n-

3 until later,_so we are-not guaranteed'that
:

~4 substantial.' amounts of refueling water, storage

5 tank water, has entered the containment.

6 Therefore we didn't think that we would have the

7 same guaranty of extensive cavity' flooding at thatL

8 particular damage state.

9 Perhaps Dr. Pratt would like to

10 comment further on that.

11 A. (Witness Pratt) The only additional

12 comment I would make is that at the point of.the-

13 vessel failure, when we do get a large pressure

14 rise, at that point the containment sprays are

15 actuated, and they would be actuated as in Three

16 Mile Island when there was a hydrogen burn.

17 But here we are talking about water

18- being. It's a kind of an intermediate. stage

19 between an E damage state-where a good deal of the

20 water that is available is in the atmosphere in-

21 the form of steam. We need to take most o f the
i

22 available water inventory and put it into the-

23 containment-building-to build up-the pressures.

(h
-L/ 24 For this casesyou would have a,

L 25 condensation of_some of-that water, so.rather more

,TAYLOE: ASSOCIATES'
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I3 1 water available than the E damage state, but,
L,J

2 again, not the vast amount of water that is

3 associated with the refueling and water storage

4 tank.

5 Q. Now, at the Indian Point plants are

6 you aware that any electrical cables inside

7 containment are not necessary to maintain spray

8 operability due to the fact that certain pumps

9 that would maintain spray operability are located

10 outside the containment?

11 A. (Witness Meyer) There are

- 12 recirculation spray pumps located outside the

U
13 containment. And I believe I mentioned that it was

14 my perception that for the sprays, there very well

15 may not be cables that would see a hydrogen burn.

16 Q. Now, in particular with the RHR and

17 the residual heat removal pumps, are you aware

18 that at Indian Point those pumps are located

19 outside the containment?

20 A. (Witness Meyer) I am aware that one

21 of the two sets of pumps are located outside the

22 containment. I don't specifically remember whether

23 it's the RHR pumps.

L;1F"
24 Q. And these pumps would be available to

25 maintain-operability of the sprays?
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f/~h- '1' A. (Witness Meyer) They, yes, that's
V

2- correct. And it has been pointed'out quite

3 ' correctly that that is a feature of the Indian

4' ' Point containment-that is - very positive in that-
~

5 respect.

6 Q. The operation of these pumps.outside

7 of containment, and their maintenance of'the

|- 8 sprays, would -therefore be' unaffected by
|

9 considerations of hydrogen and-combustion

10- occurring inside containment. Is.that. correct?

11 A. (Witness Meyer) That's why I said
;
i

12 that statement early year', that I f el t; the.

O
13 containment sprays would not be'affected by

14 hydrogen burns.

15 Q. With respect to t h e' cables,

16 themselves, turning to the equipment.that is,
e

17 indeed, inside the containment,- are either of you ,

!

! 18 aware of any tests that have been performed which
!
|

| 19 demonstrate that the electrical cables ignite in
L

L 20' the presence of hydrogen combustion when the-
|

21 concentration of hydrogen is in the 4-to:14-
~

|
.

L 22: percent range- that' you mentioned -earlier?

23 A. (Witness Pratt)- I'can't13 1ve you a.; ,

! 24 reference on that.

| - 25 'Th e | c o n's ul t a n t that we had workingsin

'

,
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1- this area.did;give me a-report in which.he noted
'

i
'

2 some of. these experiments.'TheyEwere done, I

3- bel-leve' with fracturing.

4 Q. And do you r ec all' whe th e r - t he r e-;wa s
~ ~

5 any demonstration of ignition of cables in-the

6 presence of hydrogen combustion incthat
.

' 7 concentrate range?

8 A. (Witness Pratt) Well, I don't believe

9 they presented hydrogen combustion calculations.
;

t

10 They subjected the cables to a thermal radiation
,

11 field.

12 I might add that this was not over

13 the -- I would have to get you the report. It.was
.

14 for a range of cable materials.that he'did-his'

15 studies. Some materials were better than others

16 at resisting the effect of ignition under these
4

17 circumstances. I don't know what particular

18 composite of materials there are at Indian Point

19 containment facilities,

i 20 Q. Now I would like to turn to the- ,

21 subject' of-the amount of. hydrogen that would be'

22- generated in the event of various assumed

23 core-melt sequences.

(
.

: s 24 -A s I und e r s t a nd' ' yo u r testimony,-you

25 have: assumed''that one hundred percentloffthe
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9 1- ~ zirconium-in the reactor vessel- would be oxidized
wJ

2 due interaction with the'dra'ining of the waterLand

3 so forth. Is that correct?

4 A. (Witness Pratt) That's correct.'

5 Q. And you made this assumption for all

G scenarios in which you were modeling core-melt;'

7 sequences. Is that correct?

8 A. _(Witness Pratt) Yes.

9 Q. Now, did you evaluate the different

10 scenarios to ascertain whether some might be

11 subject to greater oxidation than others?

12 A. (Witness Pratt) Yes, we did.
fl
L_J,

13 Q. And what was the basis for your'

14 decision then to assume complete zircloid
!

15 oxidation.in all scenarios?

16 A. (Witness Pratt) The assumption we
4

17 talk about in the testimony of one hundred percent

18 zircloid reaction really is a mix in terms of the

19 amount of hydrogen we could imagine p r o d u c e'd

20 during.the core-melt down progression within the

21 reactor- vessel.

i 22 We would include in that: estimatc ~ o f.
i

i 23 around two thousand pounds of_ hydrogen.ancertain-

9
; x_J- 24 factor coming from'the external, a relatively

25- small amount, :around_10 percent. It could be-

TAYLOE-ASSOCIATES'
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1 rather loosely described in the testimony as a(;
2 hundred percent zircloid reaction.

3 What we are really talking about is

4 during a core-melt down event within the reactor

5 vessel we see the potential being produced from

6 both steel and oxidation reaction on the order of

7 two thousand pounds of oxygen. We could then ---a

8 thousand pounds of pressure being produced ex

9 vessel by oxidation of the steel.

10 Q. But these were assumptions, is that

11 not a fact? In other words, they were not your

12 best estimates?,- s

13 A. (Witness Pratt) No, they would be, in

14 my opinion, the best estimates that we could do at

15 this stage. There are estimates that are out in

16 the literature that oxidize considerably more

17 hydrogen, for example. We felt they were

18 inappropriate. That is why we chose three thousand

19 pounds.

20 Q. You used the MARCII 1.1 1 code to-do -

21 this. Is that correct?

22 A. (Witness Pratt) Yes.

23 Q. Mr. Pratt, are you aware that the

n'j 24 MARCH 1.1 code has been criticized for a number of_

25 assumptions.which it makes, and superseded in many

TAYLOE ASSOCIATES



.~ -

,

4

12539.

1 ' applications b'y the' MARCH 2 cod e ?:~

2 .A._(Witness Pratt). Very much so. In-fact,

:3 we were highly instrumental in criticizing-March

4 1.1. I gave an extensive presentation.in front qf- z.

5 the ACRS on that. We participated in.the Sandia

6 review, and in addition.to'that we a l s o ~ p r o v i tl e d . a
.

7 very large number o f. the modifications'to the

8 MARCH 1.1 that were provided to Patel Columbus.

9 At Brookhaven, and we are involved'

10 very heavily at present in a very heavy peer

11 review of March 2. So I am.very fully awar.e-of the

12 developments.,

13 0 Are you aware that the authors lof the

14 IPPSS study performed a physical assessment of the

15 amount of hydrogen that would be generated-

16 according to the MARCH code, and reached the

17 conclusion that with respect to the quantity of-

18 hydrogen that would be generated, that the-March

19 1.1 code yielded erroneous results?

20 A. (Witness Pratt) I-am, and in the.

- 21 testimony I believe we discuss in detail why I.

22 believe that that particular1 conclusion was, if

1

. 23 .you like, a limiting calculation

7'l ,

.J 124 This'was brought up:by Mr. BlumDin '

R
'

25 his cross exanination.

' ' ~
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/'\ - 1 -Q. Now,-in connection with your
-. QJ,
-

2 testimony did you perform any' independent analysis-
<

3 of the extent of oxidation that would occur?. ,

4 Did you do any modeling personally, or --

;.
'

5 A. (Witness -Pra tt) ' Personally, no. People

6 in my group at Brookhaven have done, and, indeed,

7 some of the modifications _thatowe did provide to.

8 Patel Columbus allowed for more gradual
.

9 interactions between the - core degree of water

10 which resulted in rather more benign-pressure

11 rises, how it maintains to correspond materiality

12 at a relatively hot temperature which allows
3 s

.|,

13 oxidation to occur on a ~l o ng e r time frame.

14 The assumpticn that was made in IPPSS
;

15 was that the convection results.would be rather

16 rapid, and-as the temperature comes'down rapidly,

17 there would not be time so in some ways the--

18 models that we incorporated into the M A E C il . c o d e-

19 did allow for longer t'imes to oxidize the metal.
|

2 0' They also resulted in longer periods before

21 potential . failure of the containment building-from

22 this model.

23 Q. Now, let's move on from''the zircloids
,

('s .
- -

I- (/ 24- to the . -internals. On the top of--page.3LB 13lower -

25 you-talk'about.the one hour;in1.which the_ core-
c
i
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{j 1 materials would fall the. bottom of the pit and

i. 2 cause a vessel f ailure.
|

[ 3 Can you describe for us, and.I don't
!

! 4 mean to limit this to either-of you, can you t e l l -'

5 us how, under your~modeling assumptions, the

6 vessel bottom would fail?'

7 A. (Witness Pratt) Yes.fThe ca1culations
~

8 that is done, that is internal to the M A RCil code,

9 it looks at the loadings on the.bottomuof the
|

| 10 reactor vessel in terms of the dead w e i g' h t of: the

11 core materials, the internal pressure of the

12 pressure vessel relative to the outside73

NY
13 containment atmosphere. So there is a delta P

14 effect.

15 And also the thermal degradation of

16 the head, and we are talking about a gross

17 degradation of the bottom of the vessel.

18 Q. You are aware that the authors of

19 IPPSS assume that.the initial failure of the '

20 vessel would occur at certain-weld. points'and'at

21 certain instrument thimble. entries, and.so forth,

22 in the lower ~ vessel. Is that correct?

23 A.. (Witness Pratt)- Yes.

R
._) .24 0.. In-connection with your~ testimony.did

'

'25 'you evalua te ,the. ;11klihood that such localized-

TAYLOE ASSOCIATES
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(}) 1 f a il ures' would initially occur?

2~ A. (Witness Pratt) Only in a parametric

3 fashion. In other words, we assumed one can tell

4 the MARCll code to f a il' and the vessel had

5 immediately, and do the calculation that Nay.

6 But, indeed, for certain hiigh

7 pressure cases, for the E damage state, where we

8 don't induce the failure of the coolant pumps, for

i
9 instance, where we maintain the primary pressure

j
|

| 10 high, then even the M A RCII code predicts a very
|

11 rapid failure of the vessel under those

12 circumstances.

13 Q. If the localized failure of the

14 vessel as modeled in IPPSS were to occur,.what

15 effect would that have on the amount of-hydrogen

16 contribution from the steel, itself?

17 A. (Witness Pratt) It would reduce the

| 18 amount of steel that was available in the reactor
,

19 cavity to oxidize and produce hydrogen, simply

20 because you are not melting the entire bottom of
I

| 21 the-reactor. vessel. That mass is about fifty ;,/
I

,

! 22 thousand pounds of. steel.

23 Q. Mr. Pratt, would the rapid failure
/'(T/ 24 thatLyou refer to in_your most recent answer

25 affect 1the amount of_ hydrogen generated i n 'th e-

TAYLOE ASSOCIATES+
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{} 1 vessel,' do you recall?-

2 A. (Witness Pratt) In the vessel?
,

3 Q. Yes.- In --
!

,

4 A. (Witness Pratt) Yes, it would red uce-

5 the amount of steel available that the core
r -

G material would be in touch with the water in the
.

{ 7 bottom of the vessel.

8 Q. With the result of lesser generation

9 of hydrogen, is that correct, in the vessel?

10 A. (Witness Pratt) Yes.
<.

11 Q. Gentlemen, let's turn'to the subject
i

12 of water, if we may, and while we are on page 3 By

LJ "

13 13 I would like to point you specifically to the,

14 last sentence in the first full paragraph where

15 you state, "However, there is not sufficient water

i 16 available in the cavity to bring the core debris.

17 into thermal equilibrium."

18 And this is a subject that you

19 r e v i's i t- in much more detail, I guess starting on-

20 page 3 B-52 and thereafter.'

21 My first question is, assuming.the
~

,

22 full quantityHof core materials .in-the. cavity --

+ - .
'

23 well, Ict's get some, numbers.out ~here.

-24 How many pounds of uranium m a t e r i a l's :
|

25 would-you expect to. find in the cavity ~ assuming a
:

--

'

TAYLOE^ ASSOCIATES ~ '
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.[VD 1 complete melt, approximately? And my..next

2 question will be how much water?

3 A. (Witness Pratt) I know exactly' the4

4 amount of water. It's-200 thousand ~ pounds of water.
a

5 Q. So your-analysis, let me include,

6 then, that 200 thousand pounds of water _would be
i

~ that essentially7 needed to quench the core. Is

8 correct?
<

9 A. (Witness Pratt) That's correct. And,

~

w a t e r. inamount of10 that corresponds to the total

11 the accumulator tanks.

12 Q. Now, prior to the addition of the
}

,

13 accumulator water, how-much water did you

14 calculate-would be available merely from the

15 primary system, by itself?

i 16 A. (Witness-Pratt) This we dealt with

17 s o m e wlia t- parametrically. We were'not sure how much

18 water would be held up in the. sumps a n d -- t h e floor.-

19 There is a lip around the entrance into the

20 reactor cavityfand there-is'a potential seen for.

21 holding water in the sump and a. considerable.
.

"

22 amount of-water on the floor.

'

23 The way.we looked at the calculation,
. -

> :
-

(> -24 !and this is something one can do by1 hand, which
,

25 makes 1-t rather: reassuring,'is to stake all' o f:'the

1TAYLOE' ASSOCIATES ~
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i

l. ' T)
*

'l -- wa t e r : available in the primary system, about. six
/ w

2 hundred thousand pou'nds of' water, without-200 ~
'

'3 thousand pounds of' water, and calculate the amount;
,

4 of steam that is-necessary in the containment-

5 huilding to r'each 140-p.s.i., and, lo and behold-

6 the two just about balance out.

fel't.that it_was something of a7 So we
i

18 stretch of imagination to assume that all of that-

9 water would get'down intofthe ~ cavity to' mix with

10 the core debris to get back up into the building.
-

11 That's why we came to_the. assumption that'for.

12 .these-E damage states there wouldLbe limited' water.-

[
l 13 available.
|
|
| 14 Now, the IPPSS assumesjthat-we run

.

15 out of-water about'the t ime -o f -_.co n ta i nmen t _ f a il u r e .

16 My' thought i s_ it w'ould.most likelyfbe

I 17~ held up in the' sump _so that's r_eally;why welend"up._

I
l
L 18 with a different-assessnent-of the amount'of water-
|

19 t h a t. - m i g h t be availableJto' the'se| damage states.
1

1

20 Q. Now,.we-can1 agree,.can;we riot, Mr'
'

.

21 Pratt,;that iffy _ou.haveLthe. total' amount o f: 'w a t e r *

=22 .i n the pr i ma r y':sys t em', :pl us' the tempe r a tu r e.
l. ..

' 23 pressure ofLth'e: environment, that- it',s a rather-

.

- 24 Jeasy'calculatlon to capp.o r tion - tha t ; wa te r s be tween.

25 1s te a m - o n ~ t h e o n'e_ ch a nd -a nd 1i'quidi that_' would be

: T A Y L'O E : A S S O C I A'T E S
' ^
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'

I available to the cavity on'the.other har.d. Is that-
'

2 generally correct?
!

.

3- A. '(Witner7 Pratt) I think that's.what I
:

4 just said.
.

5 Q. . All'right.

6 Now, at the point in your analysis in>

7 which you were addressing whether or not there
i

8 would be quenching of core mater'ials'at that point ~

- 9 in the progression of the a c c-i d e n t sequence, what
,

*

10 assumptions did you make as to the' temperature and

11 pressure that would be present in the containment

12 environment?
,

- 13 A. (Witness Pratt) -At this time there is

that's given on page B 12. We:are14 a r o u r.1 about --

15 talking around.about 60 p.s.i.
,

16 Q. And what is the temperature in the

17 containment environment?
,

18 A. (Witness Pratt) It would be .a t:

19 saturation correspon' ding to 60'p.s.i.

20 Q. Now, _let's move on f r o m- t h'e m_e r e.

21 availability of the primary system water, a n'd' l o o k
~

~2 2 at the~ accumulated water.
4

23 Under what circumstancesfdid'you

( 24 a'ssume that the accumulator w a t e r :: w o u l'd E b e '

25: availabic?'

i

TAYLOE A S S O C I A T E S-- _i
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} 1 A.-(Witness Pratt) Under all

2 circumstances.

3 'Q. And when you added that water to the

4 amount of water that was available from the
.

5 primary system, did you exceed the-200 thousand
i.

6 pound threshold that you referred to at that point?

7 A. (Witness Pratt) I guess I am confused

8 at your question. Could you repeat that?
|
| 9 Q. Well, when one assumes the presence-

10 of both the primary ~ system-water ~ and the

11 accumulator water do you exceed or. notLexceed the

| py 12 200 thousand pounds of water which you indicated

L
13 was required to quench the core?

14 A. (Witness Pratt) Well, it's sequence

15 dependent. As I said before, you require about 200

16 thousand pounds of water to quench the' core debris.

17 That corresponds exactly -- not exactly, actually-

18 the quantities of about 170 thousand pounds in'the

|
. but.200: thousand'L 19 accumulators, and you really-need

.

'

!

20 -pound to quench. You get 6 hundred thousand pounds

21 from the primary system, so yes,- there is more
'

22- than enough water in the primary system, assuming

23 it's available in the cavity, to completely quench

: L_l
r'

J 24- the core.

-25 Q. Let's turn to page'3 B 20 of'your

TAYLOE ASSOCIATES- y
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'

o' 7 1 testimony.
.b/

2 In light of.what you just said, Jir.
.

] 3 Pratt, could you_ explain to us why,-under-the E F-

4 version, which if we turn to tabic 3B 1 we see is
o.

5 early core-melt fan coolers operational, that

6 under that damage state a split- fraction for.the

7 quenching was .012?
,

8 A. (Witness Pratt) Well, I think this is
,

9 one of these split fractions that~if we had it to
:

-

10 do over again we would have changed it. It's not a

11 very large impact. We did a very detailed
:

12 sensitivity study looking at the impact of that,

. 13 and it isn't large.
t

14 Going by the discussion that I have
:

15 just given you, I think we would go_by, and I
i

16 would believe, the E vo]ume,~which is .01, and.the

i 17 EF would be somewhere in between,_probably-more

). 18 appropriately somewhere.around 0.5.-

19 This was the first- test we did, and>

20 in going through it in terms of the. water

21 available a better estimate would=have been .5. . We

22 did that calculation with . 5. a nd f o und '.t h e r e - wo u ld-

23 be absolutely no impact at all.

/~N . .-

-(_) 24 0 Now, givsn a-more recent analysis if

25 the water would-bc: available, I would likeito ~ ask-

s

TAYLOE ASSOCIATES
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,

'L
4

C' 1 you the same question with' resp'ect;to the EFCC
'

D
2 ' sequence listed.-

; -
. .

,

; 3 only 3 B 1 is an early core-melt-

4 damage state in which both-the fans and s pr a ys.' a r e
.

5 operational. And you use a. frequency-of.9.
,

i. G Would.your answer be -the same

7 generally as with respect to the EFfsequence?
>

8 A. (Witness Pratt) .Yes, that would be

9- true. As-I say, we have put these things inLthe
i

10 containment of entries, and:one of the nice things.

11 about it was there'was not the sensitivity to risk

! 12 that one would expect.7,

LJ,

13 Q.. And these split fractions referred to-
p

! 14 on page 3 B 20 of.your testimony were developed
F

; 15 using the parametric analysis..Is that right?' -

;

16 A'. (Witness Pratt) No,.they were based,_

'

17' I believe, upon the type of~ discussion weshave

i-
F 18 been having now. From our knowledge of'the amoun'-t
,

f 19 of water that is available, from"the ~ types of-

I 20 sequences.that are going into th'se damage states ~,
~

21 we came up with.these. split f r a c t i~o n s . -WeEcan

22 vary;these values around parametrically,-Jand weidoi ri"

k 23 that, and we get'very little impact-onirl'skJas.Ha *

~7
~24 result of'it.

. -

_

,

._) "

g.

i .- 25? '.Q.- Now, in-those d a m a'g(e( s t a t e s where;the
~

.

'TAYLOE ASSOCIATES-
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L( } 1 fan coolers are operational would you agree:that

.- 2 given the' configuration of the. Indian Point

3 containment that if there were debris in the

i
4 cavity, and the fan cooler units were operational,

-5 that water would be continually. supplied to the

6 containment-floor from condensation from the fan

7 cooler units,-and that thatLwater would spill into-

8 the cavity?

9 A. (Witness Pratt) I think'there is a

10 reasonably good potential for that.;Certainly not

11 as good a potential as for the EFC damage state,

12 where you_would.have refueling' water storage tank'()
13 water also-into the cavity.

s

14 Q. Now, in those scenarios where'the
,

,

15 refueling water storage water contribution wa s -- no t

16 assumed to be present, and just looking at~those '

17 scenarios for the moment, in your analysis didLyou

18 -perform any sort.of' mass balance analysis-of-the. ,

19 delivery and distribution-of the water? ,- I am-

20 t a l' k i n g now only about the'primaryfsystem and the

21 accumulator 1 water.

22' A. .(Witness.Pratt) Yes.;As part.of MARCII -

23 analysis, the'MTRCH~ code calculates the| amount,of-

24 ccndensate that.is available'and then-how-much

25 could benheld up-in sump,.and the;remainingLwater

TAYLOE A S S O C I A'T E S-c
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{ 1 would b'e relocated into1the reactor cavity.

2 Doing that type of analysis you can
,

e

3 get an idea of how much water is available. But
1

4 it's ~ a matter of how much you assume wil-1 be held

5 up in the sump.

6 Q. Now let's turn to the scenarios where

7 the contribution from the refueling. water storage

8 tank would, in fact, be available.

9 Of the various scenarios which you

10 evaluated in your testimony, when would the
,

11 refueling water storage contribution not be

12 available? That is in what situations will you,
,

^^

13 have only the accumulator water on the. primary

14 system water?

15 A. (Witness 1Pratt) For the E. damage

16 states and for the damage states EP. All ofLthe

17 sequences would eventually _have refueling water
4

18 storage tank water.
,

19 Q. Well, in the EF state, where'the-fan

20 coolers would be operational,. guess I was-I

21 unclear as to your answer,.Mr. Pratt, about the-

22- delivery of condensation _from the. containment
i

~
1

23 atmosphere f rom' the -f an coolers t o1. t h e cavity.

'] |

__a 24 Could you try once more to. explain ~to
1

25- us-what assumptions you are_ prepared to_make about i

TAYLOE ASSOCIATES
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1

'f l' the delivery of. water to the cavity'from

2 condensation'from: the fan coolers?

3 A. (Witness Pratt) I think that.I said

4 that there is a good _po ten tial fo r the recycling
L

5 of the condensated water into the cavity under
4

..

these circumstances.6

) 7 Q. Now, let's move-to those situations

8 where we do have debris'in the cavity, and"we do

9 have sufficient water from whatever source over
,

10 the debris.

11 What assumptions did you then make

! 12 about the coolability of the debris bed in your.
O

i s-
.13 testimony? ,

14 A. (Witness Pratt) If it's' flooded we-

15 would assume that there is.about a 90 percent-

16 chance that it would be coolable, and that-there

17 would be a 10 percent chance that there would be a

j 18 basemat penetration.
i .

JUDGE PARIS: Iodidn't hear-that.
.

. .

19
.

20 li. If 1t's flooded'we would assume ~that

21 there is about a 901 percent chance 1that:-it would

22 be'coolable,.and t ha t-'th e r e -wo uld be a 10 percent

'

23 chance that there would=be a basemat, penetration ~.

[/i t
s 24 Q. N o w ,' what;would be:the;phenomenology-

:25 of the.10 percent', i f - yo u . wi l l,? ~ Under what-
;

, TAYLOE ASSOCIATES.
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il circumstances did'you presume that although water !
;

2 was present,.that, nonetheless, the debris may be
;
,

3 not coolable, and'there would be a concrete attack?
:

-4 A. (Witness Pratt) There is a very

5 detailed discussion on this in NUREG 850. There is

6 experimental evidence, albeit'on a small scale,>

7 that indicates core material might pass.into the
4

) 8 cavity, not mix with the water, that there might

| 9 be a crust formed betwoon the core debris and the
4

10 water, that these crusts are porous, and that

11 gases released from the concrete could be-released
i

12 through the crusts into the atmosphere, and there77 .
^

i ' L_J
13 would be essentially a separation of the molten

14 core material.
1

15 Now, these were'done' in Germany by

| 16 Pease, I believe. That is assuming the-water: is

17 having no effect-on the core material.'

:

; 18 Consultants to the.NRC felt that the
4

19 stability of crust over a large area was in

'

20 question, and certainly on the scale that.vnt are

:21 talking now. So there was a feeling that ~this.may.

22 relate to the transition phase, but that theferust
;

23 would break up and water would eventual ~ly:get in
M
._) 24 and cool it. And that's why d ur ing this transition

.25 phase we allowed about half'an' hour for the core

TAYLOE ASSOCIATES
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l'h 1- material to cool than calculated, .and tha t's whe re
(/

2 the additional thousand pounds of hydrogen came

3 from.

4 If we assumed, as was done in the

5' IPPSS, that the cooling occurred very rapidly,
d

'I

6 then we would get much' higher pressurization, but
4
4 7 very little hydrogen produced.

8 Q. Do you recall what assumptions the.

9 IPPSS study used?'

10 A. (Witness Pratt) I think it was .9999.-

11 Four nines, I believe.

.

12 Q. Now, just to give us some. frame-of

13 reference on this crust --,

14 A. (Witness Pratt) That's my
i

15 recollection. I could be wrong.'

,

!

; 16 Q. Just to'give us to frame-of reference

17 on this crust phenomenon that would lead to

18 possible noncoolability, notwithstanding the.
7

19 presence of water, Mr. Pratt, what was the sizcnof
i

20 the crust that was modeled.in the German studies
t

21 that you referred to?
.

22 A. (Witness Pratt) You-are getting'into
i

I 23 rather detailed: assessment.
.

.
,

.

.ss 24 Q. Well, 'I ~am driving at the
:

25 translatability of the small scale experimental.

TAYLOE-ASSOCIATES<
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! )

f 1- 'd a t a thatyyou refer to in.the 10. percent

2 assumption that you made ih your testimony, that

3 notwithstanding the presence of water there might

4 not be a cooling. Could.we have some appreciation-

5 for how- translatable these small scale tests would'

S be for a ful'1 scale situation? ,

7 A. (Witness Pratt) I think I already

8 testified that because of our concerns'regarding-

9 crustability, that's why we gave a relatively high

10~ percent, 90 percent, they.would be coolable.

11 Q. What would be the various reactions

12 that would occur that would tend to break,up any-

L_a
13 crust? Would the release of oxygen from-the

14 concrete reaction tend to --

15 A. Well, the gases-are CO2, water, and

16 they are reduced as they pass.through the melt to

17 hydrogen and CO.

18 We have at the Indian Point ~ facility

19 basalt concrete, so there-is'little CO produced,-

20 so we.are talking abo ut 'pr ima r'ily .wa te r. whi ch is

!

21 reduced to. hydrogen.-

22 -Yes,.the blowing rates certainly.

E the-crusts.23- would assist the breaking.up

f 't-

. L._f 24 Alsoisimply the~ spans over.which'the4

'25 ' crust is' existing would' tend to break it'up also,
; ,

TAYLOE~' ASSOCIATES
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I.

f' 1 -o r. .wo uld have: to exist.
\- ,

f2. Q. G e n t l e'm e n ,- I-would like to ask you a' ;

31 few questions about.page 3 B 33 of ~ testimonyyour

4 JUDGE GLEASON:- Mr. Brandenburg , how-
t

5 much more cross.examir.ing do you have?

| 6 MR. BRANDENBURG: There is"
I'

'

7 considerably more, Mr. Chairman. We;have.to getoon

8 to the new medication-features discussion.

| 9 ' JUDGE GLEASON: I suggest'we take a

10 ten minute break.

j 11 MR. BRANDENBURG: .Thank you, Mr.
!

12 Chairman.

O
13 (There was-a short recess.)

14 JUDGE GLEASON: If we ~ could proceed,-

15 please?

16 JUDGE GLEASON: Go ahead, Mr. .
,

17 Brandenburg.

18 MR. BRANDENBURG:- .Thank-you, Mr.

| 19 Chairman.
|'

20 0 Gen tlemen ,L be fo re our previous recess
,

21 I was-about to ask'you a series of' questions
t

.. through.35 of -"
22: rel a t i ng - to pages 3. B 32J your.

-23- testimony in which you model theJE,'EFC, OFcand-EF;

24-' damage states.-

:25 Let's start ~ wi th~ pag e 3~B 32, which-

h TAYLOE: ASSOCIATES
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71
'

1 is the E accident sequence or damage state, and
J

l=
'

2 that is one in which there is an' assumed'carly

3 core-melt with-no containment .c o o l i ng . And my,

|
.

f 4 question is a when question, not the whether

~5 question.

6 At what po in t .in time in the
.

>

b

7 progression of the accident sequence do'you assume-

8 that there would be a breach of containment fo r
|

9 this sequence?

10 A. (Witness Meyer) .For.the over pressure

11 indication failure mode?

12 Q. Yes. Damage state E, which is early-

t_J
13 core-melt with no containment cooling.

14 A. (Witness Meyer) For the over pressure-

15 indication we have used the value of 13 hours time

16 to containment failure.
,

17 Q. That's 13 hours countingffrom what?L

18 A. From-the scramble of the reactor

19 starting the accident.
. -

20 Q. .Now, turning to pag e 3 8 33, thisfis

21 the accident sequence EFC which you described as

22 early core-melt with bot'h sprays and coolers

23 operational. .

M: L.j 24 I understand.from my review of p a.g e . ' 3

25 B 33 that'you,haveva~no fail determination of

TAYLOE' ASSOCIATES-
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({; I approximately 80 percent. And my question relates

2 to those 17 percent of the instances in which

3 there is a failure by basemat penetration, and my

4 question is when do you assume that would occur,

5 how many hours after the start of the accident

6 sequence?

7 A. (Witness Meyer) Three days.

8 0 And how about the over pressure

9 indication category F, on page 3 B 33, which, as I

10 understand it is an over pressure indication

11 failure to which you accord-a 3 percent liklihood?

12 A. (Witness Meyer) This is release,-

(../
13 category F, and if you turn to page 25 the

14 estimated release time for that, failure time for

15 that, is three hours.

16 0. All right. Maybe we can save some

17 time.

18 These various release categories E

19 and 11 are the release times all as shown on page 3

20 B 25 independent of whether the sequence you are

21 concerned with is an EFC sequence or_a F sequence

22 or an EF sequence?

23 A. (Witness Meyer) Could you repeat that
^
/ \
kJ 24 question again, please?

25 O. Well, we finished with the E sequence,

TAYLOE ASSOCIATES
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fs) I which was 3 B 32. We are now at the EF sequence,

2 and I think we have established that the category

3 F release, the time of release would be as shown

4 on page 3 B 25. And I think you indicated that the

5 basemat failure mode which is category H was three

6 days, and I see that also on page 3 B 25.

7 My question is is the H category

8 failures for the remaining sequences, sequences LF,

9 as shown on page 3 B 34, and sequences EF as shown

10 on page 3 B 35, similarly the times shown on page

11 3 B 25 for the category H release?

:
! 12 A. (Witness Meyer) That is correct.7q

LJ
13 Q. So, in effect, your analysis, the

! 14 time of release, as long as you are concerned with

15 the category H basemat type release, that the

16 timing of that failure is independent of whether
;

'

17 or not you are dealing with a LF sequence or a EF

l 18 sequence, things of that sort. Is that correct?

19 A. (Witness Meyer) Yes. The_ period of

20 time was sufficiently long that going into any

21 details regarding variations on that. three days

22 was considered to have negligible importance.

23 Q. Now turning to the EF sequence as

L __; 24 shown on page 3 B 33, and I' suspect this is a
_

25 question for you, Mr. Pratt, on the basemat

TAYLOE ASSOCIATES
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[]- _1 failure. category H in the. sequence, i f -I'

i

2 understand page 3 B 33, your analysis. accords that -

3' in the-before fix mode as having a frequency.of i

;

4 approximately 17 percent.
.

5 What is the phenomenology that would

6 lead to the 17 percent assumed frequency of
t

! 7 basemat failure, given the assumption that.both

'
8 the sprays and_ coolers were_ operational _? Is ~ this

9 this encrustation phenonenon that we were

| 10 discussing before the break? -
|

! 11 A. (Witness Pratt) You really1have to go'

! 12 back to mode 4 on that graph, and look down and.
|

=

13 see that for 10 percent of the time you assume,the,

!

14 cavity could be dry. And we assume there would tur

15 a 90 percent chance of basemat failure for that-

16 sequence. You have to follow through the lower

i
17 branch of that tree.

!

18 If you assume the cavity-~is flooded, i

19 going in the upper direction. Then you have a_90-

20 percent of no f ail and a 10 percent chance of a-

21 absemat failure.

22 The net-result is when you add the

23 two together you comecup with about.171 percent.

- 24 Half'of that is coming . f rom -the - assumption '~tha t :
~

"25 -there would be som e . -.em p t i ed Lwa t e r . i n . .t h e c a v i t y:

TAYLOE ASSOCIATESt.
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l' Ifor that ~ case-

2 Is that cl e a r.?
s

3 0 I think so.

L .

turning to page 3 B'34, which is4 Now,
,

I
| 5 sequence LF, which, as I view table 3 B 1 is late
|

6 core-melt with fan. coolers operational,'you have a

7 basemat fai' lure occurring approximately 9for 10 :
.

8 percent of the time.
|- ,

| 9 Can you tell us what the

10 considerations were'that. lead to basemat failure

11 under those circumstances?
:

12 A. (Witness Pratt) .Again'I think I-am~~7
u-] .

..

13 repeating.myself.;If you go to note 4 ,: which

14 assumes the cavity is flooded, we went through

15 that.

16 For that case we then assume that-10

17 percent of the time there. would be=a. potential.for-

'

18 basemat failure, even though'the cavityDwas. -

! . .

'

| 19 flooded and the core debris-was flooded, and

20 that's where the~10 percent comes from.

21 Q. Just'to hit"the last~ table,..whi.ch is
;

. 22 '3.B 35, where, in the EF sequence, which is the
:

~ 23' ;early melt with only-the fan coolers. operational,

24 your' analysis indicates a basem'at penetration.-_ . .
,

. 25 occurring'approximately 79..percentLof..the time,

|-
nTAYLOE1 ASSOCIATES; ca
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:

j
-

I what are the considerations that contribute to

2 that?

3 A. (Witness Pratt) Again, this11s the

4- sequence.that we discussed earlier, where perhaps

5 we would have ~ changed. We have_a 99 percent chance

6 at note 4.of a dry reactor cavity and_a one

7 percent chance only-of it being flooded.

8 We would have to give that a 50-50

9 percent chance now, of the best estimates of

10 flooding of the cavity, so that would bring down-

~

11 the basemat failure mode by that ratio, by about.a

12 factor of 2.73
U

13 As I said, we have made that

14 calculation and made those changes and have found

15 that it does not influence risk.

16 One further point. I may have said

17 it correctly, I may not in the testimony,.but: I-

18 would like to clarify ~it for the' record..

.19 You specifically-asked me for which

20 damage states do we assume that the refueling tank

21 storage water never-goes into.the containment

22' cavity. It is for damage' states E and EF.'Somebody

23 thought _they. heard me.say1LF. It'is E and..EF.

7-)v\_ 24' Those_are the only_two damage. states.

25 'O. Now,~would . i t ' b e f a i r . t'o ; s a y ' f o r
.

i- TAYLOELASSOCIATES'
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1

~[ l those sequences inLwhich youtmodel'basemat
'

v

12' penetration, the frequency of the basemat
.

3 penetration is to a large extent due to this'' lack
.

4 of debris coolability which we_ discussed earlier?

'

5 A. (Witness Pratt) Yes.

|
- 6 Q. And that, in turn, the assumptions'

j 7 that one makes about debris bed coolability are

8 dependent on how one models this. encrustation ,

; 9 phenomenon-that you mentioned earlier. Is that
!

10 correct?-
!

$ 11 A. (Witness Pratt) Yes.-
!
,

i 12- Q. Gentlemen, one question before we

-| 13 move onto the mitigation. strategy, and this

14 relates to the assumption about.the containment
:-

15 leak rate, and this appears on page-3 B 5'of-your

16 testimony.

17 Looking at-the last parag raph on that

.

-18 page, I understand that- you assume a heat rate of
,

f_ 19- .one percent-per. day. My question is are you awarec

20 of'what the leak rate-is that.is set forth.in;the.
i

.

the Indian Point units?.
<

21 _FSAR of-

J

1-

. 22- A. (Witness Meyer) The' leak. rate,-I
.

.

- -

,

23 believe,.is 0.1 percent per day.
i f"T

~ connection wi'th
,

, :L J 24 Q .: 'And1why did you, in

'25' your analysis,~ elect to' increase =thatsleak r a t'e by R
.

u
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1

/~1 ~1- a-factor of ten?
: Im/ ,

f

; '2 A. .(Witness ^Meyer) Because we were,fon-

3 virtually all.of these accident sequences, wel-1
,

4 beyond the design basis in many respects, and we

5 thought- it prudent to increase the leakage rate =by

6 an order of magnitude. We checked out'the' impact.

~ 7 of that on risk, and as. I think.has been made
,

t'
; 8 cicar in the testimony,=even at~that~'one percent
i

9 per day leak rate, .the impact on risk is >

,

$ 410 negligible.

11 Q. Now, moving on to the subject of the
1-

| 12 mitigation features, one initial question-to put'
[~w)i

:
13 this in context. Do either of you-gentlemen:know-a4

:

]
14 Mr. Robert Benaro?

15 A. (Witness Meyer)- Yes, I do.<

I
! 16 Q. Mr. Pratt?

i 17 A. (Witness Pratt) Yes.

18 Q. Are you. aware that Mr. Bernaro'will-

,

j 19 be testifying next in this proceeding?

20 A. (Witness Meyer)' Yes, I am aware that

21' he will testify after us.

22 Q. You.are aware, .are you-not, that the.

23 ' subject of the appropriate source curves.to usesin;
.

24 evaluating-the risk at the. Indian-Point units has'

;

-25' been an issue-in 'this proceeding?-

c.

TAYLOE ASSOCIATES.
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1

I ]' 1 A. (Witness Meyer) Yes,'I am. aware of{
|^

2 that.-

3 0 -Now, the modeling of mitigation'

4 features which ~ make in your testimony makes.you
|
'

5 what assumptions about source terms?. I'am not'

|
6 seeking detail precision here, but- just some

.7 general description of.the source terms that are
I t

| 8 presumed in your analyses?
''

9 A. (Witness Meyer) We'used the same

10 basic approach as WASH 1400.
,

11 0 Now, would you agree that to the

! 12 extent one were to use lower source terms, that- i s-

F~Ji
;

L-,

13 to say assume that the amount, frequency, and mix

14 of radio neucleides'that would be released to the
<

15 environment in the event of a severe accident,

16 would be less, that such assumpt'io~ns would

|

be'efit from any.'

17 similar.ly reduce the potential n

! 18 mitigative' features?

19 A. (Witness Meyer) I could not draw that.

20 general conclusion at this' time.

21 0 In what situations would that notibe

' 2 2' an appropriate conclusion?

23 A. In what situations?

P
' EmJ 24 0. Under what circumstances?..

.25 JUDGE PARIS: . Excuse me. I an not

t

TAYLOE ASSOCIATES'
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() 1 sure.the witness understands the question. You,

2 said would not be, you said would be.

3 0. You used WASH 1400 source terms, you

4 assume a given quantity of radioncucleide release,

5 and you then go on to evaluate several devices

6 that in case of a fil te r ed, .ven t would diminish the.

7 release, in the case of certain'other devices

8 would either preclude a failure and release or

9 substantially delay a release in terms of'the

10 point in time it occurs.

11 My question is'to the extent that one

12 would reduce'the source term, that'is the amount

13 of radioneucleides that one. assumes would be

14 released, would that r.o t similarly reduce the

15 potential for any of the mitigative features?

16 A. (Witness Meyer) Each individual

17 accident sequence would have to be considered

18 separately..

19 I would not state t h a t- itxwould

20 diminish the' effective mitigation features if one

21 considers mitigation of early-containment. failure.

22 on the other hand, the later the

23 containment failure,.the less.' attractive these--

. m)( 24 mitigation features will.become-in terms of riskm

25 reduction.

f
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,,

}T] |1 .Q . If.one lowers the' source term?-
L .U.

~2 - A .. '(Witness Meyer) That's-correct.
!
,

3 Q. Now, a reduced source term,'.then,

4 would. diminish'the potential-benefits flowing

5 from the heat pipes and the flooded. cavity.

6 features, those both being ones that address the

7 latent overpressurization failure primarily;-is
1

8 that correct, Dr. Meyer?

9 A. (Witness Me ye r) That's basically a

10 correct. statement, yes.

11 Q. Now, when you were, D r-. Meyer,-

12 appearing before the Board some weeks.ago, we-'
n

- 13. discussed the so-called UCLA s t ud y o f;'the

14 mitigative features ~which you address in_your

15 testimony. I believe tha t's NUREG/CR-1666.

16 A. (Witness Meyer) That's correct.,

17 Q. Since that time, a copy o f. tha t
>

18 document'has been supplied to the parties. You
-t

19 are familiar with that document, aren't'you?

E 20 A. (Witness Meyer) Yes,'I=am.-
1

l
' '

21 Q. Now, if'I understood your| answers to

22 some Eof Mr.. .Bl um 's questions earlier,. subsequent
i

23 to the. time that this NUREG was prepared. and-

Pl-!y 24 subsequent-to t h e' time that you prepared your' -'

,

; 25 te s t imo ny. tha t's b e f o r e. the' Board at_this time, '

| . .

i TAYLOE ASSOCIATES
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~

l there was an evaluation by the NRC Staff of *g

2 whether or not such mitigative features should be

3 recommended for installation in the Indian Point

4 proceeding; is that correct?

5 A. (Witness Meyer) Yes, that's correct..

6 Q. Now, were you a party to that process?

7 A. (Witness Meyer) Yes, I was.

8 Q. Now, turning to the UCLA study and,

9 in particular, it's discussion of the heat pipes,

10 perhaps, just one brief introductory question:

11 Could you describe for us the basic purpose and

12 construction and function of these pipes?
') n

~ 13 A. (Witness Meyer) Yes. The heat pipe

14 is a closed-pipe system that contains a working

15 fluid. It can be t ho ug h t of as being in three

16 parts. The part inside the containment is the

17 evaporator portion, evaporating the working fluid

18 and thus removing heat from the containment by

19 condensation of water vapors on the o u t side

20 surfaces of the heat pipe.

21 This vapors is then driven by a

22 pressure differentiation th r o ug h the transition

23 portion which would go through the containment

\*24 wall and out into a condenser portion where the

25 vapcr is condensed to water, dumping the heat out

TAYLOE ASSOCIATES
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!

1 into the atmosphere. u,

'

2 The water then, either thro ug h a
,

:

! 3 _ gravity feed or.through a wick arrangement flows

4 back down into the evaporator ~ portion inside~the-

|
'

5 containment.

6 By this process, heat is removed from

7 the containment by a system that's completely
_

I 8 scaled and.is completely passive.
|

9 Q. Now, just so we are. clear, Dr. Meyer,

10 this particular system is among those mitigative

! 11 systems which the Staff included not to recommen'd
|
!

L 12 for installation to the Indian Point Units; is
'

F~j 4.

13 that correct?"

14 A. (Witness Me ye r) That is correct, yes.
|

| 15 Q. Now, have such heat. pipe-devices ever

16 been tested in any prototype testing or design *

17 demonstration program?

18 A. (Witness Me ye r ) In connection-with-

19 what application?

20 Q. In connection wi'th their use in a

21 nuclear power plant.

22 A.- (Witness Me ye r) Not to my knowledge.

23 Q. Would you think it would bc fair-to

() 24 characterize the discussion 'o f heat pipes '.t
,

~

25 contained in the UCLA study as a 'p r e'l im i n a r y
-

.
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l' investigation?; s,
,

2 A.. (Witness Meyer) I think' that would be
:

'

3 a fair, general. comment, .yes. . ,,

!j' 4 Q. Now, given the requirements of. heat
'

j. 5 transference, in' order for such' devices to be.
4..

'presumed postcoremelt-environment,-| 6 effective in a *

: ,

I- 7 what would be the. -- well, let me ask'it mere

| 8 directly.
"

{
~-

9 What wasJthe wall thickness o f :the'

:
4

~

10 heat pipes that was evaluated i n the UCLA study?
,

1.

,

11 zA. The UCLA~ study, I believe,'had a heat 4
~

. .
,

12 pipe thickness of three millimeters.
j

_ '*$
'

-

; 13 Q.- Now,' based upon-your knowledge o f;'

,

; ! ,

I 14 such devices and nuclear technology, would,you:
i
j. 15 think it fair.to say that there would be-major ~

i
I 16 design problems t h a t- 'would be: encountered-in' -

,

l' 17 trying to . sc i sm ic ally _ q ual i f y ~ p i pe s ~wi t'h - t h r ee
'

f
-

i 18 millimeters' thickness?

| - 19 A. (Witness Meyer) I don't --

!

; 20 Q. And ex tend ing - some ; h und r ed ~ f ee t' o ut
i

~

21 into the outside of the. c o n ta inmen t |a nd so /-f o r th?-

22 A.- .(Witnena Meyer)- I - d o n ', t . t h'i n kT- t h e r e 'fs -
.

23 .any-question but-that there would be some-

h , 24- engincering challenges.to produce suchEa system- .\.~

:
-

'
'

25' foripractical a ppl ic a t'io n ' to . t h i s:' pa r t i c ul'a r
.

s
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F-

. F--] 'l- containment design. 3L1
2 Q. Would there.similarly be a major

-

3 engineering challenge, to use yo ur phraseology,

. 4 to qualify sue.h devices for both-internal and

5 externcl missiles? '

.

6 A. (Witness Meyer) They.would, of course,

7 have to meet the requirements o f 'any device

8 associated with the containment, and it is because

9 o f- cons id e ra t ion s like this that we' considered

10 such a device to be a very e x pensive..one , 'and -tha t

11 was part of the reason for the decision as related

12 in the Question 5 testimony for el-iminating heat'
_

< ~

i" 13 pipe as a possible o ption at this time.

14 0 Now, the UCLA study assumed,_did i t-

15 not, that it might be possible , and -I empha si ze
,

'

16 the word "might," might be possible to install-

= 17 such devices at I nd i'a n Point wi tho u t 'in te r f e r ing

la with the rebar in the containment structure;=is

19 that correct?
,

70 In o the r' wo rd s , they held.outisome-

*
:

21 po ss i b il i t y , a f t e r. r ev i e t/ of-the d rawing sEo f the
-

- 22 rebar in the1 containment-structure, that it might-

23 be-possible to avoid-piercing the
:

7-1 -

. sg ;
gj 24 rebar-in installing such~ pipes.- Do yo u~ r ecall . .D:

25 that?

TAYLOULASSOCIATES
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O 1 A. The UCLA stud y came to such a
(_[

2 conclusion, yes.

3 Q. Now, would you consider it a further

4 substantial disadvantage of attempting to retrofit
i

5 auch devices at-the Indian Point Plants if it

6 becane apparent that it was necessary to interfere

7 with the existing rebar in the containment

8 structure in order to install such devices?
,

j 9 A. (Witness Meyer) Yes. This wo uld be a
.

| 10 major consideration.

11 It is my personal view that if you
.

i 12 would take the approach of actually drilling now

O 13 holes in the containment structure, that you ,

14 couldn't aioid cutting through some of.the rebar,

15 and any analysis of its offect would have to take

16 that into consideration..

i
17 Another consideration or another

18 option that the UCLA Study considered was making
,

| 19 use of existing penetrations. Ac tually cutting

20 holes in the containment wall was one of-a' number

21 of options.

22 Q. 'One last question there and I thinki,

I 23 I'm th ro ugh , ~ Mr . Chairman: Do you recall.how many
.

(3-( ): 24 layers or' separate planes o f r ebar' the r e' a r e in,'

25 the' Indian Point containment-structures?
.

TAYLOE ASSOCIATES-
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Fl 1 A. (Witness Meyer) I don't have a number
LJ

2 for you. There are extensive planes of layer upon

3 layer of rebar that would have to be cut through

4 in order to put holes in the containment.
|

5 Q. And another of the devices you

6 considered was a system to insure greater

7 frequency of cavity flooding; am I correct?

8 A. (Witness Meyer) Yes.
|

| 9 Q. That was the third --

i

10 A. (Witness Meyer) Th a t's correct.

11 Q. Now, you concluded, did you not, that
|

| 12 installation of that system, that is the cavity
| F i

'i
| 13 flooding system, if I can call it that, would be
|

14 counterproductive if it were not installed in

15 conjunction with the heat pipe system; is that

16 co r r ec t?

| 17 A. Yes.
|

18 Q. You couldn't install one without the

19 other. You had to install them both to get any

20 kind of benefit; is that right?j

21 A. (Witness Meyer) The requirement would

22 have to be accompanied with a requirement for

23 con ta inmen t heat removal. In that sense, yes, you

Pg) 24 are correct.

25 MR. BRANDENBURG: Mr. Chairman, I

TAVLOE ASSOCIATES
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I have no further questions of these witnesses.
)

2 JUDGE GLEASON: Mr. Colarulli,

3 cross-examination?
;

I 4 CROSS-EXAMINATION

5 BY MR. COLARULLI:.

] 6 Q. Dr. Meyer, I'd like to. follow up on

7 just a couple of points that were referred to in
,

8 your exchange with Mr. Brandenburg.

I 9 Would you turn to page III-B.50 of

f 10 your testimony.

11 Now, the table at the bottom of'page

12 III-B.50, as I understand it, is a table that you

)
1 13 called a " Realistic Assessment Of The Reduction
;

y 14 That Would Be Provided By Heat Pipes"; is that .

'l

15 correct?

i 16 A. (Wi tness Me ye r) Yes. 'This is our
!

17 estimate.

18 Q. Now, do these reduction factors j
t

19 reflect the several seismic considerations-that
i.

20 you just made reference to, specifically the. ,

i
| 21 impact if one had to cut through the robar *

22 containment and the problems associatedDwith

23 seismically qualifying the heat pipes?,

1

1) '24 A. (Witness Me ye r) Th o s e 1m'a t te r s were

25 taken in to a c c o u n t -' o n l y in the way.that'we.di~d
4

.
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|

" 11 through the unreliability number. The
- J

2 unreliability number of five percent is considered
1

3 large by most standards. We did not consid e r it
~

4 explicitly, but we would anticipate it could be

5 included in t h'a t five percent unreliab'ility number.

G Q. But isn't it true that your position '

7 is that further analysis is needed to actually

8 realistically model in and calculate the impact

9 that would occur given the addition of seismic

10 qualification?

11 A. (Witness Me ye r ) That's correct. The

12 analysis in front of you gives an indication of

0
| 13 the impact of unreliability and attendant risks on - i

I
| 14 the reduction in the risk reduction afforded by

15 these mitigation features,

16 Further analysis may reduce'thatt

1

17 unreliability number or it may increase that

18 unreliability number.

19 Q. One question concerning the glow plug

i 20 ign!ters that you referred to on page III.B-29;of-
!

21 your testimony. Yo'u r - te s t imo n y - d o e s _ no t ~ reflect-
i

22 the specific risk r ed uc t io n - o pted by glow plugs.
~

|

23 alone , doesn' t it?

.

k 24 A. (Witness Me ye r) No, we did not

25 includcDthe separate risk reductionnthat would

TAYLOE ASSOCIATES
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;

! 1 result by having glow pl ug s alone installed in the('v)|
! 2 containments.

3 Q. 11a v e you made such a calculation?

4 A. (Witness Meyer) Yes, we have.

5 Q. And what results d id that calculation

6 yield?

7 A. (Witness Me ye r) Let me turn it over
!
,

8 to Dr. Pratt who has the exact numbers.

9 A. (Witness Pr a tt) It would have

10 negligible effect in terms of acute fatalities for

11 Units 2 and 3. It would have about 10 percent

12 impact on latent effects for Unit 2, and for
I (^T'' 13 Unit 3 for latent effects, it would have

14 negligible impact.

15 Q. Is it true that two possible

16 attendant risks of glow plugs include an increase

17 in containment pressure and some potential adverse

18 equipment burns?

19 A. (Witness Meyer) The whole purpose of

20 glow plugs is to burn hydrogen, and one would

21 expect that you would burn lean mixtures of

22 hydrogen with the glow plugs installed.

23 If they were not installed, you would

(I 24 expect more v igo ro us burns that would have greater

25 effects on the devices you just mentioned.

TAYLOE ASSOCIATES
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! F"1 1 So although you could ~ say that it-is
d-

2 an atten' dant risk that is_ considered, you are

3 avoiding a'much more damaging problem by burning
l

4 carly and burning your h yd rog en lean.

| 5 JUDGE S il O N : Dr. Meyer, your answer
!

6 there and particularly the last part of your
|

| 7 answer in which yo u men tioned " burning early"

8 makes, it seems, some sort of an assumption to the

l

| 9 effect that hydrogen mixtures per force must grow
|

10 from lean mixtures to rich mixtures and that there

11 must be a stage in which the glow. plug would be

12 ignited Ican.
D
d 13 It would seem there would be some

14 scenarios, at least in some places, in-which a

15 rich hydrogen mixture could develop'and then go

16 wandering to find a dull plug. -

17 wouldn't that put things in a bad

18 state?

19 MR. MEYER: There:are' situations.

20 For example, certain vessel failure situations
,

! 21' where large amo un ts o f . h yd rog en wo uld 'be released-
,

i 22 at one time, and you_would not have: this lean | mix

23 that is mo're assodiated with core' degradation ~than--

f} 24 coremelt; and vessel failure ~and underfthose-

25- circumstances, a. glow plug could.have1an attendant- '

-TAYLOE ASSOCIATES
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1 risk of igniting a relatively~ rich mixture'of

2 hydrogen..

3 J U DGE silon : _It would.soem as if it

4 could, perhaps, even ignite a rich mixture under

5 circumstances where,-left tt l' t s e l' f , t h e mixture

C would lean out by mixing with the rest of the-

7 atmosphere and become less of a hazard, could it

8 not?
;

{ 9 MR. MEYER: Yes. This would have to
!

10 be carefully considered in the placement of glow

11 pl ug s in the containment.
1-

i 12 . JUDGE S ilO N : Thank.you. I'm sorry

13 for interrupting.

14 MR. COLARULLI: That's f i n e .- I

15 have no further questions.
i

16 MS. MOORE: Might I'have a moment?
,

17 JUDGE GLEASON: -Yes.

18 MS. MOORE: The' Staff has no~ redirect.
,
.

19 JUDGE GLEASON: All r'ight. Gentlemen,

20 you are. excused. Thank yo u .v e r y .much .

21 Call your next witness, Miss Moore.

22 MS. MOORE: Your H o n o r ,- the Staff.

'23 calls to-the stand Mr. Robert M. Bernero.

()' 24 JUDGELGLEASON': Miss. Moore --

25 MS. MOORE: YouriHonor, we are-

TAYLOE' ASSOCIATES:
-
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{9 1 trying to loca te a ; copy of Mr..Bernero's testimony
rs.

.
,

2 for the court-reporter.

3 JUDGE'GLEASON: Has he b'een sworn-in- !

4 previously?-

5- MS.-MOORE: No, he'hasn't.

6 JUDGE GLEASON: Would you;please
~

;

7 stand a rid raise your right. hand..

8 Whereupon,

9 ROBERT M. BERNERO

10 was sworn in'by the Administrative Law' Judge

i
11 and testified as follows: i

12 DIRECT EXAMINATION

O 13 BY MS. MOORE:

14 Q. Mr. Bernero, would-you please sta te

15 your name and business address for the record.

16 A. My name is Ro be r t M. Bernero.. ~My

17 business address is US Nuclear Regulatory

18 Commission, Washington, D.C.

19 Q. Would you pleaseLstate your position

20 with the-Nuclear Regulatory Commission?
,

21 A. -I am the director:of'the" Accident-

.

2 2 .' , Source Term. Program _ Office.'in the office of-

23 Nucle ar Reg ula to r y - Re se a rch .
.

73.

.jj 24- 0 . Do yo u .have .be f o r e? yo u a' ; copy - o f c the
~

'
:

* 25 d o c um e n t -- e n t i tl e d' " Te s t i mo n y - o~f LRobert: M . - B e r n'e r o

-

TAYLOE A S S'O C I A T E S ? '

. . . - - . . . .. . -.. . , , , , , , . - . . . . . .. . . . , - . .
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r^g 1 on Severe Accident Source Terms"?
NJ

2 A. I do.
.

3 Q. Was this testimony prepared by you or
i

4 did you pa r tici pa te in its preparation?

- 5 A. Yes, it was prepared by me and with

6 my participation.
>

7 Q. Do you have any additions or

8 correction to this testimony?

9 A. Yes, I do. I have one change to read

| 10 into the record.

11 On page five, just below the middle

i 12 of the page is a line which reads: " Fa il u r e of-

13 containment within 30 minutes of the initiation of

14 the accident," and the words "30 minutes" should

15 be replaced by the words "a f e w ho u r s" . '

16 Q. With this change to yo ur - te s t'imo n y ,

17 is it true and correct to the best of your

18 knowledge, information and belief?

19 A. Yes, it is.

20 Q. Do you adopt this as your testimony

21 in this proceeding?

22 A.- Yes, I do.

23 MS. MOORE: Copien of this;tes'timony

24- have been delivered to the Board, the: par ties and

25 the c o u r t -- r e po r t e r . I ask that the-: testimony and

'TAYLOE ASSOCIATES .

9
._ . .. .
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|

] 1 the attached professional.qualifi~ cation of Mr.
,

|. -u-
-2 Bernero be received.into evidence and bound into

.

i
3 the r e c o'r d as though read.

'

4 JUDGE GLEASON: . Objection?

5 llearing none, the' testimony of Mr..

.

6 Bernero will be received into evidence and bound

7 into the record as i f read. - .

..

t
'

!
8 (The bound testimony is as follows:)

t

9

10
l i

i11

12 !
'

n
b 13.

14

15
.

16 i

17
! i

18

'19

20

21

22

2 3 '-

2 '4 ',.

.

L25
.

TAYLOE; ASSOCI A'MES ~E
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UNITED STATES OF AMERICA

NUCLEAR REGULATORY COMMISSION

; i -
-

BEFORE THE ATOMIC SAF TY AND LICENSING BOARD

In the Matter of- 'l -

' d
i Docket Nos. 50-247-SP-

'
CONSOLIDATED' EDISON l . 50-286-SP.'

OF NEW YORK (Indian Point, Unit 2)- )
p .

,

POWER AUTHORITY OF THE STATE I,

0F NEW YORK (Indian Point Unit 3) ) '

- TESTIMONY OF ROBERT M. BERNER0
'

ON SEVERE ACCIDENT SOURCE TERMS

,

.

Q.1 Please state your name and position with the NRC.-

O I am the D. rector of the AccidentA.1 My name is Robert M. Bernero. }>

Source Term Program Office in the Office of Nuclear Regulatory
i

Research at the U.S. Nuclear Regulatory Commission.

Q.2 What are your responsibilities in that position?
L ,_ -

- c A.2 - My responsibilities in this position are to assure that~ Source-
' ': .

-

;a, s - ~-
,. . , , -

. ,,

: Term related 'res'earch' results 'are implemented- 1'n policy and
~~

"
-

. regulatory practice in a' timely manner.
;

Have ' ou prepared a statement of your professional qualifications?Q.3 y
l

-

.A.3 Yes, the statement of my professional qualifications:is attached to
~this testimony.,

|

|

0 .

*
-

. .

.

b

e . , -. . ~ - - - - , - ,
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-

! Q.4 What is the purpose of your testimony?
,

|
A.4 This testimony p'rovides the Staff's assessment of the status of

current research in the subject matter raised in the ' testimony of
.

Drs. Stratton and Rodger, and Mr. ' Potter, bound .into the record

! following T.R. 8169, i.e., the. quantity and characteristics of
,

i

| the radionuclides released following an accident, often referred
; -

t to as the radiological " source-term." (hereinafter referred to
'

i
: as the. Stratton testimony) .

~

'

Q.5 How is an assessment of the Source Term conducted?
,

A.5 The words " source term" are often used as a simple tenn suggesting
,

i

j, that severe (severe core damage or core melt) accidents in nuclear

O reactors can be characterized by a single source term; and one might -

speak of reducing that source tenn by so$ factor, say of 10 or
,

f 5 or 100. I'n fact, each severe accident in a nuclear reactor of1

1

i a specific design has a characteristic scenario and, therefore, has
}

| a characteristic pathway by which the radioactive material is m(yed,,

2

} '. from the: core th' rough the.. reactor coolant syst'em out into the contain- .
s p' xe'.,<

.
: ;, :, ;p a: 7% v w ~.,

. >, ,

!
' ~

ment?or'otheibbildings and ultimate 1,Y o~ t intd the' biosphere. ' Eai:h' 'M' ~

u
! -

! severe accident scenario'then'has'a charact' eristic. source term
'

f describing the amount and form of_ the radioactive materials which-
'

'

are released to the environment. In order to assess radiological
~

source terms comprehensively, one must examine each of these accident;

-
' scenarios and study the behavior of each of'the principal species of y
'

radionuclides'in each phase of these scenarios. Thus, a rather complex
#

! assessment is made, there are many source terms, and many complicated

| potential changes in source tenns.
*

{
.

f
*

. _ . _ _ _ _ _ _ _ _ _ , . _ ..
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Q.6 Please provide'the Staff's assessment of the Source Term questions
,

and research activities discussed in the Stratton Testimony. I
.

-
;

A.6 The Stratton testimony draws attention to the intense research i

.
program currently underway'which is intended to resolve sorae of the !

'

! .

-

questions concerning accident source terms identified in part by'

,

Dr. Stratton.- We ag'ree with the Stratton testimony's assessment

that the accident source term methodology employed in the Reactor - |
. :

Safety Study (WASH-1400) results in conservative predictions, i.e., |
i

in overestimates of the quantity of. fission products released to ;

the environment. To the extent that the RSS methodology was employed. |,

| therefore, such conservatisms are incorporated in the Indian Point.

!- Probabilistic Safety Study.(IPPSS) and in the. staff's' consequence l

estimates as embodied in the testimony of p)taff witnesses Meyer and f
'

'

: ;

Acharya. .This agreement with Stratton et.al. is based on the i
'

,

existing knowledge that several physical processes which would
i

.
. i

affect some degree of. retention of radionuclides in.various parts - ;.

:

of the' damaged facility were neglected in the RSS methodology foD !
- ~ ^ .:.. .

t
~

. .

n ~ . . assess _ingiradion'uclideirelease and jtransport. ;The:Strattonit'estimonyi .V. .
*'T',' .~T L .. 7"'T _ . 7.' F .:.';..b:' ' =

draws heavily;on quotations from NRC-sponsored research reports to j
.. .. .. ,,.

establish this fact, so that repetition. tjerein is not necessary. j
i t

|- However, at the present. time, we cannot agree with the next step in-

the Stratton testimony,, i.e., the subjective estimates of quantitative
,

: .
.

| " reduction factors" asserted on the basis of a qualitative description j,

;
.

!
'.,s i

o- j
'

<

.

:.-
*

. !

| - I
'

|
;

.

' b
. - - . _ - . . - - - - . . - - . . -
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of a partial list of the physical process,e's affecting radionuclfde
~

,

i *

|- release and transport. These estimates of reduction factors to be

| applied to the IPPSS are based solely on the subjective judgment of
! .

; the authors of the-Stratton testimony,' and do not necessarily
i

| follow from the common ground of the general technical consensus l
i

. )

i

; , ~

|
described above. Although the current.research effort may provide

.

'

j subsgantiation for some of 'the assertions.of Lthe Stratton testimony,
4

j the conclusions in the Stratton testimony regarding, revised source ;

terms are premature at this time. The staff does believe that the.
I |

r technical data available today strongly suggest that the WASH-1400 l

i

models for radionuclide behavior in severe accidents overestimate

j 'O
' the amount of such material that would be released to the environment

: in such an accident. As I will explain later, the staff and its
88

i

.
contractors are engaged in a substantial research program to obtain

better data and models for estimating these source terms. It is ou'r
'

j involvement in this work and' the complexity of, the analyses at this

time that prompt us to say that selecting and using a new sourceN6il
..

,

i .n r. . ;. .. . ,s
..

,
. _, . ,

,

|| - ,~
~,'

"moder at this time:is piremature.P %.QS $ge K 1 '; T q ,. m '. 9 fy J[< - .j
- , ,

. ., _

7 # ,s -., m; ..o s , ., _,. . . . . . -,

;

i '

j The following examples' demonstrate the reasons for the staff's
.:

} inability to endorse the conclusions of the Stratton testimony.
j -

~

* -
,

!
I
l -

,

#

|
-

.

!

, O::
.

*
i

|
.

t
*

4
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1.. The TMI Experience '

,

A major factor influencing-the conclusions ta the Stratton -

- testimony is the interpretation given- to the TMI accident.

The Stratton testimony (p.15ff) sets up a comparison of the ;
'

THI~ event with release categories PWR-1 and -2, and in Table 4
,

(p. 53) with _a WASH-1400 " average" and " lowest" relea'se. On
.

- p.17 the Stratton testimony notes agreement between the
.

,

releases from.the core-for PWR-1 and:-2 and the TMI observation,!

i and then notes the lack of agreement of the releases from the

containment. However,. it should be noted that the RSS calculations

are for accidents involving containment failure, while no failure,

!

~

of containment occurred at TMI. The PWR-1 and -2 release categories-

of the RSS are dominated'by accident seq &
'

uences involving catastrophic
Uw

failure'of containment within 30 r.intgof the initiation of thei

accident. In-the TMI-2 accident, the principal releases were through

; the letdown and makeup system and the auxiliary. building vent header

many hours, even days after the accident. A direct comparCo'n'of

_. . .a i t E * .' l;[t atnoshhe'riNeleases [from. postulated:.eveht's such as NWR 1.' S'b.

'

_. 'j. J. ~ ge ' . . W?M a: 2 J . 1': M'y ,: ? ~ % .;'- ~ +
-

,. .
,

. and. PWR-2 release accidents with the TMI-2 accident where th,e

atmospheric leakage from the containment was negligible cannot
-

-
. ., .

provide much insight concerning the effects of fissionsproduct
,

| transport behavior. This is not to say that valuabie insight.
,

. .

1 .

O -

.

.
.

.

s

. }

e

. .

.
*
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; cannot be obtained from the TMI experience... Careful examination

|
*

1 .
-

j. of the TMI data is expected to provide a useful reference for
i

|
some mechanistic fission product release and transport models.

- However, some basic work, i.e., the examination of the TMI

core, and determination of its fission product inventory and

I distribution is- still to be completed. Completion of the TMI
,

*

core examination is perhaps'2 years away.
!

I 2. Cesium Iodide
!

! While the Stratton testimony almost quotes (5tratton, p. 22)
|

-
'

.

|
the staff's conclusion that cesium iodide is the most likely

predominant form ~of iodine released from the reacto'r core j

(NUREG-0772), Stratton concludes, without further quantification

| of the physical / chemical processes Ovolved, that this. change
'

'

from the RSS assumption pennits reduction of the quantity of
i /

iodine released to the. environs. A factor apparently weighing i

heavily in this assessment is the repeated emphasis on they. ,

,f : solubility _.ofLCsI;and other " metallic iodides"1(Stratton, p.. .
, ,,

.. . jy < .. ,..; . .; c, .: m , ; , , ,~ .. - y 3g . , ,
,

W19)' as| opposed to afpresumed " insolubility"cof I ascribed {to'' ;I ,,

2
'

the RSS model. The authors of the Stratton testimony apparently
!

b interpreted the RSS methodology to ascribe "near-noble gas"
,

i
behavior to I2 (Stratton, p. 21). In reality, the RSS methodology : !

|
'

i.
'

; - ;

|
'

!O .

-

, ,

4 ^O

!

'

t . .

.

,

- -- __

*
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,

ascribes very high solubility to I . For an accident sequence i

2 ,

of the TMI type (i.e., the release from the core contacts
c e . :-

{- . water prior to release to the environment, and pH adjusted
~'

!

containment sprays are operational) the RSS's CORRAL' code'. |
' -

:
. . .

calculates that the iodine concentration in the liquid phase , !

is more than.10,000 times higher than that in the. containment
.

atmosphere (WASH-1400, App.. VII). Therefore, it is necessary f
lto perform a careful examination of the dynamic behavior of j

,

radionuclide transport mechanisms based on the expected. thermal |

hydraulic conditions in the primary system and containment in |

order to assess the effects of the cheroical form of the iodine.'
~

'

>.

O
~

3. Retention in the Primary System ;-

! The Stratton. testimony correctly poinks out that the RSS

ana. lyses of fission product transport do not account for
. i

'
:,

agglomerat' ion'and deposition of fission products in aerosol !
~

. .I

j form within the primary system. We agree that this.is a'k g , f
-

i

|. - + .; conservatism of. the'~RSS and;other analyseyemploying;the,RSS . , 4, f
methodology. The SOatto'n' tesfimony'discu'sles' ~ts potentially *

, a_ . . . ,.y , . . .x , 7 . 7 , , , . . . , y. ,, .

I ' *- X'

.
-

}'

:

important phenomena in the reactor vessel (Stratton, p. 31ff). :
!

However, the'S'tratton testimony quot.es ,from a- 1977 publication j
!. . .

which describes t.he processes important in a." terminated '-

-

LOCA," i.e., a design' basis accident for which,no substantia 1 ;

..
.

q.
.

!
1

!0
~

~ -

.

.. .

!

i
'

)
!
,

- \,
. .

-

6
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fuel degradation or melting is assumed (i.e., the TRAP-LOCA
.,

code). We believe that a more appropriate basis for estimates

of pr.imary system retention is the.next level of development,

of the TRAP model. i.e., the TliAP-MELT code which addresses-
'

core melt conditions (NUREG/CR-0632,1979). Calculations of i

primary system retention during core-melt accidents using the
' '

latest version of this code are currently in progress. Although
*

~

it is premature to make generic conclusions on the basis of -
,

thesecalculations,theresults(asstatedinNUREG-0772)'

indicate 'th'at the degree of radionuclide retention in the
'

\
primary system is highly dependent on the specific accident

.
-

~~

sequence and the specific reactor design, and suggest that
O

categoric " reduction factors" cannot b,a supported at the
~ present time. '

.

4. Fission Product Behavior in Containment -

In order to characterize the behavior of fission products iny,,

-

- . S . :the containment,,,th ,e Stratton testimon.y;refe.rs back to the .,,, ,,.y "gg "y
- is. . s .x ; znm_

. , , ,

M" 'Containmentf Sysled Expefiment (CSE)if .the late 1960s'(' traiton, '?
' ~

'

j ' '
S '

-

p. 40ff) to demonstrate the effectiveness of containment spray -

in removal of el'emental todine and aeroso'1 particles. The ;
'

authors of the Stratton ' testimony-reject the quantitative

i predictions of radionuclide behavior in the containment provided
i- ,

| by the RSS's CORRAL code. However, it should be noted that
!

IO - -

-
'

-

1

*

' ' 9

$
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! the CORRAL code is based on an empirical . fit to the CSE data.
,

; Better predictions of radionuclide behavior in containment are
i |

| now being validated, such as the NAUA-4 code; but the staff
,

f . |

{ . feels that. it is still somewhat premature to base source term
! _

} calcula'tions in a proceeding such as this upon them. '

\
'

1 '

i The above examples 11Tustrate the staff's difficulty with the

j method used and some of the conclusions reached by Stratton, Rodger
.

'

| and Potter. We believe that quantification of " reduction factors"-

to be applied to source term estimates is premature.1

!
-

t

The NRC research program is actively engaged at this time in developing
,

;

;~ substantial new information regarding severe accident source terms
,O .

for light water reactors. The approach by ,which this is being done
'

,

is rather complex; it involves the development and application of
,

; new computer codes to describe the important processes in the core-

region, the reactor coolant system and the containment d'uring the*

degradation and melting of the core; In addition to code developmenf,

ex'tensiveiexpAr .- n .imerita1[ work |is"injprogress herejin' the; United States,J,, ' ' ,

. . . . .. r . , . ..
~'. '

- . . _ , . . ~ . . 1. ,
-

. #
-

. .. v. .. .,
,

and in foreign countries as.well, to augment the data base for'the -

.

verification and validation of these codes.
-'

;
.

.

1 -

I' .

.

O
'

.

|

|
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m
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Using the codes developed for this purpose, a series of U.S. light .

water reactors are being studied, one at a time, taking significantly

different accident sequences and carefully analyzing the release

and transport of radioactivity during those sequences. For example,
'

the first plant studi'ed in this manner, the Surry PWR in Virginia,

is being studied for the-accident sequences large break loss-of- -

coolant-accident, small break loss-of-coolant-accident, station -

~
-

blackout,-and what.is called in the Reactor Safety Study, Event V, -

~

the interfacing system LOCA where the reactor coolant system ruptures

directly out' side the reactor containment buil' ding. After these

selected- sequences are analyzed, a careful appraisal of the domina'nt
'

accident sequences for a plant of this type can be conducted toO
appraise the expected accident source teggs for all of the dominant

accident sequences, and thereby develop the compendium of' source
,

terms which. describes the risk characteristics of-that plant.. In

addition, a report- describing the technical base for these computer
- . g- - ,

analyses.is being developed on a parallel schedule. In addition to
' H| . , q ^. . .L ": -; > . . . LD ^ '

~

;; |, ;1 2. -

.u.. : . . ..
-,

' the~NRC-sponsored; work,jwe expect'to.seelpublished}this comingQ, Q J -jffr]
, ,.

i -
'

.
, ,

summer the results of similar work by the industry. degraded core group
i (IDCOR) as well as an inter.im report on.the subject from an American-

-

~

Nuclear- Society special comittee chaired by Dr. Stratton.
'

-

.

O

O

- -

1 .- . .

:
-

m
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t.ater this~ year, after it has undergone peer review, the staff of the
.

NRC will appraise this technical data to determine what' substantive

) changes in accident source terms may be justified at this time and'

! . .. .. ,

j will then advise the Comission of the significance of these results
'

1 . .-
i as well.as proposing to the Commission what regulatory or policy ;

j
4

.

j changes might be appropriate based.on these accident source term- ,.
< -

; .

changes. Therefore, we believe that at this time 'it is premature.
.1
4

i to ~ attempt a quantitative reassessment or restatement of accident
!

| source tenns here in the In'dian Point proceeding or in other cases

| as well . -
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STATEMENT OF QUALIFICATIONS ,

ROBERT M. BERNER0

I am Robert M. Bernero, Director of the' Accident Source Term Program Office

in the Office of Nuclear Regulatory Research at the U.S. Nuclear Regulatory

Comission.

I hold the degrees of Bachelor of Arts (1952) from St. Mary of the Lake.

(Mundelein, Illinois), Bachelor of Chemical Engineerir,g (1959)~ from the
~

University of Illinois, and Master of Chemical Engineering (1961) from'

Rensselaer Polytechnic Institute.

Early in my technical career I was employed by the General Electric Company

; 'O
at the Knolls Atomic Power Laboratory from 1959 to 1966 where I worked on

'

the design, construction, and test of pressuriz,e)d water reactors for naval
'

propulsion plants. In that work I gained substantial experience in reactor

electrical and fluid systems as well as the r.hemistry and radiochemistry

of reactor cooling systems.,

tr*
From 1966 to 1972, while still with the General Electric = Company, I worked

at the Valley Forge Space Center where I participated in the development of

nuclear power devices for space applications. In my final position there:

I served as Manager of Energy Conversion Engineering where I directed the.

. design and development of a high temperature thermoelectric power system

using silicon-germanium alloys.
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IIn 1972 I joined the Atomic Energy Commission regulatory staff as a licensing ,

j project manager. From 1972 until 1975 I managed reactor licensing cases
:
'

including pressurized water reactors and the Clinch River Breeder Reactor.

In 1974, when the draft version of the Reactor Safety Study'(WASH-1400) was

published, I was a member of the NRC staff team which performed an in-depth

review of that benchmark risk assessment.
.

.

From 1975 until 1977 I worked in the NRC's Office of Nuclear Materials Safety

and Safeguards as the licensing manager of the Barnwell Nuclear Fuel Plant
,

and as Chief of the Fuel Reprocessing and Recycle Branch.

'

From 1977 to 1979 I served in NRC's Office of Standards Development as

Assistant Director for Material Safety Standards. After the Three Milei-

Island accident, I served in the staff of the fiRC's TMI Special Inquiry.

At the end of 1979 I was appointed to be the Director of the Probabilistic

Analysis Staff in NRC's Office of Research. . That group, now known as the

Divis, ion of Risk Analysis, has long been the center for the development of
Er*

risk analysis methods at the NRC.

My permanent position at the NRC is still Director, Division of Risk Analysis.

However, in January of 1983 I was appointed to be Director of the Accident

Source Term Program Office. This program office was formed in January to

assure that source term related research results are implemented in policy

and regulatory practice in a timely manner.
,
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1 MS. MOORE: Yo ur Honor, the' witness' '

2 is now available for cross-examination.

31 MR. BLUM: Yo ur . Ho no r., given the

4 positions of the' parties on this testimony, we
,

5 would request the Licensees go first with their
,

6 cross-examinations since they are in.the
i

.
7 adversarial' stance.

8 JUDGE GLEASON: All right.. That is a

9 point well taken. Who wants to proceed?

10 CROSS-EXAMINATION :

11 BY MR. COLARULLI:

-1 2 Q. Good o.o r n i ng , M r- Bernero.

O 13 A. Good morning.

14 Q. You are familiar,.are you not, with

15 Drs. Stratton and Rodg e r , and that this data
t

16 available today strongly suggests-that the

17 WASH-1400 models overestimate the amount' of

18 radionuclides released in the~ environment?

19 A. Yes, I agree that the data.

20 suggests-that to be true.

21 Q. I wonder if yo u _co uld turn to page 3

22 of yo ur te s timony.
4

23 A. I have it.

()'

24 Q. You refer to several physical

25 . processes which_would affect some degree,of-

TAYLOERASSOCIATES-
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P_ 1. .. retention or r a' t e o f: n u c 1'i d e s in'various parts'of.
J

2 'a facility _:as beingfneglected in the i r. reac to r -

3' ' safety 1 study methodology.

4 A. Yes.

5 Q. Spe c i f i c al'l y , ~ wh a t' a r e those-

6 processes that you believe are neglected?

7 A. Examples of those processes are,

8 one, the process by wliich chemicals s u c h. a s 'i o d i n e ,'

9 rather-than behaving 11n its elemental-form, would

10 combine with another chemical and become a-

11 compound with dif f erent physical characteristics.-

12 A second example would be the:

13 formation of large amounts of' inert aerosols, that,

i
14 is particles that-are no t - o f -d ir ec t in teres t .a s

4 15 radionuclides, which could aglomerate, come-

16 together, and absorb radioactive aerosols.

17 Those are just two example's of the
;-
'

.18 sort of processes I'm-thinking of.

| 19 Q. Are these processes, the formationJof
i

i 20 ~ cesium iodide and the ag l om e r a t'i o n that you
i

21 referred to,_are'these processes addressed =by Dr.._

22 Stratton and Rodger?

23 A. Yes, I believe so.

9
- ~(g - 2 '4 Q._ ) D'o ' y o u agree'with their-descriptions

'

-

.

l

; 25 ofLthese processes?- , ,

L
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(-} . 1 A. In general,.yes, their qualitative
v_

2 ' descriptions of the potential working of these

3 processes.

4 Q. Do you consider-Drs. Stratton and-

5 Rodg e r to be reputable, competent scientists?

'

6 A. Yes, I do.

7 Q. What is Staff's view with-regard to

8 the impac t of iodine, in fact, forming in the

9 cesium iodide? What impact does that have-on the

10 source terms and ultima tely o n health ~ e f f ec ts?

11 A. Wall, in general, the formation of

12 cesium iodide in or near the core will probably

O 13 result in the iodine being less' mobile, less able

14 to get out of the reactor coolant system in a

15 coremelt accident, and less mobile once it's in-

16 the containment building after leaving-the reactor

17 -coolant system, so that in any given accident.

18 sequence, less iodine might be: released.

19 Now, the radioiodine, by present-

20 estimates,. constitutes approximately half o f "the

21 carly fatality risks, so .i ti co uld have a

22 significant -e f f ec t on offsite health effects,:

23 which are ~ calculated.

.( ) -24 Q. I'd like to turn to table.A-1..

25 Do you have a: copy of-Drsf.-Stratton'and Rodger's

TAYLOE' ASSOCIATES
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1 testimony before you?'

.

2 .A. 'e s', I do.

- 3 0 And-could you turn to. table.A-l?

4 A. I have it now.

5 A. Table A-1 is entitled: " Evaluation Of

6 Environmental Releases For Indian Point Sequence

7 2LW."

8 I'd like you to look at the first

9 entry, Time: liours, zero," and reading across

10 those items, the " Event Sequence," the " Expected

11 Buaavior Of Cesium Iodide," t h e n'^ t h e " Fr ac t io n Of
. (,

12 Core Inventory."

O 13 Looking'at.those entries,.do you.have

14 data or information that suggests that these

15 descriptions and statements are wrong?

16 A. No, I do not.

17 Q. . Loo king . a t the next time period from

18 two-hours to 2.5 hours, and, .again, at the " Event

19 Sequence" and the " Ex pe c ted Behavior" and also at

20 t he . " Fr ac tion Of Core Inventory,".do you have.any

21 data or information that ~ suggestsLt ha t tlie - v al ue s

22 under the-fraction of' core inventory, both in

23 conta'inment airiand also released to ther
- 24 Lenvironment, are. wrong?

-25 A. No, I do-not,fbut I wo uld, ma ke a
.,

~ ~TAYLOE ASGOCIATES
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[/
1 general comment here, t h'a t starting with'this step

'

\-
2 in the table and going on through'all the other .-

'3 steps, I feel we are dealing with the exercise of-

4 scientific judgment, a judgmental analysis, which

5 says that a certain fraction of tho' radionuclides
s

6 will go one way and a certain f rac tion go. the

i 7 other way.

8 As we, and I mean myself and the.

9 Staff at the NRC, as we go through this table, we

10 don't have or find data to contradict what.we see

11 here, nor do we find r ig o ro us data or m o d e l' i ng ,

12 validated models, to confirm what we have here.

)'

13 We believe it's a judgmental anelysis

14 and considering the work tha t's underway. We-

15- consider it, as I said in my testimony, premature

16 to quantify it as rigorously as this.

17 Q. Is it not the case-that even'

18 following the additional research that you

19 reference in yo u r testimony, that even with that

20 research, there will ntill have to be-judgments

21 made since there's not been the kind of accident-

22- that we are assuming to model and quantify in

-23 terms ~ of-the chemicals : released?

() 24 Isn't-there going to be scientific

25 judgment--that you are going to-. exercise ~at'thesend
_

TAYLOE ASSOCIATES'
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{~s]
1 of your evaluation?

.

2 A. Oh, yes, there's certainly scientific

3 judgment to be exercised at the end, but there

4 will have been far more direct physical

5 experimentation to give us direct knowledge of how

6 some processes work under degraded fuel conditions,

7 and that same data may be extremely useful in

8 validating predicted models for such behavior.

9 Q. You take issue with several points in

10 the Stratton and Rodger testimony, I believe

11 beginning at page 5 of your testimony.

12 A. Yes, tha t's correct.

- 13 Q. Ilo w would you characterize your

14 position with regard to these particular items?

15 Would it be fair to say that you

16 consider Drs. Stratton and Rodger's analysis

17 fundamentally wrong, or are these.rather some

18 misinterpretations that you believe exist in their

19 analysis?

20 A. I would characterize them as

21 misinterpretations that I see in their-analysis,

22 the TMI experience emphasizing, as an example, the

23 amount of radioiodine that was released.

[mj 24 As I said in my testimony, I don't

25 think that that is the proper comparison or useful

TAYLOE ASSOCIATES
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/~3 1 comparison for TMI, because it was not-a
V

2 full-fledged coremelt and did not' involve. severe

3 failure of the containment.

.4 There was a prolonged bypass leakage

5 through a fluid system, the letdown and makeup

6 system, whicli does not give a direct comparison to
.

7 W ASil-14 0 0.

8 TMI, as I said in my. testimony, is

9 useful, nevertheless, for the evaluation of what

10 goes on or went on inside'the core and inside the

11 containment.

12 Q. Do you recall the deposition of March-

13 31 that the Licensees took of you?

14 A. Yes, I do.

15 Q. And do you have a copy of that

16 deposition in front of you? ,

17 A. Yes, I do.

18 Q. Could you turn to page 76 and 77.

19 A. Yes, I have it here.

20 Q. At-the bottom of that page,.-in

21' response to a question concerning these

22 -differences that we were just referring to, .you

23 _ state, "A number of people ln t h e S t a f f . r e v i e w e'd

+3 -24 it and.did not find' criticisms exceptlin a few
-

. .

,

1,7

25 place s Ltha tL we - s ingl e -.o u t ~in thel t e s t i mo n y :. wh'e r e :x

f
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|1 we' thought there was some' misinterpretation of=the{
2 WASH-1400 model as1such, but they are subtleties

3 more than anything else but in the tables'and the-

4 scenarios given that these are the dominant

5 accident source terms and the IPPSS as we look-at

6 them. We can't say whether they are.right or

7 -wrong. They appear to be' reasonable."..

8 Is that still your' opinion?

9 A. Yes, that is still .my opinion. When

10 I say "right or wrong," I mean right or' wrong

11 q ua n t i-ta t iv el y .

12 Q. What is your pe r so nal ex pec ta ti'o n

F].
'' 13 with regard to the direction of the change to the

14 r ad io n ucl id e release terms that are referredEto in

15 the Stratton and Ro dg e r testimony? By whatifactor

16 do you anticipate change?

17 A. As I said in my testimony and as I

18 have said before, the overs'implification, we'are-

19 all guilty of at times, is to speak of a single
..

20 source term and'a. single r ed uc tio n -'f ac to r .

21 I would: say, again, we should be on-

22 guard that the' source term-is a set,;a spectrum of,

23 source terms,

a ,-
. . .

.

'[_j 24_ I have said'before,-and-I-feel . as a'

25 personal. prognosis, that'thereEis a reduction in- v ~ q
~

:TAYLOE' ASSOCIATES.
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i.
1 overall releases on the order of'a factor of ten.'

2 Tha t's just a personal belief. It is not-

. 3 supported by rigorous analysis yet in anyway that
|

4 1 know of, and, therefore, I don't think it's

|

| 5 trustworthy f o r r eg ula to r y use at this time. It

|

6 would be premature to.use it.

7 Q. lio we v e r , if your personal prognosis

8 is accurate, wo uld you consider that to be a;

|

! 9 significant reduction?

| .

and having made . that| 10 A. Yes, indeed,
|-
| 11 personal prognosis along with other knowledgeable

12 members of Staff, we have taken pains to do
_

L
' "t. \

13 sensitivity analyses from time to time to: explore

14 what effect such ~ changes in source term magnitude
!

15 would have on the calculated' consequences of

16 reactor accidents, and they are quite significant.

17 Q. Do you recall generally what kind of
|i.

18 impact o f, r ed uc tion a factor ten would have on,

19 for example, carly fatality. risks and. late

20 fatality risks?

21 A. Well, I can only. point to a

_22 sensitivity analysis in the Sandia siting report

23 which was published under our sponsorship l'ast-

r' .

.X ,g) 24 November, and'I don't remember the e xa c t 'v al ue s ~ in '

'

25 there, but there is.a' sensitivity. analysis for

TA Y L'O E -- ASS OC I AT ES -
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F~T 1 various reductions in source term,'and it has the
LI

2 most dramatic effect on early fatality risks and

3 less dramatic effects-on injury and-latent cancer

4 and pro pe r ty' d amag e risks, but I don't recall-the

5 nuclear values.

6 Q. Is'it.your opinion that the key.

7 radionuclides, in terms of health risks, would-

8 include cesium and radiciodine and tellurium?-

9 A. Those are among the most significant

10 radionuclides in the core for health risk purposes.

11 Q. In given a late overpressurization

12 scenario, how d if f erently wo uld those
_

c ,

'" 13 radionuclides behave at, say, eight hours into

14 that kind of a scenario as compared to an early

15 overpressurization failure?

16 A. This behavior was described;in some

17 detail in a document that was published by the NRC

18 in 1981, called NUREG-0772, a very-long' title

19 called, "The Technical Basis For Estimating

20 Fission Product Behavior In LWR-Accidents,"~and in

21 that document, there is aJcurve which displays-

22 this as mo d el~ed by a variety of. computer codes

23 which are now available,

m[,j[ 24 For' delayed containment failure,
'

25 physical processes'that work in the containnent

~

TAYLOE ASSOCIATES
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jY 1 building, are working on'the suspended,

uf
2 radionuclides or-aerosols and. dropping them down

|-

3 so that they won't come out once the containmant
!

i 4 fails or are far less likely to come out once the
1

i 5 con ta inmen t fails.

| 6 Slow overpressure failure is such
t

!
! 7 with these physical forc's that the longer youe
i

8 delay, the more you reduce the source term and
I
l 9 subsequently the offsite consequences, and the
l-

10 effects can be quite dramatic. I can't give you

11 the nuclear values from that curve, but they can

12 certainly be looked up.
r~s
i I
''' 13 Q. When you say " dramatic," is-that

|

14 synonymous 1with significant, which is toLsay. --

15 A. Well, yes.

16 Q. Would yo u an ticipa te a factor of ten

17 reduction after, say, eight hours, or can you give
^

18 us any kind of general parameters on that?-
~

19 A. Yes. In general, one can' achieve, <if-

20 you look at'that curve by substantial delay in

| 21 containment-failure time, you can achieve
!
| 22 significant o r d ramatic changes in so ur ce term,.

! 23: and by that, I mean a factor of ten or more.

( )- 24 Q. You.just referenced NUREG-0772. Is-|

25- it your view that N U R E G ',. in-discussing

.TAYLOE ASSOCIATES !
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{ l radionuclide release terms,'that,-in effect, NUREG
^ ~J

2 finds that the uncertainty band has shifted

is much more3 d r a sia t i c a l l y and that, therefore, .

4 likely that the radionuclide release terms are

5 lower than in WASH-1400?

j 6 A. I'm not sure that NUREG-0772 contains
: .

: 7 within it the words " s h i f.t i ng the uncertainty-
'

f

8 bands," such as that.

9 It is a way I choose to describe it.

10 The document concludes that t h a' t releases from

11 coremelt accidents are likely to be substantially

12 lower than as presented or analyzed by the Reactor

""" 13 Safety Study Models, and tha t doc umen t. goes on

14 with some discussion of what ways it m ig h t be
,

15 lower, and I think a fair characterization of it

16 is that it describes the Reactor Safety Study.

17 Model as still being a. usable point estimate, but

18 the uncertainty about it-is now shifted so there

19 is very little likelihood that the releases would
;

20 be higher, and.a much greater likelihood-that the

21 releases would be lower than characterized by that

22 model.

23. Q. NUREG-0772 was published sometimenin

~ 24 1981; is that correct?

-25 A. Tha t's right.
.

TAYLOE ASSOCIATES
.

y -y * 44m a y



- m

12594

1 Q. During the past two years since

2 publication of that NUREG, do you say that the

3 additional information and data that is now

4 available since that time would also suggest that

5 the releases would be more likely lower than in

G WASH-1400, assuming that the mechanisms, the

7 processes that you referred to earlier are, in

8 fact, at work?

9 A. It still is a little too early to say

10 what the 1983 reassessment tells us. We have

11 conducted only a modest portion of it, which went

_

12 into the peer process leading toward the ultimate

13 publication of a sequel to NUREG-0772, and we have''

14 had the peer review of that first portion.

15 I feel that the corrective actions we

16 are taking to respond or in response to that peer

17 review are so complicated that it's premature to

18 say whether our current reassessment in 1983 will

19 be stronger or less strong than NUREG-0772 was two

20 years ago.

21 Q. Well, let's try to be more specific,

22 then.

23 Regarding the behavior of tellurium,

|h 24 for example, what indications, what conclusions

25 can you draw today based upon the data and the

TAYLOE ASSOCIATES
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, . .

; 7'T 1 . i n~f o r ma t i o n available as - compared to those drawn

| O
2 in W A S il- 14 0 0 ?

3 A. Well, we can see today and have been

! -4 -discussing vigorously in the process of doing this
|

|

[ 5 work the possible mechanism by which tell u r i um , ..a -

|

6 r ela tively vola tile and one of the-more' noxious
|

| 7 radionuclides mecha'nisms by which tellurium can
.

8 ~ react with other metals, forming alloys, which

9 could get it out of the process, get it out of the

10 source term to a substantial degree.

11 It could release from the core and

12 find its way to.the stainless steels in the upper:

"" 13 plenum forming an alloy of sorts and thereby'bc

14- removed.

15 On the other hand, there are some

16 scenarios, s o ra e mechanisms, whereby if a great '

! .

..

| 17 deal of the zirconium is still available unreacted,
I

|
18 that tellurium might react first with the

19 zirconium and-in-some r espec ts g e t greater
!

20 mobility-to get out of the reactor coolant system.

'

23 It's a complex process.

22 Q. Assuming that the first processJyou.

23 . described in which the tellurium in effect

F~7
L) 24~ attaches itself,to other-surfaces, what effect~

L
'

.25 wo uld tha t- have in terms o f _ lowe r ing the amo un t .o f-
..

TAYLOE' ASSOCIATES.
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h- 1 tellurium that's available to g e t -' o u t ?.' 'I s ' i t'
'Qt

2 small?- Is it. dramatic? Can you.put any k'ind of a;-
J

'

3 -quantification on that'given the.research.and the

4 data available for the past seven years?

5- A. Well, if I take-your assumption that

.6- the tellurium got up, say, into the upper plenum
i

7 and reacted with the stainless steels up there,
, .

8 then it would be far less likely to be remobilized

9 and made available for the source term later~on in

10 the accident. It could reduce the source term.,

11 Q. And can you say,.now, is-it too early,

12 or can you say now whether or not that might be
Di

- 13 significant?
,

14 A. I can only say it could be.
:

15 Q. Could be significant? Could be'

16 significant on the order of other things that you
! - -

! 17 have characterized as in the reduction of a factor.

I 18 of ten?
l

19 A. As I said before, it depends on the

20 specific analysis. The =tell ur i um co uld .-g e t o u t by

21 other mechanisms,''and depends on_what these

2' 2 competing forces result:in, just how much.one-

23 should properly estimate as the7 release of

() 24 'tell ur i um from'the reactor coolant systemland in

25- what form it.would'be released.;

TAYLOE ASSOCIATES
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;p 1 Q. .We have, as you know, andLas you have
i U-

2 heard earlier today, had discussion of mitigation

3 devices.

4 I'd like to ask y'o u this question in

5 that-regard: Do you believe that it is
~

6 appropriate to make decisions regarding.whether to

7 add certain mitigation devices, such as: a filter

8 vent, using what you would agree would be an
,

9 immediately unrealistically-high radionuclide

10 release term as in WASil-1400?

11 A. I think that regulator.y decisions,.

12 such as whether to add a mitigation. system to a
,

| 13 plant to improve its safety can and must be made

14 with estimates that are.known to be. biased or

15 skewed in some way.

16 The source term,.which'everyone-

17 chooses to c a l.1 the W A S il- 1 4 0 0 source term, which'

18 is the' current estimate f o r' radioactive ~ releases

19 in accidents, is a fair basis of1 judgment if the

|
20 persons making the judgment have a reasonable

!

21 understanding oof the biases.and uncertainties in

! 22 that source term estimate.
~

23 Q. But do you not think that it would be

() 24 more. appropriate to, before-making decision on_a-~

. 25' substantial mitigat' ion feature, to have evaluated-
.

!
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1 all these processes and available-technical data

2 to which you r_c f e r and to come up with what'the

3 communi ty co uld agree upon as being a realistic

4 source term instead of an un r ealist ically h ig hlo ne?.
J'

5 A. In an ideal world', yes. That'would

6 be the nice way to do it, we have at the NRC--

7 an extensive program that is reasonably.well

8 coordinated with work by the Electric-Power

9 Research Institute and work in foreign countries,

10 and we expect to see the nickest results or the

11 most clear results in 1985.

12 If one is patient and able to wait

13 until 1985, it would'be_a very_ nice time to make

14 such a judgment.

15 In 1981, we felt'the-need to speak

16 what we knew then, and that was.NUREG'0772, and in-

17 1983, we are preparing a document which willEspeak

18 what we know today, in 1983, recognizing'that many

19 proceedings, m a n y n e e d s ' c a r r y 'o n and may:not1 be

20 able to wait until 1985.

21 Q. But if the source term, the. ultimate

22 one that is agreed upon at a given' time is, in

23 fact, significantly lower than wha t :we all. _ c all

. %(,/ .
~

' 24 WASH-1400 sourceJ terms,-is the value o f 't h e

25 mitigatingidevice-also significantly lower?

>
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Fl 1 A. Generally, I would say it would be.
LJ

2 If your-depiction of risk is lower to begin with,

3 then any device whose purpose is to further lower

4 risk has less to work on.

5 MR. COLARULLI: I have no further

6 questions.

7 JUDGE GLEASON: Mr. Brandenburg?

8 CROSS-EXAMINATION

9 BY MR. BRANDENBURG:

10 Q. Mr. Bernero, in the most recent line

11 of questioning from Mr. Colarulli, I understood

,

12 you to say that some understanding of the biases

'- 13 of the present source terms would be necessary in

14 order to make and form judgments from those source

15 terms for purposes of deciding on mitigation

16 strategies.

17 I'd like to ask you a slightly

18 broader question in which we might have to lay to

19 one side your assumption about an understanding of

20 these biases. I'd like to just ask you as a

21 general matter whether you agree that overly

22 considerate source term release estimates lead to
L

23 inaccurate and m i sl e a rl i ng overestimates of the

p,g_j 24 consequences of various accidents, again, apart

25 from this understanding of the biases that you

TAYLOE ASSOCIATES
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'5 1 have assumed.,

L)
2 A. If I understood you correctly, your

'

i

3 question,- I think it answered itself, that

4 overestimates lead to understanding o f g rea ter

5 risk than really is there, something to that
<

6' effect.

7 Q. All right. Absent.this understanding
.

8 of the implicit biases that you referred to, would

9 overly conservative estimates of the magnitude of

10 the source terms comprise an inappropriate basis

11 for regulatory judgments?. In other.words does-<

12 this component of understanding the biases,Lis

(#),

13 that ~ essential in your judgmant to reaching"

i

14 appropriate r eg ula to r y judgments?

15 A. Yes, it is. That understanding of

16 the bias, or, to use another term, the. uncertainty.

17 in estimates, is necessary to reach a responsible

18 judgment.

; 19 Q. Now, I believe you were seated-here

20 when I questioned Dr. Meyer and Mr. Pratt~about

21 the interrela'tionship between source terms and the

22 analysis o f 'mitiga tion features.

'23 Would you agree tha t one should

h['

24 es tima te the so urce .te rms .co r r ec tly in order to

25 acc urately estima te the' risk r ed uc tion

TAYLOE ASSOCIATES ~
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pi 1 effectiveness o f mitiga tion: features?-
IV

L2 A. If one is careful in understanding

3 the word " co r r ec tl y ," yes, one should use1the

4 appropriate current estimate of. source term,~

5 recognizing its-uncertainty,' conduct-an evaluation-

6 of a mitigation feature and keeping that uncertainty

7 in mind, compare.the risk reduction of such a

8 mitigation feature to whatever figure of. merit is

9 available.

10 Of course, one recognizing the figure

11 of merit does 'no t come down-on a bronze tablet, so

12 that the uncertainty judgment pevades the whole
bb" 13 process.

,
;

I 14 Q. No w , the correlation between the

' 15 source term and the computed benefits from
!

16 mitigation devices is a positive one, is it not,
.

17 Mr. Bernero, in the sense that to the extent that

18 the source terms are overstated, one's analysis
t

19 using those source terms of'the-effectiveness of
,

'

20 the mitigation device will similarly be' overstated;
|
'

21 is that correct?

22 A. Generally, a s -I' sa id ' be f o re , ' tha t's

23 true. If the source' term is overstated, the

M
Lj 24 accident risk is overstated, and, therefore, if

25 there is less risk to. work on, there is:less

TAYLOE ASSOCIATES
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-Q 1- .e f f e c t'i v e n e s s f or = any mitiga tion f ea ture to work
As

2 on..

3 Q. Now, as I understand the' assumptions

4 that were-made in WASH-l'400 and implicit in:it

5 those source terms which you indicated - are

6: currently being used by the NRC'with respect to

7 the behavior of cesium, and I'm actually thinking

8 back to a' passage in your deposition from last-

9 week that Mr. Colarulli referred to, and I think

10 you-have a copy before you.

*

11 I understood that your general
!'

~

12 perspective on that was that the investigators in

O 13 WASH-1400 did believe that cesium iodide was

14 probably the preferred chemical form f o r- iod ine to
' ~

15 be in, but that there was a l 'i m i t e d amount of-data

16 but that might not be so. So to be conservative,

17 they treated iodine as elemental.

18 Is that a fair summary?

19 A. Would you'pleascicite the p'a g e - n um b e r -

20 of my deposition.

21 Q. Surely. . I ' d --- b e h a p p y - t o . - = I1b el iev e-

22 the discussion starts on1page 18.

23 'A. Yes, I recall.

rh .

()- .24 Q.- Do you recall-the quo ta't io n |a t line

25- nine, I-think?

TAY'LOE ASSOCIATES'
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q

1 _A.- . Y e s . '. :In Appe nd i x ' .7 . o f f WAS H-14 0 0',

's t h'e ph ys i c a l ~; p r o c e's s e s ! a ppe nd i x , therefis.2. -which i
>

3' a .. d i s c u s s i o n , as.'I: recall, of'the free:Eenerglessor

4 thermal dynamics of chem ~ical reaction which

5 indicated to 'those 'invesfiga to r s Etha t cesi um and;
~

a

6 iodine were'likely~to combine chemically in o rg

-7 near the core, especially'since cesium outnumbers-

8 iodine by a veryflarge margin.

9 11o w e v e r , t h e y ' c i t e'd someldata,-and-I'

10 don't remember the researcher or citation, but:I'm-

11 .sure you could find it i n.._ t h e r e , c t h a t ~ suggested

- - 12 that it'would not form. cesium iodide.underEthose:

13 circumstances in core degradati~on.

14 And so they aseumed that for

15 analytical purposes, cesium a nd -_iod i n e1 wo uld not-

.-

16 combine, and 'the y wo uld b' e , .therefore,7 volatile:

17 materials and come almost directly out of the core-

'

18 into the containment building.- '

19 Q. Now,,with specific reference to that=
_

20 limited amount o f' d a ta , I thinkkyou r e f e'r r ed f to -i t ,
,

t h a t'' s ug g e s t ed i t h a t cesium iod ine- wo uld eno t be::21 as

22 ' produced, that' led to the Wash-1400Linvestigator's--

23, ' decision to use.an ass _umption'of elemental'iodi'ne.:
~

?24 Co uld . ;yo u .d e'sc r_i b e '. f o r, . u s L y.o u r - x
h

- 25 und e r s ta nd i ng;,.. i f._ yo u$ hav e Lo n e , as tobthe-
~

. -

w
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-(3 1 rigorousness or the quality of.that data?
:q)

2 A.. Oh, no, I .c o ul d n ' t . I'm not familiar

3 with that data, and I know of it only historically
~

o 4 as a matter that was presented in the discussion

5 in that appendix of WASH-1400 with some of the

6 early data-in this field. . Tha t 's ..all I know.

7 Q. Now, we are moving forward in time to

"

8 the work tha t's going on now by -- under the

9 direction of your division on this - - - is it

10 cesium iodine or is it the elemental iodine

11 issue?

12 Can you for us,-describe for us, how

j 13 that experimental activity is ongoing?

'

14 A. Well, there's a good deal of
t

15 experimen ta tion going on and has gone on;in the

16 ten years or so since the Reactor Safety Study

17 Analysis was done, and in: N UREG-0 7 7 2, two' years

18
~

ago, it was expressed as a, I think the term ~ was

19 technical consensus. 'I'm not sure of the words-

20 -- that the expected form in this circumstance

21 was cesium iodide, not elemental. iodine,-and that

22 is based on a variety of. experimentation of, oh,

23 what you might call ' f uel roasting experiments

IJ ~ 24 where spent fuel is heated and careful

25 measurements are made o f. wh a t' c o m e s off and.what

TAYLOE' ASSOCIATES
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- 1. condenses and where it does.

2 Q. Now, hasithere been anything, any'

3 experimental activity that's gone on subsequent to
.

4 NUREG-0772.that has-tarnished that scientific'

5 consensus that cesium iodine would be the

6 preferred form of-iodine?

7 A. Not that' I know of.
.

6 Q. Now, you covered the topic of
~

9 tellurium.with Mr. Colarulli, and I would like to

10- finish out those isotopes that would contribute to

| 11 the early fatality risk, and now I'm really asking

; 12 you, Mr. Bernero, . to distinguish in your mind

O 13 between those isotopes that contribute to latent
,

:- 14 f a tality risk on the one hand and early fatality-

15 risk -- concentrating only on the e a r l y -- f a t a l i t y.

; 16 risk isotopes - .and ask you soley with respect to-

17 those isotopes making a significant contribution
.

18 to early fatalities, if we have failed to cover

19 any.

20 Is tellurium iodine pretty.much-it or
:

21 are there others in here?

22 A. Well,.others get in. I recall that

23 ruthenium,-there-is aione year: lia l f life ruthenium

en-
.in|

.

_) 24' that can play; a r easonably s ubstan tial role

'25 ~ early; fatalities. There'are a' 'f e w o t h e r - n u c l i d e s '.-
'

.

TAYLOE-ASSOCIATES'
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L1 It's ;ge t ting- a bi t-.beyond my d ir ec t expertise-to

'

~

'2 go in to .the' .ind ivid ual n uc1id es and their-

3 contributions =.

4 Q. Now, I think you stated in response

5 .to a question fr'on Mr. Colarulli that while the

6 Staff has a good deal of ongoing experimentation' '

7 in this area, that.your own2 personal expectation

I think yo u d id h e d g e . i.t to that extent;8 ----

.

9 was that.a reduction-of a factor of. ten seemed

10 plausible to you.

11 Is that a fair statement of your

12 personal expectation?

10 'is the phrase13 A. Yes. That, I think,

14 that I used, either " personal expectation" or-" personal

15 prognosis". . One does this r e g ul a r l' y in doing

16 research work to set some priority,-where'should

17 we loo k , how ha rd . sho uld we look,. wha t t r'e so u r se s

18 should we dedicato, and it guides f your decision

19 process in some way; and tha tfis , _ aga in , ~a

20 personal expectation, but not proven.- |

21 Q. Of course. Dr. Be r n e r o,, I would'like

22 to follow.through wi.th-one mo r e 's t e pi-wi tih . : yo u r . '

.

:23 -personal f e x p'e c t a t i o n , . a n d . I ' d : l i k e .- yo u ' to a d o i t h'a t.

24 wi th . me , Li f1.yo u .co uld , by' turning 1 to page 641a of
-

25 Dr. S t r a t to n - a nd bDr . ~ Rod g e r 's' .te s t imo n'y . -

'TAYLOE' ASSOCIATES ~.
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]P] 1 A. Excuse me. I t.' s Mr.~Bernero.
, % !.

L 2 Q. I also mischaracterized=our own.

3 testimony. It's the testimony of Stratton and
~

,

! 4 Rodger and Potter.

5 A. Yes, 64-A is a f ig u r e ?

6 Q. Yes, sir, i t's . fig ur e 2.

7 A. 'Yes, I'have it before me.

8 Q. Now, there are two curves shown'there,

| 9 and I would like to focus your_ attention on'the
l'

10 lower two curves, which deposits a factor of ten

L
11 reduction from the source terms that were used in'

12 the IPPSS study, and my question is, if your

- 13 personal expectation about source terms turns out

14 to bear fruit at the end of the Staff's current-

15 exploration of this topic, and if you further-

16 accept the consequence model as it-wasfdone.here,

17 that-a diffusion 1 analysis and the evac ua t ion
|

18 analysis and that' sort of thing, that' based - upon
i

19 the analysis of these gentlemen and assuming t h a t'

20 your reduction of a factor of ten, as I say, does
,

21 bear fruit, that,- in effect, we would|have with a

|
22 f r equency o f - less than ten to the minusfeighth and-

I .

a serious| 23 no more than.about 20 fatalities from

{ 24- accident at. Indian Point?

| 25 A. I think it's time.to register the

L

:TAYLOE . ASSOCI ATES -' '
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|
j'N 1- commen t' abo u t .ov e r si mpli f ica tion Hwhe n one speaks '

. \_)
2 of an-overall reduction in source terms by_a

3 factor of ten then' going into an individual

4 reactor. profile.

5- 11think you should stop a t the

6 qualitative description. I ~ would agree that in a

7 plant such as Indian Point, that qualitatively, a-

8 substantial decrease in early. fatalities, et-

9 cetera, would be expected,'but whether that

10 particular probability or that particular level of

11 consequences, I can't testify to-that.

12 Q. All right. I understand'that.you

O 13 have a d if fic ulty with accepting the assumption-of

14 a factor of ten reduction now certainly ~ for this

15 sequence, but you have reviewed, of course, the

16 Stratton and Rodg e r and Potter testimony; have you

17 no t?

18 A. Yes, I have.

19 Q. And have you performed any analysis

20 of the-rest-of the modeling tha t wa s .d one . lead ing

21 up to this figure after-the1 assumption about-the

22 reduction and source. terms? lla v e you discussed it

23 with any~of the consequence people at the Staff,

() 24 for example, once you t a k'e the initial assumption

25 of the factor of ten. reduction, whether there are-

TAYLOE ASSOCIATES
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. _l- any~ problems arriving'at this curve showrr on

2- tigure.2 thatowe wereLdiscussing? -
1

: 3 A. In our' review of the testimony,.we f
| - |
'

..

'

4 made-no attempt-to go'into the individual

! 5 reductions calculated as such. O u r ~ a t t'e n t i o n
:

6 focused on the' source term-reduction factors and'
|:
L 7 the: method by which they were-obtained. To

8 go beyond t h a t' point, I feel, was

9- presumptious, that the reduction factors were mo r e:

10 rigorous than we tho ug h t them, and, therefore, we

11 would have further-review to do.

12 We did not se pa r a tely analyze these-

O 13 f ig ur es to see whether we would'have gotten the

14 same results.

15 Q. But after one gets by the initial-

16 assumption, I understand that you have some.

17 difficulty with it at this pointz in time, the.

18 initial assumption of a factor of ten reduction,

19 the Staff is unaware of any o ther modeling. errors,

20 things of that nature, Icading-up.to this-

21 preparation of this figures is that r'ig h t?

f 22 ~A. I just'can't comment on it. .I dontt.

23' know.

m
. ,J 24 Q. Now, are you familiar,.Mr. Bernero,'

, -

25. with a-document that's been . widel y o re f e r r ed to as

?
'

L TAYLOE' ASSOCIATES-
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,

11' -the.Sandia' Siting S t u d y ? --

~

-2 A. Yes, indeed.--
,

i

b '3 Q.- 'And'I'think.We 'c a n identify tha t" a s-.

-

4 NUREG-22397. .

5 A. Yes.. In my normall position at'the

6 NkC, my division there, the Division of Risk

7 Analysis sponsored that work.

8 Q. Now, was it a conclusion of that
'

9 d o c ume n t ,- the S a n d'i a Siting Study NUREG-2239 that

10 the estimates of'the early; fatalities'from~ serious

11 accidents were ver~y sensitive to the mag n i t ud e T o f -

12 the source terms?

13 A .- Yes, indeed. I don't recall the-

14 section number, but there is a section in that

15 report which conducts a . s e n's i t i v i t y 'a n a l y s i s . t o .
~

16 those simplified' source terms,'and they.were

17 explained in that report and supporting documents.

18 A sensitivity analysis was done'to explore what

19 differences in offsite consequences would?be

20 derived from different' reductions in' source term,

21 and there's a wholeisection' devoted to that'in

22 that report,
f

23 Q. Now,.can ~ yo u d e s c r i b e . f o r|- u s =, M r . .

( ). 24 Bernero, in a general way,nthe relationship-

25 between s o u r c e . t e r m r e'd uc t i o nL a nd ~e a r l y. . f a t'a'1'i t y

TAYLOE' ASSOCIATES'
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7-C 1 --consequences that was found by the Sandia Sit'ingt

; J
.

'

j- 2 Study?,|How much' reduction-in early_ fatalities do

j '3 you get for how much' reduction in source' term,

' ' -4 generally?

5 Obvio usly yo u; don' t have to answer _

6 this in a general'way.

7 .A. I don't remember'the. exact numbers,

8 but'there were' tables presented'there which showed;

9 that with across-the-board reductions of

10 radionuclide release.
~

,

j 11 In other words, across-the-board

|
| 12 reductions of source term, that the early

13 fatalities would drop most rapidly, early_ fatality

14 being a threshold effect. You have to recieve-a

15 certain--dose,_ fairly high dose, before there's a,
,

16 threat of early fatality.
I

17 The second most rapid' reduction would

18 be in early injuries, radiation injuries which is

; 19 also a threshold effect,-although no t'_ a s g r i evo us
i-

|

| 20 a radiation dose as'early fatality dose.
!

21 And, lastly,-there was aJmuch lower

~

22 sensitivity, although still, as I recall, almost

23 linear-sensitivity ~in the latent fatality and

] 24 proper ty damage effects, which a r e . dom ina ted. .by -L

25 nuclides like cesium 137,-things with a'long half

L .TAYLOE. ASSOCIATES.- ,
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| 2 Q. No 'w , L a g a'i n , focusing _ only on the

~3 early; fatality situati'on and leaving a s id e '_t h e.

;4 l a te n t. i n j u r i e s. 'a nd so forth, do you havejany

5 general' understanding what the conclusion was on-

6 the Sandia-Siting" Study as to 'how muchithe

7 across-the-board source terms would need :to be

8 .r ed uc ed in order-to~have no or virtually no.early'

9 fatalities?

10 A. I don''t remember the numbers in it.

11 They had tables tha t ~ bro ug h t i t' d o wn , a s 'I recall,

12' two orders of magnitude'or more, a f ac to r of-100

O 13 or a factor.of 1,000'but I don't remember.the .

14 nuclear results.

15 That was only a secondary < thing.

16 That result was focused on siting parameters.and

17 .the risk significance of siting parameters in.that '|

18 case,-and that. sensitivity analysis was~to' provide

.19 the regulatory thinker withoan appropr.iate

20 understanding of the' significance of the uncertainty

I 21 in source term.

.22 -Q. .Now, again, Mr. Bernero, I was struck
'

23 by a. pa ssag e fin ~ your. deposition f rom last. week in

O -~
24- nica ve= eid. seaere11 7 .enee ^ reauctio# te

i

E 25 ' source terms 'for iodine were0 accident sequence

TAYLOE ASS'OCIATES _
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; 1 s pec i f ic ia nd. pl an t - g eome t r y s pec i f ic . "

2 I can give you a page, but perhaps-

3 you-just generally recall that.

4 JL. Could yo u g ive me'the page,. please.

5 Q. Sure. It's page 23.

6 A. Yes.

7 Q. Top of page124, actually.

8 A. Yes, I recall the passage;now.

9 Q. Given that opinion of yours, what

10 uncertainties, in your judgment, are introduced by
4

11 employing the WASIl-1400 source terms that model

12 the Surry Palnt and applying those source terms-in-

L" 13 an effort to model the releases that one would

14 expect t o. find from the Indian Point Plants?

15 A. Well, I believe that on comparison,
I

16 if yoa looked at the Surry Plant and the Indian:

'

17 Point Plant, you would find |that the containment

' in either one18 in the Indian Point Plant is in --

i

19 of the Indian Point Plants, is stronger, larger,
4 :, -

20 than the Surry Plant.
!

4

21 Also, you would have different- ).

22 probability distributions for the different
-j

23- accident s e q u e' n c e s , that 1.s.the relative

O '

L_J 24 likelihood of blackout as ag a inst . loss o f 'coolan t

~

25 accident or some other accident' sequence.

-TAYLOE ASSOCIATES
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! j'"$ 1 One of our concerns about the-limited
| %sJ
L

2 surrogate character-of the Surry Plant lead us-to

3 add the analysis of a fifth plant to this body of

4 work,.the Zion ~ Plant, which is fairly close to

5 Indian Point,- I-believe.

6 Q. You mentioned the containment

7 strength. What other plant specific festures

| 8 would be impo r tan t - to an ~ evaluation of source tern

9 behavior?

10 A. The distribution of accident
|

| 11 sequences, the relative likelihood of one sequence
'

!-
' 12 over the other, because each sequence-has its'own

O 13 source term characteristics, different timing of

14 the core deterioration and' melting, different- path

15 ways for the noxious radionuclides to travel along,.

16 Q. Now, in your answer contrasting

17 Indian. Point with Surry, I think you ~have.said

.18 that the Indian Point containments were larger,

|
~

| 19 but what effect would you e x p e c t ' t lua t to have on
!

20 source term-behavior?;

21 A. There is a risk significant question-

22 in any of these reactor analyses, and-that is to

23 evaluate or assess the vulnerability:of the plant

() 24 to early containment failure.- The reason for the

25 interest 11s that the'best known, phenomena 1which
,

|TAYLOE ASSOCIATES.,

.:~. -- . _ _,



L
,

126151

-

1 stand to: red uce source-term are'those in the

2 containment atmosphere, and if the containment -

3 fails-early in the accident, then those' phenomena,- ,

t . 4
'

4 those forces in the containment, have little or no
+

5 time to work on the source term.

6 0 So if I understand yo u co r rec tly , the

the longer the7 longer the t i .a c in which the --

8 holdup time of the materials.inside the

9 containment, these forces and processes that you

10 referred to would result in a r ed uced release when

11 the release actually were to occur; is that right?

12 A. Th a t's right. The larger, stronger

C 13 containment, all else being equal, will hold the

14 material longer and permit further time for

15 material to aglomerate and pl a teo u t on surfaces or

16 fall to the water at the floor and be out of the

17 source term.

18 Q. Now, to your knoUledge, inithe

19 connection with the Staff's testimony for this

20 proceeding, did'they attempt to model even in any

el sort of gross way the-differences-in. source-term

22 because of the plateout and the other things that

23 you have~just referred to tha t . migh t - be expected

] 24 at Indian Point versus.what m'ight be.expectedLat

25 Surry and more implicit in the source. terms used.

-..

'
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1 in W A S il- 14 0 0 7
O(a

2 I guess we are talking pretty much

3 pressure of time and things of that sort.

4 A. I can't testify as to how they

5 treated the c o n ta i ..me n t failure time, and I can

G only note that I heard Dr. Meyer or his colleagues

7 say this morning that they used CORRAL 2, which is

8 'a refinement of WASH-1400's model for

9 precipitation of aerosols, but I can't testify as

10 to how they treated the pressure or failure time.

11 Q. Now, Mr. Bernero, in the course of

12 your deposition, you caught my attention with a

13 reference to something called a mosquito curve.

14 Could you tell us what that is and

15 how that affects the source term behavior that we

16 are talking about?
)

17 A. We have fallen to the use of that

18 term within the NRC because of the resemblance,

19 physical resemblance, of all the lines on that |
1

20 graph. l
|

21 If you visualize a mosquito sitting

22 on your arm facing to your left as you look at it,

23 the e are a series of curves like ,the feelers and
,

( ~) 24 the proboscis and the front legs of the mosquito

25 all coming up together giving essentially the same

TAYLOE ASSOCIATES
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F'l 1 prediction of aerosol concentration versus time
L)

2 coming to some peak, as the core degrades, and,

3 then, the rear legs of the mosquito extending out

4 on a very shallow angle to the rear of the insect.

5 The upper unsupporting legs which are

6 falling at a much slower rate or inclined in a

7 much more shallow angle than the other legs,

8 describe the WASil-1400 CORRAL Code, and the way it

9 models the fallout of aerosols in the containment.

10 Other codes, such as the NAUA Code,

11 fall or predict fallout of aerosols at a more

12 rapid rate, and, therefore, time that is delay in
f,_l

d 13 containment failure is even more effective of

14 source term reducer.

15 Q. Now taking a factor of ten reduction

16 for iodines as sort of a yard stick and looking at

17 these mosquito curves that you just referred to,

18 after what period of holdup time in the

19 containment does one obtain a factor of ten

20 reduction in iodine?

21 A. I d on' t remember the exact numbers

22 from that curve. It's on the order of hours,

23 eight hours or ten hours or something like that.

P
Lj 24 0 Now, you mentioned the use of the

25 NAUA Code. Can you tell us what role that

TAYLOE ASSOCIATES
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| 1 displayed in the Sta f f's ongoing examination of

2 these issues?
:

3 A. The NAUA Code or the NAUA.4 is the

| 4 version that we consider for use now. It is being
!

5 used instead of the CORRAL Code in our present
i

6 estimates of aerosol behavior in the containment.

7 At this time, it appears.to be the

8 most valid model available for such prediction.

9 Q. Now, when one uses the NAUA 4 Code

10 versus its analogue in the WASH-1400 analysis; and

11 when one looks at the late containment failure

12 accident sequences, does not the NAUA 4 Code

O 13 result in approximately a f ac tor of ten reduction

14 in the source terms?

15 A. At some delay time that is

16 containment failure time, yes. Those curves I
.

17 described in NUREG-0772, you can read 'the

18 difference at any. g iven containment f a ilur e ~ time ..

19 The longer the'. containment holds, the more

20 dramatic is the reduction you calculate with NAUA.,

21 as compared to CORRAL, which is'the WASH-1400.

22 Q. Now, wh'ile we are on the subj ec t of

23 codes, Mr. Bernero, yo u a r e .a wa r e , I believe, that

f() :24 the-Staff-used the March 1 Code in its analysis of

25 the IPPSS study asLto the1IPPSS investigators?.
l

.1
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p' , - 1 A .' Y e s ,- I'm aware of that, the March 1.1
LJ

2 Code or some derivative of it.

3 Q. And is it your view that when one

4 employs the March 1.1 Code, one models a more

5 rapid core heatup than you would expect?.

6 A. Overall, yes, that appears to-be the

7 case. We are just now comparing the results of
|
'

8 the improved March Code, which is called March 2.0,

9 and after incorporating all of the changes, it

10 appears that the March 2.0 code gives an overallj

|

11 slower _coremelt time. prediction, that is the

! 12 heatup to corenelt, it takes longer, although the

O 13 ind iv id ual shape of the curve can be different.- +

14 Q. Now, Mr. Bernero, specifically with

15 reference to the Stratton and Rodger_ and Po t te r

16 source term testimony, Mr. Colarulli showed you a
|

17 few entries on table 1.A, and you testified that

18 you had: no information or data suggesting that the

19 behavior would be otherwise.

20 As a general matter,. based on the

21 Staff's current examination of' source-term issues,

22. is there infcrmation or data to suggest tha*

23 source term' behavior would be otherwise than as

*''"1, .

;

24 -discussed in-the Stratton and Rodger and Potterg-

25 testimony?

TAYLOE ASSOCIATES
~ _ _ . - . . - _ . - - -



- . _ - - .

_,

,

12620

1 A. I presume you are referring to table
b(*

as the fir st o f tha t series of2 A-1 in the --

3 tables in the Stratton-Rodger testimony.

4 Q. Yes.

5 A. No. The Staff doesn't-have data that

6 suggests contradiction of this walkthrough and

7 .quantification of the source term,.so much as-the

8 Staff sees it as a more complex analysis being

9 needed, the complex in terplay o f heat transfer and

10 mass transfer, as you go t h ro ug h the accident

11 scenario, which is the substance of the work we

12 are doing today.

O 13 Q. So would it be a fair s ta temen t in

14 yo u r view that the S tr a t to n-Rodg e r-Po t te r

15 reductions may be demonstrable? You just don't

16 know at the present time?

17 A. . We just don't know yet.

18 JUDGE GLEASON: Exhausted this

19 subject,.Mr. Brandenburg?

20 MR. BRANDENBURG: Why, Mr. Chairman,

21 you must be reading my mind. I think that was my

22 last question.

23 JUDGE.GLEASON:- Thank you. We'll

( 24 stand at recess, Mr.'Blum, until'2:00.

25 (Hearing' adjourned atil:00 p.mt)

TAYLOE~ ASSOCIATES
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i

~~} 1 ( lle a r i ng reconvened at,2:10 p.m.)
~

U
2 JUDGE GLEASON: All right, if we

3 could proceed, please.

4 JUDGE GLEASON: Mr. Blum?

5 CROSS-EXAMINATION
,

.

6 BY MR. BLUM:

7 Q. Mr. Bernero, you recall talking about

8 the rough estimate of a factor of ten reduction in

9 source term; is that correct?

10 A. Yes. When I say estimate or you say

11 estimate here, I believe you refer to what I call

12 an expectation or a personal prognosis, and, yes,

i
13 I do recall talking about it.

14 Q. Right, and you testified that tha t's

15 very a pproximate in two ways; one that it is only

16 a prognosis, and the other is that it lumps

i 17 together a large number of separate figures which

18 might be quite different from one another; is that

19 correct?

20 A. Yes, indeed, that's so. The number
i

; 21 of separate figures would cover'the spectrum both
o

22 of different radionuclides and chemical forms
4

23 thereof as well as different accident ~ sequences

n
(_J 24 where the behavior |can change.

. 25 0 So just to.make things very

TAYLOE ASSOCIATES
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~} l unequivocal, younare not s ug g e s t i ng that the Board
J

-2 or anyone else should rely on a factor of ten ;

3 source-term reduction from WASH-1400, are you?

4 A. No, not.at all.

5 Q. You are; familiar with the peer review

6 meeting that occurred on January 25 and 26, 1983

7 for the NUREG-0956 draft study of accident source

8 term?

9 A. Yes, I am familiar with that

10 proceeding. I did not attend,.and I would like to

11 insert a clarification. That was the peer review

12 discussion of a portion of NUREG-0956. It was the

O 13 analysis of but one plant, and it will be a.

14 relatively modest portion of the whool NUREG-0956

15 document.

16 Q. Are you familiar with the. attenuation

17 factors for iodine and for cesium that were being

18 discussed as r o ug h working hypotheses in that~

19 meeting?

20 A. To some extent. I did not attend the

21 meeting, but I have read all of the peer comments

22 that derive from the meeting and have had-Staff

23 reports and clarifications that might be

r^s- .

( ,) .24 appropriate. based on the meeting.

25 So I'm not sure.what1you are

TAYLOE-ASSOCIATES-
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L

,1 referring to when you say "the attenuation

2 factors."

3 Q. Well, the specific thing to which I

'4 was referring were table 7.14 and 7.15. The

5 specifics of which- I don't know if we have--

.

go ahead.6 --

7 A. If ILcould interrupt you, I think I

8 understand what you are referring to now.- You are

9 referring to the calculated release or source term

10 fractions that were in that report, and there was

11 a good deal o f discussion comparing them to'the

| 12 reactor safety study equivalent fractions. Is-
_,

|
J 13 this the --

i

|

| 14 Q. Yes.
I

15 A. Those tables you cite sound like the

16 ones that do that.
,

|
' 17 Q. .Yes, that's correct, and you do

18 recall generally that there were a number of

19 release fractions.for iodine and cesium that were

20 where the attenuation factor compared with

21 WASH-1400 was much less thansa factor'of ten?

22 A. Yes.
!

; 23 Q. Were you not?
!

|. 24 'A. Yes.

25 Q. In your' testimony,'yourstate tha t.
!

-TAYLOE. ASSOCIATES
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1 insofar as IPPSS relies upon the WASH-1400 source

2 terms, it might, by doing'so, be conservative in

3 its estimates. Do you recall that? I believe it

4 might be page 3.

5 A. Yes, yes, I have that, and I recall

6 that.

7 Q. Are you aware that IPPSS did not, in

8 fact, use the WASH-1400 source term estimates but

9 reduced them in several instances?

10 A. Well, I understand that the, what we

11 call the WASH-1400 behavior model, where one uses

12 a rather simplistic description of physical

O 13 behavior in the reactor coolant system, and then:a

14 code like CORRAL to describe aerosol precipitation

15 or depletion in the containment.

16 That portion of it, I believe, they

17 used the WASH-1400 model or source term. Then, of

18 course, my understanding is that they did a great

19 deal in plant specific containment event analysis

20 where you are dealing with a con ta inmen t - d i f f er en t

21 from the PWR containment in WASH-1400.

22 I would still describe tha t as a

23 WASH-1400 model referring, of_ course, to the

('. . 2 '4 physical chemical industry model for release from)

25 the reactor ~ coolant system and for behavior-in

TAYLOE ASSOCIATES
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F7 1 containment.
LJ

2 Q. But do you recall whether in the

3 source term fractions that IPPSS used they imposed

4 some reductions over, some reductions as compared

5 with those used in WASH-1400?

6 A. I would expect so. We have to be

7 careful of terminology here. Normally, when we

8 speak of the source term fraction or source term,

9 we mean what gets out with the accident

10 culmination, namely, the containment failure

11 occurs, so that since you are dealing with a

_
12 different containment in this different plant, you

r

LJ 13 might, indeed, have a different or quantitatively

,

14 different source term, but nevertheless, the
|

| 15 physical chemical ind us tr y desc r iption within that

16 containment and within that reactor coolant system

17 might still have been t 'ae same as was done in

18 WASH-1400.

19 So technically, the source term-would

20 have a different number, but the same model.

21 Q. Do you recall in IPPSS that there was

22 a probability distribution where at one end, it

23 was either the WASH-1400 estimates or a factor of

F7
Lj 24 two above those were used and then as you went

25 down the spectrum, there was a f ac to r of half

TAYLOE ASSOCIATES
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|

i. . A .1 times the WASii-1400 estimates'and then a tenth o f.
(J

2 the WASil-1400 estimates?

L 3 A. I don't recall that specific thing.

4 I have read portions of the IPPSS study,.an'd I'm
i

| 5 not expe'rt to testify in exactly how they treated
;

6 things-there.

7 Q. Well, then, just.to-be clearoon your

L

| 8 testimony, the import of it is that if IPPSS'had

9 used the WASH-1400 model-and estimates unad ul te r ed ,-

10 it would in- the process, be somewhat conservative,

11 but you take n'o position on'IPPSS as it exists,

12 whether it, in fact, it has treated source-term

, ')
| 13 conservatively?
|

14 MR. BRANDENBURG: I object to the.
i

,

15 form of the question, M r .- Chairman.

'

16 JUDGE GLEASON: Objection is

17 overruled. Answer the question.

| 18 A. I take it rather the'thrustJof my

!
| 19 testimony is that insofar.as the IPPSS used the

-20 physical chemical industry models o f . W A S !!- 14 i) 0 ,

21 --with respect to radionuclide behavior in the

22' reactor coolant system and in con'tainment prior-to-

| 23 containment f a il u r e-- in so f a r as the IPPSS used

h 24 t h o.s e models, I would describe it as a

-25 conservative-use or a ny; ov e r e s tima te _o f source; term.

!'
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,

.i

-1 Q.. But Jif IPPSS, in addition to.using )
'

7]J.

2 those models, reduced the. numbers.by a factor,of
i

3 five or.a f a c 't o r of three'or a factor of ten, that i

4 would have an o f f setting ef f ec t, would it n'o t .

5 MR. BRANDENBURG:. Object to theLform

6 of.that question, Mr. Chairman.

7 JUDGE GLEASON: Objection denied.

8 Answer the question.

9 A.. I have no testimony or expert

10 knowledge on further alterations or modifications

11 of those models.

12 Q. So you express no opinion as to

D 13 whether IPPSS in its totality has treated the

14 source term issue in a conservative manner; is

15 that correct?

16 MS. MOORE: This was asked and

17 answered, this question. I object.

18 JUDGE GLEASON: There m a y - tre an

19 answer but he's scurying an~ answer, Miss Moore.

20 Now, the question was.does:he in fact

21 know it was in the IPPSS in this area or doesn't'-

22 he. If.he says'he.doesn't, then we can which--

--

23 I thought he..said'at one point, but he keeps

]n ~. 2 4 throwing caveats in, so I-don't- know-where he

25 stands.

TAYLOE ASSOCIATES
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1 A. As.I. understand IPPSS, it takes the/''b.
2 WASH-1400 model of radionuclide behavior in the

3 ' reactor coolant system and in the containment

4 prior to containment failure and then after some

5 analysis of containment, draws some conclusions

6 about delayed overpressure failure of containment

7 as being a predominate containment failure mode.

8 I have not reviewed and cannot I--

9 don't inow in detail what they did to justify the

10 delayed containment.

11 The only part of that that I address

12 is their model for radionuclide behavior in the.

O 13 reactor coolant system and in containment, and

14 that was all I was speaking to in my testimony.

15 MR. BLUM: Well, could we possibly

16 have the question read back? I would like an

17 answer to the specific question.

18 JUDGE GLEASON: All right. Let's
1

19 have the question read back.

20 (Question was read back.)

21 A. That is correct.

22 JUDGE GLEASON: All right. Fine.

23 Q. Thank you. You recall speaking

'

_

-24 earlier about the-effect of. source term ~ reductions

25 on the value of mitigation' measures? Do you

.TAYLOE ASSOCIATES
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,

79(_ ' ' l. recall'that?
,

L

ms :)
. 2' A. Yes,'I recall that.-J

3 .Q . You are familiar with a general

4 practice o f 'a ssessing the:value of mitigation-
'

5 measures by,their. relative risk r ed uc t io n;; are you

6 not?

7 A. Yes, I am.

'8 Q. And a reduction in source term would
~

9 not necessarily lessen the-relative reduction

10' 'f a c to'r of mitigation measures, would it?

11 A.- I think yo u sa id "the relative

12 factor." I said earlier ~ that I believe t h a t ~ l'f

0- 13 you reduce the source' term, meaning yo u 'r ed uce the

14 amount of radioactive material which is-released

15 from the plant under any g iven acciden t sequence,

16 you have reduced the risk of the plant',-the

17 . estimated risk-of the plant, and, therefore, there. L

18 is less risk to be further reduced by the addition

19 of some mitigative f e a tur e ..

20 In that respect, a. reduction of

21 source term has the force'of reducing'the. risk

22 r ed uc t'i o n effectiveness.of.a mitigative. feature.

23 Q.- -Yes, I understand that as regards
n
(j 24 absolute risk, but-perhaps if I.give.anLexample,

.

. 25 .i f L yo.u assume thatLIndian Poi ~nt has'a certain

TAYLOE" ASSOCIATES.
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l
~

system of filtered'i

.(~) 1~ level of risk and then with a
%)

2 vents it's level of risk is reduced by a factor of

| 13 ten and then you assume I nd i a n . Po i n t' with a lower
'

; 4 source term, the lowering of the source term would
|

|

| 5 not necessarily mean that the relative reduction
|

| _6 value of the filtered vents would no longer be ten,
|
!

| 7 would it?

8 A. I think it wo uld . I think a lower

9 source. term would, indeed, on its face reduce the

i

10 risk reduction effectiveness of a feature such as

11 a filtered vent.

12 Q. Wouldn't the relative risk reduction
/~TV 13 really depend on how the reduced-source term

14 affected the importance of various accident

15 sequences as compared with one another?

16 A. Yes, it would. I am presuming for

17 this discussion that the reduction in source term

18 is a relevant one to this accident scenario or~to-

| 19 this mitigative feature. A filtered vent-

20 containment system for example, has no merit in
!

21 reducing the risk of Event V, which_is_a-

22 containment bypass sequence'.

23 I'm assuming in yo u r . q u e s t i o n s - t h a~ t

() 24 we'are discussing;a source term, an accident

25- sequence'and a mitigative feature which all have
.

TAYLOE~ ASSOCIATES
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~l, 1 relevanc'e to one another.
J'

2 Q. Aren't you assuming that-the-source

| 3 term reductions apply to those. accidents that are

4 mitigated by the feature ~ more t h'a n they do to

5 those accidents that are 'n o t mitigated by the

6 feature?

7 A. I'm just assuming that they are

8 relevant, that they do, indeed, apply to that

9 accident sequence and that feature in question.

10 Q. But if the source terms apply-to all

11 accident sequences equally, those which were'

12 mitigated and those which were not, would it not

L"' 13 have no effect on the relative risk. reduction of
t

14 the mi tiga tion feature?

15 A. I'm afraid I don't understand the-

16 question. Could you repeat that, please. You

!
'

17 have at l e.a s t two negatives in that question.- I.

18 don't understand it.
;

19 Q. Okay. It's true, is it not, that the

20 way relative risk reduction of a mitigation
.

21 feature is affected is by a differentiation effect

22 on the_ accident sequences that are mitigated and

i

; 2 3- the acciden t sequences ~tha t are.not mitigated? Do

cm
i Lj 24 you_ follow that?

_

:

25 A. 'Yes, I Id o ,
t

i

| .TAYLOC ASSOCIATES
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- 7'N 1 .Q . Sc that if you had a reduction in:
Xf

2 source term that hypo the tically a pply to all
~

3
,

i.

| 3 sequences. equally, those that were ~ mitigated and

i 4 those that were not --

5 A. Yes.,

l-
~

6 Q. that reduction'in source term--

I 7 would not affect the relative risk reduction
!

8 provided by the mitigation feature?

9 A. No, I think it would. If I take'your;

10 - definition that, let's assume we have a~ reactor;

11 with only two accident sequences and unit source
i

12 term applying to each accident sequence and we

$.O 13 reduce hat source term to .5 for each ac c id en t-4

,

,

i. 14 sequence and I have a mitigative feature ~that can
!

15 operate only on one of the two accident sequences,
.

16 that mitigative feature now has only .5 of what-it

. 17 had to work on before, and it is inherently
l'

18 reduced in effectiveness because there is less
.

1

- for'it to perform.- 19 risk reduction
,

20 Q. Tha t's true for-the absolute

21 consequences, the: number.of people who would be

| 22 killed or the amount of-property damage, but it's-

23 not-true for the percentage of risk that's.

,Eh '
'

24- alleviated.by the mitigation' feature, i s - i t?

'

25 A. If'you are.saying.that, .now 'at . 5 - f o'r .
~

: i
1
4
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7~l 1 each source term a mitigative-feature c a n:
U

'

2 . virtually eliminate _one of the .5s and, therefore,

3 have the risk, yes, I agree with you, if that's

4 how you define the relative risk. '

5 Q. Isn't that generally'how relative

6 risk is defined in considering mitigation features?

7 A. Not really. Then I think we-have a

8 more fundamental d isag reemen t o f tho ugh t . The

9 risk reduction e f f ec t iv ene ss - o'f a mitigation

10 feature is generally spoken offas the risk

p 11 reduction compared to some cost or penalty for.

12 putting in such a system; and the risk reduction

0 13 is-measured as risk before minus risk after, where

14 it is, in a sense, the inc r emen t' o f total risk or-

15 the increment of absolute risk and not merely the
,

~

16 percentage.

17 The percentage can be quite

18 misleading. 50 percent of a very small number is

19 not significant. 50 percent of a very large

20 number, of course, is significant.

21 Q. Okay. I think we understand each

22 other now.

23 As to whether. the approach you first
'

p J.
,- . .

L, 24 mentioned being the. a pproach tha t'sig ene rally:

25- . accepted,.th're will be some further. discussion-e

TAYLOEiASSOCIATES
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(; 1 with another witness, but we can go onto another
( /-

2- topic.

3 You stated in your cross-examination

4 by the the Licensees that with regard'to using

5 conservative source term estimates, it was very

6 important for any decision-maker that used them to

7 understand the uncertainty and the biases that

8 were embedded in the numbers they used.

9 Do you recall that?

10 A. Yes, I do.
.

i 11 Q. And would you stand by that same

12 principal as regards all use of quantitative

O 13 numbers by decision-makers?

'

14 A. Yes, I do.

15 Q. So that would apply, for example, to

16 uncertainties and biases in a calculation accident
,

17 probabilities as well as to source term?

18 MS. MOORE: Objection, Mr. Chairman..

i_ 19 We are getting beyond the scope of the witness's

20 direct testimony. He's here to testif y about. the

21 Staff's position concerning-a particular~given

22 subject.

23 MR.1BLUM: Well, tha t's the last

i: -( )| 24- guestion in the line. In essence, it was' answered)-

- ~25' _by the previous one. ' I. d o n ' t think it's terriblyj

TAYLOE. ASSOCIATES-,
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l 1 beyond-his testimony,_but. It's not worth a fight.fJL
2 ' JUDGE GLEASON: I was going to say

-3 a'll the cross-examiners have gone way beyond'the

4 witness's direct testimony.
~

5 Answer the question.

6 A. Yes, in risk analysis overall,
.

7 probabilities and consequences, I _think, it is

8 important for the decision-maker to know the

'
9 uncertainties.

.
10 Q. Could you claborate for us, in-your

I

11 view, the relevance of the wind scale accident forj

12 Indian Point? What similarities do you perceive

d 13 between the plant with wind scale and Indian Po i n t' _

14 Plants?

15 A. Based on my limited experience or

16 knowledge of the wind scale accident, I see very
,

'

17 little similarity, except, perhaps, in some

j 18 individual physical chemical processes within'the

19 core. That was a gas-cooled r ea c to r which

20 essentially had a core fire, and though a physical.

21 chemist.might find something relevant to Indian

.22 Point, I see little similarity.

23 Q. What differences are there in the

24 plants that make..it difficult to exstrapolate
.

25 results from one to.the'other?

TAYLOE ASSOCIATES
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1;

1 A. It was a different type reactor.. It.

2 was a gas-cooled reactor-with a g r a phi te ~ co r e . It,

3 had an accident mode ~ which cannot happen

!

t- 4 physically in a pressurized water reactor. The i

5 core cannot burn in a pressurized water reactor in
,

6 place, that is.

7 Q. Okay. Could you now tell us some, j4

, ,

I

8 essentially the same question for SL-1, what

j 9 similarities are there between that reactor and

;_ 10 Indian Point?
.

11 A. SL-1 was a water reactor. It had a

1 12 peculiar accident sequence, a power excursion or

' ~)i 13 power burst from shutdown, and it has some

14 similarities to accidents that might' occur in a

15 pressurized water reactor such as Indian Point.
ii

16 Q. Wnat differences are there that make
i

17 it difficult to exstrapolate results from SL-1 to

18 Indian Point?

19 A. Well, the accident sequence in

20 particular, the power burst the from full shutdown

21 as againstLa coremelt accident following operation.
T

22 Q. Why-does that different significantly
~

23 for making | calculations with. regard to source. term

'() 24 expectations?'

25 .A. 'Well, the behavior is going -- in

TAYLOC' ASSOCIATES
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9 -- 1 ; 'the S L- 1 'a'c c id e n t sequence, rela tively explo sive-
LJ

'2. release.o~f material. The fission process'Lwas
,

.- 3 started and'went so rapidly that it wen t' o ut of
,

4 control and caused what amounted to-a steam

'

5 explosion, whi5h broke up the. reactor to.'a very >

6L great extent, and that is physically a very.

7 different sequence of events than having some sort'

8 o'f , oh, say, a blackout sequence where there's a
|

~

9 ' loss of power and the. core is not cooled'and
_

-10 slowly heats up and melts.

11 Q. Why would these physical' differences
-

12 in the sequence.be likely-to' affect c a l c ul a t'i o n s'-

~^
13 with regard to source term?

14 A. Different distributions of

15 radionuclides. You have different heat | transfer,

16 different. mass transfer patterns.

17 Q. When you say "different," can you
~

18 give.us.some sense'of how large_a d i-f f e r enc e you

19 are talking about?4

20 A. No, I cannot.

21? Q. But I presume yo u don' t > mean these
,

22. a r e' simply- small-~d i f f e r ences? -

2 3 .. A. Oh , t h e y a r e ''m a j o r > d i.f f e r e'n c e s' . i n - a-

+ ,

- '24 Lscenario, and one can loo k. a t a n ..acc id en t .sequenc e'
- :

i
! 25 l'i ke SL-1 Land. learn something a b o u t - t h e : b e h'a v i'o r

>

T
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! 11 'o f , _ sa y ,-. .iod ine , und e r' tho se acc id en t

2 circumstances tha t may be use f ul insight-into the
.

3 behavior'of. iodine in other sequences.such as the

4 ones I spoke o f o r we speak of in large1 commercial

5 power reactors.

6- Q. Well, you wouldn't endorse

7 quantifications' based on comparison with that

8 plant?

9 MR. BRANDENBURG: I'll object, Mr.

10 Chairman. I don't know what quantifications the

11 question assumes.

12 MR. BLUM: Well --

13 JUDGE GLEASON: Answer the question.

14 A. If one is quantifying a model fo'r the

15 behavior of some radionuclide based on some data

16 from that accident, it.could be a valid basis-for

17 quantification.

18 If.one took simply the. release from
~

19 such an accident and tried to characterize that as.

20 a fair quantification of the release from a

-21 to tally dif f erent accident in a light water power

-2 2 - reac to r , I don't think that.uould be valid.

23 Q. Well, when you say, "it: could be," i s-

0-: 24 .it veur testimony thee it s gieusib1e to:veu thet
-

,

f 25 ~it'might be'but-you.do not.know .whether'it is?-?
-

!
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|

I )P] 'l A. Yes, that's right.
'' LJ

2 Q. Now, if you could also address the ,

3 Fermi Breeder Reactor, what. similarities are there
,

i
' 4 between that and Indian' Point.

5- A. That was a metal core, liquid metalo

|
! 6 cooled breeder reactor and' i t's a different type

1

7 of reactor. The mechanisms at work were quite

8 different than what we have.in a light water

9 reactor accident.

10 Q. So- is it your testimony that it-would

11 be very dif ficult to exstrapolate results from

12 that type of reactor to Indian Point?
_

y ,
"~~ 13 A. Yes.

14 Q. Could you tell us a-little bit about
-

.

|

15 the most recent and accurate time table for

16 completion of NRC sponsored source term research?
|.

f 17 A. As I said in my testimony, I think on .

|
'

.18 the closing pages, we are at the present time

19 do i ng analyses of five plants and preparing for
r

20 each'of these plants a detailed physical-model o f.
-

! 21 radionuclide behavior in the dominant accident
:
'

-22 sequences, and by dominant," I mean the ones"

-23 selected to cover the full spectrum of accident

[ )- 24 types, not-by their probability.but by their
1

25 physical behavior.
!
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-/m 1 We'are'doing five plants, Surry,
. \-)
' '2 Peach Bottom,JGrand Golf, Sequoia and Zion, and we

3 expect to have the-five analyses complete this'
'

4 summer; and, in addition, we are preparing a

5 separate -- or o ur con tr ac to r. is, Oak Ridge

6 National Laboratory is preparing a separate report ,

4

'

7 to ~ provide a fairly concise definition of tho4

i 8 technical data base for these~ detailed code

9 predictions.
,

10 That report also is expected or
4

j 11' scheduled to be available late this summer.

12 With those combined reports of what

i J
13 I'll call the physical science of source - term

i 14 prediction in hand, we will be doing a peer
'

15 evaluation through the later months of this! year,

16 and we expect by the end of the year to be in a'

17 position to 'j udge whether we, indeed, have.a sound.
,

18 basis for quantitative reassessment of severe'
, ,

19 accident source terms.

20 Q. Thank you.

| 21 MR..BLUM: I have no further

22 questions.

23 JUDGE-GLEASON:- Any-redirect?

i - )- 24 MS.' MOORE: I have no redirect, your:

.25 lio n o r .

,
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["] 1 JUDGE PARIS: Mr. Bernero, will you.
l%.s

2 describe the' pathway'for the. release o f' iod ine in

3 the TMI 2 accident br ie fly?

'4 MR. DERNERO: My description of this'

'

5 is based on my~having participated in the'TMI
':

6 special inquiry for-the US Nuclear Regulatory- ,

7 Commission, the so-called Ragovan inquiry.

8 As I recall, the accident' sequence
5

9 early on had a bypass from the reactor building

' "

10 sump into the auxillary building where some water

11 of relatively low activity level got-into the
s

12 auxillary building and out to the floor.
T~3

,

'" 13 It is my belief from the studies we

14 did in that inquiry that the' releases from that

15 amount of water are negligible or were negligible.

16 The iodine release in TMI was

17 predominately, I believe,'from the letdown and
.

18 makeup system of the reactor, which was operating
-

1

19 throughout the early days of the accident, namely,
,

20 taking reactor coolant from whatever:the. pressure

21 was at -the time, reactor coolant system pressure,

22 bringing it out into the. auxillary building

23 through the letdown oriface, depressuriz'ing it and

9-
j- . 24 . putting it'into holding tanks and .la ter: pumping it

25 back into the-reactor 1 coolant system.
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I 1 -During t h'e - d e g a s i f i c a t i o n , which

2 , accompanied this d epressuriza tion, noble ~ gasses,
.

3' in particular,.were stripped'from that coolant.
'

-

[- 4 They normall'y would have gone thro ugh a bod y o f'~

5 piping called the vent header i n't o was'te gas delay

"

6 or hold tanks.
.

7' The vent header: was l e a'k i ng at the:

8 time, and virtually every time there.was a' letdown,

P

9 and pumpover of this gas, there was_a l e'a k . It-

10 would leak from the header andjgo out the stack in

11 the' ventilation system from the auxillary building.-

12 The activity so releaseed was

-O 13 detectable principally because of the- radioactive

14 noble gasses, and I believe that:the-iodine that~ 3

15 did get out came out along with that, a small-

16 amount of iodine at that same time.or those same
i

17 releases.

18 JUDGE PARIS: Well, is it correct

19 that most of the iodine that was released at TMI 1

'20 was not released as molecular iodine?

21 MR. BERNERO: I. don't know in what

22- form -- I don't know in.what form it was

organic;J odine or-23 released, whether it was as i

() 24- .mol ec ul a r .- I believe it1would"have been~a

.25 : vola tile : species . to travel the way-it did,.with
.
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7T lt the noble gasses, either the organic iodidos or
~.)

2' molecular iodine, more likely the organic.

3- JUDGE PARIS: You said in your

4 testimony that the TMI 2 accident might not bo a

5 suitable model for a containment breach type

6 accident as far as behavior o f iod ine - is concerncd.

7 Could you elaborate on that a little bit?

8 MR. BERNERO: The iodine that would

9 be released in a containment breach accident would

10 be whatever iodine is readily available in the

11 atmosphere of the containment at.the time of

12 containment breach.

O 13 If, on the other ha nd ,- 'o ne would take.

14 the water from the reactor as.was the case in TMI

15 and slowly circulate it out into another b u l l'd i ng

16 so that the noble gasses are-vented off of it, but

! 17 if there is no massive force to release iodine

18 from it, I n"t think you get a ~ f a i~ r estimate o f-

19 'the an a . at could be r e 'l e a s e d .

20 ;t comes much, much'later in the
,

21 accident. The release in'TMI occurred'over a

22 period ofLseveral. days in'the: case of TMI,- and the

23 containment breach accidents of risk significance

pj7 24 are ones where the containment would be breached-L

25 within hours o ff the onse t o f .the accident.long
-

.
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'

1 before there are chances to dissolve the iodine or

:2' other species with sprays, with water, with

3 whatever is available'or was available at TMI.

4 The TMI~ accident, as I tried to say

5 in my testimony, gives us useful-insights into

6 what happened inside-the core, what'was released

7 from the core into the reactor coolant and then-

8 what was released from the reactor coolant into-

9 the containment atmosphere, but for high-risk

10 sciences, for risk s i g n i f i c a n c e_ , all of that

11 information in the first few hours is what counts,

12 the first f ew hours and not over that period of

13 many. days.

14 JUDGE PARIS: Okay. That is very

15 helpful. .Thank you. . t

16 (Continued to next page; no~ con te x t 'l o s t . )

17

.18

19

20

21:

''2 2 '-

.2 31
-

24

25- - >

,.
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.( } ~1. JUDGE SHON: I had a' couple of

2 questions, Mr. Bernero, generally focused on the

3 - notion of CORRAL' Code and the difference from

4 Stratton Rodger.

5 In particular,-on page-7 of your;

6 testimony you suggest that the CORRAL' Code already.

7 gets quite a bit of crib for the solubility of
r

8 - iodine in water, and you mentioned this very large

9 number, the concentration in the molecular phase

10 is more than_10,000 times higher than that in the

| 11 containment atmosphere. That's of the nature of a

12 partition factor.

13 THE WITNESS: Yes.

14 JUDGE SHON: It 'i s not-a real measure

15 of quantity in either phase because you have to

16 know the relative volume of the phases,-and that'

. 1 7. sort of thing.

18 So that could mean that- it still-

19 shows quite a bit of iodine in the atmosphere,

20 ~ doesn't it?

21 THE WITNESS: I t :- c o u l d . Th'e point I-

22 was trying to1make is that l'f you.go-.into WASH

; H23. 1400, Appendix 7, on physical process,-it-
l' -

()\ '24 - describes _the way.it derive'd its model, which we

.25 . call the' CORRAL.' Code,'as-an empirica1' fit .t o . t h e --

:-TAYLOE' ASSOCIATES
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] 1 _ data-fkom the' containment safety experiment series,

2 and thefpoint of that partition ~ factor being high

3 was such that it'was so high that it even led to-

4 controversey--at the time that it claimed more

5 solubility.'for iodine.

6 Mind you, it was treating-iodine as

7 elemental iodine. It claimed more solubility than
,

. 8 was deemed appropriate by many people at the time.

.i 9 It was too optimistic, too much reducing the

10 source term.

11 The parameters are such that that,

'12 partition factor will give you excellent. fission-
.O
L_J i

13 product reduction for iodine, excellent

14 attenuation if you have almost any spray system

15 operation.

16 As.I said in the testimony, the WASH

17 1400 concludedEthat the reactor.bu'ilding s p r a y s--

18 -a r e very effective engineering _ safety features

19 because of that.

20 JUDGE Silo N : Do you have.any'ideaLwhat-

21 the corresponding partition factor _might be if the

22 specie s.' being ' cons id e red is. cesium-iodide instead'-

23 of iodine? !

T ]F ~ THEJWITNESS: _ I .think; it would: be
. .

L_ 24- -
--

' ~

25 m'u c h ~ h i g h e r . . . IL;wo u l_d n ' t know1a' number to put-on
4
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. l!. it.

2 JUDGE SHON: I would have' guessed.that '!

-3 too.
t

4 TiiE-WITNESS: Actually, it is quite.

-5 different now. I t' is not a solubilitp. equilibrium..

G Now it is a salt solubility. ,

7 JUDGE SHON: Salts are-notoriously

8 soluable?

9 THE WITNESS: Yes.

10 JUDGE SHON: And they are of a very

11 low volatility, generally speaking..

12 The second question touches on
- 7s
\/

13 something that you mentioned a moment 1ago and i t.

14 is on pages 8 and 9 o f'~ y o u r testimony. I-may be-

15 asking you to explain some th i ng :someo ne.f el se .ha s

16 done that you don't.really find yourself i n:
L

17 . sympathy with. But you mentioned.that 'the CORRAL

18 Code is really based on theLCSE, at-the bottom of

19 this page 8 and topLof page-9.

-20 And.then y_ou say that'the. offers of

21 'the Stratton testimony r e j e c t ' t h e :l q u a n t'i t a t i v e
~

22 . p r.e d i c t i ~o n of'~the'radionuclide' behavior in-the

23' containment'provided by JC O R R A LL b e c a u s e L o f - t h'e i r,'

24. ~' belief in the CSE'results.-

-25 I don'.t quite und e r s ta nd ~ why. tha t.-<

LTAYLOE' ASSOCIATES:m
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{ 1 should be. If they like the CSE and CORRAL likes

2 the CSE, then why don't they seem more like one

3 another?

4 THE WITNESS: You are reitterating

5 our dilemma as well. It is a matter of

G clarification. When we at NRC studied their

7 testimony, it appeared to us that they were not

8 recognizing that the CORRAL Code is basically an

9 cmpirical fit of the CSE data, and we were

10 somewhat puzzled. They seemed to be rejecting the

11 code but not the data source. It was a lack of

12 clarity, and that was the point we were trying to,q-

i

La
13 make here, that if you accept the one, you accept

14 the other, unless, of course, you say it wasn't

15 properly fit, that there was a technical error in

16 the way t' e data were interpreted..

17 JUDGE SHON: So you are just saying
|

18 you don't quite understand?

19 THE WITNESS: I don't quite

20 understand their apparent criticism of CORRAL and

21 yet at the same time citation of CSE as a good

22 source of data.

23 JUDGE SHON: The last is a fairly

24 fundamental question and perhaps I should have

25 addressed it to you earlier. It certainly forms

TAYLOE ASSOCIATES
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(~') 1 an earlier part of your testimony today and it
v

2 again relates to cesium iodine and cesium iodide,

3 and it has to do with the grounding which you say

4 is generally accepted for the notion that the

5 chemical form of the cesium and iodine, or at

6 least of the iodine, is a cesium iodide.

7 This is based, in part, I believe you

8 said, on the chemical thermodynamics of cesium and

9 of iodine, is that correct?

10 Tile WITNESS: Yes. Free energy

11 calculations indicate that conditions are

_ 12 favorable for that compound to form.
'

'% )
13 JUDGE S ilO N : Now, these are elements

14 that are present, radio elements that are present

15 in what I will call carrier free form. It is

16 notorious in physical chemistry that when the

17 concentrations of things are as low as they are,

18 if you carry the free form, ordinarily chemical

19 thermodynamics may be defeated by other factors.

20 You are aware of that.

21 !!o w do we know that here this sort of

22 thing isn't being interfered with?

23' Til E WITNESS: I am afraid I have to

(3J 24 defer to people far more expert than I am in this

25 field. I think that that was one of the reasons-
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) 1 'the investigators in WASil 14000 looked at-cesium

2 iodide.and gingerly set it aside and chose to

3 treat itJas free _ agents, the more mobile species.-

4 I really here on the collective

5 judgment of all'of the experts who.are.

6 contributing-to our work now and.who have
.

7 contributed to NUREG 06772, published in 1981,

8 where they have addressed these issues and

9 concluded with general consensus that one can

10 trust the form to be predominantly cesium iodide

11 for the 'l od i ne , - a nd cesium hydroxide, I bel i eve ,:

12 for the bulk of the other cesium available.

13 There is some residue due of. organic-

14 iodide still to be acco un ted f o r .

15 JUDGE SHON: Thank you. I have no

16 further questions.

-1 7 JUDGE GLEASON:-Thank'you, Mr. Bernero.

18 You are excused.

19 Will the licensees' proceed ' wi th : thei r
.

~

20 panel, please.

21 Whereupon

22 DONALD PADDLEFORD,_was_ sworn-by the
.

23 administrative judge, and testified as- f ollows :s'

i: p
l- J 24 MR. BRANDENBURG:- Mr.' Chairman, at

!

-25 ~this time _the-' Power' Authority and Con Edison would
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1 like to call to the stand Dennis C. Bley, Thomas(})
2 Potter and Dennis E. Richardson.

3 Whereupon

4 DENNIS C. BLEY

5 DENNIS RICHARDSON

6 THOMAS POTTER, having been previously

7 sworn, testified as follows:

8 DIRECT EXAMINATION

9 BY MR. BRANDENBURG:

10 0 Will you state your full name and

11 address for the record, please, Dr. Bley?

12 A. (Witness Bley) Dennis C. Bley,,

\ _/
13 Pickard, Lowe & Garrick in Oakland, California.

14 0 Mr. Paddleford?

15 A. (Witness Paddle fo rd) Donald F.

16 Paddleford, Westinghouse Electric Corporation,

17 Pittsburgh, Pennsylvania.

18 Q. Mr. Potter?

19 A. (Witness Potter) Thomas E. Potter,

20 Pickard, Lowe & Garrick, Washington, D. C..

21 0 And Mr. Richardson?

22 A. (Witness Richardson) Dennis C.

23 Richardson, Westinghouse Electric Corporation,
(

24 Pittsburgh,.PA.

25 0 Do each of you have before you a copy

TAYLOE ASSOCIATES
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~

} 1 of a document entitled " Licensee 's' testimony of

2 Dennis C. Bley, Donald F. Pad d l e f o rd , . Thom a s' E..

3 Potter and Dennis F. Richardson on commission

4 question five?

5 (All answer in the affirmative)

G Q. And do each of you also-have before I

7 you a copy of a letter signed by Mr. Colarulli and

8 myself dated April 1, 1983, to the licensing board

9 attached to which is an errata sheet with four.

10 entries and a replacement at table 2, which is at
!

|
11 page 11? q

12 (All answer in the affirmative)

13 Q. Were each of these documents prepared

14 by you or under your direct supervision?

15 (All answer in the :a f fi rmative)

16 Q. Other than the changes reflecte'd in

17 the errata sheet, do you have any further

18 additions to make to these documents at'this time?-

19 A. (Witness Bley) Yes, we have'three-

20 minor corrections.

21 Q. Identify them, please.

22. A. (Witness Bley) - On page 22~of the

.23 testimony, under item 8,'at line'6, delete.-

I_; 24 "either of two" and replace it with "any-of

'2 5" three."- I t' reads."any of three; component' cooling
~
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1 ' water pumps."=
.

2 On page 24, the second paragraph

3 under section 6, " Conclusions," the second line of

4 that paragraph, insert the words " health risk"

5 after the word " preliminary," so it reads-

6 " preliminary health risk safety goals." >

7 And in Donald F. Paddleford's

8 statement of professional qualifications the-

9 second item, postgraduate course in engineering,

10 it should read "CMU, not "SMU."

11 That's all.
.

12 Q. With these changes, errata and

13 additions is this' testimony true and accurate to

14 the best of your knowledge, information and belief?

15 (All answer in the affirmative. ).

IG 0 Do you adopt it as your testinony_in

17 this proceeding?

18 (All respond'in affirmative."

19 MR. BRANDENBURG ' Con ~ Edison 7 and the

20 Power Authority move 4 th'e admission ofLthis-

|21 testimony in this proceeding and ask'that it be

22 ' bound i nto the record as if read.

'2 3' ' MR. B'L U M : We do~have' objection to

V('h -24- section 3 of this testimony and'we will'be moving
~

,

'

.,

25, ~to strike.

.

TAYLOE ASSOCIATES. J
'

:Jc



, . ..

|

- 12654

'i 1 JUDGE GLEASON: What page.is that?
; J

i
f 2- -MR. BLUM: That's on page.4 and it is.

3 titled " Comparison with'the Nuclear Regulatory

4- Commission preliminary safety goals." Our-motion

5 to strike is based on two separate grounds.

6 JUDGE GLEASON: Which pages 'does it
.

7 cover now? All of section 3?

8 MR. BLUM: Yes. -It would. cover pages

9 4, beginning six lines down, through page 8.

10 JUDGE GLEASON: Let's hear your

11 objections.

12 MR. BLUM: We would also be noving to
L.q7-

J
13 strike six lines out of the conclusion.which

14 ' reiterate this portion of the testimony.

15 The first ground for the mot' ion to-

16 strike is that the document which the licensees

17 cite, that is, what is putiout by the Nuclear

! 18 Regulatory Commission on Monday,. March 14, 1 9 8 3~,

19 entitled, "NRC sees..public comments on plan -f'ro

20 evaluating safety goals," specifically. includes an-

21' instruction.~that.these' safety goals are not to be-

22- used in hearings or.in licensing. process.;

!

E 23; Specifically, on pagef7,Ethe bottom-

f~),

| .v .24 '. pa r ag r a ph reads, "The' qualitative'-safety goals-and:

25 -quantitative [designLobjectivesLcontained'in the'

,TAYLOE. ASSOCIATES-
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(]f :1 :comm i s s i o n ' s policy statement ~will-not be used in

L 2 the licensing' process'or be interpreted -as

i
'

-3- requiring probable' risk assessments by applicants

4 or. licensees during the evaluation period. The

5 goals and objectives are also not to be litigated

6 in the~ commission's hearings. The. staff should

7 continue to use conformance to reglatory

8 requirements as the exclusive-licensing basis f o r-

9 plants."

10 The basis for this statement is-that

11 these goals are preliminary at the present time,

i 12 they are put out for comment, for general . guidance,-

13 but they are not to be given.any weight in.the

14 hearing processes, and, therefore,_any reliance.on

15 them by a licensing board would be premature.at

16 this time and has been specifically forbidden by

17 the commission.
,.

18 I can go on and mention our second.

19 basis for the motion to strike.

20 JUDGE;GLEASON: -Why don'.tawe.get it
.

| 21 all in.
L
| ..

MR. BLUM: The second basis is there22

23 is reallyino probative value to this portion 1of

'

24- the testimony.and it is apt to.be-somewhat'- -

2 5 -- confusing.- The p r o b a t i v e .v a l u e.' i s measured w i t h---
. _
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f 1- reference to the: commission's' question which calls--

,

2 for a comparison of the Indian Point risk with'the

3 range of risks of other. existing nuclear plants.-

4 Now, the safety goals are not derive'd

5 from any summary of risks of existing plants

6 averaged together. They'are picked on the basis

7 of comparison with 'other sorts of accidents or

8 mortality outside the' nuclear area, or whatever.

9 But it does not, it absolutely does not represent'

10 the range of risks of other nuclear- plants.

11 Now, it is conceivable that -the two
;

i 12 r. y coincide, for whatever reasons the safety _7,
'-Lj- .

13 goals may or may not be the same as'the risks of
,

i

14 most o the r_ pl an ts . But the only way?that would be

15 known is by compar-ison with'theLother PRAs.

i 16 T h a t. is, what would really be done is

; 17 to compare the-safety goals wi t h t h e, .( ther=PRAs so

18 the safety goa1s.could then b e -_ u s e'd as a_ range of
~

i

19 risks and then-' comparing the sa f ety goals.: But i f-

20 that's-what'.s being1done, this;really. adds n o t h'i n g

21 over comparison with the other PRAs,'which isewhat..

'
22 is'done in s e c t i o n :4 - o f ~ t h i s' t e s t i m o n y , and is

_

23 r e a l l y_ t h e :. r e l e v a n t : part of'the testimony.-
'

24 .So section 3.Lreally addsJnothing in--

| 25 'the way.of: answering'.the1commi-ssion's. question and
~

,.

a- ,

~TAYLOE ASSOCIATES 1
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.1 is simply apt .to be.a source of' confusion.(J
2. JUDGE GLEASON: Do you have a third

3- objection or is that it?
,

4 MR. .BLUM: Those two are it.

5 JUDGE GLEASON: Mr. Brandenburg.

|

!. 6 MR. BRANDENBURG: ~I would-like to

7 speak first, Mr. Chairman, and1perhaps Mr.

8 Colarulli has some other grounds.

9 I think that the motion ~should be

10 denied if for no other reason that Mr. Blum h'a s

I

11 failed to heed the board's advice to advise-the'

12 parties in advance of~-intentions-to strike.

13 Prior to hearing'Mr. Blum's. remarks ~

14 just a few seconds ago, he a t. no prior time

15 communicated to me his intention to. strike this- .

I 16 testimony, although he-has had it since'MarchL 22. ,

17 Now, just listening'to-'Mr. Blum's

18 words,. I think they the argument contains the-

19' seeds of its own lack of merit, Mr. Chairman..
.

20 Even as Mr. Bl um 're f e r r ed 'to' .the commission's
:

L 21 statements which accompanied the issuance of:the
'

_

22 draft.-.safoty goals,cMr. Blum.himself. quoted words

23 Lto th e . e f f ec t -t ha tL t h i s' doc umen t-1sho uld not-be

24. :u s e'd. I n the-1icensing process,.and I hasten to add ,

!
,

25 _that!this is:not a licensing 7 process .This isLnot,

| '

,

TAYLOE ASSOC.IATES,

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



. _ _

.

i
!

12658-
|

|
r

(} 1 a licensing hearing.j

2 These plants have a license and that

3 license is not something that is being litigated-

4 here.

L 5 The commission quite clearly intended
!

| 6 that the safety goals should not be used as a de

j 7 facto speed limit or' green light or anything for-
|

! 8 licensing in the absence of all of the other
:

! 9 complex licensing considerations that are
|

10 attendant to such a proceeding.

11 This is not such a proceeding and I
i

12 submit that absolutely no hardship is being or7,3

' LJ,

13 lack of respect is being given to those

14 instructions of the commission by virtue of the

15 fact that this is a mere investigatory. proceeding.

16 As far as the lack of probativeJvalue

17 of these commission goals, I think.even-Mr..Blum-

18 would be the first-to admit that a lot of. thought,-

19 very. careful thought within the commission 1and.the q

!
'

l 20 commission staff went into t h e s e .-

21 While they are'indeed; preliminary,

22 nonetheless I think that they.do - offer valuable

i

; 23 insights:at- thisipoint in- time <fo r thisElicensing !

D
a L_sk 24 board ~to make analogies,jand so on, andLto' reach
'

,

25 Lits conclusions' with respect to:: commission
,

e
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'.. ,.y . I question 5.

2 To the extent that-the probative

3 value of these goals is less.than because they do

-4 not specifically reference other plants,.I think

5 that is a factor that this board is fully taking

6 into consideration as it weighs the testimony.

7 MR.,BLUM: Your Honor, if I may

8 respond to Mr. Brandenburg's first point, I.did

9 notify two attorneys for the Power. Authority'and

10 had assumed that that would get passed on to Mr.

11 Brandenburg.

12 JUDGE GLEASON: When did you do that?-OV
13 14 R . BLUM: At the first opportunity

14 this morning. Last night was'the time when we

15 began to make the-decision to make the' motion to .!

16 strike on this testimony.

17 MR. BRANDENBURG: That testimony
'

18 sounds self contradictory, Mr. Chairman..

1
19 JUDGE GLEASON: .Do you have anything

'

20 to a d d ', Mr. .Colarulli?

21

22 MR..COLARULLI: Just briefly,Lyour

23 Honor. This clearly is a^ unique proceeding. The

\ 24 commission set.a mandate for this-board to

-25 . determine what.i.s-the' risk | posed by the= plants and

'TAYLOE ASSOC.IATES.
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} 11 . 'how does that risk compare to other r.isks posed byL

2 other plants.

3 Clearly when the-commission did that

4 'in.-January'of 1981,.and.again in. September 1981 in

5 its orders, it did.not-have before it the March 14,

6 1983 preliminary safety goals. One.would posit, j

7' going'back to the commission and saying:

8 Commission, do you-want us to look at the sa f e ty_

9 goals? But clearly, without doing that, this is a

10 -goal, a measuring stick that~ could b e' used to

11 great effect in this proceeding.

12 I would note.that staff ~in its-

-

13 . question 5 testimonyfhas: also, with a number of

14 qualifications as we have, used it in so'e ~ way tom

15 measure the risk proposed by Indian Point.. I'know

16 that.UCS's witness, Mr. Shalley, makes_several

17 pa ssing . nega tive comments about the safety goal as.-

.18 well.

~ '=19 So, clearly all-the parties'to.some

20 extent have addressed the s a f e t yf g o a l ~. : We?believe-

21 the commission 1should~not'be-denied'this!valuabic.

22 . piece of.Information.

'

23' JUDGE GLEASON: ~Do e s' L t he staff ~have:-

-_ P] .L_ 24 some comments?

25 ;MS.? MOORE: Yes,[yourfHonor. Whileswe.

.

^
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1 do agree that the policy statement does say that
,

2 the safety goals themselves are not to be

3 litigated in licensing proceedings and the goals

4 are not to be used in licensing proceedings, we,

5 too, believe that in this particular proceeding

G for the limited purpose of presenting perspectives

7 on the risks posed by Indian Point, that a mention

D of the safety goal is appropriate, and in fact we

9 have done just that in our question 5 testimony,

10 for the purpose of presenting some perspectives

11 rather than for a comparison purpose or for using

12 the safety goal as a reglatory tool, as I believe-s

('
13 our testimony would state.

'

14 MR. BLUM: If I may respond, it is

15 unclear -- there is talk about general

16 perspectives being provided but it doesn't seem to

17 be an answer to the commission's question, which

18 asks for a comparison of this plant and other

19 plants in general, and the safety goals are

20 decisively not that.

21 The other thing is I would mention

22 that in those respects it is being treated as a

23 licensing hearing. There are many aspects of

k 24 rules and procedures of licensing hearings that

25 have been incorporated for this one and it is a

i
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) I hearing where the license of a plant is at stake.

2 It is somewhat different than usual

3 where the plant begins without a license and it is

4 determined whether it will acquire one. But it is

5 a hearing oriented ultimately toward the question

G of a license.

7 JUDGE GLEASON: Your point being it

8 would be more important to have fixed s tand a rd s in

9 this kind of proceeding than even in regular

10 licensing proceedings? On safety goals I mean.

11 MR. BLUM: I am sorry, I didn't

12 understand.p- y
t 1
La

13 JUDGE GLEASON: Let it go, Mr. Blum.

14 (There was a pause in the proceeding.)

15 JUDGE GLEASON: I guess you can gather

16 somewhat by the pause that the board has a little

17 bit of uncertainty with respect to this motion and

18 to the references of this testimony and the

19 Nuclear Regulatory Commission's preliminary safety

20 code.

21 We have concluded that our best

22 course.is to deny the objection, to let the

23 testimony in, with the clear understanding that we
P
'L J 24 will be taking a very careful look at it, as well,

25 in fact, all other aspects of the' study itself, as

TAYLOE ASSOCIATES
--)
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'

1 -we make.our recommendations as to what kind of,

.

2 ' reliance, if any, we are going'to put on it.1
l

3~ That's about ~ where:we are.

'4 All right.

5 M R '. BRANDENBURG: Mr. Chairman, the.

6 panel is ready for cross-examination.

! 7 JUDGE ~ GLEASON: Wi th- -t ha t objection ~

8 denied, the testimony will be admitted into
|
'

9 evidence and bound into the record'as i f read,

10 with the errata sheet and o't h e r changes i n d i c a't e d .

11 (The bound testimony follows.)

| 12 JUDGE GLEASON: Do you wish to proceed,.| O
13 Mr. Blum?

14 MR. BLUM: Certainly.

15 CROSS-EXAMINATION

16 BY MR. BLUM:

17 Q. Gentlemen, could,you identify whether

18 there are any parts of the-testimony'that1you, as

| 19 individuals, wrote to help address'the questions?
I

20 A. (WitnessLBley)fYes, we can, to.some

i 21 extent.
|
t

.

specialEdesign
.

22- Section 5,'the
.

i 23 features should, .for the.most part, be directed to-

.OkJ 24 Mr. Pa d d l e f o rd'.
..

25 The. questions'that deal with
4

.
- 0
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PRESENTATION AND QUALIFICATIONS OF' PANEL MEMBERS 1I.

My name is Dennis C. Bley, Ph.D. I am a consultant at

Pickard, Lowe and Garrick, Inc., in reliability, risk, and {

I wa s adecision analysis for electrical generating plants.

principal investigator on the Indian Point Probabilistic
,

A statement of my professional qualificationsSafety Study.

is attached.

My name is Donald F. Paddleford. I am an Advisory

Engineer in the Risk Assessment Section of the Nuclear

Safety Department of the Nuclear Technology Division of
q

Westinghouse Electric Corporation. I was a principal
,

: investigator on the Indian Point Probabilistic Safety
;

Study. A statement of my professional qualifications is

attached.

My name is Thones E. Potter. I am a consultant at

Pickard, Lowe and Garrick, Inc., in public health conse-'

quence analysis of radioactive releases. I was a principal
,

investigator on the Indian Point Probabilistic Safety Study.
A statement of my professional qualifications is attached.

My name is Dennis C. Richardson. I am the Risk Assess-

ment Technology Manager in the Nuclear Safety Department of

the Nuclear Technology Division of Westinghouse Electric

Corporation. I was a principal investigator on the Indian
,

Point Probabilistic Safety Study. A statenant of my profes-

sional qualifications is attached.
>

.
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II. INTRODUCTION
--

A central issue in this hearing is whether the Indian

Point nuclear power plants produce risks that significantly

. exceed the range of risks posed by other nuclear power

plants in light of the demographic characteristics of the
area surrounding the Indian Point site. This issue is

articulated in Question 5 of the Commission's Memorandum and
Order of January 8, 1981, which asked:

Based on the foregoing, how do the risks
posed by Indian Point Units 2 and 3 com .
pare with the range of risks posed by
other nuclear power plants licensed to
operate by the Commission ~2 (The Board
should limit its inquiry to generic

~

examination of the range of risks and
not go into any site specific examina-*

tion other than for Indian Point itself,
except to the extent raised by the Task
Force.)

Risk can be measured by several health and economic

indices and from both an individual and a societal stand-
point. Population distribution and plant characteristics
af fect these indices differently. In selecting which

indices are most important, guidance is taken from the

Nuclear Regulatory Ccanmission's (Ccunmission's ) preliminary

safety goals, which emphasize early and latent fatality

risks (Reference 1). Similarly, the emphasis here is on the

effects of population distribution on early and latent

fatality risk.

Three different approaches to addressing Commission

9 Question 5 are tuken in this testimony. First, a comparison

"
_ - ___
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$ is made of the risks from th.e. Indian Pefnt plants to thes

Commission's preliminary safety goals. Second, the risks

from the Indian Point plants, as analyzed in the Indian

Point Probabilistic Safety Study (IPPSS) (Reference 2), are

compared to the results of site and plant specific proba-

bilistic risk assessments (PRAs) of a number of other'

! nuclear power plants. Third, there is a discussion of the
,

benefits resulting from the special design features at
Indian Point which are not present at all nuclear power

:

|
plants.

Individually and collectively, each of these

comparisons supports the conclusion that the Indian Point

nuclear power plants are in the range of risks posed by

other nuclear power plants. Specifically, (1) the risk of

latent fatalities at Indian Point is low and information
! available suggests that latent fatality risks may not vary

greatly among nuclear power plants; (2) the absolute risk of

early fatalities is even lower than the latent fatality
risk, thereby reducing the significance of plant-to-plant
variability; (3) for both risk indices, the Indian Point
plants meet the Commission's preliminary safety goals; and

(4) anticipated reductions in source term estimates would

reduce both early and latent fatality risk and, in fact,
could effectively eliminate the early fatality risk. See

Licensees' Testimony of William R. Stratton, Walton A.

Rodger, and Thonas E. Potter on Question One (Jan. 24,

L
_ _ _ . . _ _ - __
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is made of the risks from th.e. Indian-Pelht plants to theN

Second, the risksCommission's preibninary safety goals.

from the Indian Point plants, as analyzed in the Indian
Foint Probabilistic Safety Study (IPPSS) (Reference 2), are

compared to the results of site and plant specific proba-

bilistic risk assessments (PRAs) of a number of other
nuclear power plants. Third, there is a, discussion of the

benefits resulting from the special design features at
Indian Point which are not present at all nuclear power

plants.

Individually and collectively, each of these

comparisons supports the conclusion that the Indian Point
nuclear power plants are in the range of risks posed by

other nuclear power plants. Specifically, (1) the risk of

latent fatalities at Indian Point is low and information
available suggests that latent fatality risks may not vary

(2) the absolute risk ofgreatly among nuclear power plants; ,

early fatalities is even lower than the latent fatality
risk, thereby reducing the significance of plant-to-plant
variability; (3) for both risk indices, the Indian Point
plants meet the Commission's preliminary safety goals; and

(4) anticipated reductions in source term estimates would
in fact,reduce both early and latent fatality risk and,

.Seecould effectively eliminate the early fatality risk.
Licensees' Testimony of William R. Stratton, Walton A.

Rodger, and Thomas E. Potter on Question One (Jan. 24,

_ _ _ _ _ _ _ . _ _
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In addition, plant features present'at Indian Point1983). 1
!.

but not included at other plants are among the important
~

. factors supporting the conclusion that the Indian Point

nuclear power plants are within the range of riska posed by)

other nuclear power plants.

>

COMPARISON WITH THE NUCLEAR REGULATORY COMMISSION'S I

III.
PRELIMINARY SAFETY GOALS

'

On March 14, 1983, the Commission published a Policy
,

Statement on Safety Goals for the Operation of Nuclear Power

Plants. 48 Fed. Reg. 10,772 (1983). The preliminary safety

goals and design objectives apply to both individual and
Subordinate to these go31s is a designsocietal risk..

core melt frequency.objective for risk to the plant,
The preliminary safety goals represent a national ,

benchmark against which all nuclear power plants can be com-

pared. Therefore, the comparison of the risks from the

Indian Point plants to the Commission's preliminary safety,

goals is one method of determining if these plants are
within the range of risks posed by other nuclear power1

l

Both Indian Point Units 2 and 3 are among thoseplants.

plants which have health risks smaller than those adopted by
'

> the Commission's preliminary safety goals.
'

i

Uncertainties in the calculated health risks for Indian|
'

Point are offset by the large margins between these
<

e

,..
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Rsducedcalculated risks and the preliminary safety goals. 1

source terms will result in even larger margins.

A. Individual Risk
The Commission's preliminary safety goals state that

lthe early fatality risk to an average individual in the I

1 should not exceed one-vicinity of a nuclear power plant *

,

tenth of one percent of the sum of early fatality risk to
48 Fed. Reg. 10,774.

that individual from other accidents.
To translate this goal into numerical form, we use the

United States national average accident risk of 5 fatal
accidents per 10,000 people per year (5 x 10~4 per year)

(Reference 2).,

theFor the purpose of assessing the individual risk,
.

Commission defines " vicinity" of the plant as a 1-mile

radius. 48 Fed. Reg. 10,774. Using this definition of
thevicinity and IPPSS emergency response assumptions,

average individual early fatality risk has been calculated

1. According to the Commission,

the average individual in the vicinity
of the plant is defined as the average
individual biologically (in terms of age
and other risk factors) and locationally
who resides within a mile from the plant

, site boundary. This means that the
average individual is found by accumu-
lating the estimated individual risks
and dividing by the number of indiv-
iduals residing in the vicinity of the
plant.

48 Fed. Reg. 10,774.
, .

* Jem
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as a fraction of the national average a''cident risk. Thisc

is then compared with the Commission's preliminary safety
.

goal in Table 1. The risk of Indian Point is well within
this goal, by a factor of approximately 70 for Indian Point

'

Unit 2 and a factor of approximately 75 for Indian Point
*

Unit 3. ,

,

B. Societal Risk

For societal risk, the Commission's preliminary goal is ~

that the latent cancer fatality risk to the population in
the vicinity of a nuclear power plant should be less than
one-tenth of one percent of the cancer fatality risks from

other causes. 48 Fed. Reg. 10,774. For latent fatalities,
.

vicinity is defined as 50 miles. Id. The national average

cancer risk for a person in the United States is two deaths

per 1,000 people per year (2 x 10-3 per year) (Reference 2).
For this radius from the Indian Point plants, the aver-

t

age latent cancer fatality risk has been calculated as a
fraction of the national cancer fatality risk and is com-

pared with the Commission's preliminary goal in Table 1.
The risk of Indian Point is well within this goal, by a

factor of approximately 165 for Indian Point Unit 2 and 710

for Indian Point Unit 3.
1
|C. Core Melt Frequency

Table 1 also shows the comparison of the Indian Point

Units 2 and 3 median core melt frequencies with the
O Commission's preliminary safety goal. Because the Zion PRAw

|
'
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TABLE 1'

COMPARISON OF RISKS FROM
INDIAN POINT PLANTS WITH NRC SAFETY GOALS

Indian Point 2 Indian Point 3 NRC Goal

Average Early Fatality
1.4 x. 10-5 1,3 ,in-5 1 x 10-3Risk Within 1 Mile as

a Fraction of Other
Accident Fatality Risk
Within 1 Mile

Average Latent Cancer
Fatality Risk Within 50 6.0 x 10-6 1.4 x 10-6 1 x 10-3
Miles as a Fraction of
Other Cancer Fatality
Risks Within 50 Miles
Core Melt Frequency (per 1.4 x 10-4, 5.0 x 10-5, 1 x 10-4

t
year of reactor operation)

,

internal plus external 1

'

Core Melt Frequency (per
year of reactor operation) 5.0 x 10-5, 3.0 x 10-5, no explicit

goal stated
internal only

* Median Frequency

-- -
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(Reference 3) and the IPPSS ,a,re the on1 ' risk assessments of
s -

which we are aware that give comprehensive treatment to

external events, Table 1 also includes the median core melt
Consideringfrequency of internal initiating events only.

internal initiating events only, both Indian Point plants
meet the Commission's preliminary . safety goal.

Although information on core melt frequency is provided

here for completeness in comparing the Indian Point plants

against the preliminary goals, the values of this parameter
are not of particular use in addressing Commission Question

This is because core melt frequency is a poor indicator5.

of public risk, as discussed in Licensees' Testimony on
Commission Question One, Boa rt' Question 1.1, and Contention

1.1 (Jan. 24, 1983). This can b'e shown in two ways. First,

approximately 65 percent of the postulated core melt
scenarios at Indian Point Unit 2 and almost 95 percent of

those at Indian Point Unit 3 do not lead to significant

releases of radioactive material to the environment.
Second, approximately 95 percent of the calculated early

fatality risk at each plant is due to the interfacing
systems LOCA, which contributes less than one-half of one

percent to the core melt frequency. On the other hand, core

frequency is a useful indicator of economic risk to themelt

customers and owners of Indian Point Units 2 and 3, as it is

a measure of the likelihood of losing the benefits of these
,

i

l plants.

I
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IV. PRA COMPARISONS

Another way to compare the risks posed by the Indian

Point plants with those posed by other nuclear power plants

is to compare site and plant specific PRAs for various

plants, all identical in scope and using state-of-the-art
methodology. At the present time, however, such a compar-

.ison cannot be made due to the limited number of available,

comparable studies. The following comparisons, however, are

possible:

1. A comparison of the IPPSS risk results
with those of other plants for which

a

reasonably complete PRAs have been pub-
lished. Only the Indian Point and Zion
PRAs include external events; therefore,

only comparisons on an intyrnal initi-
ator basis have been made.

2. A comparison of the IPPSS results with
the range of risks for nuclear plants
calculated by the Commission Task Force
Report on the Interim Operation of
Indian Point (Reference 4).

A. Comparison Of Risks Among Nuclear Power Plants

In connection with the comparison of risks among

nuclear power plants, it is important to note that PRA
methodology has been evolving rapidly over the last 10

years. The various published studies, therefore, differ

considerably in certain respects. Thus, when comparing the

1. While the Big Rock Point PRA did consider fires, it
did not evaluate other external initiating events.

L.
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results of IPPSS with those of other PRA' studies, it must be
' s

;
recognized that such comparisons are not only of different

plants, but are also of different data bases and, in some
i

cases, of different methodologies. These studies vary in
,

scope and sophistication. Some did not include external

events and/or public health effects, while others focused

only on a few systems or on one type of accident initi-
With these reservations in mind, quantitative com-ator.

f parisons can be made.

1. Individual Risk

Table 2, which was compiled by the Commission Staff
<

(Reference 5), presents data from a number of plant specific
PRAs on the frequency of core melt, the frcquency of a major

and the early and latent fatality risks to an indi-release,

vidual living within one mile of plant boundaries. The

values in the "Early fatality" column can be directly com-

pared with the Commission's preliminary safety goal for this

health index (5 x 10-7 ) . This table generally reflects the

range of risks from internal initiating events at United
States nuclear power plants because it includes a represent-

ative sampling of PWRs and BWRs, high and low population

density sites, power levels from 71 to 1250 MWe, and prin-

cipal reactor vendors and architect engineers. Although

this table has been reproduced verbatim from Reference 5,

additional information is also presented for Indian Point
Units 2 and 3, and appears in a box directly below the
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Indian Point results presented by the Stif f. This

additional information is drawn from the risk calculations
Boardin Licensees' Testimony on Commission Question one,

Question 1.1, and Contention 1.1. It includes risk results
'

from internal initiating events only to avoid an erroneous

comparison of Indian Point internal plus ext,ernal results
It alsowith internal only results from other plants.

includes the internal plus external results for Indian
"

Point. Based on the results in this table, the risk to an

individual living within 1 mile of Indian Point compares
favorably with the estimated risk to individuals living
within 1 mile of other nuclear power plants. Additionally,

the Indian Point core melt frequency is within the range of
other estimates presented in the tabla, and the frequency of

fora major release compares favorably with the estimates

the other plants in the table.

Another valuable comparison is the frequency of the

interfacing systems LOCA, which is believed to be an

important contributor to early fatality risk at PWRs and is
the major initiating event contributing to the early
fatality risk at Indian Point. Estimates of the frequency

of this event at Indian Point and several other nuclear
The differences inpower plants are presented in Table 3.

these estimated frequencies are due to a combination of

design differences among plants, as well as to testing and

(~)/
I

s: s
.

I
,
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CCMPAPlW & INTERFACING SETEMS LW% M!DIAN EREDIENCIES

Recurren a Interval
Median (Ntsrber of

Reactor Years) Reference
Study PWR Plant Frequency

.

RSS Surry 4 x 10 250,000 64

IPPSS Indian Point 2 4 x 10-8 25,000,000 2

IPPSS Indian Point 3 4 x 10 25,000,000 24

ZPSS Zico 3 x 10 33,000,000 3
.

7 x 10-5 14,000 7
RS91AP Ocense

4
RSSRP Swh 5 x 10 200,000 7

IEEP Crystal River-3 2 x 10-9 500,000,000 8

_

(

!
.

,

Q
.
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The IPPSS accounte'd for testing and
'

maintenance procedures.

including some procedures which are not inmaintenance,

effect at all other plants.

2. Societal Risk
Societal risk comparisons have been compiled for the

PRAs listed in Table 4. Graphical comparisons of results

f ran these studies are presented in Figures 1 and 2. Many

of the studies listed in Table 2 did not calculate risk
curves and are, therefore, not included in Figures 1 and

The results from the German Biblis B risk study are2.

included in these figures, as in the Staff table, because

the study is recent, reasonably comprehensive, and analyzes

a high population site.
Because so few PRA studies have comprehensively exam-

ined external initiating events as does IPPSS, the compari-

sons in these figures are for internal initiating events

only. (The risk curves presented in the licensees' Question

1 testimony included both internal and external events.)

Figure 1 shows the median risk curves for early fatalities

as presented in the various studies, and Figure 2 presents

similar results for latent cancer fatalities. These figures

support the conclusion that Indian Point is within the range
of societal risks posed by other nuclear power plants.

;

O~.,

.

t

:
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TABLE 4

PLANTS USED IN THE GRAPHICAL COMPARISONS

> Rafarence, Plant

2' Indian Point 2 ,

2Indian Point 3
6-

Surry

6Peach Bottom
3Zion

9Biblis B

10
- Big Rock Point

11Limerick

6

1
I

>

.
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Figure 1. Comparison of PRA Median Risk Curves
for Early Fatalities.(Internal Risk Only)
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Figure 2. Comparison of PRA Median Risk Curves
for Latent Fatalities (Internal Risk Only)
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Comparison with the Commission's Yask Force ResultsB.

In 1980, a Commission task force studied the effects on

risk of: (1) a typical pressurized water reactor (Reactor

Safety Study, Surry) at different sitest (2) different
plants at the same site (Indian Point); and (3) different

Because thepublic protection measures (Reference 4) .
results of these studies are an indication of the range of

risks posed by nuclear plants in general, they are also used
for the comparison requested in Commission Question 5.

For this purpose, the median internal risk curves from
the IPPSS are presented in Figure 3 along with results from

Figure 11 of the Task Force Study for early and latent
!

( zy These curves support the view that the risk
-

) fatality risk.+

f rom Indian Point is within the range of risks from other

nuclear power plants.

As can be seen from Figure 3, the early fatality risk
>

curve calculated in the IPPSS lies more than an order of
)

magnitude below the range of results presented in the Task

Force Study. A large part of this difference results from
the Task Force Study's failure to evaluate the strength of

the containment, which precludes prompt containment

f ailure. Thus, the Task Force did not include a release
3

category for late containment failure. The IPPSS latent

fatality risk curve lies within the range of the latent
fatality risk calculated by the Task Force for the Indian

\

l Point site, and is below the range calculated for the Surry

reactor at various sites.
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**REF ERENCE 2.

Figure 3. Ranges of Risk Variation

.

.



. .

J

- 20 -

SPECIAL DESIGN FEATURES AT INDIAN 7 POINT'
V.

1 The comparisons presented in the previous sections*
,.

indicate that the Indian Point Units are within the range oft

risks of other nucleax power plants, despite the demographic
4

characteristics of the area surrounding the Indian Point

plants. It is thus appropriate to ask whether this
conclusion is supported by information about the engineering'

,

and design features of the plants.

Nuclear power plants located at high population sites'

have received special attention from regulatory agencies.

During the licensing review for the Indian Point Units,
additional features were incorporated into the plant designs

.

to supplement the standard safety features. These features

were highlighted in the Director's Order of February 11,

1980.

Among the features that could lead to lower frequenciesI

of major releases from the Indian Point containments than'

'

from some other containments are- l
J

(1) The design and construction of these
containments, with a pressure limit of 6141 paia and a large volume of 2.6 x 10
cu. ft., gives them the capability to
withstand internal pressures well in
excess of the design pressure of 62
psia. Additionally, the containments
can withstand without significant
structural damage all credible seismic
events that could occur in this area.
The containment building configuration
allows gases to circulate and mix easily
to prevent local accumulation of hydro-

,

gen. This configuration also providesO for more effective containment heat'"

i

.-
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removal capability In additi'on, the

geometry of the reactorNeavity promotes
.

dispersion of the core debris, thereby
increasing its coolability. Also, the,

floor pro-geometry of the containmentvides for easy entry of water to.the
reactor cavity to cool the debris.

I

(2) Containment cooling capability is pro-
The designvided by diverse systems.

includes five fan cooling units in addi-
,

|tion to four pusps capable of providing
Thecontainment spray recirculation.

availability of any one of the fans or
sprays is sufficient to prevent|

Twocontainment overpressure failure.
recirculation pumps, located inside
containment, are unique to Indian Point
and are two of the pumps capable of
providing containment spray.

The Indian Point containments have two(3) sumps that provide for recirculation.of
Theemergency core cooling water..

I presence of two sumps is also unique to
Indian Point.

(4) The presence of the recirculation pumps
inside containment provides the
capability of recirculating emergency
core cooling water without its leaving
the containment building.

(5) Three gas turbine-generators are avail-
able for supplying power to either
unit. This feature is unique to Indian
Point and provides an unusual degree of
diversity in emergency power sources.

(6) Confirmatory signals (S signals) are
sent upon actuation of emergency saf e-
guards to certain power operated isola-

L
tion valves to ensure that, if a valve
had been inadvertently placed in an
incorrect position, it would be restored
to its correct position. This feature
reduces the likelihood of bypassing the
containment.

t

(7) The containment weld channel pressur-! '

ization system and the isolation valve

|

*
e

i

I
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seal water system help to assdre that
the containment leaktightness is main-
tained.

(8) The service water and component cooling
water systems are arranged to maximize |
redundancy of active components. Any |

one of six service water pungs can sup-
ply any service water load. Similarly,
either of two component cooling water
pumps can be connected to any component
cooling water load. The flexibility
provided by these and similar intercon-
nections within and between systems
results in particularly low risk from
internal initiating events at Indian
Point.

The risk reductiens afforded by some of the design fea-

tures discussed above have been quantified using information
| from the IPPSS. For example, the frequency of late over-

,

pressure containment failure from internal initiating events
is reduced by one to two orders of' magnitude by the presence

of fan coolers, which back up the spray recirculation

system. The gas turbines, an additional source of AC power
>

recovery for the time period of one to three hours following
>

a core melt, provide up to an order of magnitude reduction

in the frequency of late overpressure containnent failures

from internal initiating events. When external as well as

internal initiating events are considered, the fan coolers

provide up to an order of magnitude reduction and the gas
turbines provide less than a factor of two reduction in the

Whilef requency of late overpressure containment failures.

not specifically quantified, the other design features
-

6

.
'

-
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discussed above would certainly provide'lurther riskT

reduction.
On the strength of these special design features and

less than 2 percent ofother specific Indian Point systems,
the internally initiated core melts lead to containment

the |As indicated in Table 2 and supported here,failure.

' f requency of a major release resulting from internal ini- |

tiating events is thought to be less at Indian Point than at
In addition, asa number of other nuclear power plants.

stated above, the various safety features, particularly the f

fan coolers, provide significant reductions in overall
(internal plus external) frequency of late containment

..

f ailur e. I

As discussed in Licensees' Testimony of Thonas E.
I

Potter on Commission Question Five (Mar. 22, 1983), the

range of latent fatality risk among nuclear power plant
sites, given a severe release, is relatively narrow. Based

on the information in Table 2, the strength of the Indian

Point containments, and the special design features at the
the release frequency at Indian Point is lower thanplants,

l Thethe estimated release frequencies at many other plants.

narrow range of latent fatality risk, in conjunction with a
,

lower than average release frequency, supports the conclu-

|
sion that the Indian Point latent fatality risk is within
the range of latent fatality risk of other nuclear power

.,

plants.
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O Based on the information in.Tabl1r 2, the absolute value
~

of the early fatality risk at a number of nuclear power

plants is very low. At Indian Point, this is largely due to

the strength of the containments, which essentially

precludes prompt containment failure. The only accident

contributing to early fatality risk is the , interfacing
systems LOCA which, as shown in Table 4, has a very low

frequency of occurriance.

Special design features, together with standard nuclear
result in very low early andpower plant sa fety systems,

latent fatality risk at Indian Point Units 2 and 3.

VI. _CaNCLUSIONS

Each of the several comparisons used in this testimony

to address Commission Question Five supports the conclusion

that Indian Point Units 2 and 3 are within the range of

risks posed by other nuclear power plants.
>

A comparison of the Indian Point plants to the Commis-

sion's preliminary safety goals shows that these plants are

within these goals. As such, they are in the class of

plants whose risks are in a range below the limits estab-

lished by these goals.

Various comparisons of the results of other PRAs to the

results of the IPPSS show that the Indian Point plants are

within the range of risks estimated for other nuclear power
Table 2 indicates that the early fatality risk forplants.

.
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a number of nuclear power plants inc4d' ding Indian Point, is |;

The Indian Point early fatality risk is lowvery low.

because, based on the strength of the containments, the low

frequency interfacing systems LOCA is the only contributori

to early fatality risk at Indian Point.
Using the source terms proposed in the, previously sub-'

mitted Question 1 testimony of Dr. William Stratton, Dr.
Walton Rodger, and Thomas Potter, no early fatalities would

occur for any Indian Point accident scenario.
When absolute risks are very low, differences between

these low numbers are relatively unimportant.
the IndianWith regard to the latent fatality risk,

t

Point plants are close to the national average of the mean
values of latent fatality conseq'uences, based on the generic

work reported in NUREG/CR-2239 (Reference 12). This report

givenshows that the range of latent fatality consequences,

a specified release, is relatively narrow. See Licensees'

Testimony of Thomas E. Potter on Commission Question Five

(Mar. 22, 1983).
Based on the strength of the Indian Point containments

radio-and the special features of the Indian Point plants,
active releases from these plants would be less frequent

,

than at many other plants. See Table 2. The narrow range

of the consequences and the lower frequency of containment

failure support the conclusion that the latent fatality risk

6 .
*

-+m
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is within the range of such , risks posed'by other nuclear
3 - ,

power plants.,

The above conclusion on latent fatalities is also
relevant to the issue of whether any mitigation devices are

warranted for the Indian Point plants. As discussed under'

commission Questions 1 and 2, the principal, application of
'

these mitigation devices would be to reduce latent fatal-
The Indian Point' plants have latent fatality risksities.

which meet the Commission's preliminary . safety goals and are

within the range calculated for other nuclear power

plants. This range itself will be lower and narrower with

reductions in source terms. Therefore, no additional

mitigation features are necessary to bring Indian Point
within the range of risks posed by other nui: lear power

plants.

.

6
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Nuclear Technology Division. Since joining Westinghouse PWR
Systems Division in 1965, Mr. Paddleford has held a variety of
positions in areas of increasing responsibility related to PWR
plant safety, licensing, reliability, safety standards develop-
ment, transient analysis, including core melt behavior, andMost recently .he has been engagedprobabilistic risk assessment.,

in the management and analysis of degraded core related issues,He is currently active on AIF and IEEEincluding test programs.
Committees on Development of Risk Criteria and Utilization of PRA
methods and is one of the principle authors of the Technical
Writing Group which prepared the Industry /NRC "PRA Procedures
Guides" under sponsorship of ANS and IEEE. He is a member of the

ReviewIDCOR Technical Advisory Group and several IDCOR Expert
Groups.

In the early 1970's his experience and responsibility included
lead on research projects to develop a probabilistic approach to
safety analysis, including systems reliability and data,,

core migration assess-.*

probabilistic fracture mechanics models,
and probabilistic modeling of consequences associated withment, Additional pertinent experiencemajor fission product releases.

has included development of methods for parameter uncertainty
propagation through design analysis computer codes and analysis
of TMI and alternative scenarios at the request of the Kemeny
Commission. Prior to joining Westinghouse, Mr. Paddleford was at
Atomics International where he worked in areas of reactor physics
and transient analysis in support of the SNAP 2/10 safety
development.

Paddleford is a member of ANS and Sigma Xi and is aMr. He is author or co-author of aregistered Professional Engineer.
number of papers on reactor safety and risk assessment.
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O THOMAS E. P0 m RU .

EDUCAT*0N ?.

M.S., Environmental Science, University of Michigan,1972.
B.S. , Chemistry, University of Pituburgn,1963.

PROFESSIONAL EXPERIENCE
!

General Summary

Consultant on health and safet'y aspects of nuclear pcmer. Performing
environmental dose assessments for nuclear power plant safety analysis,

! environmental reports and operating reports. Assisting clients in design
and implemen.stion of raciological or environmenul monturing programs
and in.arpretation of results. Providing independent review of in-plant
radiological protection programs and effluent analysis programs.

Consultant in radiological healtn aspects of nuclear power. Prepared
radiological health section of safety analysis reports and environmenal
monitoring programs and evaluated data from then programs. Developed a
mathematical model to predict radiation dosas free nuclear power plant
e ffluents. .

License administrator, plutonium fuel facility health and safe *y
supervi sor. Proviced* radiological safety review of major facility
modi fications. Useo these analyses and nuclear criticality analyses'

pe-femed by others to prepare AEC special nuclear materials and byproduct
license applications. Served as corporata contact witn AIC in matters
related to licensing. Organi:ed and supervised a radiological protac-ion
orogram for a plu.oniun fuels f abrication facility and het cell
facility. Instituted personnel monitoring programs using
thermoluminescent dosimetry and breathing-zone areosal samoling in 1967.
Served as sacretary of a plant safety committee which insoected all
operations and reviewed detailed writtan procedures fur operators.
Served as member of a corporate safety committae wnich determi.wd
corperate policy regarding health and safeoy mattars.

Chronological Summary

1973-Present Consultant, Pickard, Lowe and Gar-ick, Inc.

1972-1973 Consul . ant to Dr. G. Hoyt Whipple, University of Micnigan.

1533-1570 Nuclear Ma arials and Equipment Corporation (NUME;).
License acministrator, plutonium fuel facility health and
safe;y supervisor.*
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MEM!!ERSHIPS

American Chemical Society.
*

American Nuclear Society. |
'

Health Physics Society.
Car ,1fied by American Board of Health Physics. .

REPORTS AND PUBLICATIONS

Woodard, K., and T. E. Potter,'" Consideration of Source Term in Relation
to Emergency Planning Requirements," presented to the Wortshop of
Technical Facurs Relating Impacts from Reac.or Releasas to Emergen y

!Planning, Bethesda, Maryland, January 12-13, 1962.

Gar-ick, B. J. , S. Xaplan, G. Apostolakis, D. C. Iden, K. Woodard, and
T. E. Pottar, " Seminar: Probacilistic Risk Assessment of Nuclear Pcur
P1 ants," PLG-0141, July 1980.

Garrick, S. J. , S. Kaplan, G. E. Apostolakis, D. C. Bley, and
T. E. Pot.ar, " Seminar: Probabilistic Risk Assessment as Applied to -

Nuclear Power P1 ants," PLG-0124, March 1980.

Woodard, K., and T. E. Potter, " Modification of the Reactor Safety Study
Consequences Comouter Program (CRAC) to Incluce Plume Trajectories,"'

presen.ed to the 1979 ANS 25th Winter Meeting, San Francisco, California,
,

Novec:cer, 11-15, 1979.

Woodard, X. , and T. E. Pot.ar, " Assessment of Noble Gas Releases fr=s One
Three Mile, Island Unit 2 Accident," presen.ed to the 1979 ANS 25th
Wintar Meeting, San Francisco, California, November, 11-15, 1979.

Garrick, S. J. , S. Xaplan, P. P. Bieniar:, K. Woodard, D. C. Iden,
H. F. Perla, W. Dictar, C. L. Cate, T. E. Potter, R. J. Duphily,
T. R. Rcbbins, D. C. Sley, and S. Ahmed, "0PSA, Oyster Creek>

Probabilistic Safety Analysis," (Executive Summary, Main Repor.,
Appendixes), PLG-0100 DRAFT, August 1979.

Woodard, K. ,'and T. E. Potter, "Prcoabilistic Prediction of X/Q for
Routine Intermittant Gaseous Releases," Transactions of the toerican
Nucl ear Societf, Vol. 26, June 1977.
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Canni s C. Ricnards== - E!sa Assassasn: Tecnci:qy .*anager

Fenn 5 a:a um sersi:y, 5.3. Aemscace Eagineeri3.

>1542

. .5. 0:nt :1 Engi nee-i.y*
.

1963 .

San Gingo 5. ara Universi y, M..S. Macant:f=s
.

1970
'

'Jriversity f 71ttsburgn, MBA
'

19G0

Mr. Ri:narssen has many years of ;r:fassi:nal and caragament as:4-ianca
f a the : .clser fialc. He joi.ac == Pressart =ac '44ar Raect:r 3:vt sien
cf 'destingneuse in 1972 W.are ha asaced taa React:r Fre. action Analysis
Gr-sup f:r ;er'sming nuclear ;14nt safer / analysi s and, =ost recently.
has =anaged the At st Assass:ac Tecnolog/ Crgani:sti:n.

;-f or :: .this, .w=. Af char:isan was wie Gulf Ganaral A=cic wiert he
nc h ed :: design of c== :1 ar4 saft:y systacs fcr the gas-c:clec
r= clear plant. At *destinghousa, he has ;ar-ici;nad in anc dinc:ad a

.
.:.=cer of ri sk assessme= and saft:y analysis stu:f air fer a wida variar/-

cf ap:11:2:f=ns. he was a ;rincipal investiga:::- ta bc:a =a I!an Sta-
tien anc *ncian Nin: Stati:n Esac. r Safety Stucies. He direc.ac Os
PR.A s. t es f:r the Wsting= usa Ourers Gr u: 21: adf.nssac =a
;cs:-TN1 MEG mquirecie=s on acergency pmcacurus and c; art :r cissidy
m::ut rscents. Mr. R!=arsson was tac .-ical a: d ;mgrs= =aragar f r ca
Britt an (NMC) aferenca Watar Anac.:r safety 5tusy. s has als: lec .usn

cavei p:len of ec:na:1: anc financial risi assass=en: tacam:rt.as f:r =a
use in new reac:=r accel dastgn c:ncasts.

,

Mr. Etchards:n is a macher of =e IEEE and A.15 anc has sa-sac on ca>

wrsing ; :1.::s for t c starr.ards ::c=1t.ans. He is reviewi.M ca sec-
-icas f:r me FRA =anual direc.ac by NRC :: ::t finishac f n 1351. He f 3
aut::cr er ::-a=cer of = ort can 15 re; r:s anc pacers casit ng Ath ri sk
assass=e= and varicus aspects of ::uclear pla. casign
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9 POWER AUTHORITY OF THE STATE OF NEW YORK
10 COLUMBUS CIRCLE, NEW YORK, N.Y. 10019

CONSOLIDATED EDISON COMPANY OF NEW YORK, INC.
!4 IRVING PLACE, NEW YORK, N.Y. 10003 '

J
|

,

April 1, 1983

James P. Gleason, Chairman
Honorable Frederick J. Shon
Honorable Oscar H. Paris '

Administrative Law Judges
Atomic Safety and Licensing Board
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Re:
I'T In re Consolidated Edison Co. of New York, Inc. &
\2 Power Authority of the State of New York (Indian

Point, Units 2 and 3), Nos. 50-247 SP, -286 SP
Dear Judges Gleason, Shon, and Paris:

Enclosed is an Errata Sheet for Licensees' Testimony ofDennis C. Bley, Donald F. Paddleford, Thomas E. Potter, and
Dennis C. Richardson on Commission Question Five.

Sincerely,

f '

'
1/ Od.L J } \ J'

'' Brent Brandenb aul Cola ulli
.

.
.

Assistant General Counsel Morgan Associates, Chartered
Consolidated Edison Company Counsel for the Power Authorityof New York, Inc. of the State of New York
cc Official Service List

Enclosure
PFC: BLB / pat
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ERRATA SHEET

O
Page 6, line 13, vicinity should read " vicinity".

|
Page 8, line 3, " external events," should read " external

events.".

Page 10, line 16, "Early fatality" should read "Early Fatal".

A revised page 11 is enclosed.
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-{j l' consequences-or calculations involving the risk

'2 curve, specifically:-in section 3 the calculations:

3 dealing with the computation.of. individual risks

4 and ' societal risk, 3A 3B, and section 4, part'A-1,

5 the calculations on individual risk, will usually

6 be best handled by Mr.- Potter.

7 Mr. Richardson and myself will kind

8 of speak in general for the bulk of the testimony.

9 Q. Who wrote, on page 4, beginning with

10 the second pa r ag raph under sec tion 3?

11 A. (witness-Bley) The entire testimony.

12 has been written by the group-in general, with the7,

d
13 assistance of others, so I can't name one specific

14 person on this panel. But the panel will be glad

15 to answer any questions on that paragraph.

16 0 Who are the others who assisted?

17 A. (Witness Richa rdson). Mysel f, Mr.

18 Paddleford.

19 A. (Witness Bley) People in our

20 organizations. Dr. Kaplan, who has been'here

21- before, Dr. Bier on our staff. There.were s o v e'r'a l

22 others on our staff who h' ave. reviewed and

23 commented, and his' comments probably.got'into th'e

. 24 testimony, and-the! attorneys for tho' utilities.and-

.25 -their associates have reviewedOandncomnented onEi t . -.

TAYLOE? ASSOCIATES.
c.
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: .( } F .l. So it is really;an. effort of many.

E J2 poopic. Again, t h i s ' pa n el 'spe a ks for the

3 testimony and has essentially' approved it all and

,
. will be g l'a d to answer any questions about it..4

5 JUDGE GLEASON: Mr. Bley, I.th'ought''

! 6 you had indicated that Mr. Potter was responsible
l'
- 7 essentially for page 4, page 5 and pagef6. Am I

1. .

8 incorrect?<

m

9 Tile WITNESS: (Witness Bley) Your

| 10 !!onor, Mr. Potter i s - r e s po n s i b'l e for, as-I said,

t

11 the calculations with respect-to individual risks
.

12 and risk curves.

13 JUDGE GLEASON: I missed that. All-

.

14 right.

;. 15 Q. Dr. Bl ey and Mr . Ri c ha rd so n', . co uld

15 you give us your understanding of what the
,

17 preliminary' safety goals represent.in the se n se. < o f

18 how were they arrived at numerically?

19 A. (Witness.Bley) I can give1youimy
,

4

20 opinions,.and they are-essentiallycopinions. Thel ;
f
-

| 21. safety goals ca"e out of a: fairly l'o n g process of-

22' discussions at theiNRC staff, with'information-

.

-coming in.from the'AJRS,'who1he. prepared La report'23
s.

p . -24 .on- sa f e t y. g o als , . t he' A t om ic' I nd us t r i al Forum, ,

.2 5'
. .

-. . ,'i; .

.pr epa r ed ' ~a |repo r t; other organizations commented..
,

.TAYLOELASSOCIATES?'
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1 Probably the original basis _goes back
,

2 to WASilf1400 whi ch , -i n my own -opinio n , o n'c e i t-. wa s

3 published, stood as something like aide facto. sort

4- of. goal because .itswas~ the:only risk criteria thit

5 had been published.

6 -In its final version withLall of that

-7 background of information, looking at the studies ~

8 that have been completed, where the risk was, and

9 the-final presentation of.the goals.they were

10 stated in terms of a f. r a c t i o n , a tenth of a

11 percent, of other existing risks.

12 So quantitatively that's the source, q. q
' L.J

13 but it comes from a background of a lot of

14 consideration about the risks of nuclear. power
~

15 plants as they were understood and other risks

16 that society faced.

17 A. (Witness: Richardson) Yes.- I|might

18 add Westinghouse has_been involved the last coup 1e

19. of_ years in our own discussions a nd '. al so comments

20 to the staff and also our own. representation on

~

21. some-of the other groups, l i ke' ;the AIF, :e t _- c e t e r a ,

22 on'looking at both the need f o r. _sa f e ty go als .and-

23 what' form they should:be ~in'.

-24 of course,..as we'are-'all| aware,.thereI,
_

'25 has been a r va r ie ty - o'f ' fo rms and fo rma ts - and .-

-

!TAYLOE' ASSOCIATES--
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h:I{p 1. numbers generated the last couple of years. The

2' present form that came.out that Dr. Bicy mentioned
F
i .

at leastia couple of drafts3 has been-after ----

4 and we have.always been involved in looking at

| 5 these and shall be, over the trial period of t'h o s e
!

L
6 two years.

7 My, personal opinion is that something

8 like this is very'important in terms of being abic

9 to put' nuclear power, or anything else, in

10 somewhat of a perspective related to' risks that

11 the society as a whole and individuals are under.

L 12 0. Okay, I would like to ask a related

LO
I 13 question and I would like you to give me a'yes or

14 no answer, and you can elaborate if you need -to.
*

15 Although please stay fairly close to the question.

1G Are you saying that-what the~NRC'di'd

17 with the safety-goals is to look at the calculated

18 range of risk o' f plants and then to set the safety

| 19_ goals to correspond to what the various PRAs.were-

| 20 showing?
I
'

21 A. (Witness'Bley) That's not what I am
|

22 saying,=no. 'What I am saying is that theisafety

23 goals, and.they include goals with'respectD t o-

I ~e a r l y 'f a t a l i t i e s , - 'c a n c e r - f a t a l i t i e s , and core melt,-24
l

25- were. based on _the principle of ins'uring thati the'
'

u
.

1

i
'
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,

1 c o n't r.i b u t i o n s - t o the risk that:the' genera'1.public

1

2 ses of. nuclear' power plants is small with respect-

3) to the other risks-seen by the public.

'

4 On top'of that I*am sure the

5 commission looked at the existing risks as

6 calculated at a. number of. plants.- We.had inia

7 cost benefit' sense the value of the plants against

8 the benefits of them, continuing' and insuring ~that

~ 9- the risks to public health were low with-respect'

10 to risks from other sources.

11 Then I suspect when'it came to the

12 core melt sort of goal they looked =at plants that '

..

'

13 had risks that would have met the public healthi -

I14 risk sort of goal and said what kind of core melt

15 frequencies at those plants, consistent with~

16 meeting the health risk goals as the. basis for.

17 coming up with a core m e l't goal, consistent with.

18 the previous health risk goals, whichfat least "

.19 gives them a tool for looking at plants'that .

20 haven't ~done a c om p1'e t e PRA out' to.theJpublic

21 health risk level.

22 0.- ' T h a t ', s . a n interesting and plausible

analysis .but you a r e --n o t saying , a re : you , : tha t:23 ,
-

D
L_J 24 the safety goals represent..cithersan a v e r a g e. . risk

25 of' nuclear plants or..a particular_ point'somewherey
,

TAYLOE' ASSOCIATES:-
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(~')l 1 in the spectrum of risks, are you?
%

2 A. (Witness Bley) I would say that tne

and I say this not because3 health risk goals --

o they were selected that way but because of the

5 comparisons of calculations that have been made

6 against them -- I would say they tend to represent,

7 as far as health risks, the upper end of the risks

O posed by the plants, and again the upper end of

would be9 the risks that one would want tu have --

10 willing to have these plants show if they are to

| 11 contribute very little to the health risk of the

12 general public.
,-

C/
13 0 So that's what you mean by national

14 benchmark, that it represents the upper end of the

15 risks?

16 A. (Witness Bicy) That's what I mean by

17 that sort of a statement, that's right.

18 A. (Witness Richardson) If I may add, my

19 own opinion on this as far as the health risk

20 levels in their present form in the safety goal, I

21 don't believe they were based in any way on

22 results of any studies, at 1 cast that I know of.

23 I would believe they were more set in

t"N
't l 24 that way to try to insure that the risks imposed

25 by nuclear power plants would be a very minor

TAYLOE ASSOCIATES
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' |1' contribution.to the"overall risk' that society _'and

2 ~ individuals live-under.-

,

3 A. (Witness Paddleford)'I.would'likelto-

'

'4 add tha t. they were-established after. some
,

.

5 qualitative-goals 1that.were set up basically.to,
,

G 'just-what Dennis said, to make sure that the risks --
~

7 there were no. undue risks presented to the memters

8 of the public.

9 0 Dr. Bley, could you.tell us-with
:

10 regard to table 1, the table states that for core
,

!

11 melt frequency, the two_ methods of the core melt
4

12 frequency, and you have medium frequency, is that4

(^1-

'
L_J:

13 correct?,
;

14 A. (Witness Bleyl That's correct.

15 0. What is it that you have for the;

16 first two entries, average early fatality, ' average,-

17 latent cancer.
,

i

18 A. (witness Bley) -Those are essentially

19 a mean calculation from the risk curves themselves.
,
J

f. 20 0 Could you give us, as best you

21' remember,.the~ relevant figures for 90 percent

|- .

'
,

' .22 confidence-interval?-
l

p 23 A .- .(Witness Bley) We .have given~_those in

24 our e'a r l i e r testimony.. I don't'recallOthem-
~

n

:25 offhand,.but'we have presented them before.-- .They<

* L
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- 1 -are somewhat- higher than these numbers. .

I 2 10 In the event in the one case ~of--

f 3- core m e l t - f r e q u e n c y .. do you.know whether that-
!

4 would be higher or lower than the ' fi g u r c ~ .ex pr e ssed

5 as the NRC goal of one times ten to the-negative

6 four?

7 A. (Witness Bley) Can you be more-

'8 specific? _ Which o f- the numbers are_you - asking are.

9 they higher than the NRC goal?-

10 Q. For Indian Point unit 2 and Indian

11 Point unit 3, the190 percent confidence interval
,

- 12 in IPSS, is t ha t' higher or-lower than one times
) ~

13 ten to the negat-ive four? Presumably it would

14 have to be for Indian Point unit 2, would it not? :

.

15 A. Internally plus external?
.

16 Q. 'Yes.

| 17 A. For Indian-2 it is certainly: higher

18 -because the median is higher. For Indian Point'
.

19: unit 3 I don't_specifically recall. I t- is'close *
,

20 to the goal. I t' is-in our previous ~ testimony.; I t ---
, .

l.

21' is in the amendment.to 'the IPSS.

-22 Q. 'Do you recall 1how much h ig h e rEi t- i s? '

23 A. (Witness ~-B1cy) I d 'o r. ' recal1- i f = :i t'

,' % :( -

,

:( L '24- is higher. -<

2 51 0.- .For-unit;2'do you recall-how much-- -

!-

,TAYL'OEUASSOCIATESL -
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,

'

. 1- h ig he r. _i t ~is?

2 A. (Wi t n e s s B l e y) . N o , - b u t' we have given.

3 that previously and 1t is in-the amendment.

4 Q. Would.you know the 90 percent

~

5 confidence interval for the. earlier entries,
~

6 average early fatality, average la ten t' cancer ifo r

7 Indian pointJunits.2 and 3?

8 A. (Witness Potter) I would like-to-

9 respond to that quest 1, partly to.clar'ify a

10 previous answer.

11 When.Dr. Bicy spoke ~of-using the

12 means to obtain the numbers for the average early-'

13 fatality risk and average latent fatality risk,s

14 the means were used for the f r e qu enc y.;.o f release, ,

15 but for the rest of of the' analysis; t'hattis.to

16 say, the source term and the consequence analysis,-

17 point estimate values were used; that is to say:

18 W A Sil 14000, source terms, the way:we-have been
.

19' using that term,_and the S-1-consequencefmotrix

20 assumptions.

21' Given;that conglomerate of

22 'a ss um pt io n s = -- I.can't: specificallyJanswer the. .

: . .

|- ,23 q u e s t i'o n -; wh e r e the 90 p e r c e n t i l e Lv a l u e' Lwo u l d _b e i_

|J)7m
[ LJ 24' |but, overall,-.the values.here;are;h'igher1than the.

i.
'

.25; mean. <

TAYLOE! ASSOCIATES ;
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'N- ~1- It wo u l d ~ g u e.s s t h e y ; wo u l d . ' a p p r o x i m a t'e -

-

.-Q
.

'

2 .theE 90 perconti.lefvalue.
'

.3 Q.. Did'you wantIto be-more specific than.

4 that as' opposed to just~ guessing?1

5 ~ A '. (Witness Potter)'.I can't,'not.having.-

G performed the ; an al'ys i s , b e ' m o r e - s p e c i f i c D t h a n ~ t h'a t .

7 The numbers you see.here areihigher-
..

'

8 than the 50 percentile'valueEand I would' guess

9 they. would be approximating.theF90-percentile - U

10 value.
.

11 0 Thank you.

12 A. (Witness Bley) Maybe - I;should-add.

O
13 something to that. I

'

14 0. Go ahead.

15 A. (Witness Bley) Fo r- ' th e first two- r o ws :

1G in'that table, the av e r ag e Je a rl y fatalityRrests

17 within one mile and the average latent cancer: risk;

18 is within 50 miles.
.

.19 To-do the: calculation, we7putEthat-
,

-20 those wo u l d - b e .m e a n - a v e r a g e. c a l c u l a't.i o n s -;t o -

21 compare with the goal. Th'at's'the waynwe-
t

; 2 2- calculated them.- W e ' . d i d n ' .t. f c a l c u l a t c ~ e x p l i c i t l y H- r

:
'

2 3 -' the whole? range'of' uncertainty:Eto belablcJto:

= i24 provid'e=that.
,

.

25' 0 Thank?you.- With regardito table 2,-

'

,

'

.:TA Y LO EliA S S OC I A T E S . x
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-

1 could you turn to page 11 of your te'stimony,'.which

2 pr od uces _ table _2, :pl ea se .
_

-3 Thore is also.a corrected version |.
,

4 Could one of you' read what's on the second line of-

5 this that begine with the word " warning."

6 A. (Witness.Bicy) " Warning: There are

7 large uncertainties as'sociated with-the values

3 presented in this. table."

9 0 Also?

10 A. "Also PRAs were not performed using

11 consistent methodology and assumptions," which is
.

12 what we also said in the text of our testimony.~

. Lf -
~ smoke?13 0. Do any of you

14 A. (Witness Bley) No.

15 A. (Witness Potter) No.

16 A. (Witness Richardson) No.

17 0. Have.you made any effort to quantify

la the uncertainties that are referredJtofin this

19 tabic?

20 A. (Witness Bley) N o .. I n . f a c t .fwe .

21 followed what I feel-were-the i n s t r uc t'i o n s of-the

22 . commission and statement-of? question:5, l o o k i n~g at

23 . generic calculations offthe range o f _. ; r i s k , 3 a nd we =

,
24- took-this table without our en'tries'as o'n e-

25 statement ofsthe,rangeEof-risks from pl a n t s: a ro u rid .
.

~

.TAYLOE ASSOCIATES.
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'

1-- the ~ country.'as_.it was presented by-staff,-with-no::(]-
2 further calculations'.

3 In fact, to do-what you ask would

4 _ require essentially.a redoing of all o f ,-the

5 studies here. .We did not do that.'

6. We did provide the full range'of

7 uncertainties for the Indian Point plan -in-our own
'

8 previous testimony.

L 9 0.- What about the differences that1were

10 due to different methodologies being. employed, did
1

Il you attempt to in any way quantify or establish
i
I
' 12 bounds on those sorts-of differences?

O
13 A. .(Witness Bicy) We took thi s _ ta bl e

-1 4 cxactly as it came from staff. We: have made rur

15 modifications to it. Save our entries.onEIndian-

16 Point.

17 0. You referreditoLthe-table 2 results

18 as "a representative sampling of PWRs:andoBWRs, is--

19 that correct?
,

20~ A. (Witness Richardsan) I.believe.that's

21 -correct.

1

[ 22 0 Could you describeLwhatekindLof-
i

23. sta ti stical sampling Lproced ure you used _.to ' find'

| 24 t ha t'' t he se we r e 'a r e p r e se n ta t i'v e.: . sample?-

,

!
'

t

=25~ -A. :(Witness Bley)-Could youftell mes

!, :TAYLOE-ASSOCIATES'
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-(}. - I where we made that 's t a t e m e n t ? - I-would like~to

|2 look at the wholeLquote.

3 Q. Page 10, 9 lines up from the bottom.

4 It reads,. "This table generally reflects the range.

5 of risks from internal initiating events at United

6 States nuclear power plants because11t- includes-a

7 representative campling of PWRS Eand BWRs high

8 population density sites."

9 A. '(Witness Bicy) Now that I look at i t-

10 I put it in its proper context. This certainly is:

11 not meant to imply that this is a statistical-

- 12 representative random sampling sort of procedure.:
-

.

13 This list of reactors represents,.in our opinion-

14 as we wrote this, a representative sampling of.the

15 types of power plants, the types of wate r :reacto rs

16 in operation in the United States at this-ti'e.m

~

17 It is not a statistical representative; sample of

18' risks from all of those plants. I t ' i s .. a broad-

19 mixture of the kinds of plants 1and~the vintagesEof.

20 ~ plants by vendor and specific design 1 types..

21 Q. Now, by representative sample of.the-

22 types of plants, you do notLmean;that--plantsMare

23 represented.here in _ propo r ti on. to , the? numbe r -~ o f-

~ g
's) . 24 those types of'-plants. nationally,~do you?

_

25 .A. (Witness:Bley) Not ~specitically.- .Ic
^

;

,- :TAYLOE ASSOCIATES;
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-I -haven't checkedito see if they are-orDthey are not.

2 0. What you mean is it is a~ good mix of-

3 plants for-showing'different types of' reactors, is-

4 that corre.ct?

5 A. (Witness Bley).I think that's fair.-

6 0 You recall your earlier testimony

7 during question 1 about how PRAs can cone up with

8 lower and more realistic r i s'k e s t i m a t'e's by

9 eliminating gross conservatisms,'do you'not?

10 A. (Witness Bley) I do.

11 0 And in general i t' isEyour opinion

12 that IPSS is a relatively sophisticated and,~

=Q
13 thorough PRA in this regard, is it not?

.

14 A. (Witness Bley) I agree'with that'.

15 0 Are there other'PRAs that'you_ woul'd-

that you would p1' ace as being-as t ho r o ug h'16 see --

17 and realistic as IPSS in this-regard?

18 A. (Witness Bley)' The~only one on this

19- list, and there are'some, I'think, thatLare~now

20 about.to come out or are' coming out that'maybe-
_

~

21 would be a design study., but- Inh'asten.to point out

22- that the. context of_those~ remarks about. additional'
'

23 care and.the a n a l ys.i s' 'na r rowi ng theLuncertainties.--

rq
LJ - 2 4' has to_do~with an analysis that purpor.ts.to-be.ia-

,

25 completeEone. -

TAYLOE ASSOCIATES
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,

.- 1 -The.other. analyses on this: list-have' '

E

Icft 'o u t ~ -o n:2 Feft out what can be'an- exceedingly --

,

.

-

3 . purpose, intentionally |-- a' category of events

4 that we found to_be f a i rly - impo r tan t , and 'tha t 's

5 the external events. No compensation ~for. leaving

G those events out was made.
;,

7 The results weren't stretched to-
:

8 account for the events not studied.

9 So if-those studies were carried out

10 more thoroughly to pick up the external. events,
:

11 that could only add to the risk that you see at

12 those plants. It wouldn't make it lower.

13 Q. I understand your point about the

14 need to compare internal events with 1.. t e r n a l

15 events, if that's what the earlier studies-only

i 1G showed.
>
,

,

11o we v e r , it is your testimony that17

18 with regard to the degree of sophistication and

19 eliminating gross conservatisms for internal.

i

20 events, Zion is the.one study t h a t '. s comparable:to
i.
'- 21 IPSS; that is what is1you s t a ted , Li s11 t- not?~

22 A. (Witness 1Bley)LNo.1 That: was a

- 23 statement to cover the totality of:a PRA.- 'With-
.

1

'

24 ~ respect to internal' events o nl y , . I 's u s p e.c t. : s om e o f.
~

-

25 t he' J o t h e r s_' wo ul d fi t.' tha t ! c a t e.g o r y , t o o , .al t ho ug h-:
,

_ TAYLOE ASSOCIATES '
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,

_ 1: .I have-not ' studied these other PRAs.in.' depth.-

2 Q. _Are you_ aware-of any that: wouldfbe.

3 less sophisticated and _-re ali s tic ' tha n1IPSS?'

4 A.- (Witness Bley) 'I_ haven't ~ studied them

5 in great detail and I would be, hesitant'to--

6 characterize them one way.or t he'~ o the r . Some'of.

7 them I am sure are very complete, others probably

8 areLnot,
r

9 'Q. By " complete" you mean they progress

10 far toward eliminating _ gross.conservatisms?

I'1 A. Some probably,do, yes.
,

12 Q. And some probably.'do not?'
. 7~;

d~.d .

13 A. Yes. I am'not willing.to speakuto
-

14 that-point because I have not studied those-in' -

15 great deta il .- Any of them,-really.

16 Q._ Do you believe-that.a knowledgezof

17 the extent to which different'PRAs do thatDwould
'

18 be. relevant =for-drawing comparisons with IPSS?

19 A. It would certainly.5be relevant!. .As'

20- of this po i n t e :I n time it is not directly possible,.

21 and-the kinds-of c'omparisons weLhave g i v e n!. he r e .| to
.

-22 -scarch for availableLindications;of the;|rangelof:
, -

r2 3 ' r i sks ,. knowi ng| they a r e 'no t- f ull yj compa r abl e ,--I-
.

n.
1._) 24 : t'h'i n k y-i s-- a reasonabic_ approach..- Th a t 's, why.. we -

~

.

25 - t o o k - ~ m o r'e E t h a n o n e ' a p p r o a c h '.
'

~

-

=
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|1| We took these various s t u d.i e s . ; We

2 .took the commission task force,results and used'

3 .t ho se) :a s . a no the r , iffyou w'ill, surrogate

4 expression,' range of risks,.and we took the. safety.

5 goals as something of an upper. limit sort of' thing,

-S although not. a strict limit; an-upper end'of the

7' range estimate on'the range of risks.

8 So all of these give us things,to

9 compare'with. Although none of then are perfect,

10 the total is, in every case, supportive of.the

11 conclusions we draw in-our testimony.

.12 Q. So the core melt frequency.for Indian

13 point -unit 2 is right at the+ upper end of the

14 range of the core melt conception of risk, is.it

15 not?

16 A. (Witness Bley) No. If you wi l l ..go

17 back to'my statement of what we felt the goals --

18 what I. felt the goals' meant. for t h'e health risks,

19 they compare with the upper-end of the range of

20 risk.. The core melt goal in.my opinion-has-come '!

21 .about, in my opinion,-as a r e f l e c t i o'n for the.

22 plants that sort of tmeet-the h e a l t h ; r i's k Lg o a l s ,

23 . what> sort:of|cor'e melt ~for-those would.have.been= f
!p

\d 24' consistent'.

~

:25 .If.we look down.the. list.of core imelt; .

.

;

' 'TAYLOE; ASSOCIATES', .
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f], 1 frequencies on table 2, we find several that are
>

2 quite a bit higher than Indian Point.

3 Q. But it is true that core melt

4 frequency or internal plus external events, the

5 median frequency for Indian Point 2 is exactly

'> equal to the NRC goal, according to your table 1;

7 that's a correct, is it not?

8 A. My Bicy after it is rounded off, yes.

9 0. By the way, your table 2, is that

10 taken from inside the NRC7

11 A. I think we cite this reference.

12 It is reference 5 to our testimony, a7~)
L.]

13 memo from William J. Dirks to the commission,

14 draft dated January 5, 1983, as an attachment.

15 0. I had heard that the layout of this

16 table was somewhat different than the one- in the

17 Dirks memorandum and it corresponded to one inside

18 the NRC. It may well be the substance of the two

19 tables is the same, but I wonder if you checked.

20 A. (Witness Davido f f) (Witness

21 Richardson) I don't recall.

22 A. (Witness Bley) I don't recall.

23 0 With regard to this data in tabic 2,

P
LU 24 it .i s not exactly the same as the numbers

25 generated by the PRAs themselves, is it?

!

TAYLOE ASSOCIATES
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- f ]: -l' -A'. (Witness Bl e y),-Tha t 's true.-
O-

2- 0.- It involves some recalculation done:

13 by members of the NRC staff? -

; - .4 A. (wi t'n e ss Bley) That's true.
'

1 . .

; 5 .Q. But you don't . know-how those
'

5 recalculation is were done, doLyou? C

7 A. (Witness Richardson) No.:i

8 A. (Witness.Bley) N o ..

9 .Q. Turning'now.to'your table 3', this-

10 comparison-does not really represent all. these.+

11 various plants as they currently exist,.does-it?-
;

I 12 A. (Witness Bicy) . I would agree with
*

;

13 your statement because, to.:my knowledge,.the ,

14 Surry plant and the safety. study has adopted-

15 maintenance practices which would reduce their'

,
16 frequency.

t.

) -

is t h a t_ t h e .. R S S.M A P
-17 My understanding

18- studies Icft out, at least..to. s o m e:.e x t e n t ~,- t h e

19 improvenents due to maintenance a t". t h e- s p e c i.f i c i -

\
.

s;
.,

20 plants.- .i; . c'
%.|),

V y ' 3_ ,3 ! '

21 So I think the o t h e r" pl a n t s , c a t E l eYs ti- li

-,

22 'some of them would -have '. lowe r 'f requencie s- o f th'ese; # p
..

,

.'23- events =thanJare pr e sen t ed |i rlf t hi sf.tabl e . .
. . , ,

-

,

%a;Q-
'

? i
T-s 24 -Q. Are y o u ? a w a r e . h o w . m u c h l o.w'eLr ? "

7
-

#

25 . .A.- - ( W i t n e's s - B i c y ) . .;N o '. - I- fa mino t" a' war $0of< _ e
3: - -

.. .
.

'f ; .L
'

#E. . { - {-

[ TA Y L O E [A S.S_OC I A T E k '.'I 7W$. ,[,
- -1

' T
= .- sf. w- -

.
.
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1 the specific maintenance practices ~at any of the

2 plants on this list, other than the Indian Point

3 plants.

4 0 Do you have any kind of bounding

5 estimate on how much lower it would be?

6 A. (Witness Bley) I can draw some

7 inferences. From the reactor safety study design

8 there is essentially a two-check valve discharge

9 system which, on a bounding level, wouldn't be as

10 reliable as the three valve sort of arrangement we

11 see at Indian Point.

12 I don't know the other plants. Sopry
6 1

^

13 that it probably isn't as low as Indian Point but

14 it may well approach it.

15 0. So, in general, for the Oconce,

16 Sequoyah and Surry plants, it is true that there

17 are come norts of improvements that are not

18 reflected in this tabic?

19 A. (Witness Bley) I know'it is true for

20 Surry My understanding _is it is'probably truc.

21 for Oconee and Sequoyah, but I am not-certain of

22 that.

23 Q. Does this table include improvements
g7m
L_; 24 that have been made for-IPSS I 'am sorry, for--

25 Indian Point?

TAYLOE ASSOCIATES



r

i

12684!

;

1 .A. (Witness-Bley) It includes Indian({}
2 Point as it exists today, yes.

3 0. Does.that include the improvements

4 that were made in reference to the IPSS amendment

5 one?

6 A. (Witness Bley) My memory-in we didn't

7 reference this in reference one. If we did, the

8 answer would be yes. I don't think it.showed up

9 in amendment one.

10 It would represent the discussion

11 that was presented in our question one testimony

12 and the results that were presented there.

O
13 0 So.the recent fix with regard to

14 hurricanes and fires, and s o ' f o r t h ?'

15 A. They don't affect t he~ C scenario.

16 The only thing that would affect-the V scenar.io

17 would be the testing program on b'oth the test
'

| 18 valves and the RII g a t e.L v al v e s , which I think we

|

| 19 ' described earlier..
~

L
i . .

| -20 0.- 'The.otheroplaces-wh. ore.you do:have
.,

21< more' general-figures foroIndian Po i n t ,; fs uc h as,
_

22 for ex ampl e , i n : tabl e ..one ,' tho se rdo ci ncl ud e ' thei
~

.

ffres.abdJhurricanc7f i x e s ', id oi t h e y -i n b t'? '23-

N^Y <
,

.k./ - 24. A. :(Wi tn ess ? Bl.ey) Tha t's ? t r ue . ' Al l. "t h e."

25 ;results givcn asLrelated to1IPSShwith respect-ito;.

O'o
' '

4 ;- T A Y L O E ASSOCIATESj ' - ' < -
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1

) 1 Indian Point in this testimony include the fixes

2 that we have discussed earlier, yes.

3 Q. So it would be fair to say that in
_,

4 general you are more familiar and conversant with

5 the recent inprovements with Indian Point'than

6 with various other plants?

7 A. (Witness Bley) In all aspects we are

8 more familiar were with Indian Point.than other
L -

j. 9 plants. We have studied Indian Point in detail.

10 We have not done that for the other plants.
,

I

this11 Q. On page 20 of your testimony --

12 is now the beginning of the third paragraph,

C
13 " Features that could Icad to lower frequencies of

14 major releases'from Indian Point containment' than
~

j

|
| 15 from sone other containment."

'

16 The rather vague phrasing .is

17 ~ intentional, is it not? When-you say " c o u l'd lead
|

18 to lower frequencies"?

-19 A. (Witness P a d d l e f o~ r d ) ~Yes.

20 0 . And, inigeneral,.you?have not',.for.

21 mostEof.these.eight at least, .youih' ave not:

22 cal c ul a ted . spec i f i c.iamo un ts! o f -. r i s k f r ed uc t i o n.-

D2 3 attributable.to them?
' '

s >

C ~ ~

L 24- .A. (WI.t'n e ss .Ri c ha rd so n)--We d id n ? t d o
-

, .
>-

25- ; a ny t h i ng( s p'ec i'f i c, h e re ,nb u t ~ we c e r t a i nl y-!- k no w :
_ , .

. .

*
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(' I there are containment.of lower volume'and lower

2 fire pressure. Anything in that direction wo u l'd
i

( 3 -obviously be about the same or higher in' terms of

4 their containment capability and similar types of

5 accidents.

6 A. (Witness Bicy) Beyond that, we

7 studied Indian Point as it exists. We found

8 dominant contributors, and we studied several

i 9 potential changes to the plant to see what

10 improvements could be made in the risk..

| e

| 11 We made no determined effort to see
i

(

12 how much wo r se the , pl a n t. could be made by deleting

O
| 13 equipment and. functions that are there and are
|

| 14 intended to stay there.

-15 .So we have not, quantitatively, in
|

16 detail, evaluated the worth of these' separatep

17 items which we provide here, which, in t o t a l ,' cw e

18 are sure will have.an important offect, but we

19 have not evaluated that singly.or.in total from'

20. the aspect of plant risk. ;

2.1 0. Mr._nichardson,_youLstated ti h a t : you~
,

22. a r e --a w a r e thatLthere'.are some plants.that'have-

23 smaller. containment-'and. lower -failure pressures,

74- 'did|I hear'you_ correctly"
' ~

L2 5 Q. (WitnessLRichardson) Y e s .. - '

-
..

-.

. .TAYLOEj' ASSOCIATES >
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{ 1 Q. You are a l s o -'a w a r e , are you not, that

2 'there are some plants that have higher. failure

3 pressures?

4 A. (Witness Richardson) Yes.

5 O. Are you aware of any that have larger

6 containment?

7 A. (Witness Paddleford) Yes.

8 Q. Ilo w many_ plants are y o u . a w a r._ e of that

9 have higher failure pressure than Indian Point?

10 A. (Witness Richa rd son) ' The only one I

11 know for sure would be the Seabrook containment

12 because that has a higher seismic design' basis,pz
hd

13 and I believe has a slightly higher onset of' yield.

14 Q. !! ave you-attempted to rank the

15 failure pressures of containment of nuclear plants-

IG generally?

'17 A. -(Wi tness ' Ri cha rd son) No.
~

18 A. -(Witness Bley) No.

19 Q. With regard.to various equipment _or.

20 containment cool-ing capacity,_are you' aware-of the-

21 study'NUREGICR 2069, put out byf0ak' Ridge' National:

22 ' Laboratory,. entitled, "SummaryfReport:.on.a'surveyz

J23 o f .lig htwa te r; r eac to r. .sa f e ty sys tems"?. Is;any-.

- '2 4 . . memb e r - o f. . the :.pa n el aware off-that' study?
7

25' I A. (W1tness3P a d d 1 E f o r d ) .-' N'o . - .

_TAYLOE' ASSOCIATES ~ '
-
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(' 1 0. Well, perhaps if.I identified it a

2 little further. It .is authored by Fred A.

3 li ed e l so n and contains a 'f ai rly systematic

4 comparison of safety systems of a large number.of

5 nuclear plants,-including the two at Indian Point. -

G Does that refresh your reco11cetion

7 that there is such a study?

8 A. (Witness Bley) Not mine.

9 A. (Witness Richardson) No, I have never

10 read such a study.

11 0 Thank you. On page 22 of your

12 testimony, you state that the " frequency of. laid
O

13 over pressure containment failure from internal

:14 initiating events is r e d u c e'd by one to two orders

15 of magnitude by the presence of fan coolers which

16 back.up the spray and recirculation system."

17' Do you see that?

18 A. (Witness 1Paddleford) Y e s'.

19 0 Now, that's-true only for internal
1

20. initiatingievents,-is it not?

21: A. -(Witness P a d d l ~c f o r d ). That: particular 1

L2 2 | statement is true f o r ~ o nl y -i n te r nal -in i.t ia t i ng-

23- 'e ve n ts . -

[ 24- Ho we v e r , l a t'e r : in theJparagraph o' f

J
-:2 5' the1 statement forEinternal-plus-' external isigiven-

TAYLOE' ASSOCIATES ! -, ,
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- 1 as up_to an order.of magnitude.

I 2 0 Well, focusing on your first question '

!

; 3 about the fan coolers, it is true, is'it,not, that

4 fire is classified as an external initiating event?
:
i

; 5 A. (Wi tness . Paddle fo rd) Yes.
>
"

6 0 As, of course, c,eismic events would

7 b e. , correct? ,

! .

] 8 A. (Witness Paddleford) That's true.

. 9 0 So the major' sources of common mode-
J )

j 10 failure that are likely to result in a loss.of
1

! 11 electrical power are not included'in internal'
i

j 12 initiating events, are they?

13 A. (Witness Bicy) Read'the. question back,
i

14 (The _ repo r te r read the last

. 15 question.)
!

I 16 A. (Witness Bicy) That's.a littic hard

:

a,
17 to answer directly, especially for me at t h i s~: t i m e .

| .

18 The fire even'ts generally- don' t:,
>.

19 : totally. lose electric power.- :They tend (to lose *

20 - k e y p i e c e s ' o f.. e l e c t r l' c po we r . With rega rd -to' keyL
,

-21' ' pi eces_-o f electric _ power I.think' I-would-agree ''

.

22 w i t h .-_ yo u r statement.-
.

23 .With1 regard toocompletc71oss o f-
.

t 24 el e c t r i c . po we r , I' s us pe c t.;-- .'I f j us t-nd o n '.t ,kno w. . .I: 1

251 can'.t: answer? that. I- d o n ' t r ememb e r . _well ie no ug h .--;

,
- . m

F

^
'

'
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:( D. 1 Q. It'is true, is it not, that the
%/

2 B i b l~f s B. Reactor was not licensed by the Nuclear

3 Regulatory Commission?

4 A. (Witness Bley) That's true.

5 Q. Where is the Biblis B reactor located?

G A. (Witness Bley) It is in Germany. I

7 can't give you the exact location.

0 Q. You would acknowledge, would you not,

i 9 that there may be some special safety features
|.
.

10 that certain other nuclear plants have that the

11 Indian Point plants do not have?

12 A. (Witness Richardson) When you say

13 " safety features," other plants play, because.they.

14 are designed, have components that they,have

15 designated as safety features and a'r e required for

16 that plant inEterms of safety. Indian Point-

17 plants may not .have that equipment but they~may

| 18 notineed that equipment'.

| 19 So, when you say " safety features,"

20' that covers a-broad line offcquipment.

| . . - .

| 21 A. -(Witness Bley). I can't. thinkiof

22 specific featuresDright'off the-top of my..[ head now,

23 ~at other; plants'that.LwouldEhave significant impact?
? :

24 ionfrisk a t' . I nd i a n , Po i n t ,. $i f they ere:at; Indian
7

L 2 5 -- Point,.that I nd i a n : P o i n t d o e s n '. t 'h a v e ...
~ '

~

, .s. ,

LTAYLOE[ ASSOCIATES ~ *
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.

1 That doesn't mean there can't be such.

2 things but none come to my mind.

3 Q. You will have to fo rg ive me if this .

.

4 question i s the same one you just answered. My

5 colleague feels it is a different q' u e s t i o n . Are

6 there any design features that Indian Point does
i

.

7 not have that other plants do have that could
,

C contribute significantly to risk? '

i

)
*

9 A. (Witness Bley). At Indian Point?
;

10 Q. Yes. To reducing risk.

11 A. (Witness Bley) I can't think of any

.
12 that would significantly reduce .the risk at Indian

13 Point.
-

14 If:you will suggest some, we could
i

15 comment on them.

i 16 A. (Witness Richardson) I can't.either.

i 17 MR. BLUM: We have no further
T

~

18 questions.

19 JUDGE GLEASON: Ms. Moore.
.'

20- CROSS-EXAMINATION

'21 BY MS. MOORE:
,

22 -Q.; Good. afternoon, gentlemen. .I_ gj us to
~

~ 2 3. have a: few questions..
I ^n

, __l .24- "Incthe; safe goal .' cal cula t i on s' o n . _

b
~

. . .

- 2 5_. ' pag e s.-~ 4 61o f = yo u r -;t e s t imo n y , .I.. b el i eve 1yo u isa id .'

'
,

,

i ..

;L. (TAYLOEfASSOCIATES j'
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() 1 under cross-examination that.the S-1 consequence

2 matrix assumptions were used, is that correct?

3 A.- (Witness Potter) That's correct.

4 0 Could you refresh my memory a little

'S bit and tell me what emergency response assumption

G the S-1 matrix includes? -

7 A. (Witness Potter) Each of the four S

8 matrix elements uses the same emergency response

9 assumptions. The only difference between each of

10 the four was essentially scaling of the dose by a

11 factor of two, for the S-2 matrix, a factor of one-

12 for the S-1 matrix, a factor of .5 for the S-3 and

13 .1 for the S-4 matrix.

14 The emergency assumptions involve

15 evacuation of population within ten miles,

16 shel te r ing of the population of 90 percent of--

17 the population from ten to fifty. miles; normal

18 activities for the rest of'the population beyond

19 ten miles;:and for the: entire population beyond

20 Ltenimiles, :i t islassumed, ground dose exposure

21 'per'iod wouldfbe 24~ hours.

22 Within_ ten miles =the-importanti

23- parameters. involve d el a y 'o'fg .the. evacuees. Wo.
,

. .24' handled.that probable his7particularly.. It is -

25 f a l' rly compl ex , - b u t 'i n .g en e r al inz.90 percentDof 3

'

- ,
1

TAYLOE? ASSOCIATES- -,. ;
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], I the weather scenarios population was= delayed --

2 elements of the population were delayed from half

3 an hour to two hours; in 7 percent of'the

4 scenarios elements of-the population were delayed

5 from one and one half hours to three hours; and .in

6 three percent of the scenarios elements ~ of the

7 population were delayed from two and a half hours

8 to four hours.

9 Then there w a's in a weekday school:in

10 session scenario, there was a special population

11 group that had much longer delay times.

12 That's a summary.q
uA'

13 Q. And if I remember correctly, that:

14 response, that emergency response scenario does-

15 not differentiate between internal' and external
~

.16 events, is that correct?

17 A. (Witness Potter) That's right. It

18 was applied to all_much_these1 categories.

19 Q. That S' matrix includes'also, does i t-

20 not, the.U.' factor _sourceJterm reduction?

21_ 'A. (Witness Potter)'The ' entire matr:ix:

22 -does, but the safety 1 goal estimates'do-not.

'
~

|

2 3 '- 0 They do'not,.thankLyou~.-
.

- 24 I.would111ke to; turn.youria_ttent! ion-

-

'
. %s

-25: now to a pag e'; 2 0 to- 22 o f your testimony.- ;could jyou

- TAY LOE ' ASSOC I ATES:: i '-
s
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{, 1 please describe how your lists of ~ featuresdesign

2 contained on these pages was derived?.

3 A. (Witness Paddleford) Combined from

4 some things that we' knew, special . fea tur es that

5 were included in the-Indian points when.they were

~

6 first licensed, a1ong with some other features

7 that have been.in the plant since the beginning

8 but are not common to a very large1 percentage of

9 nuclear power plants.

10 Q. On page 20 of yaur testimony a t- the

11 bottom, going to page 2 1', could you give me t' h e

12 basis fo r your statement that the Indian Point

<

13 units have more effective containment heat removal
1

| 14 capability?

15 A. (Witness Paddleford) Which statement-

16 was that- again?
3

; 17 Q. At the bottom of page 20, going over1
,

-18 to page: 21. .

19 A. ~ (Wi tn ess= Paddle fo rd)- This isJin'

20 regard to the more.open' containment' structure

: 21' which permits natural c'f r e ul a t i o n , and the ability-

22 toi get heat-from all over_the'conta'inment~to the.-

,

23 fan: co o l e r s f o r c'o'n t a i nm e n t L s p r a y , . wh i c h:: wo u l d - no t"

/~T
(f 24 be possible.ifLyou had a -hig hly. compa r tmen t ed:'

>25 situation.- - ;
.

' -

, , ,

~
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'i -1 Q. Could you.tell me how the Indian
W

2 Point containment in its ability for_ heat removal

3 capability compared to, say, Crystal River?

4 A. (Witness Paddleford) I don't really

5 know that much about Crystal River.

G Q. Do you know about any of the other

7 plants -- could you compare it to any of the other
i

8 plants on the list that you had in table 27

9 A. (Witness Paddleford) The Surry plant

10 I know very well. Some of the differences are the

11 cavity geometry underneath the reactor vessel is

12 open, it is a low spot in the containment. .I t is

13 an area where water would collect.

14 This wasn't true of'the Surry-type.

15 design. That's one_ example.

16 Q. Are you aware whether other

17 pressurized water reactors with large dry

18 containment have diverse f an coolers and-

19- containment sprays?

20' A. .(Wi tn e ss .Padd l e'f o rd ) Yes,'there are
.

L 21~ -others that do and others thatEdon't.-

22 Q. Do you:know1howimanyJdo?J

-23 - A., (Witness 1Paddleford) -ID.h a v e' no t . m a d e :.

O
L .J 2 '4 up;a list.

25: .Q..- 11a v e ._yo u got an estimateiof h o'w many
,

-

$

LTAYLOE[ASSOCIATESc
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1 might?

2 A. (Witness Paddleford) My guess is that

3 a substantial number. don't, like on the. order-of

4 50 percent.

5 MR. BLUM: Your Honor, I would object-
.

G to a guess being given.- I think that's~too

7 speculative to go into the record.

8 JUDGE GLEASON: 'I guess he-can't do

9 any better than that.

10 Can you?

11 THE WITNESS: (Witness Paddleford) No.

12 MR. BLUM: Then the answer should'be'

13 that he just.doesn't know.

14 JUDGE G L E A S'O N': He didn't say he

15 didn't know. Ile says he guessed about 50.or

16 thought about 50.

17 Can you make it any morePaccurate

18- than that?

19 THE WITNESS: .'(Wi tn e s s ' Pa d d l e f o rd )- On

20 a number basis I can't give you more_than I'have

21 given you',..except'that many plants have .only.a[
-

.

221 spray; system and d o n ' _t have accident-fan coolers.

23 Q '. I' !a m :ico r r e e t , - a m 111 :no t ,- - t ha t you'
O
Q 12 4 stated previously you haven't analyzed;the. risk'

;25 r ed uc t i o n" po t e n t i a l . o f _ the se ' d e s i g n.- f e a t u r e s , 'i s:
.

%
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I' l 1 that correct?
La

2 A. (Witness Paddleford) In general

3 that's true, but a couple of them we have analyzed

4 them. The risk reduction significance.

5 0. Would one of those features be the

6 risk reduction potential from having two recirculation

7 pumps inside containment?

8 A. (Witness Paddleford) No, we did not.

9 Q. However, was the existence of these

10 two pumps taken into account in the PRA analysis

11 itself?

12 A. (Witness Paddleford) Yes. We took
7- q

'LU
13 credit for the two recirculation systems in the

14 IPSS study.

15 0 And the fan coolers were also taken

16 into account, were they not?

17 A. (Witness Paddleford) That's correct.

18 0 What about the S signals? Were they

19 taken into account in the PRA?

20 A. (Witness Bley) We talked about this,

21 I think, under question 1. I am not sure if it

22 - showed up specifically in the documentation-of

23 IPSS. It was considered and it was included in
r'~7

1._; 24 the evaluation of how likely it would be that the

25 containment would remain unisolated if the venting.

TAYLOE ASSOCIATES
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} 1 -were in process.
~

2 Go it:was considered, we discussed it

3 in our testimony. I am not sure if it actually

4 shows up in the IPSS-documentation itself,

5 quantitatively.

6 Q. And was the containment weld channel

7 pressurization system considered in the PRA?

8 A. (Witness Bley) Only in the same

9 respect that I- just mentioned. I don't think it

10 is specifically there but it was considered and

11 weighed in the evaluation of possible containment

12 bypass.

13 Q. Arc you aware whether the Zion

14 facility, for example, has a. containment c o o l-i ng

15 feature which Indian Point does not have?

16 A. (Wi tness -Paddle fo rd) Yes. The Zion. ;

17 plant does have an additional. spray pump.

18 Q. Is it-independent of?the AC system?

19 A. (Witness Pad d l e f o rd ) 'No . . F r o m 1 t h e'

i t - h a s-. l' t s o w n d i e s e l a s ' ~ f a r i a s -
~

20 . standpoint of --

-21. ~ d r i v ing - the _spr ay.. pem pl bu t Li t is not independent q

-22 from the t h e;fel ec t'r i c a l i sys t em ~ throughna cooling.-

23. mode.<
' ~

,

m. -
,

b 24 'A.- .(Witness Bicy)!Two reasons.. .I t needs-
'

2 5L AC' po we r- -f o r : co ol i ng a nd iAC1 po w e r. to- o pe r.a t e'
.

+

~

1TAYLOE~ ASSOCIATES ~
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i.

~$ 1 . valves in the system.
V-

2 Q. In your discussion of the service-

! 3 water system in the component cooling-water, is

4' the interconnectiveness of-the' service system

5 achieved by the use of a common header?

6 A. (Wi tness Bley) Essentially, yes, it

7 is possible to arrange any of the pumps on to any

8 headers. There are separate headers in the case

9 of service water, but they can be. cross connected

10 or isolated. It is possible - to align them in.any

11 configuration.
-

12 Q. And what about the component cooling7,

U
13 water system?

14 A. (Witness Bicy) It can be a r r ang ed. -so

15 any pump can provide any1 cooling:through:a. common

16 header arrangement, yes.

| 17 Q. Was(the1existenceoof this common.

! 18 header, the disability.taken into n account ;in !the-1
~

'

19 PRA?

20 A.- (Witness Bley).Yes. *

,

21 .Q.- .-Wa s - i t- d e t e rm i n ed $ whe t h e r .'t h e
'

'

.

22 existencefof;such a' c o m m o n headerEwould render,the
~

-

-23 ' system ~ susceptible'to f h il u r e ; f r om Lo ne-; pi pe' b r ea k?--

.

-

24
~

-A. (Wi tness - Bley)|;I . am ;a f r a id' tihi s umov es:,
.

~

25 - -into_ancarea t ha tfi s i n' o u r ; co n t i n u i ng ; wo r k .. : I t-
.

"i; TA LOE' ASSOCIATES' ,-
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I was considered and further work, especially on the| )
2 component cooling system, has shown that while

3 there are several places where a large break could

4 disable the system, the chance of that happening

5 is extremely remote because of the quality piping

6 system, the pressures involved, the make-up

7 capability of the systems and the en e rg y required

8 to actually puncture or shear one of the major

9 pipe lines.

10 So we did consider it originally more

11 recently, and it is not in the work that's been

12 submitted to the board, it is not fully completed.,,

(-)
13 We have looked even further the further work

14 supports our view that such breaks are extremely
,

! 15 unlikely.
|

16 Q. I believe you state in your testimony

17 that one fan cooler is sufficient to maintain

| 18 containment cooling, is that correct?

19 A. (Witness Paddleford) That's correct.

20 Q. Is the basis for this statement

21 documented in the PRA?

22 A. (Witness Richardson) I au not sure if

23 it is specifically in the PRA but the basis of it
a
lj ,4 is that'one emponent is adequate for removal of2

25 the decay heat.

q
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F~l) . 1- auDGETGLEASONi I didn't hear the
k.

( 2 response. I d'idn't' hear the second part.
I

3 Tile WITNESS: (Witness Richardson)

4 T h'i s was supported by work that we at Westinghouse

5 had done after the submittal of the PRA, and.the

6 basis for it is that one component is adequate for
!

7 removal of the decay heat.
|

! 8 MS. MOORE: I have no further

9 questions, your lio no r .

10 JUDGE GLEASON: Are you going tc~have
|
.

11 redirect, Mr. Brandenburg? Ilo w much redirect'do

|

| 7, 12 you have?
.

as
13 MR. BRANDENBURG: Just a couple of-

| 14 questions.

| 15 JUDGE GLEASON:. All right. I am

|
| 16 trying to take a recess, but let's.go a h e'a d ..

t .

~ REDIRECT EXAMINATIONL 17
. .

,

18- B Y M it .- BRANDENBURG:
i
,

i 19- Q. Now, o n . c r o's s - e'x a .n i n a t i o n s M r '. . L B l u m -

20 -asked you to'.. identify.plantstwhichLhadzeither a
~

21- smaller volume -- excuse me, a. larger 1 volume:
.,

. 22 ' c o n t a'i n m e n t:.o r a higher f ailure pressure. <

23. I would_like to a s k . yo u .f i n .? a " m o r e

?~~lf,

cJ 24 . global-. sense .ifLyou ar.e aware'of p1 ants which:have'
'

~

25- containment:with eitherillesse'r vo1umes or:clower
v,.

i. ,
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( 1. failure pressures by general design category, and
.

2 things of that-sort?

3- A. (Witness Paddleford) Yes. In PWRs

4 the ice condensers all have smaller volume and

5 smaller pressure.

6 In BWRs, all the Mark is and Mark 2s
1

|
| 7 have smaller. volume. Some of those-have higher
t

8 pressure, but across the board I think they have

9 smaller volumes.

10 MR. BitANDENBURG: That's.the-only

11 question I have, Mr. Chairman.

12 MR. COLARULLI: No redirect, your-

13 11o n o r .*

14 JUDGE GLEASON: Gentlemen, you -are '*'

15 excused. Thank you'very.much.

16 MR. COLARULLI: Your Honor, just one'

17 matter. This is_the 1~a s t time that Mr.' Richardson.

18 will be --

19 ~ JUDGE GLEASON: Is this a.. correction

20' of_ testimony, or- what?-

21 MR. CO L A RU L LI :' Th i s .. i s; a .qu_e s t i o n -

22 _that Judge-Sho~n' raised during the, questioning'to

23. the testimony. -_.Ile r a i s e'd i t:, o n '6 4 4 9 :: o f '- t he!

- 24 . t r an sc r i pt .- -

_

25
,

r A't J t h a t po in t in .the ; proceed ing':the re- ||,

-|_ >

UJ - ,

"
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Il 'l- was a discussion of steam generators'and tuo
a

2 ruptures and the further work that had been done

3 on it. The witnesses had begun talking about

4 guillotine type breaks for a tube.

5 Judge Shon, on G449, asked a question,-

i

G concerning a situation in which there was a

7 guillotine type rupture of a major pipe in the

8 system and a steam generated-tube rupture at the

9 same time. lie asked both Mr. Richardson and

10 myself to check into that to see if any analysis

11 had been done.
'

12 Mr. Richardson has a brief response
73
Ll

13 to that question.

14 JUDGE GLEASON: Is that the transcript

15 reference, G449?

16 MR. COLARULLI: Yes.

17 JUDGE GLEASON: Go ahead,.Mr.

18 -Richardson.

19 Ti1E WITNESS: (Wi'tn e ss? Ri cha rd so n) .

20 Westingho'use has.in the-.past per-formed analyses ~of

21- a postulated event. consisting;of a-simultaneous

22 - steam. generator', tube rupture?and a largo

-23 loss-of-coolant! accident. Postulating such an

R
x_J - 24 event ~constitutesra-double failure. Asesuch", the

25 .ECCS acce'ptance. criteria embodied i n ~ .10 C F R 5 0 '. 4 6 -

:TAYLOEnASSOCIATE$r ,- ,

L -- - _. l .-
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/'t 1 .and the requirements of the. Appendix K model, with-
V

2 the inherent conservatisms, can mask-the expected

'3 response of'the reactor coolant system and core-to

4 postulated tube leakagerduring a large LOCA.

5 Therefore,-conservative better estimate

6 calculations are performed to determine the

7 potential impact of a secondary to primary steam

8 generator tube leakage.

9 The design criteria for the steam

10 generator tubes, the existing ' inspection program

11 and the tube plugging criteria are designed to

12 guard against the probability of tube ruptures in

13 the event of a LOCA.

14 These better-estimate calculations of

15 a postulated large break LOCA-have been performed

16 with and without secondary to primary steam

17 generator tube leakage, for a. typical W plant..

18 The. calculation'was-performed for a. double-ended.

19 cold' leg guillotine [ break. The r e s u l t . o f- : t h a t:.,

20 calculation was that'lessEthan'a 10 degree-
;
'

21' - increase.in the| peak fuelEcladding temperature j

'

~ secondary _ to. primary-leak22 occurred when a.250fgpm
1

23- was-modeled.- Thisfleak rate'i~s consistent with a- =l

r"8 '|
'V- 24; postu1ated;d.o youjbelieve-ended ~ break of a-. steam.

~ ~

- i

25 ' generator tube, uThis calculated ~ increase ~..in peak-

,

- e m

~TAYLOE(ASSOCIATES
1 ~ , . . . . . ..

.__ _ _
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!

{} 1 clad tenperature was due to the increase in steam

2 binding in the reactor coolant loops.

3 Steam binding is a phrase denoting

4 the resistance to venting steam generated in the

5 core to the break. Increasing steam binding

G retards the reflooding of the core by the ECCS

7 following a large break LOCA.

8 The ten deg ree change in peak

9 cladding temperature fcr a single double-ended

10 steam generator tube rupture combined with the

11 calculated peak clad. temperature for the case-

12 studied-of 1567 F would indicate that a very large.7~q

d
13 number of tubes would need to have double-ended

14 ruptures before the peak clad temperatures would

15 approach the limit of'10CFR50, Appendix K.

1G If a plant specific. analysis were to -

'17 be done'for Indian Point, using the' ass'umptions

10 outlined above,.the calculated effect would be-

19 comparabic..
,

-20 JUDGE ' silon : . Tha n k ' yo u . - .Th a t ' s -

21 exactlyfwhat I wanted to find out. 'There xould

22: .have to be many tubes ruptured be f o r eL.yo u ' wo uld
,

e23 exceed, Appendix K ."
m-

): 2 4L 'T II E i W I T N E S S : . (Witness Richardson)~..

,

'

25 lye s . <

..

.Y

LTAYLOE/ASSOCIAYES
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~

,

t. _ . _- _ =



. _ _ _ _ _ _ ____ - - -_ _ _ _ _ _ _ _ _ _ _ _ _ , _ _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ _ - _ _ ___ . _ _ _ _ _ _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ - - _ - _ _ _ _ ,

o

|

1270G
|

1 JUDGE S!!O N : Thank you.

| 2 (There-was a pause in the proceeding.)

3 JUDGE GLEASON: We will start with Mr.

4 Shelly tomorrow morning.

| 5 We could take a couple o f minutes. to-

6 argue, if you want to, Ms. Fleisher,-your motion
|

7 on excluding the testimony that came in the'past

8 week from the two. counties. Do you want to argue

9 that now?

10 Do you want it decided now?

11 We will Ict the other parties a rg ue ite >

12 MS. P L E I S!!EII : I understand.. It would

13 be hard for me to a rg ue it any further than the

14 paper I turned in without understanding the

15 cfrcumstances around the request o f t he .'s ub po e n a .

16 It would' appear that tho' subpoena'doesn't make i t~

I 17 -' clear to you that they have.not.otherwise~

'18 attempted-to' reach these
,

'

people' and .ask..them when
|

| .

t hey' te s ti f i ed .:
|

19
.

o .. , .

testified.when we|- 20 That's what theyf .
!

+j.
21 a s k ed. t h em ~ a bo u t. .i t . :It seemn to me,Jtherefore,;

22 that l'ssui ng a subpo ena - wa si e nly u s e d a~s -| a _'d e v i c e

- - ~2 3 -so.th,ey could'questionithese peo pl e -- a nd . t ha t '!i_s
.

p -

_

h 12 4 f u n f'a i r , m i s.l e a d i ng , and a whole bunch-of other-
M -

.

a'
'

~djectives.25
, .

._ -
,.

:TAYLOE1 ASSOCIATES
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[ 1 JUDGE GLEASON: I didn't'really ask

I didn't intend to2 for you to' argue it again --
.

3 suggest that because your motion was fairly*

4 complete. I just wanted to find out whether you
1

f 5 concurred in-hearing arguments on it and getting
.

^

6 some decision. That's all.
4

7 MS. FLEISHER: I asked MR. Lewis if
i

8 there was anything in the way of notes on the fo rm

9 which one signs. I remember when I got the
|

- 10 subpoena for Mr. Fisher, Judge Carter.put me

11 through quite a grilling as to why I wanted it.-

f rq 12 Perhaps even though there is no such thing now,

J'

i 13 one should'put . ..that-form some request or some.on

14 note that states that you have otherwise tried.to !

-l

15 reach the person.

16 JUDGE GLEASON: Thank you.for your .

A

} 17 suggestions, M s . . F l e i s h e 'r .

18 Mr. Levin.

19 - M R. ' LEVIN : > We' a re . pre pa r ed L to la rg ue :'

.

~

.20 Ms. Fleisher's motion'and'obviously we oppose. i t .-;

21 First'o'f all I would like:to point--

:22 the . boa rd to . pa g e,- 1112 53 o f.' t h e: transcript.- LTha t- -

_

23' date was March: 23',:1983.-
.q
b_l - '24 At 'tha t: po in t ithe Chairman wasE

.

'

25: . speaking,. Land this goes toftheiguestlon ofL.iwhether| :

!
.

+

zTAYLOEKASSOCIATES~
_
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!

~ () 1 or not there was notice of the appearance of these
:

2' witnesses in advance of their appearance. At that

3 page,-I believe it is the Chairman speaking,

4 saying, " Thirdly, I would just note for the record

5 a request for a subpoena which was made by the

G Power Authority to have the appearance in this

7 proceeding of Mr. Philip Schmer from the Orange

O County National Disaster and Civil Defense and
,

|

| 9 Michael Scalpi, office.of Civil Defense, Putnam
|
| 10 County. I just wanted to note that."

11 "MR. CZAJA: Maybe we should note for;

i
| 12 the record that- the subpoenas will be returned 2

f
~

13 o' clock p.m. on March.30 and we will- anticipate on>

14 that date that we will be able to_put Messrs.

15 Scalpi and Schmer on the stand at that time."

16 So as to whetherEthere' was official

17 notice on the record as.to the apparance of those

18 witnesses, there most certainly was.

~

19 I do no t - k now whe t h e'r- Ms . Fl e i s h e r :
,

20 nwas present at'that time, although the---
. -

21 HM S . FLEISHER: J t r i edi . sea rchi ng -t he.

| 22 -notice,-too. It doesn't seem to me there is

| 23- = a n y t h i ng' in-the; CFR that- talks about;the:Lnotice of= 1

A),

k. 24. a. subpoena.
.

25 MR. : LEVIN: JYouriHonor,.if1you would-
,

!

- ,

- - ETAYLOE ASSOCIATES -
_ , 3
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i

, .
,

7~3 1 let me f i n i sh my. a rg umen t . !
T kJ ,

,

i. 2 JUDGE GLEASON: Let him finish, Ms.
'. |
'

3 Fleisher.

4 MR. LEVIN: There was notice on the
4

5 record, point one.;

| 5 Point two, Ms. Fl e i sh e r claims that --

[ 7 I believe this is at page 2 of her motion, "I
1

) 8 asked if they would have testified without a

I 9 subpoena; they said yes." Then she cites the

1

10 transcript at page 12181.

11 Looking at 12181 of the transcript I.

1:

12 find absolutely no-such-statement. I find a,

;
.

13 question by Ms. Fleisher and-I quote, "Mr. Schmer,
i-
,i 14 why was it necessary for you to have a subpoena-to

15 appear here today?

16 "A. I couldn't answer t h a t. q u e s t'i o n .: :I

17 have no i d e a .'

i a

I. -1 8 "Q. Ila d you1been asked to come;to' testify
~

19 voluntarily?!

~

20- ~"A. Other?than t h a ta s u b po e n'a , - n o; . "

-21 - -So there'-is-no~ concession ~Lthat had,

-22- t h e . wi t n e s s - b e;e n a s k s d - ~ to . c om e '. v o l u n t a r'i l y t h a tfh e -

. 23 :wo u ld .

| 24 Po i n't/ t h r e e ~,: t h e s e. a r e f p u bl i c _.

2.5 : ". o f f i c i a l s , no t ;u'n'd e ri;;t h e ico n t r o l ' o f E Lt he ePo we r- '

, ,

I
-

'

-

, . .TAYLOE-ASSOCIATES | >Ha' - '-
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,
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f') l' Authority of either 1icensee. The only assurance
v

2 that we.had, regardless of what they might afff'rm , .,

#

3 to us in person, the only assurance.we had-that- >
_

,

4 they would be here was by way of.a subpoena. 3 ( '

.y'
5 I further note that is not a novel |

|

G process for this or any other' proceeding ~. New

7 York City Council, for example, called by .- s ub po ena-
~

i

i.

8 someone they arguably woula have had much more

9 control;over, Inspector-Littlejohn. IIe appeared-
W

10 by subpoena, gave. direct. testimony,.just as did

11 these witnesses, and wa s sc ro s s- ex ar51 n e'O .
,

a,ghlng
'

12 11.a v i n g sa i d ;a'1 J that.and that
'; \ 6 y<

13 there is absolutely no7b a s,nis'to strike t h~i s-

-

, o . ,,

..

,9

14 testimony, I would l i k e ' f,o r f t h e , b o, a r d ; t o ' k n o w that
'

. . v. , ,

15 the' Power Authority ha s' non object' ion whatsoever.to

16 the se' 'wi tne sse s . be i ng ' recall ed fo r ' wha tev e r .

:1,-
.<,

17 further cross-examination M s .- Fleisher, o r. any
.

r
.y 1

18 other intervenor f e e l s { i s : n e c e s s a d y '. . A l t ho u g h',- 3- N 4

t .

\ t,
,

+ . ~%

19 wi th t he -cave a t ,. : t ha tf we; wo uld ;notJ co ncede .t ha t ,4 ; C y

1,Lt.
'' " -

}7 j
. - t h a t - we( [,

q
20 any of-that.timo'shouldJcome f r o m !. t h o' t i m e' ' ' Dx,

k.
'

;^ . , . ' y' '?, ,

21 have a l l o t t e d ' f o r.J c r Q s- e x a m i n a t i o'n . d uir.i'n g ~ t h e' :\
' / .. . , .u. *

s
- 1

, ;; i - _

. ,L~

22 final week o f f eme rg er.cy pl ann'ing t e s t i m'o n y . - '
,

,. ~
. .3 ,

23 M S .1 FLEISHER: .:Yo u r, lio no ri, T we : h ave; i _

m , n

1 ' 2 '4 c a l l e d . m a n y ' p ulo ] i c f ciiI f i c i a l 's ' a n / the.y.[ h a v e .. com e .-

9
. .. , y . . ' t, ,

.
..' . :D , . . . . .

'

Y. K 6 >
" ' ;~

t h a t st o ' s t a t e %. ~ ~'a t - af p u b 1:i cc 'f f i c i a lb:c a n '.. t -
J 2,- . .

h o- 2 5~ Isthink
e e . s. n >

* s *f- . ., . }
,f 3: " ' .. g h; Y

_

, , ,
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7~[
2

1 be depended to come'and that a subpoena is pretty
v

2 much of a strong statement forcing them to;come.

3 I was not present.- If I was present

~4 I was out of the room at the time of his quotation..

5 Now,_ I understand that we can't go

6 around chasing each other and giving notice.

' '

7 There has been a great laxity o'f-notice at times;

8 in these hearings. I feel there are plenty of
_

,

9 people who don't know what the s c h e'd u l e is this

! 10 week because they didn't happen' to be here late

11 last Thursday..

12 It'is hard on those of us who haven't-7,

La
13 the forces and haven't t h e -- g r e a t dough'to provide;

14 people-sitting here all 'the time.: This hearing

15 was originally-started by the Union o f f:C o n'c e r n e d .
,

16 Scientists' application. All-of you must' havel

:. ,
_ 17 k no wn . t h a t -y o u . w c r e _ g o i n_g ~ t o have to deal withra

-

_

'
m . .

18 bunch of. hams-.that< don't have~any money 7and don't!
q,

. 19- have the privilege of1having'somebody.herehto

120' ' wa t c h. f o r - suc h Jno t'i c s . .,

Y -
.

12 1 , I f.. M r . . .L ev i n' wa s' 'so - co nc e r n ed ; abo u t1

_22 g e t ti ng'- the se!- peo pl e. he r e s and ~ all ,-|he lmig ht . ha ve -.c
at-

c23- -l e t -:uss k now. .I k n o w ; t h a t' M r . ;S c hm e r .' s. : n a m e:iwo u l'd'
-

jygO

sj/ );:~:k[ 24 - (hav e' . el ec t r i fi ed ' me "i f 5I j ha~d J- hea rd t 'i t !bec a us e . I-
, n

i;
~ .y

, 2. 5 know: himi a.nd lIf ha v e ~ s po k en' ? o h'i'm -;b~e f o r e Va nd PI'
-

t.
. -

,

' - -
'

' , y .
4 '

r'*'1 e . .. , .
_
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,, . , - - . . , , , . , .a -

.
-

,,, ~ - . -



'
,

~s

,

12712-

I fi - 1- would'have wished.to.be more. prepared.
. yd --

-

2 Evidently I-was'in possession of the

3' Orange county _ pl an which the state had sent to all:

4 of1us, b'u t I 'd 'i d n ' t t h i_n k to bring. it that. day.
,

5 You can see that I come pretty well-

G loaded sometimes. If I would have-known about him,
,

7 I would have; prepared for it.him.

~

8 -JUDGE GLEASON: I regret very much is-

9 'that you were surprised by-the appearance of those-
.

'10 witnesses here. I d id; br ing - to 'the. at ten tio n .o f

11 those in attendance that an application forLa .

o b1'i g a t i o n o' n12 subpoena had b e e n . m a d e. . There.is an
' '( ')

13 the part of all parties to be pr e sen t- d u r i ng ..t he se

14 proceedings. Under the rules the.| chairman-and the.

15 board does not have m uc h L d'i'sc r e t i on wi t h r e s p'e c t '
'

IG to the issuance of subpoenas. "

'

17 As far as the' relevance of'the.

'

18 testimony, I' don't think there'is;any question in

19 'our m i nd s 4 t h a t t h a t : ' t e s t i'mo n y. - o r 't h e f t e s t i mo n y
~

"

20 :from those two - co un t i e sn wa's h a t ;1 e a s t r el ev an t'11 n.-
'

21 : t,h e s e p r o c e'e d i 'ng s . A t.; l e a s t, s om e-' o f . 'u s - h a d 'a s k ed

8:

22 inJour.own minds o f f : t h e J.r e c o r'd. as;to why-there.-*

-

23 wa s .. n d t' s om e b o'd y. h e r e 4 ' f r omit'h o s e m twob co un t.i e s:
'

J -

.h '2 41 ;5 En'c e . pa|r t sv o f t h'o se ~co un ti l e sla r e :i n' t he OE PZ .
~

-

-

[2 5|
~

Le tE|me Jd u st}L sa|y{ i f E t he'r ei '~i sf a ny; t i me]
^

|,
,

9 .
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'

In the schedule, and I can not assure that because,
s,

F . tight schedule, we'

2 as'you.know, we are on a very

| 3' w i l l'' t r y to provide.the1these witnesses for

'4 further cross-examination. But I-can't give you
|

| 5 that assurance..
i

|
' '6 MS. FLEISHER: I feel .tha t the past

7 record is a mess-and I really resent t h a t 5nt

8 should have to sit o'n ' t h a t rec >rd when-we were so-

I
! 9 unaware of what' was happening.
l

| 10 I don't think that we had-a proper;

L
11 explanation yet of why_they resorted to subpoena.

12 And also why it was even beholden to Con Ed andpq
d'

13 the Power Authority to bring-these people >in. If

14 these people were such an important-part-of.tho'

15- general' picture,'they.should hav.e-been invited ~by-

16 'the board.i

|-

| 17 I mind this veryjmuch. I - d o n ' t - f e e l'

18 a bit satisfied by what-has b'e e n - s a 1.d by Con Edp

|-

! - 19 and PASNY: people.-
i

20 ' JUDGE: GLEASON: I' d o n ' t' know whether

|
'

| 21 a n y t h i ng ...t h a t L I]wo;uld s a y - .wo u ld .sa t i s f y |.yo u ,; M s . -

l. 22 Pleisher., All . I : c a n sa y.. .i s ..wh a t |i tD i s ji n my min ~d:

; ,23 ~ to. say ~ and I sa yf t ha t .you ; have Jani obl.ig a ti~on to-, -

24- 'be t he r e and Lwe 9have : t r ied;':to- be f a i r,ito;;all-- .

'

25 p a r t i e.s ,- fa nd L|-a n d ' 'I ..t h i n ki we1: h a v e been.,iA n'd . i ff t h e 7 3
-

,.
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1 record is deficient, it has certainly-not been

2 because there hasn't been an allocation of time

3 granted by this board to the intervenors.

4 The motion is denied and we' stand in

5 recess until 9 o' clock tomorrow morning.
,

G (Ilearing recessed at 4: 40 p.m.)

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25
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